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Loinéi dau

Quyén NGAN MACH VA ON PINH TRONG HE THONG
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“dien gom 5 chuong do tdc gid TS Phan Thi Thanh Binh biétn
sogn. Phdn phy luyc gidi cde vi du tinh todn ngan mach bdng
phdan mém Matlab do KS Huynh Chéu Duy dp dung tinh todn.
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Chuong 1

PAC DIEM DONG BIEN NGAN MACH

Ngédn mach trong hé théng dién chi hién tuong csc day d4n pha cham nhau,
cham dat (trong hé thong dién c6 trung tinh ndi d4t) hodc cham day trung tinh.
Lic ngdn mach xdy ra, téng tré cia hé théng gidm di, cdc dai lugng mach, dién
dp va dong dién sé bi thay d6i va mach trai qua qu4 trinh qua d¢ dén duy tri.

Ng#dn mach thudng 12 ngdn mach thodng qua, 1a loai ngén mach cé thé tu hét
va khi duoc loai trit bing téc ddng tidc thoi cda mdy cit thi sé khong xudt hién
ngan mach tré lai khi déng mdy cdt sau d6. Sét 1a nguyén nhan thudng gay ra

ngin mach thodng qua nhéat, bén canh d6 con c6 nhitng nguyén nhan khic nhu su

ldc lu cda day dan gdy ra phéng dién va sy va cham cda cdc vat khéc bén ngoai
bdm‘)'ng day, chdng han nhu mot canh cay roi vao duong day cao thé. Dién 4p cao
dugc gay ra do sét giita day dan va cdt gy ra sy ion héa, tao mét dudng dan dién
tir dat dén day dan. Tré khdng d4t nhé cho phép dong dién 16n tu day din dén
dat va xuyén qua dat dén trung tinh néi ddt cia mdy phat hosc clia may b1en thé,
hinh thanh mach khép kin.

Ngdn mach 14u dai, khdc véi ngdn mach thodng qua, 14 loai ngin mach vin
con tén tai khi déong mdy cdt tré lai sau tdc dong cdt tic thoi néu khéng c6 bién
phép x 1y. Ng&dn mach 14u dai c6 nguyén nhan do ddy cham dat, do st cdch dién
bi v, do hu héng cdch dién, do bé phan bao vé qud dién 4p xung bi héng.

Ngdn mach trong hé thong dién dugc chia thanh ngdn mach ba pha déi xing
va ngdn mach khong déi xing. Cdc dang ngdn mach khéng d6i xding 1a ngdn
mach cham d4t mét pha (N*”, 1LG), ngdn mach hai pha khéng cham dat (N®, L-
L), va ngdn mach hai pha cham dat (N, 2LG). Ngdn mach ba pha (N 3PH)
duge dinh nghia 1a ngdn mach xdy ra dong thoi & cd ba pha. Tuy khéng thudng
x4y ra, nhung day 12 loai sy ¢8 ning né nhat. Do tinh d6i xdng, viéc tinh toan
ng4dn mach dang nay c6 thé thuc hién trén mét pha. Kinh nghiém ciing da cho
thay khodng 70 va 80% ngén mach trén dudng day truyén tai 1a ngdn mach mét
pha cham d4t, né xudt hién thudng la do su phéng tia lda dién cia mot day va

~ ¢ot. GAn 5% cdc trudng hop ngdn mach 1a ngdn mach ba pha. T4t cd céc loai ngén

mach trén, ngoai trit dang ngén mach ba pha déu din dén dong ngin mach khéng
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can bing giita céc pha, va vi vay dudc goi 1a ngén mach khong doi xdng.

Qué trinh qua dé dong ngian mach phu thudc vao thdi diém x3ay ra ngan
mach, nguén c6 thé cung cdp dong ngén mach, tinh trang tdi, vi tri diém ngén
mach, thai gian ngdn mach, cau tric hé thong va dic diém cda cdc phan td trong
hé thong dién.

Dong dién tdc thoi chay qua cdc phan td cia hé thong, ngay sau khi x4y ra su
¢6 ngén mach thi khong giéng nhu sau d6 vai chu ky trude khi may cit dugc mé &
hai ddu duong day su c6. Va dong dién tai cd hai thdi diém trén ciing khac rat
‘nhiéu so véi dong dién ngdn mach duy tri néu ngdn mach khong dugc cb lap béi
may cit. Thoi gian ¢b-14p ngdn mach s& énh huéng dén sde chiu dung cda trang
thidt bi ¢6 dong ngdn mach di qua va tinh én dinh cda hé thdng. Su lya chon
thich hgp mdy cit phu thudc vao hai yéu té la dong dién ngay khi ngdn mach xay
ra va dong dién ma may cit phdi cdt. Thong s6 tim duge tu viéc tinh todn ngin
mach dugc dung dé:

- Chon trang thiét bi thich hop .

- Tinh todn gid tri dat role diéu khién may cit.
- Gidi dong ngin mach trong hé théng.

- Nghién citu 6n dinh hé théng.

1.1 NGAN MACH VI NGUDN CUNG CAP KHONG DI (BIEM NGAN MACH XA
NGUON MAY PHAT)

1.1.1 Hé théng mét pha khong tai

P& 1am ro qud trinh qua d va viéc tinh todn dong ban ddu khi mdt hé thong
bi ng&n mach, ta xem hién tugng gi xdy ra khi dién dp ac dugc dua vao médt mach
gdm cdc phdn td c6 tinh chdt dién tré va dién cdm (H.1.1). Gid sl dién 4p dua vao
lau=U,,, sin(et+a), véi ¢t = 0 1a thi diém khéa S khép kin mach.

R L

L.t 0

i(1)Y

+ ]
e Q\b Sast=0

~ Hinh LI Nguén hinh sin cung cdp cho mach RL néi tiép
Phuong trinh vi phéan biéu dién mang:
U, . csin(ot+o)=Ri+ L 3; ‘ (1.1)
Dong ngin mach 1a nghiém cGa phuong trinh trén:

. U ) /
iy =———’%i"—[sm(mt+a—e)—e‘R”Lsin(a—O)] - (1.2)
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Iy = U;“ [sin(et + 0.~ 0) - &7/ sin(a—6)] \1.3)
i =\2I"[sin(ot + o - 0) — ef”Tdc sin(a-0)] =i, +iy, (1.4)
Vi Z=JR®+(oL)? va 0=tg ' (oL/R) (1.5)

U - gid tri hiéu dung nguén 4p ac

Z - t6ng trd nhin ti diém ngdn mach vé nguén, (tong trd ngén mach hé théng)
O - goc pha tai thsi diém ngdn mach (déng khéa S)

6 - géc tdng tré ngdn mach hé théng

Ty = ' hang s6 thai gian thanh phdn mot chidu de¢

17 - tri hiéu dung thanh phan chu ky.
Dong dién qud d6 iy duge vé ¢ hinh 1.2

g _'ﬂ__ﬂ_‘ﬂ_ T‘.__ D
. \dc\
Aatianm f\\\ﬂr-ﬁl{ [

IxK

(—a—2

ov21 = 221"

V4
/
4
{ e

I« - dong xung kich - dong ngén mach bat déi xing cyc dai

A = jueo- tri 56 ban ddu cda thanh phéan khong chu ky

iz - thanh phan khong chu ky (thanh phan dc, thanh phén ty do)
i~ thanh phan chu ky

in - ddng ngén mach.

Hinh 1.2: Dang séng dong ngdn mach

. J U U T
‘£~£JJJ._*_

S6 hang dau tién cia phuong trinh (1.2) 1a thanh phan chu ky thay déi dang

sin theo thoi gian.

Sé héng thit hai 12 thanh phan khéng chu ky va gidm theo ham mi véi héng
s0 thai gian Ty = L/R. Thanh phan khéng chu ky nay dugc goi 12 thanh phan mét

chiéu cda dong dién.

S6 hang hinh sin 14 gid tri xdc ldp cta dong dién trong mach RL khi cho dién
dp hinh sin vao mach. Né&u gi4 tri clia thanh phdn x4c 1ap khée 0 khi £ = 0, thanh
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phin mét chidu tén tai dé ddp ung diéu kién vat ly cla dong zero tai thoi diém
déng cong téc. Chi ¥ ring thanh phdn mét chiéu sé khéng ton tai néu mach dugc
déng tai mot thoi diém cda séng dién dp lic «-6=0 hay a-06== (H.1.3a). Néu
tiép diém duge déng lai tai mot thoi diém trén séng dién 4p lic a-0=%n/2,
thanh phdn mét chiéu cé gid tri ban ddu cuc dai, biing gid tri cuc dai cia thanh
phan hinh sin. ' ‘

‘ -\ '_fhc‘)i gian
Thanh phan 1 chiéu Thanh phan chu ky -
a-0=-7/2; 196 =tg'(wL/R)
a) b)
Hinh 1.3: D6 thi dong dién theo thoi gian trong mach RL
Hinh 1.3b biéu dién dong dién theo thoi gian khi o - 6 =-7/2.

bién dpla V. sm(mt+oc) tait = 0.

max
. s e v s ks s win U A

Thanh phdn mét chiéu c6 thé c6 bat ky gid tri nao tu 0+—I—;""—I", phu thudc

vao gid tri tic thoi ciia dién 4p tai thoi diém déng mach va ty s8 R/L cia mach. -

Tai thoi diém dua dién 4p vao, thanh phin mét chiéu va thanh phan xdc l4p luén

luén c6 cing d6 16n nhung trai ddu dé€ biéu dién gid tri 0 cla dong dién tuc thoi
hién hiu. :

Ching ta luu y vai dai lugng dic trung ciia dong ngdn mach qua dé.

1- Dong dién ngdn mach xung kich (gid tri dinh cia dc‘mg' ngdn mach bdt déi xing)

Hinh 1.2 Gng véi trudng hop dong ngdn mach xung kich 16n nhit tuong Ung -
v6i bién db thanh phan chu ky ia 16n nh4t va thanh phan khéng chu ky i xudt
hién cuc dai. Theo hinh 1.2:

- Tri s6 xung kich xut hién & chu ky dau vao thoi diém gan véi thoi diém ¢ = T/2
(T 1a chu ky t4dn sé nguén hinh sin).

- Dong xung kich phu thudc vao hang s6 thoi gian T4 va c6 gid tri ndm trong
gidi han ~2I'(I_,(2V2I'.

- Dong ngén mach xung kich 16n nhat khi R = 0 (T 4o—>+=), mach c6 tlnh thun cam.

2- Tn 86 hiéu dung ctia dbng ngdn mach toan phan dugc dinh nghia

(1.6)

" v6i T 1a chu ky cia dong dién xoay chiéu tdn s6 céng nghiép.
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Trong trudng hgp téng quat, dang séng qud do dong ngdn mach toan phén
phic tap nén viéc tinh todn khé khin. Mét cach gin ding ngusi ta tinh tri s6
hiéu dung cia dong ngdn mach theo cong thue:

I =\IZ +I2.(2) | | (1.7

v6i: I, - tri s6 hiéu dung thanh phén chu ky cda dong ngdn mach
Idc(t)‘- tri s6 cda dong mot chidu tai thoi diém tinh todn .
3- Hdang s6 thoi gian Ty,
Héng s6 T, phu thude vao ty s6 X/R; T, dugc xdc dinh nhu sau:
Tdc=£=311=X/R=X/R=_)£
R oR © 100r R
Tri s6 ctia X/R c6 gia tri khodng 10+20. Mang dién cé dién 4p cang cao thi ty
s6 X/R cang 16n. Hinh 1.4 cho tri s6 thdi gian T, ctia hé théng theo ty s6 X/R.
T, [SI10° — :

.3,18-1073s (1.8)

1
[}
i
[
1
S
1
]
1
t
t
[
]
1
'
- J- 4
1
1
'
i
. J-
1
1
1
1
t
-
t
1
1
-t = o
1
:
¢
)
]
[}
'
]
)
]

.

o
o~ -
e
o~-
- L.
1
'
|
1
i
]
1
1
¥
i

2 14

-
o

18 20

' Hinh 1.4: Hing s6 thoi gian T, ciia hé thong dién
~ Thanh phan qué d¢ cia dong dién s& gidm con 1l/e cla gi4 tri ban d4u trong
khodng thoi hang C. Vi du trong mét don vi thdi hiing, qui doé sé gidm 1/e hay
khodng 36,8% tri s0 ban diu. Trong mang dién dién thé& thdp, ty s6 X/R =~ 8 va

hing s6 thai gian 1a - ] O% =0, 025s, nghia la dong qua d6 con 36,8% tri s6 ban ddu

n

khoéng 0,025s hay khodng hon mét chu ky. o |
G mang dién ha thé, bdo vé role tdc dong khodng vai chu ky, vi thé& dong qud

do s8 gidm vai 14n tri s6 thdi hing trudc khi méy cdt mé. Tuy nhién, trén mang

dién c¢6 dién thé& cao véi X/R = 20, dé gidm 36,8% thi phai m&t hon

20

100x »
thiét bi va bdo vé cho mang dién siéu cao thé.

=0,0636s (han 3 chu ky). Pidu nay cin luu y khi chon va tinh todn titng

4- Cong sudt ngdn mach
Nguoi ta dinh nghia cong sudt ngdn mach la: _
| Sy = ‘/§Uthtt ‘ ) , (1.9)
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v6i: Uy, - dién dp trung binh tai thoi dim ngén mach trude khi x4y ra ngdn mach
I,; - tri s6 hiéu dung ctia dong ngén mach tinh tai thai di€m tinh todn ¢.
Cong sudt ngdn mach dugc st dung d€ tinh:
- Chon lua mdy cit:
Scit mc 2 Snt (1.10)

- Téng tré tuong duong ding tri cla hé thong tdi diém c6 cong sudt ngdn
mach Sy.

U, - I
&b

Hinh 1.5: Ddng tri hé thong dén diém ngdn mach

vi: SN \/—UbIN—U | (1.11)
th
2 .
nén: th:l_]_tg (1.12)
Sy -

Hinh 1.6: Mach tuong duong khi ngdn mach cd tdi
Khao s4t hién tuong dong ngéin mach khi hé thong mét pha dang c6 tai dugce
biéu dién bing mach tuong duong hinh 1.6.
T4i duge thay thé bing téng tré Z’ = R’ + jL’w = R’ + jX’ dang tai dong J’
Truée thoi diém khéa S (ngén mach) i = 7’. '
* Tai thoi diém khéa S déng:
L =g + 0 + ig : (1.13)

i = el {sm(mt+a 9)+[~—s1n(oc 85 ) —sin(o - 9)]e } : (1.14)

vdi Oy la géc téng trd clia toan mang: "

, odX+X) :
0 drgtg———
s = ) _ (1.15)
S6 hang diu tién cia phuong trinh (1.14) tuong tng v6i thanh phdn dong
ngin mach ac duy tri.
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S8 hang thit hai 14 trj s6 tdc thei cta dong dién tai tai thoi diém ngdn mach
(t =0).

S6 hang thd ba la thanh phén mdt chiéu de.
Hai s6 hang sau gidm din theo thoi hing Ty..

D€ lam r5 hon 4nh huéng cia tai trén dong ngin mach hay khéng ta khdo
sdt dang séng dong ngidn mach trong cdc trudng hgp sau:
X X X'

a) E=E:33 (6=0 =88,3X) vdi 9=drtg%; 6'=artg§

6=90" tuong Ung ngdn mach trén mang cao thé.
8 =90 tuong dng vdi tai cé cose théfp. A

lac

JAN U;Eé ’
M 0,01 0,03 s !
0=883"| | _ 0'=88,3
'ac -
» =88,3
X X X ‘ '
a=0; ﬁ=33, Tec-0,11s a=0; ﬁ=—R—,=33; Tec=0,11s
a) : b)

Hinh 1.7: Dang song dong khi ngdn mach lic c6 tdi va khéng tdi
' X X
‘truong hop —==—-==33 va o.=0)
| (truong hop R &
Tai thoi diém khéa S déng (¢ = 0), a=0, ta vé dang séng dong ngin mach

cho trudng hop ngdn mach lic khéng tdi (mach tuong duong hinh 1.1) va cho
trudng hgp ngdn mach ¢6 tai (mach tuong duong hinh 1.6) trén hinh 1.7a,b tuong tng.

X X
b) —===1
R R .
%z 1 tuwong ing ngdn mach ¢ mang trung va ha thé&
‘ )—(— =1 tuong dng véi tdi cdm c6 dong tdi tré pha so véi 4p mot géc 45°.
R .

Dang séng khi ngdn mach lic khong tdi va c6 tai trong trudng hgp nay cho &
hinh 1.8a,b tuong ung.
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X_X
o=(0-45°=0, é:t Tac-0,00328 a=0; E=E—1 Tae = 0,0032s
a) b)
X _X .
Hinh 1.8: Dang séng dong ngdn mach lic khong tdi va cé tdi (truong hop — 7 -I? =1)

Nhén xét: Trong ca hai trudng ho'p, dong ngén mach i déu bit dau tir gid tri tdc
thoi cha dong tai (i) tai thoi diém ngidn mach. Dé théa man diéu kién nay thi gid tn
‘ban d4u cta thanh phan dc phéi bing va ngugc d&u véi hidu cia gid tri tdc thoi (ie-i).

So s4nh cdc hinh trén nhan thdy ring thanh phdn ngin mach ac thi bing
nhau, trong khi thanh phdn dc ban ddu cda trudng hgp ngin mach lic c6 tdi thi
giam. Do dé gid tri dinh cuc dai cia dong ngin mach lic khong tai thi 16n hon
“trong trudng hgp ngdn mach cé tai.

1.1.3 Hé théng ba pha

xk i!."N
Hinh 1.9: Mach tuong duong hé théng ba pha khéng tdi

.+ Heé théng ba pha d01 Xl.fng co thé biéu d1en bé.ng mot mach tuong dtm‘ng nhu’
: hinh 1 9 ba dlen ap ngudn:

o U, = \f—stn(mt)
o uy=\2U sm(mt + 240°)
u, =J2U sin(wt + 120°)

Cac tdng tré Z = R + jX trén ba pha giéng nhau.
Truéc thoi diém xay ra ngén mach (¢ = 0), dong trén ba pha béng 0.
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Khi ngin mach xay ra, ba khéa S cung déng mot lic. Trong trudng hop nay
14 ngdn mach ba pha d6i xdng, do d6 ¢6 thé chia hé thong ba pha thanh ba mach
don pha (nhu dudng vé dit nét hinh 1.9).

Dong ngén mach dugc cho bdi ba phuong trinh:
t
i, =v2I'[sin(wt + 0~ 8) —e T sin(a - 6)]
‘ : t
iy =21 [sin(wt + 0~ 6 +240°) — ¢ T sin(oi— 6+ 240°)]

' t
i, =21 '[sin(et + .~ 6 +120°) ~ & T sin(o— 0 +120°)]
" Dang séng dong ngdn mach cia ba pha khi thoi diém xay ra ngin mach lic

dién 4p u, qua zero, nghia 1a lic a = O,% =33, T;, =0,11s cho trén hinh 1.10.

'ac

88,28°

c)
Hinh 1.10: Dang sérig dong ngdn mach cia ba pha

So sdnh dang séng hinh 1.7a va 1.10a, nhan thdy chdng tuong tu nhau (véi
dir ligu hé thdng giong nhau). Thanh phan dong ngdn mach ac cla pha b va pha ¢
nhé hon khodng 1/2 1an pha a. Tri ban ddu cGa thanh phdn mét chidu pha b va
pha c¢ cing bing 1/2 va ngugc ddu véi pha a. Do d6 dong ngén mach toan phin -
hai pha b va ¢ nhé déng k€ so v6i dong ngén mach pha a.

Trong thuc té&, khi tinh todn dong ngdn mach ngudi ta quan tam tdi gid tri
16n nh4t, tinh todn dong ngdn mach ba pha d6i xding chi cdn tinh trén mot pha -
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tuong Ung vdi trudng hgp mang dién khong tai trude lic xdy ra ngin mach va
thoi diém x3y ra ngin mach lic géc pha cda dién dp nguon mot pha a=0 (ldc d6
gi4 tri ban ddu thanh phdn mot chiéu bang véi gid tri eyc dai cua thanh phan
xoay chiéu) (H.1.2).

1.2 NGAN MACH XAY RA GAN BAU CUC MAY PHAT DIEN DONG BO

1.2.1 Khang tré déng b, qua d9, siéu qua doé may phat dién

Chiing ta da bi&t nguyén 1y lam viéc clia mdy phdt dién dong bd 1a tif truong
quay sé& sinh ra dién dp trong cudén diy cua phén tng gém dién tré va khang tré.
Dong dién trong cudn day phan ung khi méy phat bi ngdn mach thi ciing tuong tu
nhu dong dién khi dién 4p xoay chiéu dot ngot dit 1én mach dién tré va khéng
tré noi tiép. Tuy nhién, cé vai sy khédc nhau quan trong gita ching, do dong dién
trong cdc cudn can va dnh hudng phan dng dén tir trudng quay.

Khi mét su ¢ xdy ra 6 moét mang dién, dong dién ngdn mach duge xdc dinh
béi sdc dién dong cia mdy trong mang dién, bdi cdc téng trd cha ching va béi cdc
téng trd trong mang gilia cdc may phat va ché sy c6. Dong dién trong may déng
bé ngay sau khi xay ra su ¢6 khédc v6i dong dién trong vai chu ky sau dé va khéc
véi dong dién sy cd duy tri, 12 do dnh hudng cda dong dién su cd trong phan ung
1én ti thong sinh ra dién 4p trong mdy. Do sy thay d6i gid tri 6 dién khédng cua
may déng b ma dong dién thay d6i tuong ddi cham tif tri s6 ban d4u sang tri s6
duy tri . ‘ ‘ '

Nhu di khéo sat dién dp xoay chidu d6t ngdt dugc cAp cho mot mach néi tiép
R-L, dong dién chay trén d6 thudng c6 hai thanh phdn - moét thanh phan dién
mot chidu, suy gidm theo hiing s6 thsi gian L/R cda mach va mét thanh phan dao
dong didu hoa véi bién do khong déi. Mot hién tugng tuong tu nhung phic tap
hon s& x4y ra khi mot ngdn mach dot ngot xudt hién tai cdc dau cuc cia mot mdy
déng bo. Cac dong dién pha phat sinh trong mdy sé ¢ cdc thanh phdn mot chiéu,
lam cho ching léch khéi truc thoi gian hay khong déi xding khi duge vé theo thai -
gian. ~ '

Mot phuong phédp d& hiéu dé phan tich hiéu Ung cia mot ngén mach ba pha §
cdc ddu cuc clia mot mdy ph4t dién khong tdi 1a quan sdt dang song dong dién cda
mot trong cdc pha ngay khi xdy ra sy cd. Vi cdc dién 4p phdt ra & cdc pha clia mot.
mdy ba pha léch nhau 120°, nén ngén mach s& x4y ra § cdc di€m khdc nhau trén

- sé6ng dién 4p cdta mdi pha. Vi ly-do nay, thanh phan qud 49 dién mot chiéu s@
khéc nhau & mdi pha, va do d6 dong dién ngdn mach trén méi pha sé khéc nhau &
giai doan siéu quda d0 va qud do. Hinh 1.11 thé hién dong dién ngdn mach trén
mdbi pha theo thoi gian, véi gid thiét ngdn mach tai thoi diém ma & pha a khong
¢6 thanh phdn mét chiéu. : '
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Su suy giam cua dbng ngin mach 1a do qué trinh qua d6 dién tir xdy ra trong
mdy phat dién va tdc dong lén sic dién dong mdy phat. Trong thuc t€, khi khdo
s4t, biu dién, tinh to4an ngidn mach, ngudi ta gid sd sic dién dong méy phat la
hing s6 va sy suy gidm dong ngdn mach ac la do sy gia ting cta khdng tré mdy
phat. Tuong dng véi cédc giai doan cia dong ngdn mach, cic khang t'rc’il doc truc
cia mdy phat la:

« Khang tré dong bd xd tuong ng v6i dong ngin mach duy tri (tri hiéu dung I).

« Khang trd qua dd x); tuong g véi dong ngin mach qué dd (tri hiéu dung I').

« Khdng trd siéu qud 4 x; tuong dng véi dong ngén mach siéu qua do

(tri hiéu dung I). | o

M4y dién déng bd c6 dién khéng khéc nhau khi xdy ra cdc sy ¢6 ngdn mach ¢
cdc ddu cuc. Ngay khi xdy ra ngdn mach, phdn dng cda mdy hoat dong véi mot
khdng tré hiéu dung X, két hgp v6i mot dién tré hiéu dung cia cdc mach can dé
xdc dinh mét hing so thoi gian siéu qua d6 ngdn mach trén truc doc T; khoang
0,003s. B

Chu ky ma trong dé X!, ton tai dugc goi la chu ky siéu qua do va day la cac
chu ky 3 va 4 déc trung cta tdn s6 hé théng theo thi gian. Khi cdc dong dién
cudn day can suy gidm dén mdc khong ddng ké, lic 4y cdc dong dién clia mdy suy
gidm cham hon, véi mét héng s6 thoi gian qud d6 ngdn mach truc doc 7); dugc

xdc dinh béi X, va dién tré may phu thude vao Ry cia mach kich tu.
Chu ky ton tai X; duge goi 1a chu ky quéa d6 va T, khodng trén duéi 1s.

Sau cing, trong tinh trang 6n dinh duge duy tri, dién khing truc doc va truc
ngang X, = aly va X, = all, s& dnh hudng dén sy lam viéc cla may cuc 16i, giong nhu
dién khang doéng bo X, cGa mdy dong bo réto tron & trang thai én dinh.

Céac dién khang khac nhau, duge cung cdp bdi cdc nha ché& tao may thuong
duge biéu dién theo don vi tuong ddi trén 1y lich mdy, trong khi d6 cdc hing s8
thdi gian duge tinh bing giay. ‘ _

Phuong trinh bidu di&n dong ngdn mach tic thdi dé x3y ra ngin mach dén
giai doan duy tri la:

: 1 1, _ymy . 1 1 1,. /T
i=El(—-—)e g (— ~—=)e''Td + ~]sin(wt - 0) +—E;—e “Tie gine  (1.16)

Xg X4 xg *d . Xd Xy '

v6i E la tri hidu dung dién 4p pha mdy phdt 12 ham s6& cia.dong kich tir.

S6 hang dau cia phuong trinh chinh 13 thanh phén siéu qud do éﬁa dong
ngén mach ac. '

S6 hang thi hai 1a thanh phén qué do.
S& hang thit ba 12 thanh phédn duy tri.
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S6 hang cudi ciing 1a thanh phén de.

Gid thiét tdn s6 géc 1a hing s8 trong didu kién khéng tdi,va ldc xdy ra ngén
mach dién 4p 1a 0. ‘

D& dé hiéu hon qué trinh qué do xdy ra ngay sau thdi difm ngén mach diu
cuc may ph4t, ta khdo sdt dong ngdn mach cia pha khong c¢6 thanh phin mét
chiéu. ’ :

Néu thanh phin mét chidu cia dong dién khong xudt hién trong dong dién
cua pha, va bé qua dién trd phan dng, bién d6 cta thanh phan dién xoay chidu cta
dong dién pha duge vé gidm theo thoi gian (H.1.12) va thay d6i gan diing theo:

. . 1.
i) = B[+ (2 - Lyevt +(%-~.—) e ] (1.17)
Yda  xg X Xg Xy

Phuong trinh (1.17) ching t3 ré ring, dong dién pha phéan Ung véi dong dién
mot chiéu da bi khit c6 ba thanh phan, hai trong ching suy gidm véi cdc mdc do
khédc nhau trong giai doan qud dé va siéu qud d6. Bé qua dién tré tuong d5i nhé
ctia phan ung, khoang cach O-a é hinh 1.12 1a tri so cuc dai cla dong dién ngén
mach duy tri, vdi tri sé hidéu dung I dugc cho béi:

o—a E , (1.18)
V2 Xd

Néu duong bao cia séng dong dién duge kéo vé phia goc thoi gian va bd qua

" vai chu ky d4u tién trong dé dong dién gidm rat nhanh, doan bi chin la khodng

cdch O-b. Tri sé6 hiéu dung cda dong dién dugc tuong trung béi doan chin nay

dugc biét nhu dong dién qua d6 I, xdc dinh béi:

ocb _ B , (1.19)

V2 Xy

Thanh phén siéu quéa do

I=

I'=

Xac lap

[1]1]
J1/ 14 JAVAVAYAVI t
- L U Y-y =¥= :

Hinh 1.12: Dong dién theo thoi gian
‘ cia mgt mdy phdt dién khéng tdi bi ngdn mach
| / (thanh phdn qud dé mét chiéu cia dong dién da dugce khi)

)

: Thanh phéan quéa dé
AN INAWANIWAVAWIWIWIWA
JRVYAYA!

Tri s6 hiéu dung cia dong dién dugc x4c dinh béi khoang cach O-c goi 1a
dong dién siéu qud do I”, dugc cho béi:
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I' = = (1.20)

J2 Xy
Dong dién siéu qud 40 thudng dugc goi la dong dién hiéu dung d6i xing ban
d4u. Khii niém nay cé tinh mé td cao hon vi n6 truyén dat dugc ¥ tudng bé qua
thanh phan mot ch1eu va nhan manh dén tri s6 hiéu dung cua thanh phan xoay
chidu ngay sau khi xdy ra su cd (t= 0%). Céc phuong trinh (1.19), (1.20) c6 thé

duge st dung dé tinh cdc théng s8 x; va x; cla mdy khi gidn d6 hinh 1.12 ching
han c¢6 tinh chinh xdc cao. Mait khéc, cdc phuong trinh (1.19), (1.20) cing chi ra

phuong phdp xdc dinh dong dién su co6 trong mot mdy phat dién khi biét dién
khdng caa né.

Cac hing s6 thoi gian (1.17) ¢6 thé dugc xdc dinh tir gian d6 hinh1.12 hogc
bing cdc cong thic sau:

Hing s6 thoi gian T tuong Ung vdi khdng tré x; phu thudc vao dic tinh can
ctia mach réto nhat 1a cudn day cdm va duge tinh theo:
. Xy tXx
T, = MT | (1.21)
xd + Xnt %o
vdi:‘xh, - téng trd hé thong;

T(;'D - h3ng s0 thoi gian doc truc mach hé siéu qud do ctia mdy phat

T, c6tri s6 khoang 50ms nén T < 50ms va xy < x.

Khi ngdn mach & diu cuc mdy phdt, x5 = 0 thi T =30 ms, nhu vdy qua trinh
siéu qua d6 x4y ra trong khodng vai chu ky.

Hing s thoi gian qué do T c6 tri s§ 16n hon va giai dean dong ngin mach
qud 36 gidm chdm hon. T; phu thudc vao dic tinh ham cia mach kich tif va cé tri
s§ khdc nhau. Khi ngdn mach ba pha T, dugc tinh tif cong thiec:

L Xy t+x ,
Ty ="4""hT, (1.22)
Xg+ Xy
véi T, la hing s6 thoi gian doc truc qué d¢ mach hg.

Khi ngdn mach ¢ ddu cyc mdy phdt, x5 = 0 thi T; cia mdy phét tuabin hoi
khodng 1s va may phét c6 cuc &n T; khodng 2s, d6i v6i may phat tuabin hoi cong
sudt nhd, 7; nhé hon 0,2s. |

Né&u trong hé théng cé tdng tré gém dién trd cé tri s6 tuong do6i lén thi T}
dugc xdc dinh tir cong thdc: ' '
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2 .
Tc,l =Rht+(‘2xd +xht)'(xd;—xh,)Té (1‘23)
Rht +(xd +xht) ° ‘
Héng s§ thoi gian T, phu thude vao dic tinh ham cia mach stato va téng trd
cda hé thong. T giéng nhau cho céc trudng hgp dang ng&n mach khéc nhau.
_ X+X,, Xy +X,
%" o(Rg +R,) oR;+R,,)

vG6i R la dién tré cda cudn day stato mdy phat.

(1.24)

Khi ngdn mach dau cyc mdy phat c¢6 dién thé cao (R = Xt = 0), Ty ¢6 tri s6
khodng 0,07+0,4s. Doi vdi cdc mdy phat dién thé thap T, khodng 0,01+0,1s. Bing
sau cho mot vai gid tri hang s6 thoi gian tiéu biéu.

Bang: Hdng s6 thoi gian va cdc khdng tré mdy phdt dién

Pai lugng Pon vi MF tuabin hoi MF tuabin nudc
Xs bvtd 1,4-18 0,98 - 1,1
X¢ - | bvd ' 0,23-0,35 , 0,25 - 0,45
Xg pvid , 0,15-023 02-0,35
Ts, s 28-92 15-95
Ty s 04-18 05-33
T, s 0,02 - 0,05 0,0-0,05
Tue s 0,04 -0,35 0,03-0,3

1.2.2 Tri hiéu dung dong ngin mach

Dong dién stato toan phéan 1a téng cda ba thanh phin dong ac va thanh phan
dc. Tri hiéu dung dong dé6i xdng dong toan phén la:
‘ I.= I, +Al'+AI” - (1.25)

v6i: I - tri hiéu dung thanh phan xdc lap duy tri
A’ AI” - d6 gia ting dong thanh phin qu4 dé va siéu quéa dé:

A'=(I; - 1T (1.26)
A" =(I - I)eT . (1.27)

Thanh phan dc clia dong stato c6 thé 14y tri s6 bat ky nao tir tri s6 ban dau
tgi I va gidm theo hang s6 thoi gian Ty, . Thanh phan dec la:

I, =\2Ie T - (1.28)
Nhu vay tri hiéu dung dong su ¢6 toan phan gém thanh phan ac va dc la:

I=\I2 + 12 (1.29)

Ching ta c¢6 thé tinh dong toan phan tai thoi diém ¢ = 0, lic dé:
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I =22+ 12 =3I, 7 (1.30)

D% suy giam cia hai thanh phan ac va dc hoan toan khdc. P suy gidm cia
thanh phén ac phu thudc vao hing s¢ thoi gian qud d6 va siéu qud dd cda mdy
phat con d6 suy gidm cia thanh phan dec phu thudc vao ty s6 X/R cia hé thong téi
m&y phat. Thuc t& thanh phan dc dnh hudng chinh dén dd suy gidm dong toan
phan.

P& hiéu r5 hon anh hudng ctéa thanh phan dec trén dé suy gidm dong toan
phan, ching ta quan st mach R-L c6 dong ban diu dc hing s chay qua: Néu
phin mach R-L dbt ngot bi ngdn mach, dong dién sé suy gidm theo phuong trinh:

i(t) = I e e = I, e FL | (1.31)
vé6i: v I = \/QI
| Lic d6 dong toan phan ,
I=\I% +212¢2R =T \1+2¢ 2R =K I, 32
) ~200mt | |
Hé s6 K,=\1+2 11+ 2exp( ) 1.33
é sb e \/ expl—, & - ( )

duoc goi 1a hé sé khong déi xung.

Hinh 1.10a biéu dién dong dién pha a d6i xing cia may phat khi sy ¢6 xay ra
& d4u cuc mdy phat. Piéu nay chi xdy ra khi géc pha cda dién thé& ding bang 0
khi ngdn mach xdy ra va bé qua dién tré. Trong truong hgp nay, dong ngédn mach
d6i xding va duge tinh theo (1.25). Trong khi d6, thanh phan mét chiéu dong hai
pha b va ¢ gidm bing va ngugc nhau (H.1.11b,c).

Hé s6 K, cuc dai tai t = 1/2 chu ky va khdc nhau trén méi pha. Chung ta cb
thé tinh tri s6 trung binh cta hé s6 K, tai th&i diém ¢ = 1/2 chu ky = 1/100 = 0,01s

K., J 8 (1.34)
9 X/R

Ching ta thdy ring d6 suy gidm dc phu thudc vao ty s6 X/R ctia hé thong va
tri s6 clia K, ndm giita tri sé cuc dai va trung binh. Cdc gia tri cia hé so bat déi
xing dugc vé ¢ hinh 1.13.

Dong dién ngin mach theo thoi gian dugc khdo sit & trén la qud trinh dién
ra tif thoi diém ngdn mach dén dong ngdn mach xdc l4p duy tri. Thuc t&, dong
ngin mach dugc cit vdi thai gian nhanh nhit béi mdy cdt hay cdc thiét bi dién
khéc. Thoi diém cit phu thudc vao thoi gian cda hé théng role va may cdt. Trong
mang dién cao thé, thoi gian nay khodng 0,06+0,2s va trong vai trddng hop dac

“ biét c6 thé nhé hon 0,06s. ,

CAu chi va cdc bd phan han ché& dong ngdn mach cé sy phdi hop thich hgp sé
cit dong dién trong ldic ting vot 1én ban dau trude khi dén gi4 tri dinh. -
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Ka //‘
16 /,//
1,5 //
1”4 ' ///
13 // - == rAT
1’2 . / "//
LT
1,0 =" I [

1 2 3 4.5678910 2 3 4 5678910

Hinh 1.13: Hé s¢ bdt doi xing cuc dai va trung binh theo ty sé X/R
St dung hinh 1.13 cho phép ching ta phéng dodn su bat d6i xiing 16n nhat
" cua dong dién ngdn mach déi véi tinh trang dic biét cia hé théng. Piéu nay che
phép tinh thanh phﬁn dc cyc dai ton tai trong hé théng. Mdy cdt phai c6 kha

nang cit dong bat doi xung cyc dai, tuy nhién xdc sudt x4y ra dong bat déi xung

~cyc dai thap. P€ gidm gid thanh mdy cit d6i khi ngu’m ta c6 thé chon theo d6 mat
déi xdng trung binh.

1.2.3 M6 hinh may phat dién

c)
Hinh 1'..14: Cdc mach tuong duong cho mdy phdt dién déng bj véi dién dp E, va (a) khdng
tré siéu qud do jXj5,; (b) khdng tré qud d¢ jX
(¢c) khdng tré dong bd jX, . Dién dp E, thay déi véi phu tdi

Néu m4y phat dién kh(‘)ﬁg mang tai khi su ¢ xdy ra, méy dugc biéu dién béi

dién 4p pha khong tdi mic néi ti€p v6i mot khédng tré tuong dng. D€ tinh cdc
dong dién trong:

- Tinh trang siéu qua 49, ta dung ‘dién khéng X mic néi tiép véi dién ap
khong tai E,;, nhu trén hinh 1.14a.

- Tinh trang qua do, ta dung khang tré ndi tiép X, nhu é hinh 1.14b.

Trang thai xdc lap, X, sé duge dung, nhu & hinh 1.14c. '

Dong dién siéu qud do 11”1 16n hon nhiéu S0 v6i dong dién duy tri 171 vi X
nhé hon X, nhidu. Stc dién déng E, nhu nhau & m&i mach céia hinh 1.14 vi méy
phét dién lic dau duge gid thiét khong tai. ~
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Vi du 1.1. Hai mdy phat dién dugc mic song song ndi phia ha 4p clia mt may
bién thé A-Y ba pha dugc vé & hinh 1.15a. May phéat dién 1 ¢6 dinh mic 50.000 £VA,
13,8 kV. M4y phat dién 2 ¢6 dinh muc 25.000 kVA, 13,8 kV. Midy 1 ¢6 khéng tro
sidu qud do bing 23,80 Q, va 47,61 Q v6i may 2, cdc gid tri nay dd quy vé phia
66kV. May bién thé c6 dinh mdc 75.000 £VA, 13,8 A/69Y £V, véi khang tré 6,348Q .
Truée khi su c6 xay ra, dién 4p & phia dién 4p cao cla méy bién thé 1a 66 kV. Mdy
bién thé khong tai va khong cé dong dién dang luu chuyén gitta hai mdy phat dién.

Hay tim dong dién siéu qud 6 & méi may phdt dién khi mot ngin mach ba
pha xdy ra ¢ phia dién dp cao cia may bién thé.

E, .
S 23,80
G i
1 X4y ‘ 16,348Q -
G, O— T ~ Ee , 147610 Xy -
—— SO
Ay | o X2 (s
0, O—
a) b)

Hinh 1.15: (@) So d6 mét day; (b) So dé khdng tré cho vi du 1.1
Giai. Cdc thong s6 dudi day duge tinh quy vé phia cao mdy bién dp:

- May 1: X =2380Q; E, =66FLkV
- Méy 2: Xy =47,61Q; Ep=66LkV
- M4y bién thé: Xr=16,348 Q

Hinh 1.15b cho biét so d6 khéng tré trude su c6. Mot su co ba pha tai N dugc
mé phéng bing déng ngit dién S. Cdc sic dién dong cha hai mdy c6 thé duge xem
song song vi ching déng nhat vé dd 16n va pha, va khong ¢6 dong dién dang' luu
chuyén gia ching. Khdng trd siéu qua dé song song tuong duong la:

X : X Xas _ 23,80x47,61
X + X5 23,80+47,61

= 15,8677 Q

Dong dién ngdn mach siéu qua d6 tai ché ngdn mach la:
JXy+jXr J15,8677 + j6,348

=-j2970,9 A

Pién ap Vr & phia A cla médy bién thé 1a:
Vr= I".jXp = (= 2970,9)( 6,348) = 18,8593 kV

Dong ngdn mach trong mdy 1 va 2:

E, -Vr _66000-18859,3

=k ,
X0 723,80

=-j1950,7 A
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E,,-V -
1= g? : T _ 66009 18859,3 _ 990,14 A
JX g0 Jj417,61

Tém lai, trong viéc phan tich sic dién déng clia may phdt va dong siéu qud
do, dong qué d6 va dong on dinh c6 thé duge biéu dién ¢ dang vects. Pién dp cdm
ing trong cudén ddy phan dng ngay sau khi su ¢ ngdn mach xdy ra khédc véi dién
th& ton tai sau khi dat t6i trang thai én dinh. Ching ta gii thich sy khdc nhau
nay bang cach st dung nhiing khdng tré khac nhau (X, X va X,) néi tiép véi
stic dién dong dé tinh toan dong dién trong trang thai siéu qua do, qua dé va xdc
lap duy tri. Néu mdy phdt hoat déong khong tai thi khi ngdn mach xay ra, may
phat duge bi€u dién bdi dién 4p khong tai néi tiép véi khang trd phd hop, nhu
trinh bay ¢ hinh 1.14. Dién tré cdn dua vao tinh todn néu yéu cdu do chinh xic
cao. Né&u c6 tong tré bén ngoai may phat tir ddu cuc mdy phat dén chd ngdn mach
thi tong tré ngoai nay phdi dugc dua trong mach tinh todn.

Méc du khdng tré mdy phdt khong 1a hiing s6 va phu thudc vao mic dé bao
hoa cua mach ti, gid tri cia né ndm trong gidi han xdc dinh va c¢6 thé duge du
dodn truéc déi véi nhiéu dang mdy khdc nhau. Néi chung, khang tré siéu qua do
cia mdy phdt va dong co duge dung dé xdc dinh dong dién ban ddu khi xdy ra
ngdn mach. Pé xdc dinh khé ndng ngdt cia mdy cdt, ngoai tri trudng hop mdy
cdt md tuc thoi, khdng trd siéu qua do thudng duge dung cho may phéat, con khdng
tré qua do thi duge dung cho dong co dong bd. Khi khio sdt én dinh, déi véi van
dé xem xét may phdt cé bi mat déng bo véi phan con lai cia hé théng khéng néu
ngén mach dugc ¢6 14p sau khodng thoi gian xdc dinh, khdng tré qua dé sé duoc
su dung.

1.3 DAC TINH NGAN MACH CUA TAI BONG CO

1.3.1 Pong cd dong bo - may bu déng bd

Nhitng déng co déng bd c6 cdc khdng tré cung dang nhu clia mdy phat. Khi
moét dong co bi ngdn mach, né khéng con nhin dugc ning lugng dién tit ngudn
cung cdp nhung ning lugng kich ti van con, va quén tinh quay cia réto va cua tai
van con lam né quay trong mot thoi gian ngdn. Lic dé, sic dién dong (sdd) cua

dong co dbéng bo goép phan cung cdp dong dién cho hé théng, né hoat dong nhu

| mot mdy phat. .

Bing cdch d6i chidu nhing cong thic tuong dng cho mdy phdat thi sdd siéu
qud do E,, va sdd qua do E,, cho mét dong co dong bé duge tinh bdi:

E;;z = Vg - jX;mI.L ' (1.35)
E;rz = .g _-jX('imI.L . ' (1.36)

véi V, 1a dién 5p dau cuc ciia dong co.
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Dong ngén mach trong hé th6ng chifa mdy phéat va déng cod mang tai c6 thé
Guogc gidi bing mét trong 2 céch:

1- Tinh todn ti sdd siéu qué do (hodc qua dd) cia mdy.

2- St dung dinh ly Thevenin.

Vi du don gidn duéi day s& minh hoa cho 2 cach:

Gi3 thift c¢6 mdt may phat dong bd cung cdp cho mot dong cd dong bd bdi
dudng day c¢6 khang tré Zz . Pong co dang mang dong tdi Iy cdp béi méay phat
truée khi xdy ra ngdn mach ba pha d6i xing tai dau cuc cia dong co. Hinh 1.16
biéu dién nhing mach tuong duong va dong chay trong hé théng ngay trude va
sau su c0. Bing cach thay thé khang tré dong bd ciia mdy bdi khdng trd siéu qud
d6 nhu hinh 1.16a, chiing ta c6 thé tinh todn sic dién dong siéu qud dd cua may
ngay trudce khi xudt hién sy cé béi gid tri Vy va I, trong cong thic:

B, =Vy +Zg+jXu I, (1.37)
E,=Vy-jX,,1;1 (1.38)
ZE i— I-s ZE I"m
14— F—o <
N+ N
X Ko X = BiXan
= : - ~y
v+ + - » H + e
"y E", - E"y ¢ (@M=
Trung tinh  _ Trung tinh
a) Trudc sy c6 b) Sau su cé

Hinh 1.16: Cdc mach tuong duong va dong chay trude va sau sy ¢ tai ddu cuc cia déng co
déng bé néi tdi mdy phdt déong bé bdi téng tré duong déy Zg
Khi sy c6 xdy ra trén hé théng, nhu dugc trinh bay trén hinh 1.16b, dong
siéu qua d6 I, ra khéi may phét va I, ra khéi dong co dugc tim tif quan hé:
e Vu
Zg+jXy, Zp+jXy,

+1, (1.39)

1"' — E;;l - VN
HXam  JXgm

m

-1 (1.40)

Téng cdc dong nay cho ta dong su ¢6 d6i xiing [y trong hinh 1.16(b). D6 la:

" " " V V »
Iy=I,+I,=—-HN 4N (1.41)
g " L
ZE + Jng Jde
e s em—— A
Ign Imn

vé6i I;,N , Iv 14n lugt 1a dong thanh phan tuong dng cila méy phat va dong cd cia dong

sucod Iy .
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Chi y rang, dong sy ¢6 khong bao gém dong tai trude SU ¢6.

Céch khde, stt dung dinh 1y Thevenin 1a dya vao (1.41) trong d6 chi can biét
dién dp truée su cd tai diém su c§ Vy, va nhing tham sé cda mang vé6i nhitng dién
khang siéu qud do dic trung cho mdy. Vi vay, Iy, va nhing dong khic duge sinh
ra trong mang bdi su ¢ c6 thé duge tim moét cdch don gidn bdi dién 4p Vy tai

di€m sy c6 N trong mang siéu qué dé lién quan cta hé théng (H.1.17a).
'X dg I"gN ZE

—— >0
Xam  T"on
R >
+ v SK‘
'y
a) b

Hinh 1.17: So do tuong duong hinh 1.16

Néu ching ta vé lai mang nhu hinh 1.17b, ¢6 thé thdy ro ring nhiing gi4 tri
d6i xtng cha dong sy c& siéu qud dé cé thé duge tim thdy tit mach tuong duong
Thevenin tai di€ém su ¢6. Mach tuong duong Thevenin gém mét may phat-don va
mot khdng tré don gidi han tai di€m sy ¢6. Mdy phét tuong duong c6 méot sic dién
dong bang Vy 1a dién 4p tai diém sy c¢d trude khi sy c§ xudt hién. Khang tré
terng duong la gia tri do dugc tai ché sy ¢6 nhin vao trong mach khi tat ca céc
ngudn dugc ndi tdt. Pién khang siéu qua do dugc dung do cin tim dong ngin
mach d6i xing ban dau.

Trong hinh 14.17b‘tong tré Thevenin Z,;, la:
' JXgm Zg + jXy,)
ZE + J(Xc';fg + Xc}m)

th = (1.42)
Khi ngdn mach ba pha tai N dugc m6 phéng bing su déng cong tic chuyén
~mach S, dong ngan mach siéu qua do6 la: .
Wy _ VN[ZE +J(ng +X:im)]

I = (1.43)

Nhu vay, nhitng su ¢6 doi xdng ba pha trén hé théng c6 mdy phat va dong co

chiu t4i cé thé dugc phan tich bing cach sit dung sic dién dong siéu qua dd hoic
dinh ly Thevenin, duge minh hoa trong vi du sau:
Vi du 1.2. Mot mdy phét dién dong bd va dong co cia so d6 hinh 1.16 ¢6 cong suat
danh dinh la 30.000 2VA, dién dp dinh mic 13,2 £V, cd hai ¢6 khdng tré siéu qué
do 1a j1,1616Q. Khang tré dudng day la 0,5808 Q. Pong co kéo tai 20.000 kW, hé sé
cong sudt 0,8 va dién 4p d4u cyc dong co 1a 12,8 KV khi x4y ra su ¢d ngdn mach
ba pha d6i xiing tai ddu cuc dong co. Tim dong siéu qud d9 cda may phat, dong co
va su ¢ bing cdch dung sic dién dong clia cidc m4y.
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Giai. Mach tuong duong trudc sy cd cia hé théng tuong dng cho ¢ hinh 1.16a.

Chon dién 4p pha VNp tai diém sy c6 lam vecto dién 4p chuén.

, 128 .
Vap = 5 400 =T,3940° &V

Dong tai trudc sy co
20000£36,9° _ 1195 /36 9°A = 902,044 + j677,274 A

I, =
L™ 0 8x/3%12,8

May phat:
= Vy, + I 3%XL = 17,39 + (0,902044 + j0,677274) x j0,5808

\%

8p
= (6,997 + j0,524) kV = 7,01624,283°, kV

E:g',p = .Vgp+ jX:i.I'L = 6,997 + j0,524 + 31,1616 x (0,902044 + j0,677274)

= (6,21 +j1,572) kV = 6,406.14,205°, kV
Khi su ¢6 xay ra tai N, mach tuong duong cho ¢ hinh 1.16b.

Dong su ¢d cung cap ti may phat:
i 821471572 143 g09 90~ j3564,05, A
£~ j(0,5808+1,1616)

Pong ca: V,,, = Vy, =7,3920° kV
E.;;zp = Vmp - jX;m jL
= 7,39 - j1,1616x(902,244 + j677,274)x073 = 8,176 — 1,0478 £V

Dong su ¢d cung cdp tur dong co: ‘
-~ s, 8,176 51,0478 .
= J 10° = -902,032 - j7038,567 A

"7 1,1616

Dong su cé tong:
Iy =1, +1, =902,20 - j3564,05 - 902,082~ j7038,567 =-0,17 - j10602,5617 A
Két qua phan bd dong cho 6 hinh 1.16b.
Vi du 1.3. Gidi vi du 1.2 s dung dinh ly Thevenin.
Giai. Mach tuong duong Thevenin tuong ing véi hinh 1.17.
2, = (Zg +JXig)* Kim _ (j11616+ j0,5808)x /L1616 _ o oo
(Zg +JX) + i X, (j1,1616 + j0,5808) + j1,1616 "~

Vap =7,3920°, kV

Vap _ 7,39x10%

Lic sy ¢6: Iy == ~j10602,5:
N, joesr T 538 A

SN
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Dong sy c6 niay phan b8 trong mach ty 1& nghich véi téng tré:
Dong ngdn mach tir mdy phat:

Jj1,1616
(/1,1616 + joO, 5808)+J1 616
Dong ngdn mach tir dong co:

J1,1616 + j0,5808
(j1,1616 + j0,5808) + j1,616

Dong tai diém sy cd thi gidng nhau du ¢6 dong tai hay khong, nhung dong
trén dudng day thi khiic. Khi ké dén dong phu tai I, tir vi du 1.2, ta cé:

I —I"f +IL =-74241,0152+ 902,044 + j677,274 = 902,044 - j3563,74 A

I;,N =-710602, 538><

=-j4241,0152 A

I v =-j10602,538 x = -j6361,523 A

I —I" IL =-J6361,523-902,044 — j677,274 = -902,044 - j7038,8 A

m
I, cing huéng véi I, nhung nguoc huéng véi I,
Dong su 6 mdy phdt = 1902,044 — j3563,74 | = 3676 A
- Dong su c6 déng co = |-902,044 — j7038,8| = 7096,36 A

Téng d6 16n dong sy c¢6 mdy phat va dong co khong bing véi dong su c6 vi
dong tir mdy phdt va déng co khong cing pha khi dong phu tdi dugc ké dén.

Thoéng thudng, dong phu tdi trén duong diy duge bé qua trong viéc xdc dinh
dong ngdn mach. Trong phuong phap Thevenin, khi bé qua dong phu tai ¢6 nghia
la dong trude su ¢ trong moéi dudng diay khéng duge thém vao dong chay trén
dudng day vé phia diém ngdn mach. Phuong phdp cia vi du 1.1 bé qua dong phu
tdi néu sic dién dong siéu qua d6 cua L4t cd cdc mdy dugc gid thiét bing dién 4p

Vi tai su c6 trude khi sy ¢d xdy ra, nghia 1a khong c6 dong chay ¢ bat ¢ nhanh-

nao trong mang trudc khi sy c6 xéy ra. Dién trd, dung dan cia bi€n dp thudng
dugc béd qua trong tinh todn ngin mach vi chung khéng anh hudng uhiéu dén
dong su cd.

1.3.2 D(’jng cd khéng dong bo

Tuong tu déng cc khong déng bo dién thé thap va cao dp cung cdp lai cho hé
théng dong ngdn mach, nhung do mdy khéng ¢é cudn kich tr nén dong ngin
mach gidm rat nhanh.

1.4 PAC TINH NGAN MACH HE THONG DIEN CONG NGHIEP

Pé hiéu ré hon dic tinh khi x3y ra ngin mach ctia cdc dong co, ching ta khio
sdt dang séng cu thé clia mang dién céng nghiép sau:

Trong so d6 mang dién (H.1.18) c6 cdc tai 1a dong co khong d?ing bo (As) &
cap dién 4p 6kV, khong dong bo cap 380V (A;) va dong co dong bo cdp (S) 6kV
dugc cung cap tur ngudn hé théng HT-110%V.
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HT

iag ? g s

380V

Hinh 1.18: Mang dién céng nghiép tiéu biéu
Gid thiét ngdn mach ba pha xdy ra tai N trén thanh c4i 6kV.
Dong ngdn mach Iy gdm ¢6 cdc ngudn cung cAp dén nhu sau:
" Dong in tir hé thong.
Dong i, tit dong co dong ba.
Dong ias tit dong co khong déng bo dién 4p 6kV
Dong ias tir dong co khong dong bo dién 4p thép.
Hinh 1.19 cho cdc dang séng dong clia cdc phan tif khi ngéh mach tai N.
Nhéan thay:
- Thanh phan mot chiéu cia dong ngdn mach iy gidm sau khi ng&n mach
khoang 0,2s va sau d6 dong ngédn mach diéu hoa.
- Dbh,, ngén mach duge cung cdp chinh tit dong igr tir hé théng.

- Dong cd khong dong bd c6 dic tinh gidng nhu méy phat dong luc. Tuy nhién
n6 tré thanh khong dong bé d6i véi hé thong.

- Dong ngén mach tir dong co khong dong bd gidm nhanh vé khéng, tuy nhién
ching cing déng gép vao dong ngdn mach ac ban ddu iy, dong ngdn mach bat
déi xing cuc dai (xung kich) I,;. Pong co dién &p thédp, cong suat nho c6 thé cung
cdp dong ngdn mach téi hai chu ky.

Dong co khong déng b dién 4p cao, cong suit 16n cung cdp dong ngin mach
song song vdi hé thong qua téng trd tuong duong dong ngin mach ac ban dau,
dong xung kich véi mic d6 phu thuge vao bién d6 tdng trd. Tay thude vao dic tinh
dién cd cia dong co, qud trinh qud do kéo dai t6i vai chu ky va sau d6 c6 thé nhin
dién lai tir hé thong, tit cdc mdy phat phu thudc vao do sut dién 4p.
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Tém lai, cdc dang séng clia cdc ngudn c6 thé cung cdp dén diém ngdn mach
cho béi hinh 1.20.

Hé théng
bac diém Dong tai chd gan mach
mang
May phat A
O— 5 a6
X/R
Pong co déng bod
Thanh phan
mét chiéu
Pong co \
khong déng bd @ /
1

Hinh 1.20: Cdc nguén cung cdp dong ngdn mach
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TiNH TOAN NGAN MACH D01 XUNG

D6i v6i mot hé théng dién ba pha, trong trudng hop ngdn mach ba pha truc
ti€p thi dién 4p cda ca ba pha tai diém ngdn mach déu bing khéng, dong dién
trong ba pha d6i xing va léch nhau mét géc 120° (khong k€ diém ngin mach
cham dat hay khong cham dat). Do d6, chi cdn tinh dong ngin mach cho mét day
dan nhu cho cdc dic tinh tdi d6i xing.

Tinh todn ngdn mach dung dinh ly Thevenin.

Pay 1a ly thuyét duge si dung trong hdu hét cdc bai todn ngin mach. Theo ly
thuyét Thevenin, dong su ¢6 dugc tinh todn nhu sau:

i® - Yo _ V(0 2.1)
Ly, Zry,

v6i: Zpy, - téng trd nhin tu chSLxéy ra ngdn mach vé hé théng khi cdc ngudn bi néi tit.

Zry, ¢6 thé tim duge nhd vao viée bién d6i tuong duong so dé téng trd hay tir ma tran

tdng tré thanh cdi.

Vi, Va(0) - dién 4p tai chd ngén mach trude sy ¢ goi 1a dién 4p tuong duong Thevenin.

Pién 4p nay cé thé tim dugc nhd vao viée gidi dong céng sullt trong mach
trude su ¢6. Do dong tdi trude su c¢8 rat bé so v6i dong ngén mach, nén khi tinh
todn ngdn mach dong tdi thudng duge bd qua, nghia 1a coi nhu mach trude sy c8
khéng c6 dong chay trén cdc dudng ddy, va ciing c6 nghia 1a dién 4p tai moi vi tri
trong mach déu nhu nhau va déu bing dién 4p ddu cyc mdy phat hay dién 4p d4u
cuc hé théng cung cap: Vi = Van

Cac phuong phap tinh toan

DE tinh todn cdc gid tri dong ngdn mach, sut 4p, dong khéi dong déng co...
thi gid tri tdng trd cia cdc phan ti khdc nhau trong so d6 (nhu mdy bién 4p, cép,
dong co, mdy phdt...) phdi dugc xdc dinh tir nhin mdy, s tay hay catalogue. Cdc
- gid tri tong tré d6 cé thé tinh theo don vi ohm, phan tram hay don vi tuong déi.
Céc phu’o’ng phdp tinh ngidn mach:
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- Phuong phép don vi c6 tén
- Phuong phép phan tram
- Phuong phép don vi tuong dai. .

2.1 PHUGNG PHAP TiNH TRONG DON V| ¢O TEN

* Trong phuong phdp nay, cdc dai lugng nhu dong, ap, cong suat, téng tré déu
dugc biéu dién theo dung don vi ctia chung. Vi dy, téng tré dugc tinh theo don vi
ohm (Q). Tuy nhién, néu hé théng dién bao gdbm nhiéu hon mot cdp dién dp thi
cdc gia tri tinh theo don vi ohm sé thay ddi bing binh phuong ty 1& cia céc cap
dién 4p. Hay néi cach khdc, gid tri ohm sé& thay dé6i tit phia bén nay sang phia
bén kia cia may bién dp. Vi du, néu moét hé thong dién c6 3 cdp dién 4p, khi d6
mbi thanh phan trong hé thdng dién (cdp, mdy bién ép, dong co,...) s& c6 3 gid tri.
Khi tinh todn theo phuong phdp nay, doi hdi cdc gid tri tdng tré phai duge quy vé
mét cap dién 4p.

Vi du 2.1. Cho hé théng dién nhu hinh 2.1. Mdy phét ban dau khong tai vdn hanh
khéng tai tai dién 4p dinh mdc. Bé qua tit cd dién trd. Mot sy cd ngdn mach ba
pha xdy ra tai ddu nhén cGa dudng day (diém N). Xdc dinh dong ngén mach.
X'yo= 24%
60 MVA, 13 kV

X;=16%
100 MVA
13/220 kV ®

X'y = 24% : o
40MVA, 13kvy  Hinh 2.1: So do m¢t ddy cia vi dy 2.1

Giai: a) Tinh todn khi quy vé phia I so c6p mdy bién dp ( 13kV).’
Khéng tré qua do 2 méy phét' '

= =0,24=-=0,676(Q
T 60 @

o Xup% Vgmr 132 oy
= =0,24 =1 014(Q
42 =008, , 0 14(Q)

) 2 2 ‘ o
X% Vamr _ o 1613— 2 0,2704(Q)
100 S, 100

Khang tré mdy bién dp: Xy =

Téng trd dudng day: X —XLH(V —L)? —160( ) =0,5587(Q)
I -

Khang trd tuong duang hai mdy phat:

Xy Xy,  0,676x1,014
X, +X,, 0676+1,014

- Xy = =0,4056(Q)
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Khdng tré tuong duong nhin tir diém ngin mach vé nguédn:

Xyqr = Xy + Xy + X1 =0,4056 +0,2704 + 0,5587 = 1. 2347(Q)

1y Vi .13
V3.X,, +/3x1,2347

b) Quy vé phia II thi cdp mdy bién dp (220kV):

Khéng tré qua d6 hai mdy phat:

Dong su cé" =6,079(kA) = 6079(A)

L) 2 2
o = Xa1% Vimu _ 0,24 2207 _ 193,6(Q)
100 S, 60
"o 2 2
el = Xao% Vo _ 0,24229" _ 990 4(q)
100 S, 40
) X, % V2 2202
Khéang tré mdy bién dp: X, = —dnll _ (16 =77,44(Q
ang tro may bién dp: Xpy = 100 Sy 100 Q)
Tong tré dusng day: X, =160(Q)
Khdng tré tuong duong hai mdy phat
Xy = X)Xy  193,6x290,4 _116.16(Q)

X +X,, 193,6+290,4
Khéng tré tuong duong nhin tir di€m ngén mach vé nguén:
| Xoarr =Xy + Xy + X7 =116,16 +77,44 + 160 = 353, 6(Q)
1% 220
Dong su ¢d phia II: Iy =—%—=
ong Sico phia L. M= 3X,, 3x353,6
220

Quy vé phia I so cap: INI =0 3592(“,/”) 0, 3592(——) 6,079(kA)
I

=0,3592(kA) = 359,2(A)

Vi du.2.2. Cho mang dién nhu hinh 2.2. Phét tuyén 1, 2 va 38 ldn lugt ¢6 téng trd
(0,007504 + j0,00808) Q, (0,004 + j0,00528) Q, va (0,00952 + j0,0027712) Q. Mai
nhém dong co M,, M, cé khédng tré siéu qua do6 tuong duong biing 25% theo co ban
m01 mdy va ty s6 X/R = 6. Cong sudt ngdn mach tai thanh cdi 22V cia hé théng
cung cdp 1a 800 MVA. Tinh dong ngin mach khi xay ra ngin mach tai N; va V. Bd
qua dong tai trudc su cd. .
Gidi. Do bé qua dong tdi trudc sy c6 nén dién thé trude sy cd tai vi tri ngdn mach
ciing bing dién thé tai cdc vi tri khdc trong mang va bing dién thé ha thong. Nhu
vay, dién 4p Thevenin tuong duong tai chd su cd la:

Quy vé phia so cAp mdy bién dp (22 kV): Vi, = 22 EV

Quy vé phia thit cdp may blen ap (0,4 kV): V= 0,4 kEV

Nhu da tim hiéu & ¢ chuong 1, khi xdy ra ngin mach tai mot vi tri trén dudng
day cung cdp dién cho dong co, dong co bi mat ngudn cung cap, nhung do quén
tinh cda truc dong co va cla tai dong cd vln con lam déng co quay két hop véi
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néng lu’dng kich tir do cudn day réto giy nén lam cho dong cd tré thanh nguén
cung cip dong ngan mach trong mang dién. Vi vay, khi tinh tong tré Thevenin
nhin tit chd sy ¢é biing cdch ndi tdt cdc ngudn giy nén dong ngin mach, tong tré
cda dong co va cia dudng diy ddu vao né ciing phai dugc tinh dén. Do dong co chi
cung cdp dong ngdn mach trong khodng thdi gian ngdn bit ddu tir thai diém ngan
mach (khi quén tinh truc déng cd con 16n), nén ¢ day dé tinh toan dong ngén

mach ta sé sif dung khdng tré siéu qua do dong co.
22 kV

C6ng suat ngan mach = 800 MVA
X/R =15
1000 kVA &
Zygn = 5.75%
Ruga = 1.21%
@ 400V
e ? 3 1
‘ o ‘
o

)

-

m T dién chinh

Nhém déng co M, Nhém déng ca M,
400 KVA 500 kVA
Hinh 2.2: So d6 mét ddy cia vi du 2.1

Tinh cdc gid tri tong tré hé théng, mdy bién 4p va déng co. |
Quy vé phia so cdp mdy bién dp (22kV):

U%r 222
cong sudt ngdn mach 800
do hé théng c6 X/R = 15, = Xyr = 0,604Q; Ryr = 0,0402Q.

M4y bién ap: |

7 0.0 9292
MEBA = 575T_25,419

222 7z _p2
RMBA —O 0121—1——5 8564 Q = XMBA = ZMBA —RMBA = 24 7269
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2
Nhém dong co M;: X =O,25%=302,5Q
Ry = 302,5/6 = 50,417Q
. ) 222
Nhém dong co M: M2 = 0’256—5 =242Q

H

Ry, = giég = 40,33 Q

Quy vé phia thit cdp mdy bién dp (0,4 kV):

2
Hé théng: Zyp =0, 6052’% =0,0002 Q

do hé théng ¢6 X/R = 15, = Xy = 0,0001997Q; Ryr = 0,00001330.
0,42

M4y bién 4p: Z,p, =0,0575 T =0,0084 ©
0,4° oy [72 2
RMBA -‘—’0,0121—1—:0,00194 Q - XMBA = ZMBA "‘RMBA =0,008174 Q
s ; 0,42
Nhém dong co M1: X3, =0’25W=0’1 Q
Ry, = o1 = 0,017 Q
6
o aa ; 0,42
Nhém dong co My: X, =0’25F—5_:0’08 Q
Rys = OTOS =0,0133 Q

Khi xdy ra ngdn mach tgi N;: D€ tinh dong ngdn mach thi mét so do.téng tré
s& cho két qua chinh xdc hon. Tuy nhién; do dién tré bé va thuong khong ddng
ké, nén thay vi thiét 14p so d6 tdng trd ta c6 thé thiét l4p riéng so dd dién trd va
so d6 khang tré va tinh Zr, t Xr va Ry, Nhu vy, viée tinh todn sé don gidn
hon ma sai s6 khong 16n.

Ta c6 céc so dé tuong duong nhu sau (tha cdp):

®_ ® ©) | ®. ® ®
Rur Ry Ri. Xur . X4 X2
. Ruga Rus Ruz Xumea X X2
N, Ny
f ®
a) b)

Hinh 2.3: So d6 thay thé hinh 2.2 khi ngdn mach tai N,
a) So dé dign tré; b) So dé khdng tré
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DPién tré tuong duong va khing tré tuong duong:
R, = (Ryr + Rupa)//(Rr; + Ru//(Ryp2 + Ruy)
1
= = 8Q
1 T T 0,00163

+ +
0,001953 10,0245 0,0173

X = Xur +Xup )/l Xp; + Xy Xpe + Xuo)

1
= T T T = 0,007123 Q

+ +
0,008374 0,10808 0,08528

Déong ng&n mach N; tinh vé phia thi cap:
/0 400

= » =31,56 kA
N1™ [3%0,007318
Khi x3dy ra ngin mach tai Nj: o ;
il @ @ . M @ @
Iy i
Rut R Xut Xi
RMBA RMZ XMBA XMZ

® < ®
':] R, " [] R % X, N,

7 ° T 7
a) b)
Hinh 2.4: So d6 thay thé hinh 2.2 khi ngdn mach tai N,
a) So dé dién tré, b) So dé khdng tré -
((Rur + Rypa)//(Ryz + Rio) + Rup)//Ry
1
=—3 N — =0,006Q
0,017 0,007504 +0,001755

Xrn = (Xur + Xupa)/l(Xnz + Xp2) + Xe)/ Xy
1 .
=7 T =0,01357Q

0,17 0,007625 +0,00808

Ry,

Zpy, =1/0,013572 +0,0062 =0,01484 ©

Dong ng&n mach N, tinh & thu c&p:
A 79 - 400

-2 _15562 kA
N2 J3%0,01484
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2.2 PHUONG PHAP PHAN TRAM

Tinh todn mot hé thong dién bing phuong phdp phin trim khéc so véi
phudng phédp don vi tuong d6i ma ta sé& trinh bay dudi day béi hé s& 100 (gia tri
phan tram = 100 x gid tri don vi tuong d6i). Phuong phap nay khéng duge sit dung
tinh todn nhiéu trong hé thong dién do né din dén nhimg sai s¢ don gian.

Vi du: 50% dong dién x 100% tong tré = 50% dién 4p chit khong pha1 bing
5000% dién 4p nhu theo phép tinh 50 x 100. ‘

2.3 PHUONG PHAP DGN Vi TUONG DOl ,

Nhu da biét, khi st dung phuong phdp trong don vi c6 tén dé tinh todn hé -
thong dién c6 nhiéu cdp dién 4p, ta phai bién ddi cdc gid tri téng tré vé mot cap
dién 4p. Céc gia tri dong dién tinh todn dugc khi dé ciing thudc cap dién dp dé va
can dugc quy déi trd lai vé cdp dién 4p trong mach ciia dudng day chia né, néu ta
can biét gid tri dung. Do d6, trong hé théng dién ngudi ta thuong st dung hé
thong don vi tuong déi cho céc dai lugng vat 1y khéc nhau nhu 1a cong suat, dong
dién, dién dp, va téng tré dugc biéu dién dudi dang phan s6 thap phan hay boi sé
thép phan cla cédc dai lugng co ban. Trong moét hé théng nhu vay, cdc c4p dién 4p
khéc nhau sé& khong xuat hién, va mang dién néi béi mdy phét, mdy bién ap, day
d&n sé& tré thanh mot hé théng cdc tdng tré khéng c6 don vi. _

Gi4 tri trong don vi tuong ddi cha cac dai luqng duge dinh nghia nhu sau:

gid tri thuc cia dai luong

., . . . tu L F A = 2.2 .
Gid tri trong don vi orng d(.” gid tri co bdn cia dai lugng (2.2)
Chéng han:
« S . V. o« I
S =Sgua =§c'; Vavta =T/;’ I =1y :E (2.3)
Z
va: Z* = Zyyqg =— : (2.4)
Zy . :

G day, cac tir s6 (gid tri thyc) 1a cdc dai lugng c6 hudng hay céc gid tri phuc,
cdn méu sé (gid tri cd ban) ludn 1a s6 thye.

Théng thudng, cong suit cd ban ba pha Si, (MVA,,) va dién dp day cd ban V,,
~ (kV,) s& dugce chon, va ngudi ta ¢ gdng chon sao cho ching gan véi cdc gid tri
“danh dinh. Dong dién cd bdn va tdng tré cd bin thi phu thudc vao Scb va V,, va
phaéi tuin theo cac dlnh lugt dong dién:

R

C

I, = S (2.5)
Tv,
va: _ Zcb=m (2.6)
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thay I, trong (2.6) tit (2.5), téng tré cd ban tré thanh:

2

Z, - (Vi) (2.7)

S, |
BV, )

: Z,, =< (2.8)
hay % = MVA,

Khi trong mang cé chita mdy bién dp, gid tri dién dp co ban sé duge chon
khdc nhau cho méi phia mdy bién dp. Va ty sé cdc dién 4p co ban phai bing vdi
ty s6 mdy bién dp. Luy y rang gid tri cong sudt co bdn thi khong thay d8i trong
toan mang.

Vi du, xét mdt mdy bi€n dp ba pha néi Y/A, 34,5/115kV. Gid sit chon cdng
sudt co ban, dién dp cd badn, dong cd ban va téng tré co ban cho phia ha dp 1dn
lugt 12 Seo, Vies, L1, va Z1ep. Khi d6, ta nhan dugc cdc dai lugng tuong ng phia
cao may bién 4p la: _ .

_ 115 | scb Scb 34 5 345

v = ¥
2 V2 »
Zoop = Vzd’ =( 115 )2 . eb - ( 115 2-Z.

S, 845 S, 34,5
Trong hé théng don vi tuong doi, viéc tinh todn it bi nhdm 14n hon so véi hé
don vi ¢6 tén 1a do khi chon cdc gid tri cd ban, viée chon lya dién dp pha cd ban
va cong sudt mot pha co ban tudn theo cdc cong thdc cia dai lugng c¢6 tén:
Vesa = 3. Veep; Seo - 3. SI"* . Nhé vay ma gid tri tuong d6i cGa dién 4p pha biing
gid tri tuong d6i cia dién 4p ddy, va cong sudt tuong dsi ba pha bing cong sudt
tuong d6i moét pha. Khi d6, trong cong thdc tinh dong dién dya trén so d6 mot
pha, ta khéng phai chia dién dp dinh mdc cho /3 nhu trong hé don vi c6 tén.
Nhu da biét khdi niém céng sudt ngdn mach & chuong 1, céng sudt ngén
mach tai nit k duge dinh nghia la tich gitta 46 16n dién 4p nut dinh mdc va do
16n déng ngdn mach khi c¢6 ngdn mach tai ndt k (thanh cdi k). Cong suft ngdn

mach thudng dugc ding dé xéc dinh ¢d thanh cai va cdng sudt, cda mdy cdt. Dua
theo dinh nghia, c6ng suit ngdr mach ba pha tai nit k duge cho bO'l

Sy =v3-V,IS)  (MVA) (2.9)
véi: Vg - 46 16n dién 4p day (£V) ‘
1(3 - d6 16n dong ngén mach (kA) ba pha d6i xing tai nit k.

Bé qua dién tré do khang tré 16n, ta c6 thé viét cong thuc dé lo’n dong ngén
mach ba pha trong hé don vi tuong d6i nhu sau:
ka

(2.10)
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¢ day: V,(0) - dién dp nut trude su ¢ trong hé don vi tuong déi
X, - khdng trg trong don vi tuong d6i nhin tir diém su & nut k vé hé théng.

Biéu dién dong sy cé trong don vi ¢6 tén, ta cé:

1 -9, g - (2.11)
kk
v6i ch=§c—b(—M—Vi) (FA) - (2.12)

V3V, |
Nhu vay, ¢6 thé viét cong thic cong sudt ngdn mach nhu sau:
V S.p :

Sy =1, e QS rya (2.13)
kk Y cb

Néu dién 4p co bén dugc chon bing dién 4p dinh mdc, V,, = V,, thi cong suat

ngin mach tré thanh: '
sy =295 v . 21
Rk '

Do gid thiét bd qua dong tdi trude sy ¢b, nén V,(0) = 1 (dvtd), do dé ching ta
nhén dugc cong thic tinh gan ding cong suat ngin mach nhu sau:

SN=—§—C;”— (MVA) . (2.15)
ka

= X, =< (2.16)
kk SN

Chuyén d8i cd ban trong don vi tuong doi

Théong s6 (tdng trd) cla riéng cdc mdy phédt va cdc mdy bién &p, duge cung
cé'p bSi nha sdn xudt thudng & dang % hay gid tri tuong déi véi dai lugng co ban
1a dinh mdec cia mdy. Téng tré cla dudng day truyén tai thi thudng duge biéu dién
bang Q. Khi phén tich hé thong dién, tdt cd cdc tong tré nay phai dugc biéu dién
trong don vi tuong d6i trén mot hé cd bdn chung. Nhu véy, can phdi chuyén déi
cdc gi4 tri tuong d6i tit hé co ban dinh mdc cia thiét bi sang hé co ban duge chon,
béi vi Z4,.¢ thi phu thudc Z., nhung Z,h,,c(Q) thi khong, nén ta cé thé viét:

Z(Q) = Zdvtdxzcb - Zgzgzixzmm (2.1

cu

suy ra: Zia = Zgna (2.18)

méi
cb

cli mdi l
- zg";td[ b } S - (2.19)

mai cli
cb cb
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Ky hiéu “ci” bén phai (2.18) ky hiéu dai lugng nhim chi dén gid tri trén co
ban 14 dinh mic mdy, con ky hiéu “méi” (2.19) chi dén gia tri trén co ban méi vira
chon. :

2.4 CAC BUGC TiNH TOAN NGAN MACH TRONG BON V| TUGNG D'ﬁ’I

Cédc bude thyc hién trong viéc tinh todn ngdn mach d6i xing bing don vi
tuong déi.

1- V& so d6 mot day véi cdc thong s6 cla ting phén td so d3, ddnh s6 tung
diém nit cda so dé. ’ _

2- Chon mdt gid tri cong sudt co ban cho toan hé théng, thudng chon bing
cong sudt danh dinh clia méy phat dién hay may bién ap.

3- Chon tiy ¥ mdt dién 4p co ban, d€ thuan tién ta chon biing gi4 tri dién ap
dinh mdc cta thiét bi vira duge dung dé chon céng suit co ban trén. Tinh cdc dién
ap cd ban khdc theo gid tri vira chon va theo cdc ty s6 dién 4p day khong tai ecda
méi mdy bién dp tuong dng. |

4- Tinh cdc tdng tré co ban tai cdc vi tri khdc nhau va tinh todn tat ci cac
tong tré trong hé don vi tuong d6i vira chon. ‘

5- V& so do tdng trd (moét day) cho toan thé hé théng. Xay dung so d6 tuong
duong Thevenin bang cdch két hop cdc téng tré néi ti€p, song song va bién déi
thanh mét so d6 téng tré tuong duong Thevenin don gidn (Z).

6- Tinh todn dong su co
E' L0 .

AT = ' (2.20)
Zt (Rth +Xth)
7- Chuyén ddi dong su ¢6 tré vé trong hé don vi c6 tén:
| N =11, o (2.21)
Vi du 2.3: Xét mot hé thong véi so d6 mét day duge bidu didn trén hinh 2.5, Théng
s0 mdy bién 4p, dudng day va tong trd tdi ba pha dugc cho trén hinh. bién 4p
nguén phdt la 13,2kV (dién 4p day). Tim dong ngudn phat, dong duong day, dong
tai va dién 4p ti, va cdng suit truyédn cho tii. o

Do o @ o &
O—6-2 2922 ...

he
fThevenin = Ith =

132 kV : 5 MVA Z, =10 +j100 10 MVA
: _ 13,24 - 132%kV 138 - 69A KV
Xyy = 10% X, = 8%

Hinh 2.5: So d6 cia vi du 2.3

Giai. Ching ta bit dau tir so d6 mot day hinh 2.3. Trong hinh ¢6 ba cdp dién ap
dugc xdc dinh béng‘ ba pham vi @,@,@. Ta sé& chon co ban thich hgp véi ba
pham vi nay. : o :
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- Chon 877 cho toan hé th6ng: S3F = 10MVA

- Chon mét dién 4p day co ban Chon V,,;; = 138kV. Tinh dugc cdc dién 4p co
ban con lai béi ty s6 bién 4p: Voo =13,8kV; V1 =69RV.

c

Céc chi s6 @ @ vé@ chi pham vi dp dung gia tri chon.

- Tinh téng tré c¢o ban cho 3 pham vi, va tinh cdc gi4 tri tdng trd trong don vi
tuong doi: :

(69x103)2 300

Zepit =——————=467(Q) = Z,;; = j==— = j0,63 (dvtd

_ bIII — 10)(10 | tdi J467 J ( vtd)
32 . ..
Zoyy = (_1@06_) =1904(Q) = 2, = 5,25x1073(1 + j10)
10x10 ‘
- Tinh c4c dong dién co ban:
6
I, - S _10x10 —418.44
N BxV,,  /3x13,8x10

13,2
I, =—-%x4184=41,84A

, 69
- Dm XTI sang hé cd ban méi chon

X9 =, 1(32-)2(—) 0,183dvtd

béi véi Xpo, he o bén khéng d6i, nén trong hé co ban duge chon, né van gid
nguyen gidg tri:  Xp, =0,08dvtd

13,
13,8

- Biéu dién 4p ngudn trong don vi tuong déi: E, = =0,96

dit E'y = 0,96£0° dvtd.
- Vé so db tgng tré don vi tuong doi: , :
| NONEEN @ ®

" j0,183

L , 5,25x10 (1+j10)
O-.9648‘dvtd B

Hlnh 2.6: So dé thay thé hznh 2.5
Zz = JO 63 +5 ,25 X 10‘3 X (1+J10) + JO 183 +J0 08 = 0,7094£26,4° dvtd

— =1 35/ -26,4°dvtd
0 709£26,4° '
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Chi y réng gid tri I' tuong duong 3 gid tri thue khdc nhau trén pham vi@, @
va do céc gid tri co ban khéc nhau. Tinh todn dién 4p tai:
V' = 0,63 = 0,8505/-26,4° I'dvtd
va cong sudt tdi: S =V xI =Z'x|I" ?=0,63x1,35% =1,148
- Tinh gid tri thuec: ,
Dong mdy phat: ~ I; =1,35x418,4 = 584,8A

Dong dudng day: I; =1,35%x41,84 =56,48A

Demg tai: I;; =1,35x83,67=112,95A

Dién 4p tai: Vi = 0,8505x69kV =58,48kV
Cong sudt tai: S".8% =1,148x10MVA =11,48MVA

Vi du 2.4. Gidi vi du 2.1 bang phuong phdp don vi tuong déi.
Giai. Chon cong sudt co bdn S., = 100 MVA.

Chon dién 4p co ban:

Phia so cdp may bién 4p: Vi = 13 kV

Phia thu cAp mdy bién dp: V. = 220 kV

Tinh téng tré co bdn va dong dién co ban:

2
Zopy = Veiy _18 = _=1,690Q
S, 100
S 100
I, =—% = =4,4412 kA
. \/§.Vcb1 J3x13
% 220°
Zan= —S2 =227 4840
cbIl S, 100

[ Sy, 100
BV, 3x220
Tinh cdc gid tri tong tré trong hé don vi tuong doi theo cde co bdn via chon:

M c’-,lim . c%u )2 S . (Vé‘r{fl )2 100

=0,2624 kA

X =0,24 - 0,24 —cb_ 024———040dtd
Seb ;I:‘” Sd"i{”, Veor 60
. K mdi cit S MP2 .
Xy =0,24 2% ( f,fw)2 0,246 (Yam y2 _ 94100 50 545
cb cb Sdm cbl 40
. X
X, ==L 180499 duea
Z,, 484
X; =0,16
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Téng tré tuong duong Thevenin:
Z' = GXg) (X o) + jXp + jX,,
_ j0,4x0,6
70,4+ j0,6

Dong ngén mach chay trén dusng day khi xay ra ngén mach cuéi dudng day la:

+J0,16 + j0,33= ;0,73 dvtd

. 1.0
I¥" = =2 __ 137 dued
N "o /bl e

B6i vé hé don vi c6 tén:
- Phia so cdp mdy bién 4p:
IY g0 =12 Iy, =—j1,37x4,4412=- 6,084 EA
- Phia thit cdp méy bién 4p: ‘
I po =1 Iy =—j1,37x0,2624 = - j0,3595 kA
Két qua tinh todn phu hgp véi két qui tinh todn theo phuong phéap don vi cé6
tén trong vi du 2.1.
Vi du 2.5. Gidi vi du 2.2 trong hé don vi tuong dsi.
ﬁ Giai. Chon hé co bdn:
" Chen cong sudt co ban: S¥" =8, =1 MVA
Chon di¢n dp ddy co bin (bling dién dp dinh mdc hé théng):
Phia so cdp mdy bién 4p: Vo = 22 EV
Phia thi cdp mdy bién d4p: V., = 0,4 kV
Déng dién co bdn:

Phia so cdp m4y bién 4p: I, = \/51 o =26,24 A
, X

Phia thit cdp mdy bién dp: I, = 1 1443 A

J§ x0,4
Téng tré co bdn:
e e 222
Phia so cAp mdy bién 4p: Zyp = =S =484 Q

. e 0,42
Phia thi cap mdy bxen ap: Loy = - = 0,16 2

Tinh todn cdc gid tri tong tré trong hé co bin da lua chon:
: 2 2
~dim 1 Vdm'ch =S~ L1 _0 00195 durd
Svm 2y Syy Vi Swm 800
Ryr = 0,0402/484 = 0,000083 dvtd

Xyr = 0,604/484 =0,00125 dvtd

*
ZHT
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Do bé co bdn da chon trung véi dinh mifc mdy bi€n 4p nén cédc gid tri tuong
d6i cda céc thong s6 van khong thay déi:

Ry = 0,0121 dvtd;  Zyp, = 0,0575 dvtd

, ) . 4
Phat tuyén L,: X, =————O,’00808 = 0,0505 dvtd; Rj, _ 0,007504 = 0,0469 dvtd
0,16 0,16
, . 0,00528 . 0,004
Phét tuyén Ly X)o =— 220 = 0,033 dvtd; Ry = = 0,025 dotd
N TR R X T v
Pong co: Xy =025 - 0,951 0,625 dotd
- Sdm 4
Ry, =225 5 _ (1042 dutd
6 S,
dm

. 1 '
X’ =0,25— =0,5dvtd
M1 0.5 v

R, = %5 ~0,0833 dutd
a) Ngdn mach tai N;:
bién trd tuong duong va dién khdng tuong.duong:
Ry, = (Ryr + Rusa)/l(Ry; + Rud//(Ryy + Ry

1
=7 1 1 = 0,01021 duvtd

+ +
0,013 0,1511 0,1083

X;'h = (Xpr + Xupal/(Xp; + Xy Xpo + Xuo)

1
- — - —— = 0,0481 dvtd

0,05745 * 0,6755 ' 0,533
Zy, =Ry + jXry ;s |Zpy| = RE, + X%, =0,0,0492 dvtd
Dong ngdn mach N;: o - ' e

@ 1,0
‘-_1‘1\:;1 =

=9 _ 90,325 dvtd = 20325 x 1443 = 29.33
| | XY 72, 5ﬁdv¢‘ : 0,325 x 144 .9,, ‘kA}
. b) Nga‘in mach tai Nj: _ o _
| Rpy, = ((Ryr + Rgall(Rusz + Ruo) + Ril/Runy
, , 1 ol N o
S S =0,0372 dvtd‘
0,05785 ' 0,1042 -
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Xon = (Xar + Xosa)/l Xz + Xuz) + Xp)/Xoas

1
=3 i =0,088 dvtd

+
0,1024 0,625

Zy, =+J0,0882 +0,03722 =0,0954 dvtd
Dong ngén mach Ny: ‘

I =—L __10,48 dvtd = 10,48 x 1443 = 15,123 kA
0,0954

Két qud tinh dong ngin mach tai N, va N, phi hop véi két qua vi du 2.2.
Vi du 2.6. So d6 mot ddy cia mét hé théng V
dién ba nit don gidn duge cho trén hinh 2.7.
Mbi mdy phét duge tuong duong bsdi mot sde
dién dong néi tiép véi khang trd qua do. Tat
cd téng tré duge cho trong don vi tuong déi
v6i cong sudt co badn la 100MVA, va bd qua
dién trd. Gid s ring hé théng dugc xem xét @
khi khong tdi va tdt cd mdy ph4t déu van
hanh tai dién 4p va tan s& dinh mdec.

o1 j0.2

jo1 jo.2

X4c dinh dong su c6, dién 4p nit, va " Hinh 2.7: Hinh minh hoa
dong dudng day khi mét sy c6 ba pha ddi chovidy 2.6

xing xdy ra vdéi téng tré cham Zy = 0,16 dvtd
lan lugt x4y ra tai nit @, niit @.
Giai: a) Su ¢6 xdy ra tai nit O: _

Sy ¢§ dugc giad lap bdi mot cong tic ndi téng tré su cd tai nit @ nhu hinh
2.8a. Theo ly thuyét Thevenin, sy thay d6i trang thdi trong mang gdy béi nhdnh
tdng trd sy cd ciing tuong duong nhu khi thém vao ngudén dp V;(0) va néi tdt céc
ngudn dp khdc nhu trén hinh 2.8b.

Hinh 2.8: So dé tuong duong khi ngdn mach ba pha tai nit @
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Theo hinh 2.8b, dong su ¢6 tai nit @ la:
i - V,4(0)
N —_ .
Zys+Zy

v6i V,(0) 1a dién 4p Thevenin hay dién 4p nit @ trude su cd.

(2.22)

Pién 4p nit nay c6 thé nhan duge tir két qui tinh todn phan bé cong suit.
Trong vi du nay, do bd qua tdi va dién d4p mdy phdt dugc giad thiét bing dinh mde,
nén tat ci dién dp nit trude su-cs déu bing 1 dvtd, nghia la:

V; (0)=V, (0) = V5 (0)y=1 (dvtd)

v6i Z33 14 t6ng tré Thevenin nhin tir niit su cé. _‘
D& tim téng trd Thevevnin, ta bién d6i mach A(1,2,3) thanh dang Y tuong
duong nhu hinh 2.9a. ‘ |

le=Z28=—']———‘Z—=JO,2; Z3S=J———'J——=

0,1
716 ite

b) c)
. Hinh 2.9: So dé6 bién déi tuong duong
K&t hgp hai nhdnh song song, ta duge téng tré Thevenin:
_ (j0,4)(j0,6)

Zgy=-22"0 227 01 = 0,34
B 0.4+ o IO T/ dvid
Ti hinh 2.9¢ va cong thic (2.22), dong su ¢ béng:
T V. (0 : .
@ =_BO 10 _ o0 dud

Zss+Zy  jO,34+ 50,16
Theo hinh 2.9a, dong dién tit hai m4y phat la:

* Jj0,6 ‘ (3)* }
Iy =t =—j1,2 d

G1 =704+ 06 V3 T vid
I 04 e _ 70,8 dvtd
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Tinh sy thay d6i dién 4p ndt tir hinh 2.9b, ta duge:
=0 - (j0,2)(-j1,2) = -0,24 dvtd.
AV, =0 - (j0,4)(-j0,8) = 0,32 dvtd.
= (j0,16)(-j2)-1,0 = -0,68 dvtd.
Dién 4p ndt khi sy ¢6 nhan duge biing cich x&p chdng dién 4p nit trude su cd
va d6 thay déi dién ap nit do nguén 4p tuong dudng néi véi nit sy c8, nhu vay:
VlN —V1(0)+AVl =0,76 dvtd

Van =V3(0)+ AV, = 0,32 dvid
Dong ngédn mach trén dudng day:

Loy = M— -j0,1 dvtd
~12
Iisy =E_N_Z_'X§_M=_j1,1 dvtd
13
Ipsy = M-—jO,Q dvtd
23 '

b) Su ¢6 xdy ra tai niit @

Su ¢6 v6i téng trd cham Zy dugc vé& trén hinh 2.10a, va mach tuong duong
Thevenin cda né dugc biéu didn trén hinh 2.10b. D€ tim tong tré tuong ducng
Thevenin, ta k&t hop hai nhanh song song nhu trén hinh 2.11a.

Hinh 2.11: Bién déi so dé tuong duong
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Tiép tuc két hdp hai nhanh song song ndi tir dat dén thanh cdi 2 nhu hinh
2.11b, ta duogc:

70,24 dvtd
JO 6+_]O 4
T hinh 2.11b, suy ra dong ngén mach:
=20 L0 s g

Zpo+Zy 0,24+ 0,16

Theo hinh 2.11a, suy ra dong ngdn mach chay tif hai mdy phat:
* J0,4 I(3>

_Jod 1,0 dotd
Gl=7044 50,6 -
I, = ,—!39-—1@ _j1,5 dvtd
70,4+ 50,6

Su thay ddi dién 4p nit khi xdy ra su cé:
AV, =0-(0,2)XIg) = 0 - (§0,2)X=j1,0) = -0,2 dvtd
AV, =0 - (j0,4)(Izy) = 0 - (j0,2)(=j1,5) = ~0,6 dvtd
AV, = AV; - 00,4)(1—62;1-) =-0,2 - 00,4)(:%)&) = -0,4 dvtd
‘Dién 4p ndt lic x4y ra sy ¢8 nhdn duge theo nguyén ly xép chéng:
Viy = Vi (0) +AV] =1,0-02 = 0,8 dvtd
Von
Vsn

V, (0) +AV, = 1,0 - 0,6 = 0,4 dvtd

V5 (0) +AV; =1,0 - 0,4 = 0,6 dvtd
Dong ngan mach chay trén cdc dudng day:
VN1 VN2 0,8-0,4

I = =-70,5 dvt
A2 7, 0.8 J lutd
V 74
Iz = NIZ N3 08026— _105 dvtd
13 )
Inge = Vivs _VNZ 0,6-0, 4 -j0,5 dvtd

Zy  JO4

Vi du 2.7. Mot mang dién 5 nit hinh 2.12 véi méy ph4dt tai nit ® va @ 1an luot ¢6
cong sudt dinh mic la 270 MVA va 250 MVA. Khéng trd siéu qud d6 mdy phat
cong v6i khing trd cia may bi€n 4p ndi giita ching véi cdc thanh cdi 1a 30% tng
v6i cd bdn 14 dinh mic cia mdy. Ty s6 bién d6i cha mdy bién 4p théa dién dp co
ban, dién 4p cd ban trén moéi mach mdy phat bing véi dién dp dinh miec cia may
phat. Tdng tré dudng day dugc cho trén hinh véi véi co bdn 100 MVA. BS qua
dién tré. Tim dong siéu qud 49 khi ngdn mach ba pha tai thanh c4i s6 4 (nit @)
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va cdc dong chay trén cdc dudng day khi d6. B6 qua dong dién trudc sy cé va gia
st ring t4t cd dién 4p nat trude su cd déu bing 1,0 dvd.

@ ® ®

®

Hinh 2.12: So d6 mang vi du 2.7

Giai. Trude sy c6, dién 4p tai nit @ 1a 1 dvtd. Khi x4y ra su c¢d, dién 4p tai nut
@ bing 0 (thé so vé6i dat). Theo nguyén ly Thevenin, ¢6 thé tuong duong su cd bdi
mdt ngudn 1 (bing vé d6 16n véi dién 4p ndt trude su ¢d) ngugc chiéu véi dién 4p
trudc sy 6 néi véi d4t béi moét cong tdc chuyén mach va néi tit cdc nguén khac
- trong hé théng. Thoi di€ém ngdn mach 14 thoi diém déng cong tic.
Tinh todn téng tré tuong duong Thevenin:
Chon S, tinh todn 14 100MVA.
Khang tré mdy phat cong may bién ap trong hé co ban 100 MVA (cht § ring Vo= Vy,,):

X5 =0,3x220 _ 01111 dvta

270

. 100
X\ =0,3x—22 = 0,1333 dvtd
G3 = BT o0 v

S¢ dé thay th& mang hinh 2.12 cho & hinh 2.13:

© jo,168 CT) j0,126 ®
j0,1111 o | — T j0,1333
. j0,126 - ‘m ;
i jo,252 10210 45 5ag
= T T =

. . a)

Hinh 2.13: So d6 tuong duong khi ngdn mach tai nit @
Bién ddi Y-A ba nhanh hinh Y néi vao nit ® cta hinh 2.13, ta duge hinh 2.14.
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O j0,294 ®

jo,1111 v TR j0,1333

-l

0,111 | T j0,1333

it

Hinh 2.14: So d6 tuong duong sau khi bién déi Y/ A va lien két
Tinh dugc z;h = j 0,2322 dvtd.

Téng dong su cd tai nit @:

gY@ _ 10 =_j4.3072 dvtd

Zr+2Zy  jO,2322+0

Ti hinh 2.14d, dong ngdn mach chay ra khéi ddu cyc hai may phat la:

. jO,1728 e .

Ie = 19 =_j1,982 dutd

617 70,2001+ j0.1728 N¢ =~/ Y ,
g = —J %2091 S =—j2,325 dutd

70,2091+ j0,1728 N4
Sy thay ddi dién 4p tai nit @ va @ do ngudn gia 1ap su c§ gay nén la:
CAV] =0 - jXex Ig; = 0 - (§0,1111)(- j1,982) = - 0,2202 dvtd
AV =0 - jXaex Igs = 0 - (j0,1333)(~ j2,325) = — 0,31 dvtd
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Do thay d6i dién 4p tai nit sy ¢ (nit ®@): -
AV; =- 1 dvid '
bién 4p nut khi su ¢6 nhan duge bing cach xép chéng dién 5p nit trude su cd
va d6 thay d6i dién 4p gay béi suat dién dong tuong duong néi véi thanh céi sy c6:
Viy=10-AV, =1,0- 0,2202 = - 0,78 dvtd

Voy = 1,0 - AV, =1,0 - 031 = - 0,69 dvtd
Viy =1,0- AV, =1,0-1,0 =0 dvtd
Dong ngdn mach trén cdc nhanh 1-2 va 2-3 la:

L2 s (V3N—VlN) 0,69-0,78 _
JXi_3 J0,294

'Dién 4p tai nit @ khi sy ¢d:

J0,306 duvtd

Von = Viy +0,168 x 12 = 0,78 +j0,168 x j0,306 = 0,7286 dvtd
Df)ng su-cd trén nhanh 3-4 va 4-5:

e Yo =Vay  _ 069 _ g 0544000
X5 0,336
11455 2 34 O = - j2,054 +j4,3072 = j2,253 dvtd

Viy =- I35 jX, s =-2,253 xj0,252 = 0,568 dvtd
Dong ngén mach chay trén nhdnh 1-5:
aos_ (Viy = Ven) 0,780,568
15 = =

I ! : =-71,263 dvtd
JXi s J0,168
Dong ngin mach chay tren nhédnh 5-3:
'S = Viw ~Voy _0,568-0,69 70,581 dvtd

JX5 3 70,210

2.5 TINH TOAN NGAN MACH DUNG MA TRAN TGNG TRG THANH CAI (NUT)

O cdc vi du trén, dé tinh todn ngdn mach ta di tim cach thu gon mach vé
mét téng trd tuong duong. Nhung d8i v6i mot mang dién 16n c6 nhiéu nit thi cdch
thic trén rat khé dung. Trong phan niy, ta sé trinh bay mot phuong phdp khdc,
théng dung hon, khi tinh todn ngin mach trong mang nhiéu nit. Bing viéc sd
dung cdc phdn tif ma trdn téng tré thanh céi (nut), dong su cd cing nhu gid tri
dién 4p ndt khi su c8 s& duge tinh todn mot cdch dé dang va tién lgi hon.
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-)———skL

Mang dién ——o

. ] |

Hinh 2.15: So d6 mang tiéu biéu

Xét mot nit tugng trung cia mot hé théng dién n nut duge vé trén hinh 2.15.
Hé théng dugc gia thiét 1a van hanh trong tinh trang ba pha déi xing va c6 thé
dugc biéu dién bang mé hinh mét pha. Méi mdt may duge thay thé béi mot ngudn
dp khong d6i noi ti€p véi mot khdng trd c6 cdc gid tri X, hodc X hodc X, tay
theo ch& d¢ tinh todn. Pudng day truyén tdi duge thay bing mé hinh tuong duong
hinh 7 hay Z don gidn, va t4t cd céc t6ng tré dugc bidu dién trong hé don vi tuong
d6i theo mgt ca ban chung. Mét sy ¢ ba pha d6i xtng x4y ra tai thanh cai k qua
tong tré tram Zy, Cdc dién dp nit (dién 4p pha) trude sy 8 c6 thé nhin dugc
bing viéc tinh todn phan bé céng sudt trong mang va duge bidu didn bing mot
vecto cot ‘
[V,(0)]
V,(0)
[Voge O =] (2.23)

v, )]

Nhu d4 trinh bay & cdc vi du trén, ngudi ta thudng bé qua dong xdc 14p trude
su c§ do'dong ngdn mach qud 16n so v6i né. Tuy nhién, hop 1y hon 1a thay thé tai
bdi mot tdng tré khéng d6i theo dién dp nit tai trude su ¢d, nghia la:

2
_— |V,-(?)|
SL

2

Truéc khi x4y ra ngdn mach, dién 4p tai nit sy 8 £ 13 V(@) khi ngin mach
xdy ra, dién dp mang thay d6i tuong duong véi vide dat tai di€m cham bién 4p
Vi(0) va néi tit cdc ngudn khdc . Mot cdch téng quat, c6 thé mé phéng dnh huéng
cia ngdn mach tai mét nit biing cach néi nit dé véi dat qua mt mach néi tiép
gom mot nguén 4p cing dé l6n va nguge ddu véi dién 4p nit trude sy c6 va mot
téng tré cham con cdc ngudn khac ndi tit. Va do thay d6i dién thé trong mang
gy béi su ¢d v6i tong trd cham Zy tai nit % thi cling hét nhu ching duge tao ra
trong mach khi thém vao ngudn 4p -V,(0) néi tiép téng tré cham va néi tit tat ca
cdc ngudn 4p khdc. N&i tdt tdt ci cdc nguén 4p va thay tdt cd cdc phdn td trong
mach béi tng tré tuong tng, ta nhén dugc mach tuong duong Thevenin dugc vé
trén hinh 2.16. C4c d6 léch dién 4p nit gay bsi sy ¢d trong mach duge bidu dién

(2.24)
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béi vecto cot:
AV

AV, 4 1= : (2.25)

AV

n

Theo 1y thuyét Thevenin, dién &p nit khi sy ¢6 nhan dugc biing cdch x&p
chong dién 4p nit trude su ¢6 va do léch dién dp ndt cho bdi céng thic sau:
Ve (N1=V,, (0] +[AV, ] : (2.26)

i

Bay gio ta sé xem xét 4p dung cédc cong thic cia ma tran tdng din thanh cai
(nit) ciing nhu ma trén tong tré nit d€ tinh gi4 tri dong xdc lap khi ngin mach.

— 2
. Mang dién . Kk J
]
L]
[
-«
———e

I

Hinh 2.16: Sa dé mang thay thé khi ngdn mach

Ma trén tong dén va ma tran téng tré niit

Goi I, 14 vects dong dién nut trude ldc sy ¢6 bom vao cédc nit cGa mot mang dién

dugc tinh theo céc g1a tri dién th&€ ndt do ching giy ra so véi dién the cua mot
nat tham chiéu (mit goc, nit chuidn) nhu sau:

Uit ] = [Youel X[V oiie) ’ 4 (2.27)
v6i [Y,;]1a md tran téng ddn ndt khong chia céc phan t ma trdn dng vdi nit tham chiéu
(thudng duge chon 1a dat). |

Phén ti trén dudng chéo ung véi méi nit 1a téng cia cdc tdng din néi vao
nat d6, nghia la:

m .
Yii= Zyij, (_]#l) ‘ _ (228)
Jj=0

Céac phan tur ngoai dudng chéo bing vé dé 16n nhu‘ng tra1 dau VO'l téong dan néi
gitta hai nat: :
Yi-Yi = ‘ _ (2.29)
v6i y;; 1a téng din ndi gitia hai ndt i va j.

Trong mach tuong duong Thevenin hinh 2.16, dong dién chay vao ‘mdi nit
déu bing khong, ngoai trit nit sy ¢8. Do chiéu dong dién ngidn mach huéng ra
khéi nut sy cd, nén ta nhan dugc mot dong dién 4m chay vé phia ndt & (ndt sy
). Nhu’ vay, phuong trinh tong quat (2.27) khi dp dung cho mach Thevenin trong
~ hinh 2.16 sé tré thanh:




58 - CHUONG 2

[ 0 | Y11 }.71/5 Yln (Avvl—
~L(N) =Yy © Y, 1Y, | AV, o (2.30)

Lo L 0 - _Ynl Ynk E.YnnJ_AVn_
hay: ZnieND1 = [Viie] X [AV 4] (2.31)
Glél tim: [AVnut] = [Znu't] X [Inzlt (N)] ‘ (232)

0 day, (Zuul = [YgL], duge hiéu nhu 1a ma trén téng trd nat. Thay phuong
trinh trén vao phuong trinh (2.26), ta dugc:
Vit N)T = [V, O + [Zie] X [ ]

Phuong trinh ma tran viét lai:

v [vo] [z, @z, : 2.7 o 1
1 1 11 1k 1

n

‘/k(N) = ‘fk(o) + Z.kl' Zkk an _Ik(N) (233)

.n/e Znn j L 0 J
Do chi ¢6 mét phan tir khdc khong trong vecto dong dién, phuong trinh tha &
trong khai trién cua cong thuc (2.33) trd thanh:

X V(M| |V, |2, i Z

Vi) =V, (0 =2, [,(N) : (2.34)
Ciing ti mach tuong duong Thevenin hinh 2.16, ta cé:
Vi (N)=Z I, (N) . (2.35)

Déi v6i su ¢6 cham tryc ti€p, Zy = 0 va dan dén Vk( n =0.
Thay Vj(y, tif cong thic (2.34) vao (2.35), ta dugc:

jk(N):M_

2.36) -
Zy+Zy ( :

Nhu vdy, dé tinh dong ngdn mach tai nait su ¢ k, ta chi cdn dung phan ti Z,,
cla ma trdn téng trd nat. Gi4 tri cia Zy, cling chinh 1a gi4 tri cda téng tré tuong
duong Thevenin cda mang nhin t ndt sy ¢§ k. Tuong ty nhu vay, viét phuong -
trinh thi ¢ cta khai trién cong thuc (2.33), ta cé: '

Vi(N) = V;(0) - Z,,1,(N) ' | (2.37)

Thay I.(N) tit cong thic 2.36, ta dugc dién 4p nit i khi Su ¢o:

"fi(N)=x'fi(o)——.—-ZL’f—.-Vk(o)- | (2.38)
kk T4N S o
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Tir két qua dién dp ndt khi sy c6, ta cé6 thé tinh duge dong su c6 trén tat ca
cdc dudng day. D6i véi dudng day ndi nat i va j béi tdng tré z;;, dong ngdn mach
chay trén dé la (chiéu duong huéng tit i t6i j):

: V/(N)-V;(N)
I;(N)=—nu L (2.39)

zij

2.5.1 Phuong phap xay dung ma tran téng trd niit tit ma tran téng din nit

bé tinh dong ngdn mach nhu trén da biét ta cdn bist ma tran téng tré ndit;
ma ma trdn tong tré nidt la ma tran nghich ddo cGa ma tran téng din nat. Cé
dugc ma trdn tong tré nit thi cé thé tinh duge dong ngdn mach khi xay ra ngin
mach tal cdc nit khdc nhau va phan bd cda ching trén cdc dudng day cing nhu
dién dp nut khi ngdn mach. Viéc xay dLIng ma trin tong dan nat duge thuc hién
khé don gidn. Céc v{ du sau day mjnh hoa cho céach thic xdy dung ma tran téng
dan nut va tu dé tinh ra ma tran tong tré nat bang cdch nghich ddo ma tran tong
dan nit.
Vi du 2.8. Tinh ma tran téng tré nit cho mach hinh
2.17 trong vi du 2.6 bing cidch nghich ddo ma tran
téng dan nat va tinh dong ngdn mach, dién dp ndt va
dong dién dudng day khi c6 ngdn mach ba pha, dong
ra tai nut @ qua téng tré trung gian Zy = j0,16 dvtd .

Giai. So d6 khang trd trong vi du 2.6 dugc vé trén
hinh 2.17. C4c budc x4y dung ma trdn téng din nit
“dugc thuc hién nhu sau:

Chon nit tham chidu 1a dat. Truée khi xay dung ma trdn Y., ta cAn tinh’
tong din cla cdc nhdnh ndi gilta cdc ndt trong so dé khédng tré tuong duong
Thevenin duge vé trong hinh 2.17. T4t cd déu dugc biéu dién trong hé don vi
tuong déi.

Hinh 2.17
Hinh minh hoa vi du 2.8

11

y12=;:2- =J0,8 =—j1,25 dvtd

y13=i =—J%’—Z=—125dvtd

y23=;i; : fﬁ——]25 dvtd
yl_dé»t=-z—1-:i;;=J(i2 —j5dvtd o
yz_ddt?ﬁ:j—;’z:—ﬂ,sdutq |

Céc tdng dan con lai déu bang khong.
- Bay gid ta thuc hién viéc tinh todn cdc phéan ti cia ma tran téng dan nait:
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Y, Yo Y5
szt = Y21 Y22 Y23
Y; Y30 Ys3

Phan tir trén dudng chéo dng véi mbi nit 1a tdng cdc tdng din néi vao nut dé
theo (2.28): , :
Yi1 = yrase + Y12 + y1s = =35 - j1,25 - j2,5 = -j8,75 duvtd
Yoo = yaai + Yor + yoa = —i2,5 — j1,25 — j2,5 = ~j6,25 dutd
Ys3 = ys2 + ya1 = —j2,5 + 2,5 = —j5 dvtd _ ‘
Phan ti ngoai dudng chéo bing vé do lon nhung trdi dau véi tong dan noi
gitta hai nuat tuong dng theo (2.29): ' ‘
Yio = Yo, = —y12 = 51,25 dvtd
Y5 = Y31 = —yi3 = j2,5 dvtd
Yo3 = Y32 = —ya3 =j2,5 dvtd
-j8,75 j1,25 2,5
(Y . ]=| j125 -j6,25 ;2,5
j25  j25 -5
Thye hién phép nghich ddo bing MATLAB:
Jj0,16 j0,08 0,12
1=[Y, )" =|/0,08 0,24 ;0,16
70,12 ;0,16 ;0,34

=I[Z

nat

So d6 lién két téng dan cla hé théng hinh 2.17 cho ¢ hinh 2.18.

Hinh 2.18: Gidn do lién két tong ddn cia hé théng vi du 2.8
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T phuong trinh (2.36).véi su ¢d tai nit @ qua @()"ng tré cham ZN = j0,16dvtd.
Dong ngidn mach ba pha la:
V3(0) 1,0

(3)(N)_ =— A =-72,0(dvtd)
Zyy+Zy 034+ 7016

T phuong trinh (2.37), dién thé tai cdc nat lic su c6 1a:
Vi (N)=V,(0) - Z,313(N)=1,0- j0,12(-j2,0) = 0,76 (dvtd)

Vo(N) = Vo (0) = Zgsl,(N) =1,0~ j0,16(~j2,0) = 0,68 (dvtd)
Vo(N) = V4(0) = Z331,(N) = 1,0~ j0,34(-j2,0) = 0,32 (dvtd)

Tu (2.39), dong ngdn mach trén cdc duong day:
V,(N)-V,(N) 0,76-0,68

I, (N) = - 0,1 dvtd
1 219 Jo.8 = / v
23 j0,4
I,3(N) = V2(N)_” Vs(N) 0,68-0,32 =-;0,9 dvtd
: 2923 J0v4' .

Nhan xét két qua tim duge giéng véi két qua vi du 2.6. Gi4 tri clia tong tré
nit trén dudng chéo ma tran tong trd chmh la tong tré tuong duong Thevenin
nhin ti nat d6 vé nguén. . : .

Vi du 2.9. Tinh ma tran téng dan nait cua mang hinh 2.12 cda vi du 2.7. Suy ra ma
tran tong trd. nut

Chon nut tham chiéu la dat. Thuc hién tuong tu vi du 2.8, ta cé6:

SRR : @ ' 0,168 C? " jo.26 ® '
. - jo,1111 — T | L j0.1333 ‘
- . j0.126 0 _
o T ease P josse |
. = T } =

Hinh 2.19: So d6 khdng tré cho mang hinh 2.12 trong vi du 2.9

Téng d4n ndi gilta cdc nut:

1 1 . »
, = —j9,0009 dvtd
a7 o1 '
| 1 L _ 75019 dotd
- Fraa Zoaw 01333 7
R B | . Sotd
== - j5,9524 dut

25 J0,168
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1 1

s = 5= =-j7,9366 dvtd

M5 G J0126

Y23 =.L= : L =—j7,9366 duvtd

5’34:.L= 5 1. =%j2,9762 dvtd
zg4 J0,336

V35 =—.1—= : 1 =-74,7619 dutd
235 J0,210

Va5 =.L= ; 1 =-73,9683 dvtd
245 70,252

Céc tong dan con lai déu bang khong.

Tinh cdc phan tu cia ma tran téng din ndit:

[Ynlit] = J

Yus Yo+ Yis + ¥ ras = —522,8898 dvtd

Vis= §o1+ §os = —j13,8889 dotd

Yas= Yao+ Yaa + Va5 + 7 sai = —j23,1765 dvtd

Y= Y3+ Jas = —j6,9444 dvtd

Y= 51+ s+ Jau = —j16,6667 dvtd
Y=Y =-31,=j59524 dutd

Yi=Ysa=-513=0

Y= Y41 =—yu=0

Yis= Y5 =-7915 =j7,9366 dvtd
Yoy = Yar = - 5 = j7,9366 dvtd
You=Yan=-y2=0
Yos=Yso=—305=0.

Y= Y43 = -y = 12,9762 dutd

Y= YVis=— 935 =j4,7619 dvtd
Yas= Y= 545 = j3,9683 dvtd |
(22,8898  5,9524 0 0 7,9365 ]
59524 -13,8889 17,9365 0 - 0
0 7,9365 -23,1765 2,9762  4,7619
0 0 2,9762 -6,9444 3,9683

| 17,9365 0 47619  3,9683 -16,6667
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Thuc hién phép nghich d4o:
1 2 3 4 5
1 [0,0793 0,0558 0,0382 0,0511 0,0608]
0,0558 0,1338 0,0664 0,0630 0,0605
=1[Z,,)=37]0,0382 0,0664 0,0875 0,0720 0,0603
4 10,0511 0,0630 0,0720 0,2321 0,1002
5 10,0608 0,0605 0,0603 0,1002 0,1300

Gid thiét mudén tinh dong ngdn mach ti nit @ va ® dén nit ngdn mach la
(4), ching ta can biét V; va V; khi ngdn mach. Mach tuong duong hinh 2.20 dé
- tim dong va dp ngdn mach trong trudng hop nay.

Zas— 24 Zgg = Zas |
d0y |
j0,0155 j0,0299
Z44 = Z43 244 - 245
i . T ir G S ‘Jr ~
Vy = 1£0 j0,1601 V.= 120° j0,1319
Zga— 243 = 0,072 I'y = - 4,308 Z4s — Zes = 0,1002 I'y = - j4,308

Hinh 2.20: Ding mach tuong duong Thevenin dé tinh dién dp
tai nit @ va nit ® khi ngdn mach tai nit ®.

Dong ngén mach c¢é thé tinh tir hinh 2.20a.

== = - j4,308
Z,, J0,2321

" Tit hinh a, btim" duge dién thé tai nit @ khi chon:-
Vy =Vy —IyZs, =1,0-(~j4,308)(j0,0720) = 0,6898 dvtd

Ti hinh b, tim dugc dién thé tai nit ® khi chon:
Vi=Vy - InZs4 =1,0-(-j4,308)(;j0,1002) = 0,5683 dvtd

Dong dudng aéy chay vao diém ngin mach 4 qua tong tré dudng day Zg, va Z

_V; 0,6898

[y =2 - -j2,053 dvtd
%=y T j0.336 7

Vs 0,5683

[y =55 = -~ j2,255 dvtd
=, j0.252

Dong dién sy cd tong cong tai nit @: [y =-j4,308 dvtd
Vi du 2.10. Cho mot hé théng dién nam nit duge biéu dién trong hinh’ 2.21 céc
théng s6 dudng day (dang hinh 7, bé qua dién tré) va mdy bién 4p trong hé don vi

tuong d6i duge cho ¢ bang 2.1. M4y phdt va dong co déu c¢6 khang tré 1a j1,25
dvtd. Xdc dinh ma trdn téng ddn nat va ma trdn téng tré nat trong hé don vi
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tuong doi.

® o ® © :
0,9/0° | ‘ | 0.8/-70
b 4 -
| © |
Hinh 2.21: Hinh ciua vi du 2.10
Bang 2.1
T nat Pén nut X (avtd) B (dvid)

1 2 0,0533 ’ 0
2 3 0,25 ' 0,22
3 4 0,25 0,22
2 4 0,15 0,11
4 5 0,08 . 0

Chon nit tham chié'vulla dat. Ta can tinh téng din cta cdc nhanh néi gidta céc
nit trong so dé téng tré tuong duong Thevenin dugc vé trong hinh 2.22. T4t cd
déu dugc biéu dién trong hé don vi tuong déi.

©)

j0.0533

(' I
i1,25 i1,25
. -j9,091 ,
j0,025 j0,025 '
—19,091]: ® T ~j9,091
‘Hinh 2.22: So dé thay thé mang hinh 2.21
iy = = /18,657 e =~ = _i4 00
12700533 T I8 T g 95T M
Vaa = Yoz = —j4,00; is = —— = —j12,5 .
/34 23 ) Y45 70,08 J B
Jou == —j6.6T .= 1 j0,8
2470150 000 L YaT Im= Sop =0,

~ Bay gig ta thuc hién viéc tinh todn céc phén ti¥ cla ma tran tdng dan nut:
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Y11 =g +y, =-J19,56

Yo =51, = j18,76

Yis =}.’14 ‘__'Yls =Y51 5Y41 =Y31 =0
Y23 =Yg = ~Yo3 = J4,00
Yoy =Yy =~3p4 = j6,67

Y25 = Ysz =0

Yy =Y,3 =334 = j4,00

Y35 =Y53 =0

Y45 = Y54 =~J45 = j12,50

Yis = Jas + Jm =—J13,30

; ) L. B B .
Yoo = 1o + Yog + Jou +J—E+J—§“-=—J29,27

2

s . . .By B :

2

2

s . . .. By .B .

2

Vay, ta ¢6 dugc ma trdn téng din niit cia mach nhu sau:

[-j19,56 j18,76

718,76 —j29,27
Y, l=| 0 j4,00
0 76,67
0 0

Thuc hién phép nghich ddo ma tran:

O .
74,00
~J7,78
. J4,0
0

0 0
76,67 0
Jj4,0 0

-j23,01 12,5
j12,5 -j13,3

[71,02141

71,0117
L =|71,01321
70,9591
| j0,9014

]= [Ymit

(Z.

nut

71,0117
71,0548
71,0564
70,9999
70,9398

J1,0132
J1,0564
J1,2153
J1,0573

J0,9937

J0,9591
J0,9999

J1,0573

J1,0566
J0,9930

J0,9014 ]

70,9398
70,9937
70,9930

71,0085 |

Do 3 ma tran tdng din niit cGa 3 vi du trén déu dugc xay dung theo sy tuong
Gng chi s6 niit-chi s6 phdn t& nén 3 ma tran tdng trd nit ciing c6 tinh chat nhu
vay, nghia 12 phén t& Zj, trong ma tran téng tré niit ciing chinh 1a téng tré tuong
duong Thevenin nhin tit nit 2 vé hé thong. ‘

2.5.2 Giam s8 phén ti cia ma tran téng din mit (phuong phdp Kron)

Trong phén trude, khi giéi thiéu ma tran téng din nit Y., ta thdy ring né
thé hién méi quan hé giita dong dién bom vao cdc nit cia mét mang dién va dién
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4p nut trong mang gdy bdi cdc dong dién d¢. Mang c6 n nit thl ma trdn téng din
ndt s& 12 ma trdn n x n. Tuy nhién, chi tai nhing nit ¢6 ndi véi ngudn, hodc tai,
hodc ¢6 ngdn mach thi dong dién bom vao (46 vao) nit dé méi c6 gid tri (khdc 0),
con dong didn d8 vao cdc nut khéc déu bing 0. Trong trudng hgp khong can thiét,
nhitng nit khéng cé dong bom vao ¢é thé duge triét tiéu trong ma trén tdng ddn
nit. Ta ¢6 thé hiéu qud trinh nay gidng nhu qué trinh thu gon so 48 tuong duong
cia mang nhung dugc thuc hién trén ma trdn téng ddn nit. K&t quéd 12 ma trin
téng ddn nut sé bi gidm kich thudc so véi kich thude ban dau (n x n). Gid s ta c6
hé phuong trinh biéu dién quan hé gia cdc dong dién d8 vao cdc nit cia mang
dién vdi dién 4p nit trong mang nhu sau:

. -

i Yy e e e Y, W
[In\it]= 0 = th Y;k2 rer e Ykn Vk (240)
] Y e e Y Ve

Theo phuong trinh tha k& cia hé trén, ta biéu dién V, theo cdc gid tri dién dp
V1Yk1 + VZY’QQ + ...+ VnYkn '
Vi

nut con lai: Vl =~-= (2.41)
Thay Vk trong cong thuc trén vao tat ca cdc phuong trinh cua hé, tri phuong
trinh thu %, ta sé c¢6 n-1 phuong trinh biéu dién quan hé gitta n-1 gia tri dong
dién va n-1 gid tri dién 4p ndt tai cdc nut 1, 2, ... k-1, k+1, :.. n. Viét lai he n-1
phuong trinh nay ¢ dang ma trin, ta sé nhdan dugc ma trdn téng ddn nat da thu
gon (giam di mét hang, mot cot). Dé dang tinh duoc cac phan tf cia ma tran tong |
din mdi theo cac phan tu ma trian ci nhu sau:
o YLY, '
yre =Y, -—’i’;-ﬂ voi i, j= 1,20 50, ) =k (2.42)
: kh

2.5.3 Céc phuong phap xdy dung truc ti€p ma trin téng tré mit

1- X4y dung ma tr@n téng trg nut tryc tiép

Ma trdn Z,, trén tim duge dua vao ma trdn Y,, bdng cdch nghich ddo ma
trdn Y,.. Viéc nghich ddo ma trdn cé thé thuc hién bz‘-ing tay theo céng thuc -
nghich ddo ma tran hoic trén’ chuong trinh mdy tinh ¢6 ‘'sén. Tuy nhién, 481 véi
mjt hé thdng dién 16n ¢6 nhiéu nit, ma trén tdng din cla né s& c6 nhidu phan tu
biing khong, va déi khi viéc nghich ddo ma tran khéng thé thyc hién duge. C6
mdt cdch khdc d€ tim ma trdn Z,;, 12 x4y dung né tif ma tran téng trd ndt don
gidn cla mdt nhdnh bing cach ting buéc mot thém vao méi phan td mang cho
dén khi c6 dugc Z,, cia mang ddy dd. Trong qud trinh ting buée xdy dung ma

trin téng trd, ching ta thuc hién tir mot ma tran tdng trd cd tdi ma tran tong tro
mdi theo cdc luit sau:
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Buée 1: Chon nat tham chi€u (ndt chudn, ndt géc) goi 1a ndt 0 va bt dau tu

mot nhdanh néi giita nit gde v6i mot nit cla nhanh dé.
Quy ludt 1: Ma tran téng tré nit Z,; cia mdt nhanh
- 1a ma tran-1 x 1 ¢6 phan t4 Z;; = Zupgnn
Buée 2: Lan lugt thém vao cdc nhanh mdi néi gidta
mot nit méi néi véi nat géec dung quy luat 2. Tiép tuc
thee hién nhu thé cho dén khi da di sé nhédnh noi véi
ndt goc.

¥
nut

Gia st ta d4 lap duge ma tran Z; .. kich thude r xr

clia mang c6 r nit (H.2.23) (khong ké nit chuin) nhu sau:

Z 11 Z 1p Z 1r
Zoud=| 2y 2y §

Hinh 2.23: Phdn
dién r nut

Ky _—qz
Mét phén

mang dién .

2o [ J

o

___.0

mang

(2.43)

Quy ludt 2: Néu thém mot nhénh c6 tong trd z4 ndi ti mot nit méi g dén nit

1

e
| 92
: le le
—*P : :
| eq . .
Z. Z
L (Z:1=| 7 £p
Zg, a
3 * 7 7
rl rp
Hins 2.24: Phdn mang dién thém I 0 0

moét nit néi véi nit chudn

Buée 3: Lan lugt thém vao céc nhénh

Z, O

ndi gita ndt méi véi nut ci (khong phai
nit goc) dung quy luat 3 cho dén khi khong
con ndt méi ndo va tién hanh bude 4.

Quy ludt 3: Truong hop thém mot
nhanh c6 téng tré z,, ndi tit mot nit méi q
dén mot nit p (# 0) ¢6 sdn trong mang r

nit (H.2.25) (nit p duge goi 1a nit cd) thi
ta nhan dugc ma trdn méi nhu sau:

mét nit mdi

chudn O thi ta nhin dugc ma trdn mdi kich
thuéc (r + 1) x(r + 1) nhu sau (H.2.24):

(2.44)

Hinh 2.25: Phdn mang dién thém
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[zt ]=
; Zrl
4

pl

p
pp
Z

ZPP

rp e

r

pr

V/

Z,

rr

Z,

Z

pp

Z

Y

(2.45)

Zpp *2pq |

Bugce 4: Cudi cung, hoan tit mang bang viéc b§ sung nhiing nhanh giita hai

nat ci dung quy luat 4.

Quy ludt 4: N&u khong thém mét nit méi nao ma chi thém mét nhanh méi cé

...__.1

Pq

Hinh 2.26: Phdn mang dién dua
thém mét téng tré gia hai niit

tong trd z,, néi gita hai nit ci p va g thi ma
tran nhan duge khong thay déi kich thuée nhung
cdc gid tri clda ting s6 hang ma tran dugc tinh
lai nhu sau (H.2.27): |

[Z”

]maL

(Z (2.46)

nit nut]

1
— [AZ]x[AZ]T
Z I/

- Néu hai nit p va ¢ deu khong phai 1a nit
chuédn (H.2.26):

- [AZ] va [Z,)] duoc xéc dinh nhu sau:

Zlq - le
Z2q - Z2p
- [azZ]=) X (2.47)
»qu - pr '
B .qu - er
le —-Z +Z +Z 2qu (248)
(25, % =(ZF 10— L
1)
(Zlq - le)z (Zlq - Z'lp)(Z.zq - Zzp) (Zlq -le)(zrq - er ) ’
(Zy, -2, p)(qu -Z, o) (Z'z;, ~Z, o)’ (Z'2q -Z, p)(Z,p ~ Z,p) y
’ : : : : (2.49)

_(er _er)(Zlq '-le) (er

TGt 2
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- Néu q (hoic p) 1a nit chudn 0 (H.2.27):

e |

——e2

Hinh 2.27: Phdn mang dién dua thém mét tong tré néi tir mot nit vdi nit chudn

[AZ ] va Z;duge tinh don gidn hon nhu sau:

—Zip le
_ZZP ZZp
[AZ]=| | |=(-Dx| . | . (2.50)
_pr pr
_—Z,p_ _Z,p_
Zy=z2,0+2Z,, (2.51)
Lic dé:
- e . —_ r -2 [ . . . : . - |
le le er ) le leZ2p leZ3p : leer
. : i Zzpzlp Z2p Zsz3p : Zszrp
[:Hit]mm: Zpl : ZPP Z{)r _—Z; Z3pzlp Z_3pZZp ng : Z3erp (2.52)
Zn Ly ¢ Ly | | Z,0, ZpZay Zpls, 0 Zp, |

Vi du 2.11. Xay dung ma tran téng tré nit cho so d6 trong hinh 2.28 cia vi du 2.6.

j0.2 j0,4

Hinh 2.28: So dé vi du 2.11
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Giai

1- Chon nit chudn la dat (ndat 0). Ching ta bdt dau ti nhanh 1 ndi véi nit
chuan. Nhdnh dau tién 1, z = j0,2 ndi gitta nit ¢ = 1 va nat 0, ta nhan duge ma
tran 1x1 theo quy luat 1 nhu sau:

(28) )" = [210] = [j0.2] | |
2- Thém nhdnh 2-0; Z, ; = j0,4 ndi gitta ndt méi ¢ = 2 va nat 0 theo quy ludt
2, ta nhin dugec ma trén:
, [J0,2 0] [02 0O
¥/ nut] 0 'JzJ
| Zop 0 04
3- Tiép theo, thém vao nhanh 3-1, Z; ; = j0,4 ndi gitta nit méi ¢ = 3 va nat
p = 1, ta nhén dugc ma tran 3x3. Ma tran dugc tinh theo quy luat 3 nhu sau:
Jjo,2 O Jj0,2 0,2 0 0,2
Z&P=| 0 jo4 0 |=jl 0 04 0
j02 0 j0.2+zy 0,2 0 0,6
4- Thém vao nhdnh 1-2, Z, , = j0,8 ndi gitta nit p = 1 va ¢ = 2. Ma trdn mdi
khong thay ddi s8 phan ti va nhan dugc béi céc cong thdc sau theo quy luat 4,
ching ta tinh:

' Zn —212 0,2
Tir (247): [AZy 51 =|Zy - Zoy | = j| 0,4 ;
. |_'Z31 —232 L 0.2
Tt (2.48):  Zy =2y + 2oy + 2,5 - 2215 = j1,47
-j0,2
.i[AZ'I_zl.[Az'l_le -1 ljoa [-j0,2 j0,4 -j0,2]=
Zy JlL4 70,2

0,02857 -0,05714 0,02857

=j|-0,05714 0,11428 -0,05714

0,02857 -0,05714 0,02857
0,17143 0,05714 0,17143
(&), 14 - (Z8), B —Z—[Az1 J[aZ, ,17 = j0,05714 0,28571 0,05714
- i - 0,17143 0,05714 - 0,57143

5- Cudi cing, thém nhanh 2-3; Z, ; = jO,4 ndi gitta nit p = 2 vA ¢ = 3. Tinh
tuong tu nhu buée 4, ta duge ma tran téng trd nit cda majng: |
Zyg -2y 0,11429
(AZy 3)=|Zos ~ Zy, | = j|-0,22857
Zgs ~ 2o 0,51429
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Zy = Zigy + Zgg + 233 ~ 2235 = j1,14
. { 0,01143 -0,02286 0,05143
—[AZ, 1 [AZ, )T = j| -0,02286 0,04571 -0,10286
i : 0,05143 -0,10286 0,238143

: 0,16 0.08 0,12
=[23) 5 =[2) ]4—Z.L[AZ2_3][AZ2ﬂ3]T= jl 0,08 0,24 016

[Z ntt
i , 10,12 0,16 0,34

n\.'xt]
K&t qua hoan toan phi hgp v6i ma tran téng trd nit da tinh trong vi du 2.6.

Vi du 2.12. Xdc dinh ma tran téng trd nat cho so dé khdng tré hinh 2.19 trong vi
du 2.9.

® ® ®
jo0.168 j0,126
—— — .
j0,1111 1 1 01333

j0,126 00"
j0.252 | i0,336

® ®

Hinh 2.29: Vé lgi so d6 khdng tré vi du 2.10

Giai. T4t cd cdc gid tri tinh todn trong vi du déu dugc biéu dién & dvtd.
1- Chon nit tham chiu la d4t. Ma tran Z,; cda nhdnh 1-0 nhu sau:

[z 4t =310,1111 ]

9. Thém nhanh 3-0 néi gitta nit méi @ va nat tham chiéu 0, ta duge ma tran
méi nhu sau:
0,1111 0
/AYREES
[ ““t] { 0 0,1333}

3. N6i nit méi @ vdi nit @, ma tran méi duge tinh nhu sau:
0,1111 0 0,1111

J=jl 0 0133 0
0,1111 0 0,2791

4- N&i ndt méi @ véi nit @, luu § ring nit @ tuong dng véi chi s6 2 cia ma
tran téng trd nat, ta dugc ma trdn méi nhu sau:
01111 0 01111 0 ]
]4 0 0,1333 0 0,1333
mit” “10,1111 0. 0,2791 0
0 0,1333 0 0,4693

[z
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5- N6i nit méi ® véi nit @, ma tran méi la:
0 0,1111 0

VAY

5 _
mit] -

[0,1111

0  0,1333
0 02791 0

0,1111

0 0,1333 0,1333

0

0

0

0 0,1333

0,1333

0 04693 0,4693
10,4693 0,7213)

0

AN

6- Bay gid, 5 nit cia so dd khdng tré dd duge dua vao ma tran, theo thd ty @,

®, @, @, ®. Ta thuc hiéh viéc thém nhdnh méi 2.3

[-0,1111]
0,1333
-0,2791
0,1333
| 0,1333 |

[AZ3_2] = J

Zu=do3+ Zag+ Z99-2.2 3 = 30,5384
' ]5 _ [AZ3_2][AZ3_2 ]T

[Z8),16 =12,

mit
0,0275
0,1003
0,0691
10,1003
0,1003

[0,0882
0,0275
0,0535
0,0275

10,0275

7- Thém nhédnh mdi 1-5:

' 10,0607 ]

~0,0728

-0,0156

-0,4088

| -0,6608

[AZ1_5] = J

le :

0,0535
0,0691

0,1344

0,0691
0,0691

[th I'= [,Zgigt
A
0,0327
0,0940
0,0678
0,0678

0,0435

0,0838
0,0327
0,0546
0,0568
10,0748

5 .
[Zf,gt I=j

]6 _ [AZ1_5][AZ1_5]T

0,0546
0,0678
0,1341
0,0616
0,0569

0,0275
0,1003
0,0691
0,4363
0,4363

0,0568
0,0678
0,0616
0,2391
0,1175

0,0275 |
0,1003
0,0691
0,4363
0,6883 |

s Zn=215+ Znu+ Z55-2.2 15 = j0,8475

0,0748]
0,0435
0,0569
0,1175
0,1731 |
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8- Budc cudi cung, ta thém nhanh 3-5:
[-0,0421]
0,0505 .
[AZy s1=j] 0,0108 |} Zu= 235 t\z’22 + Z 55 -2.7 95 = j0,39
-0,0524 ‘
| -0,1295 |
_0,_0793 0,0382 0,0558 0,0511 0,0608]
0,0382 0,0875 . 0,0664. 0,0720 0,0603
(Z®) 1B =|0,0558 0,0664 0,1338 0,0630 0,0605
0,0511 0,0720 0,0630 0,2321 0,1002
, 10,0608 0,0603 0,0605 0,1002 0,1300]

Ma tran tong tré nit trén duge xdy dung khi 14n lugt thém vao cdac nit O, @,
@, @, va ©. N&u déi hang 2 va hang 3, ¢ot 2 va ¢t 3 cho nhau, ta s& nhan dugc
ma tran tong tré nit cé sy tuong Ung chi sé nit-chi s6 phan tu, va ma tran méi
nay hoan toan giong nhu ma tran di tinh bang phuong phédp nghich ddo ma tran
téng dan & vi du 2.12.

Vi du 2.13. Cho mang dién 3 nit nhu hinh "Z._'S"‘r
2.30, ting budc xdy dung ma tran tong trd 0,1
nlit: ‘ Z; Z4
- Mang dién nguyén trang. @ :i0.1 T o2 @
- Nhanh 3 tdch khoi mang dién. 211 o 8,125
Giai. Mang dién nguyén trang:-

Bude '1: Chon nit chudn nhu hinh 2.30.
Buéce 2: Bat dau tinh Z,,, véi tat ca cdc

1

phéan t ndi truc tiép téi nat chuan O. Hinh 2.30: So dé vi du 2.13
T
z: = g
[ nut] J I:O 1,25}
Buéc 3: Tiép theo, nit @ ndi véi nat © qua Zj:
1 0 1
' 10 1,25 0
[Zr?lit]Q =J
1 0 1,1
Bude 4: Thém z, néi gitta nit @ va nit @. Tinh: -
0 1 -1
[AZ]=j|1,25|-j| O |=j|1,25

0 1,1 -1,1
Zu. = (0,2 +j1,25 +j1,1) = j2,55
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~1,0 125 -L1 0,6078 0,4902 0.5686
[z =122 12+ j0,3922 1,25 1,563 1,375 | =j|0,4902 0,6372 0,5392

-1,1 1,376 -1,21 0,5686 0,5392 0,6255

Thém Zs gitta nat ® va @:
0,6078 0,4902 0,1176
[AZ]= ;10,4902 |- j| 0,6377 |=j —0,1‘4'71
0,5686 0,5392 0,0294

Z 11 =1j0,1 +j0,678 +j0,6372-2.(j0,4902)] = j0,4348

Tinh dugc:
~0,0138 0,0173 -0,0035
[ZO) = [2D B + j2,742] 0,0173 -0,0216 0,0043
~0,0035 0,0043 -0,0009

0,5699 0,5376 0,5591
[z3 .1t =jl05376 0,578 0,5511
0,5591 0,5511 0,6231

- Tdch Zs khéi mang dién ciing tuong duong nhu thém vao giita nit ® va @
tong tro Zs = -j0,1.
[ 0,0323
Tinh tuong tw:  [AZ] = j| -0,0404
L 0,008

Zy =1[-j0,1 + j0,5699 +j0,578 — 2.(j0,5376)] = —j0,0273
0,001043 -0,001305 0,000258
[AZ].1AZ]" = j*|-0,001305 0,001632 —0,000323
0,000258 -0,000323 0,000064

0,6081 0,4894 0,5686
[(Z°,.] = j| 0,4898 0,6378 0,5393
' 0,5686 0,5393 0,6254

2- Xac dinh mét cot ciia ma tr@n téng tré nit tit ma trén téng dén theo phuong

phap cdac ma trégn tam giac '

Trong hé thong dién 16n v6i nhiéu nit, cdu tric mang phdec tap, thi phuong
phap ding ma trdn téng tré nut té ra rat hitu hiéu khi viéc bién déi so d6 mang
vé mét tdng tré tuong duong néi ti€p mot ngudn 4p gip khé khin. Nhu di néi &
phan dau, néu tinh duge ma tran téng tré nit thi cé thé tinh duge dong su cé tai
moi nit trong mang, phan bd ciia dong sy cd ciing nhu dién 4p ndt khi sy ¢6. Dbi
khi, chi c¢6 yéu cdu tinh dong ngin mach tai mot ndt trong mang va khi 4y ta chi
can biét duy nhat mat phan ti trong ma trén téng trd nat. Trong trudng hop nhu
thé, dé don gidn, ngudi ta chi cAn tinh gid tri céc phén t trong cbt c6 chia phan
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t& dudng chéo tuong dng véi nit sy c6 cia ma trdn téng tré nit. D€ phuc vu cho
muc dich nay, ngudi ta khong cAn nghich ddo ma tran [Y,.] cing nhu khong can
x4y dung [Z,;] theo cdc thd tyc vira trinh bay trén ma chi can bién ddi ma tran
[Y,,] thanh tich cda hai ma tran tam gidc. Hai ma tran nay, dugc goi 14 ma tran
tam gidc trén [U] va ma tran tam gidc duéi [L], nhu sau:

(Yl = [ILIMU]
1 O e O ltll Ulz e uln ‘
[ 1 - 0 0 ,
wi=\% L s “(2)2 e (2.53)
lnl ln2 1 0 0 Upy
B&i vi [Z,u] = [Yas '], nén ta cé thé viét:
[LIx[UIx[Z, 4 ) =[1]; ([1] 12 ma tran don vi)
Khai trién céng thic trén cho cft thd k cia ma tran. [Z,,u,] ta dugc:
(Z,,, ] 0 W
. 0
[L] X [U] X Zkk = lk . (2.54)
' : 0
an ] L 0 ]

véi 1, 1a s6 1 6 hang thu k.

Bang cdch dit: [NXIZ% = T (2.55)
véi [Z], 1a cot tha k cia ma tran (Z,i) '

Dung phuong trinh (2.54) dé gidi ra Ty, sau d6 giai [Z], tu (2.55).

Tinh [L] va [U] ti ma tran Y, dung thuat todn tim ma tran tam gidc trén va

tam gidc dugi. Thuat toan chi 4p dung cho ma tran cé céc phan t. trén dudng
chéo chinh khdc khong. D& thdy ring ma tran téng dan nit thda man diéu kién

trén. C4c bude tinh nhu sau:
Budec 1: Chia cdc phan tif cia cot dau tién (cdt mot) cho yu, trl“{ chinh Y,;:

Yy

y=2JL,  i=234. (2.56)
Y,
Tinh lai tat c& cAc phén tit khong nam trén cot 1 va hang 1 theo cong thic sau:
. . Y.Y, .
Yél) =Y, -5 LY o j=234.. | (2.57)
Y,



76 CHUONG 2

Tuong Ung c6 ma tran ¢ budc 1 sau:

e . .
Yll Yv12 yvln
(1) (1) (1)
21 Yoo v Yy,
51 D) 1)
L Lnl Yn2 YnnJ
Bugc 2: Chia cdc phan td ndm dudi Y, trong cot 2 clia ma tran mdi cho Yao:
Y(l) .
Y =2 o34 (2.58)
Y(l) .
22

Tinh lai cdc phan tid khéng nim trén cot 1, cot 2 va hang 1, hang 2 theo céng
thic (2.57), nhung thay chi s6 1 bdi chi s6 2:

e e YYD
Yy =yl 22 (2.59)
.Y22 '
Ma trdn ¢ buéc 2:
Y‘vll )}12 Yln
o( ) -( ) .0
WOV R
Y Yoo ¥R
1) (2 2
_Yvn% Yng) Ylglol)J

Budc k: Chia cdc phan ti nim dudi Yy, trong cét k ciia ma trdn méi cho Yi:

o (h Y(k—»l)
YLS:) = Y.l(kk_]) ) l = k+1, k+2 ...... > n
kk ‘

- Tinh lai tat cd cdc phdn t& khéng nim trén c6t 1, cot 2...cHt £ va hang 1,
hang 2... hang k theo céng thic (2.57), nhung thay chi s§ I béi chi s6 k-1, thay chi
s6 2 béi chi sb k- ' .

Y(k—l)Y'({e—l)

(k) (k-1 ) . .

v =¥ )—L?-f“, Lj=htl; k2 .5n (2.60)
kk :

Ma trén c6 n x n phén tif thi viéc tinh todn s& ding lai sau buée thit n — 1. Khi
dé, ta nhan duge ma tran méi nhu sau:
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)=

nut

Yy
>(1
v

Y

1)
Y(n—l)l

+(1
Yy

y®

(n-1)2

2

Y2

Y13 Yl(n—l)
) (1)
Yo3 Yo n-1)
(2) »(2)
Y33 Y3(n—1)
>(3) ¥(n-2)
Yv(n—l)B Y(n—l)(n—l)
7(3) 7(n-1)
Y’l3 Yn(n—l)

5(n-2)
(n-1)n

gl

nn

(2.61)

Céc phan ti ndm ¢ phan tam gidc trén va dudng chéo chinh cia ma trdn U sé

L 2, P A p P N . ;o A -1
bang vdi cac phan tu tuong Ung cung vi tri cua ma tran Y,(,',l” )

ndm ¢ tam gidc dudi cia ma tran L sé bing cdc phan td tuong dng cung vi tri cia

ma tran Yl(‘?izl).
Yn Ym Yls
. 1) .(1
0 Y2<2 Y23)
o o v¥
[U]= . %
0 0 0
(0 0 0
o1 0
5 (1
A
o1 (2
’ Y?£1) Yefz)
[Ll=] :
1) #(2)
Y(n—l)l Y(n—1)2
(1 (2
A A

Yl(n—l)

7(1)
Y2(n—])

(2)
YS(n—l)

o yi(n-2)
Y(n—l)(n—l)

0

< (3 ) .
Y’ES) !

n

Yl n

(1)
2n

2)

AR

5(n-2)
Y(n—l)n

Y(n-—l)

nn

1 0

n-1)
(n-1) ©

. Con cédc phan tui

(2.62)

(2.63)

Vi du 2.14. Tinh cdc ma trén [L] va [U] cia ma trdn tong dan [Y] trong vi du 2.9.

Giai. Ta viét lai ma tran téng din Y nhu sau:

[Yl=

[-22,8898
5,9524 -

0
0

| 7,9365

-

5,9524

0

~13,8889 17,9365 - ,
7,9365 -23,1765 2,9762

0
0

2,9762
4,7619

0
0

-6,9444
3,9683

7,9365 |
0

4,7619

3,9683

~16,6667
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Theo ly thuyét, dé tinh cdc ma tran L va U, cin bién doi ma tran Y qua 4
buée. N&u goi ma tran c6 dugc sau bude bién d8i thit k-1 (4>k>1) 1a Y* ¥ thi céc
phan tif ma tran Y duge tinh nhu sau:

F(k-1)

ﬁ;k):-#"m, i=k+l; k2.5
Rk
7ke=1)y(k-1) ‘
yP =y -k 5 Y i, j= ka1l k42 5
kk
Tinh toan theo hai cong thic trén, ta 1an lugt nhan dugc két qua:
[-22,8898 5,9524 0 0 7,9365 |
~0,2600 -12,3410 7.9365 0 2,0639
YVi=; o 7,9365 2.9762 29762  4,7619
0 0 -6,9444 -6,9444  3,9683
| -0,3476  2,0639  3,9683 3,9683 -13,9149
[-22,8898  5,9524 0 0 7,9365
| -0,2600 -12.3410 17,9365 0 2,0639
lY®=j o -0,6431 18,0725 2,9762  6,0892
0 0 2,9762 -6,9444  3,9683
| -0,3476  -0,1672  6,0892  3,9683 -13,5697 |
22,8898  5,9524 0 0 17,9365
-0,2600 -12,3410 17,9365 0 20639
[YPl=; 0 = -0,6431 -18,0725 29762  6,0892
| 0 0 -0,1647 —-6,4543 4,9710
| -0,3476  -0,1672 -0,3369 4,9710 -11,5181]
[-22,8898  5,9524 0 0 7,9365 ]
-0,2600 -12,3410 17,9365 0 2,0639
[YW=j| 0  -06431 -180725 29762 6,0892
0 0 -0,1647 -A,4543 4,9710
| -0,3476  -0,1672 -0,3369 -0,7702 -7,6895
Suy ra ma trdn L va ma tran U: '
[ —j 0 0 0 0]
-0,2600 - 0 0 0
[Ll=j| o -0,6431 ~j 0 0
0 0 -01647 -j 0
-0,3476 -0,1672 -0,3369 -0,7702 -j|
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[—22.8898 5,9524 0 0. 17,9365 |

0 -12,3410 17,9365 0 2,0639

(Ul=, 0 0 ~-18,0725 2,9762 6,0892
0 0 0 -6,4543 4,9710

0 0 0 0 ~7,6895 |

Bay gi¢ ta sé dung hai ma tran L va U d€ tinh mot cot cda ma tran téng trd
nat, cot 4 chang han:

Do ma tran téng tré nat 1a ma tran nghich ddo cia ma tran tong dan nat nén:

e i

Coi ma tran X la 4n, do ma tran L c6 dang tam gidc, ta c6 thé dé dang gidi
ra X tir hé trén: '

Zy, 0 ]
Zoy 0
0| Z,, |=[X]=| o0
Zyy 1
Z, 10,7702 |
Tuong tu nhu vay, ta cling cé thé dé& dang gidi ra cdc phan td c4t 4 cia ma
trén Zmit:
-4
Zyy 0,0511]
Zoa 0,0630
Za4 | =] 0,0720
2t 0,2321| «
5 0,1002
| Zsa) * -
Két qua c6 duge phu hgp véi ma tran Z.; d& gidi
trong vi du 2.9. 0.25 s
Vi du 2.15. Cho mach trong hinh 2.31. Gi4 tri khang U

tré mdy phat dugce cho 1& gid tri khéng trd siéu qué do. o) - —

Tim dong ngdn mach siéu quéd dé tai nat @ va phan bé W ®
cua né. ' ©)

Tyong vi du nay, ta sé¢ ding phuong phdp ma tran - Hinh 2.31
tam gidc trén va ma tréu tam gidc dudi dé tim cdc Hinh cia vi du 2.15
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phan ti trén cot 3 clia ma tran téng tré nut. Chy y ré‘ng dé phu hop giita chi s§

nat va chi s6 phan t ma tran téng tré nit, thi ma tran téng din Y, phai cé su

pht hop tuong tng.
Ta tinh dugc ma tran Y,y va biéu dién né dusi dang tich hai ma trdan L va U
nhu sau: '
. 1 0 ol[-j10 j1 i5
(Y, :]=]-01 1 0| 0 -j7.9  j35
~0,5 -0,44304 1|| 0 0 -j3,94934

Do can tim cot 3 cha ma tran Z,,, theo cong thie (2.51) ta dugc phuong trinh sau:

1 0 o[-0 1 5 Zi3| To
-0,1 1 0| 0 —j7,9 735 |[Zy|=|0
-0,5 -0,44304 1| 0 0 -j394934] 7 | |1

bat |
x| [-j10  j1 5 s
[(Xl=x,|=| 0 =-j7.9 35 | Z,
X3 0 0 -j3,94934] 7.,
1 0 0][x, ] [0
= “,0,1 1 0 Xy |= 0
-0,5 -0,44304 1|\ x5| |1
%] [-/10 1 J5 Zy; 0
=lx,{=| 0 =-j7,9 j3,5 Zys |= 0
X 0 0 /394934 7. | |;0,25320

¥

Zys 0,13782
=| Zy3 | = 7| 0,11218
Zy| 1025320

' Dbhg sy cd tai'nit @ khi ¢6 ngdn mach ba pha tai nit @:

. V 1
i3 =-/3,94937 dvtd -
N3 = T j0,25320 U vid

Dong ngin mach trén cdc nhdnh 2-3, 1-3 va 2-3: "
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I'?v‘§’=V2(N 2V 1 ((V2(0> 205 FD) (V5 (0) = Z5513))

223 z23
to_ Zoa—7 , _
112\]3:% - 1(3) 23 ~ £33 _ j3,94937 10,112]..8 J0,25320 1671
293 70,3333
.y Z Z . . _ .
Izlvs‘? - 1(3) L3 =433 =j3,94937J0,13782 J0,25320 - j2,2784
213 J0,2

2= (N; 2525 _ 01013 dotd .
212

Trong phan 2.5 vita réi, ching ta da giéi thiéu hai ma trdn quan trongc6 tinh
cach mo ta dic tinh cla mang dién. Ma tran Y, c6 thé duge xdc dinh sau mét s6
buéc don gidn va cé thé dung né dé tim dién 4p nit trong mach khi biét dong
dién bom vao cdc nat. Khi tai moét s6 nat khong c6 dong dién d8 vao, ta c6 thé
giam kich thudc ma trdn mé td mang dé don gidn viéc tinh todn.

Ma tran Z,; 1a ma trdn nghich ddo ciia ma trdn Y, va né déng mot vai tro
kh4 quan trong trong viéc phan tich hé théng. Thong thudéng, ngusi ta khong tim
Z... bing cich nghich ddo Y, ma thay vao dé 1a xay dung Z, truc ti€p hay tinh .
mdt c6t nao dé cua Z,g bing phuong phdp ma tran tam gidc dé phuc vy cho viée
tinh todn ngén mach tai niit tuong dng. Cdc phdn mém tinh todn ngdn mach hién
dai thuong tinh Z,. bing phuong phdp ma trdn tam gidc dé phan tich su cé.
Trong phén ti&p theo, ta sé lai sit dung Z,, d& phan tich sy c6 bt ddi xing.

2.5.4 Su thay déi cdu tric trong mach do mét may cit mé

Trong phin 2.5.1 ta dd xem xét cdch thic xay dung ma trdn té’ng tré nit véi
so db mang tuong duong Thevenin khi sy ¢6. Théng thudng, so do mang tuong
duong trudc va sau su c61a giéng nhau, ngoai trit khdng tréd mdy phat va dong co.
Truée su cd, gid tri khdng tré mdy phdt va dong co 1a khdng tré déng bo, nhung
khi su cé x3y ra, gid tri khdng tré mdy phét sé 1a gid tri khdng tré siéu qud dd
(néu sy c6 xay ra khong qud xa so véi d4u cuc mdy phdt), con gid tri khdng tré
dong co c6 thé la gid tri khdng tré siéu qud do, c6 thé van 1a gid tri khang tré
déng bo, hay duge bé qua tuy theo tuong quan giita vi tri ngdn mach va dau cuc
dong co. Mat khéc, trong thuc té&, ¢6 nhiing trudng hgp ngén mach trén dudng day
¢6 mdy cdt & hai ddu va vi tri xdy ra ngdn mach niim st mot dadu dudng day,
nghia 1a nim gin mét mdy cdt hon, khi 4y, hai mdy cdt hai dau dudng diy sé
khéng ¢b lap su ¢§ cing mét lic. May cdt gin sy c8 s mé truée va lic bdy gig,
~ dong sy cd sé thay d6i gid tri do so 46 mang thay déi. D€ tinh gid tri méi cta
dong sy c6, khong thé ding ma tran tdng tré nit cia so d6 mang khi mdy cdt gin
su ¢§ chua mé. Ta cé thé xdy dung lai ma trdn tdng tré nut dng véi tinh trang
‘méi nay, nhung viéc nay déi khi tén thoi gian va khong cdn thi&t. D& tinh dugc
ma tran tong trdé nit Ung véi so dé méi (mot mdy cdt d4 mé), ta chi viéc ti€p tuc
xdy dyng né tif ma trén cia so do cii (chua mdy cit ndo md) theo trinh ty sau: -
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1- T so d6 tuong duong ci va ma tran tdng tré tuong ung, ta thém vao mot
nhéanh méi ndi giita thanh cdi (nit) ¢6 mdy cit xa ché ngdn mach hon va vi tri
ngdn mach. Vi tri ngdn mach dugc coi nhu mét nit méi. Diang quy ludt 3 trong
phan 2.5.3.

2- Cét nhanh ndi gitta hai nit dau dudng day, gia sd la niat p va g. Tha tuc
cit nhanh cing giéng nhu tha tuc thém nhénh, chi khdc 1a gid tri tong tré nhénh
dugc nhéan cho (-1). Dung quy luit 4 nhung thay z,, bdi (—z,,). '

Xét mang dién trén hinh 2.32. Mot ngdn mach ba pha xdy ra trén dudng day
5-3 rdt gdn may cdt tai nit @, mdy cdt x. Gid s lic ngdn mach trude khi mdy cét

(5)

nat» M ma tran téng trd nit clia

x md ra mang ¢6 ma tran téng trd nit la Z

(6)x

mang Znut

nat @).

khi mdy cit x m& va gid tri dong su ¢6 méi trén dLIo‘ng day 5-3 (da ho

May c&t md

Hinh 2.32: Mang c¢6 mét may cdt mé khi su c6

- D& don gidn viéc goi tén, gid su rang chi s6 cia cdc phdn td ma tran zﬁult

cling tuong dng vdi chi s6 mit trong mang, nghia 13 Z33 Ung véi nat @. Néi cach
khéc, ma tran Zsuzt dugc x4y dung theo thi tu thém vao céc nit @, @, ®, @ va ®.

- Khi thém nhanh mdi néi gitta nit ® va vi tri ngan mach, nat ®, ta dugc ma
tran nhu sau:

(5) T ’ .
(2() 1= [Zm ZG] | (2.64)
6 Zss_ ' '
véi: [Ze] = [Z.51 Z52 253 Z.54y 255‘]

[Zgg 1= [Zss + 265] = [Zss + ésaj -

- C4t nhdnh 3-5 ndi gitta nit @ va nat ®, ta tinh duge ma tran Z®* theo céc

niit
cdng thuc sau:
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(4Z4 51=| % % |=| " (2.65)

Z. = Z 33'Z.v55 2Z’ 35 12.35
" [AZ, ~1[AZ,_ I’
[Z(62 ] [Z(G)t] 3-5 3-5

nut! ™ nu Z-” |
Z.11 Z.12 e e 215 Z‘15 -‘ R AZ.12 AZIAZZ ...... TR AZ.].AZ'6
Z21 Zzz i e Z25 Z25 AZZAZI AZ.22 v “ae “ee AZZAZG
(6)x P Do : i 1 o : o :
_ (205i1= S S : 2,
Zsl Z52 M Z55 Z55 . . - . . .
Zsy Zsy -+ v Zss Loy tigs (AZGAZy AZgAZy o e e AZS

(2.66)

Dong su ¢o chay trén dudng day 5-3 bay gis cung chinh la dbng sy ¢d tai nat

®, va dugc tinh theo céng thic:
L0 1,0

= S ; (2.67)
Zsg+ Zygs — 2235 — 235
véi: ZgO = Zgs + 205 = (Zsy = Zss)” 14 phan t& hang 6 c6t 6 cia ma trdn Z(G)x

233 + Zss - 2235 - Z35
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3.1 CAC THANH PHAN B0I XUNG

Nhu da trinh bay & phan ddu, ng&n mach dugc chia lam ngén mach d6i xing
va ngdn mach bat déi xing. Trong hé théng dién ba pha can bing:

Ngén mach d6i xing chinh 1a ngin mach ba pha hay ngidn mach ba pha cham dat.

Nhu da khdo sdt ¢ cdc phan trén, do ba dong dién ngdn mach chay trén ba
pha la d6i xing (bing nhau vé do 16n va léch nhau 120° vé pha) nén ngdn mach
d6i xtng c6 thé dugc xem xét dya trén mé hinh mot pha hay so do mot day.

Ngin mach bat ddi xing 14 ngdn mach mét pha cham dat (N V), ngdn mach
hai pha khong cham dat (N®), va ngdn mach hai pha cham dat (N V). Gap
trudng hop van hanh, mét pha hay hai pha bi hd ciing dua dén tinh trang lam viéc
bat doi xding. ,

Ngudi ta ciing da tim ra nhiéu phuong phap dé gidi bai todn sy cd bat doi
xting. Tuy nhién, do tinh don gidn héa clia so dé mot day d6i véi viéc gidi cdc bai
todn su c¢d d6i xing, nén ngudi ta ¢6 xu huéng sit dung phugng phdp cdc thanh
phan d6i xdng dé biéu dién mdt mach bat doi xing dudi dang mot s6 mach ddi
xtng. Trong phan nay, ta sé khdo sit phuong phdp cdc thanh phan déi xing va
cach dang né dé€ gidi cdc bai todn sy c6 bat d6i xdng theo mé hinh mdt pha.

3.1.1 Giéi thiéu vé cac thanh phin d01 xung

Phuong phdp céc thanh phin déi xing cho phép thay th& mot hé théng ba dai
lugng pha khéng d6i xiing nhu dién 4p hay dong dién bdi ba hé thdng d6i xing,
trong d6 mdi hé théng gom ba dai 1erng d6i xing. Trong mdi m6t hé thong dai
xing, cdc dai lugng cia né bang nhau vé ds 16n va géc léch glua hai dai lugng ké
nhau luén khéng déi.

Néu goi ba dai lugng pha cia hé théng khong ddi xing ban diu la ba dai
lugng ban diu, va “thit tu pha” dugc hiéu nhu 1a thd tu cia ba dai lugng pha ban
diu khi di theo mét chidu quay duong xdc dinh trén sg dé vecto cia chidng, thi ba
hé thong (hay tap hop) cdc thanh phdn d8i xing thay thé duge mé td nhu sau:
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1- Cdc thanh phan th¢ ty thuin gém ba dai lugng (vectd) bing nhau vé d6
16m, ting d6i mdt léch nhau 120° vé pha va ¢6 cing thi tu nhu cac dai luong ban dau.

2- Cdc thanh phéan tht tu nghich gém ba dai luong (vects) bing nhau vé db
16n, tung d6i mot 1éch nhau 120° vé pha va ¢6 thi tu pha ngugc véi thu ty pha cla
cac dai lugng ban dau.

3- Cédc thanh phan thit tu khéng gom ba dai lugng (vectd) bing nhau vé d6
16n va ca géc pha.

Khi gidi mét bai todn bang cdc thanh phén déi xing, ky hiéu ba pha cia hé
thong dién la a, b, c. Thd tu pha cia hé théng, thong thudng theo chiéu duong quy
udc cung chiéu kim déng hé 14 abe. Nhu vdy, thd tu pha clia cdc thanh phan thd
tu thudn 1a abc, va cla cdc thanh phan thi tu nghich 1a acb. Néu cdc dai lugng
pha dién 4p ban ddu la V,, V,, V., thi ky hiéu cdc thanh phdn th¢ tu thuin la

Voo Vs, » V.5 k¥ hiéu cdc thanh phan thd tu nghich 1a Veo» Vi, V., ; va ky hiéu

cdc thanh phan thud tu khéong la Vao, Vbo . VCO . Hinh 3.1 biéu dién ba tap hop céc

thanh phan d6i xtng nhu vay. Céc dai lugng pha 1a dong dién sé duge ky hiéu béi
I véi céc chi s6 nhu déi véi dién 4p.

Va, v,

1

Ve,

Vb,
Ciéc thanh phan thif ty thuan ~ Cac thanh phén thi ty nghich Cac thanh phén thi ty khéng
_ Hinh 3.1: Cdc thanh phdn déi xung
Méi dai lugng pha khong d6i xdng ban dau 1a téng cdc thanh phan d6i xung,
nén ta cé thé viét:
V,= VaO + Va1 + Va2
__ . . ,
Vo =Vy +V +V,, _ (3.1)
Vo=V, +V +V,,

Viét duéi dang ma tran:

Va VaO Val Va2
Vb => VbO + Vbl + Vb2 (32)
Vel (Veo| |Va| | Ve

T8 hop cia mét tap hgp ba dai lugng pha khéng d6i xdng tir ba tdp hop céc
thanh phdn d6i xing cua hinh 3.1 dugc trinh bay trén hinh 3.2.



86 . CHUONG 3

Ve

Hinh 3.2: Téng hop cdc thanh phdn khéng doi xung theo
cdc thanh phdn déi xing cia ching

3.1.2 Biéu dién cdc thanh phan doi xu?ng theo cac dai luong pha
khong dé6i xing '

Trong hinh 3.2, chiing ta xem xét t8 hgp ba dai lugng pha tit ba tdp hop céc
dai lugng pha d6i xdng. Té hgp duge thyc hién theo cdc cong thic (3.1). Bay gio
ching ta xem xét cling cdc céng thic (3.1) trén d€ xdc dinh cdch thdc phan t1ch :
cdc dai lugng pha khéng d8i xiing theo cdc thanh phan d6i xing caa ching.

Truée hét, theo quan hé gita cdc thanh phan déi xdng, s6 lugng cdc 4n s6 ¢6
thé dugc gidm bing cdch biéu dién mbi thanh phéan cia V, va V. thanh tich cia
mdt thanh phan cda V, va mot s6 ham sé cta todn t& a = 1£120° nhu sau:

Vao = Vbo = Vco
Vy, =a’V,: V, =aV, | (3.3)
Vbz = aVaZ; ch = a2Va2 | |
Thay cdc cong thiic (3.3) vao cdc cong thice (3.1), ta dlIdC:
V=V, 4V, +V,
Vy =V, +a’V, +aV, ' (3.4)
V.=V, +aV, +a?V,, |

hay viét dudi dang ma tran:

v o1 17 Ve Vao
Vs |=|1 & a ||V, |=[A]}V, (3.5)
‘.’c 1 2 . . '

) a a Va2 | ‘fa2
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0 day, ta dat: [Al = |1 a2 (3.6)
1 a a? ’
11 1
C6 thé tinh duge: [A]? = % 1 a a® =—:1§[A]* (8.7)
1 a2 a
vV —l(V +V, +V) |
a0—3 a b c
Ddn dén:  V, =%(Va +aV, +a?V) (3.8)
Ve, =%(Va +a?V, +aV,)
Ve 11 1]V,
Viét dudi dang ma tran: |V, =% 1 a ||V, S (3.9)
174 1 a2 all|V, '
ag

Tuong tu nhu vay, ta viét duqc céc phuong trinh cho dong dién:
I'a=Ia0+Ia1+Iaz .
.. o .
I,=1, +d®l, +ad, (3.10)
.. , 03 ,
I.=1, +aIa1 +a’l,

I | n'1 17[h, 7 [t 1
I, |=]1 @ a ||Iy|=10|1|+1y|a® |+]1] (3.11)
I 1 a a®||I, 1 a a®

; =-;-.(I'a +I,+1) I, =—:1);(I°a +al, +a®1); I, =%(I'a +a?l, +al) (3.12)

I, e i,
I, |=3t @ o® || 1y | | | (3.13)
. 2 7
i, 1 ¢ all|l,

Két qua trén cé thé mé rdng cho dong pha cia mdt mach A, vo’1 cac dai lugng
Vab’ Vbc’ V , va Iab’ Ibc’ Ica
Vi du 8.1. Cho mot hé théng day din ba pha c6 mdt pha bi hé mach. Dong dién

chay qua ta1 A trén day pha a ¢6 bién d6 10A. Chon pha chuin la pha a va gia
thiét ring pha ¢ bi hd mach, hay tim céc thanh phin d6i xing cia dong dién day.
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Giai. Theo gij thiét, ta c6 cdc dong dién day trén ba pha la:
I, =10£0°; 1, =10-180°; I, =0°

=10Z£0°A

a

i, = 10£1800° A

i,=0
. Hinh 3.3: Hinh minh hoa cho vi du 3.1
Tu céng thice (3.12), ta ¢é:

. 1 '
I, = g(10 +10£180) =0
i, = %('10 +10£300) =5 - j2,8866 =5,7735.2 - 30°

= l(10 +10£420) =5+ j2,8866 =5,7735£30°

Theo cong thic (3.3), ap dung tlIdng tu cho dong dién, ta dugec:
Ibo = I = I =0
Iy, =a*l, =51135,-150% I, =al, =5,7735 £90°
Iy, =al,, =5717352150% 1, =d"l, =5,1735/-90° ,
Ta c6 thé thdy ring cdc thanh phan d6i xding I o v icz cia dong dién day pha
¢ déu c6 gid tri khac khong, mac du day din pha ¢ khéng mang dién.
8.1.3 Mach Y va mach A déi xing

iy

a

ca

b [

Ibc

ct =

ct - —

Hinh 3.4: Tong tré doi xung déu Y va A

Trong hé thong ba pha, cdc phan ti mach duge ddu vao ba day phaa, b,c g
dang Y hodc A. Mdi quan hé giita cdc thanh phan d6i xdng cla dong dién va dién
ap trong mach Y hay A cé thé duoc thanh 14p tit hinh 3.4 biéu dién cée téng trd
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d6i xing dau hinh Y ho#ic A. Chon nhénh géc cho cic dai lugng A 1a nhanh a-b. Sy
lu’a chon nay la nglu nhién va khéng dnh huéng dén két qua. Ta cé:

Ia=Iab_jca’ Ib=Ibc_Ib’ Ic:Ica—I

a ba

(3.14)

Cong ba phuong trinh (3.14) véi nhau va chd y dén dinh nghia dong thd tu
khéng, ta dugc Iao =(I, +1I, +jc)/3=0, nghia la dong dién day trong mét mach
ddu A khéng cé dong thd tu khong. Thay cdc-thanh phan déi xing cia dong dién
vao céng thuc tinh [ . ta dugc:

I, +1, = (T +1o, +I'ab0)—(l'ca1 Loy +1ay)
=Ly, = Tegy) + Uy = Lo )+ U, — Iy (8.15)
0
Chd y rang fcal = Aal'ab1 va I'sz = OLQI'ab2 , ta viét lai cong thie (3.15) nhu sau:
. . . o\
1, +1, =(1—a)IGLb1 +(1-a )Iab2 (3.16)
Tuong tu cho pha b, ta cing c6:
| I, +1I,, = (-, +1-adi,, (3.17)

Trong cong thic (3.17), ta thay I, béi a®f,; I, bsi al,; [, bsi a®l: Iy,

béi 1, thi nhan duge: |
a®l, +al,, =@®-Di, +(-DI,, - 318

Két hop (3.18) va (3.16), ta ¢6 dugc hai két qua quan trong sau:

[ =84 -30°L,,: I, =/8£30°I,, (3.19)

b ;
C2 . I

a)

b)

Hinh 3.5: So d6 vecto cdc thanh phdn thi tu thudn va thu tu nghich
a) Cdc thanh phdn thi ty thugn va thi ty nghich cia dong dién
b) Cdc thanh phdn thi tu thugn va thit tu nghich cia dién.dp
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Hai phuong trinh trén cho thdy quan hé gitta cdc dong dién cing thy tu. Tap
hgp ddy dd cdc thanh phdn thd tu thuin va thi ty nghich cia dong dién duge
trinh bay trong so d6 vecto hinh 3.5a.

Déi véi dién 4p, ta c6 cdc phuong trinh biéu dién quan h¢ gitta dién 4p day va
dién 4p pha nhu sau:

Cong ba phuong trinh (3.20) ta dugec:
Vab + Vbé + V’ca
ab, = 3 =0.

Nhu vay dién dp ddy khéng ton tai thanh phan thd ty khong. Viét V,, dusi
dang téng cdc thanh phan thi ty, ta dugc: '

Vo, + Vb, = (Vag + Vag, + Vig )= + Vi, + Vi)
= (Vagl _ng1)+ (Vagz —ngz) + (Vago - ngo) | (3.21)
= Vag, = Vog,) + (Vag, =Vig,) + 0 = (1-a®)V,, + (1-a)V,,,

Td cong thic (3.21), tuong ty nhu d6i véi dong dién, ta cing nhan dugc két
qui sau: ' '

Vit =V3430°V,, 5V =32-30°V,,, (3.22)

agl ?

Theo cac cong thiic (3.22), ta v& duge t4p hop day du cdc thanh phan thy tu

thudn va thd tu nghich cia dién ap nhu trén hinh 3.5(b).
~ Chu y ridng, trong hé don vi tuong d6i do ta chon cdc dai lugng co ban tuin

theo cac dinh luit dién, cho nén cdc céng thic (3.22) va (3.18) khi biéu dién trong
hé don vi tuong d6i sé khong ton tai hé s§ /3. ‘

Tur hinh 3.3, ta thdy réng V,, /i, = Z » khi khéng ¢6 ngudn hay hé cam trong
mach A. Viét theo cdc thanh phan thg tu thudn va tha tu nghich, ta cé:

vV .V '
N -7, = - - (3.23)
Iabl Iabg
Thay céng thice (3.22) va (3.21) vao (3.23), ta cé:
V3V, 2300 BV ,_30° |
-—I,_L =Z, = 7 982 v (3.24)
L £30° ~2 /£ -30°
V3 B
Ve 2 V
=8 T _ 98 (3.25)
Ial 3 Ia2 . .

Céng thidc (3.25) ching t8 ring tdng trd dau A, Z, tuong duong véi tdng trd
trén moi pha hay téng tré dau Y, Zy = Z,/3. Két qua nay phua hop véi phép bién
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d8i Y-A. Quan h¢ Zy = Z,/3 ding khi téng tré Z, va Z, déu dugc biéu dién biing
Q hay trong cung hé don vi tuong déi.
Vi du 3.2. Ba dién tré gidng nhau ddu hinh Y tao thanh tdi ba pha dinh mdc
2300V va 500kVA. Dién 4p day trén tdi nhu sau: V,, =1840V; V, =2760V;
V., =2300V . '

Tim cdc thanh phan d6i xing cia dién ‘ép day va dong dién day tai theo don
vi tuong d61. Gid sd trung tinh tdi khéng néi véi trung tinh hé thong Chon co
ban Vipas, = 2300 V; Supspme = 500 EVA.

Giai. Do co ban dinh mic tdi bing véi co ban da chon nén trong hé don vi tuong

doi da chon gid tri dién tré 1a 1,0 dvtd. Gi4 tri dién dp day trong hé don vi tuong

d6i 1a: Vé,,z-lé?o—%:o,s dvtd; V,, = 2233—1 2 dvtd; V., _Z—igg-zo,s dutd

Do V,, +V,.,+V,, =0 nén 3 vectd V,, V,,,V., tao thanh 3 canh cia mét tam
gidc. Biét do 16n cdc canh, dé dang gidi ra cdc géc trong tam gidc theo dinh ly
cosin. Chon nhénh c-a 1am chuén, chd y dén thua tu pha ab, be, ca, ta ¢6 duge cdc
gid tri dién 4p day nhu sau:

V, = 0,8/-97,18 dvtd; V,. = 1,22138,6° dutd; V,, = 1£0° dvtd

a
Céc thanh phan d6i xing cua dién dp day la:
Vbl = (Vb + avbc + azvca)

a

= (0,8£-97,18° + 1,2/(120° + 138,6°) + 1£240°)/3 = 0,9857.2253,6° dvtd
Vb, = (V, + a2V, + aVg, )

a
='(0,8£-97,18° + 1,22(240° + 138,6°) + 1£120°)/3 = 0,2346.£40,3° dvtd
Do trung tinh tai khong néi trung tinh hé théng nén khéng ton tai dong thu
tu khong. Nhu vay, dién 4p pha tai tdi chi bao gom cdc thanh phan thd ty thuin
va thd tu nghich. Theo céc cong thic (3.22) ta co:

V,a, =0,9857(253,6°-30°) = 0,9857£223,6° dvtd
V,, = 0,2346£(40,3° + 30°) = 0,2346 £70,3° dvtd

Do dién tré méi pha tai c6 gia’i tri 1,0 dvtd nén ta nhan duge biéu thie tinh
thanh phin thyd ty thuin va thd tu nghich cia dong dién ddy nhu sau (dong dién
c6 huéng tix ngudn dén tai):

. V
i ‘1”1 = 0,9857.,223,6° dvtd

al

=0,2346.70,3° dvtd
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3.1.4 Bi€u dién cong suit ba pha theo cdc thanh phin thi tu
Né&u cdc thanh phén déi xing clia dong va dp déu dugc biét, cong suit tiéu thy
trong mach ba pha c¢6 thé dugc tinh truc tiép ti cdc thanh phin. Téng cong sudt
phuc chay trong mot mach ba pha qua ba day a, b va c la: -
S3p =P+jQ=V, I, + V, I, + V.I.
trong d6: V,, V,, V, - dién 4p tai cdc ddu cuc

I,, I,, I, - dong chay trong mach trén ba day. .
Né&u trung tinh néi dat qua téng tré thi V,, V,, V, phai duge hiéu nhu dién

- dp tif day pha dén dat chd khong chi dén diém trung tinh. Céng thic trén duge
viét lai dudi dang ma tran nhu sau:

. 9% o« A TrF. 9%
X Ia Va Ia .
Sp=[Ve Vo Vo|lL| =\V| |4| . (3.26)
I} V.| L

Biéu dién cdc dai lugng pha bdi cdc thanh phan dsi xung, ta dugc:

. T *
Ssp = [AVaom] [AlaomJ | (3.27)
qu i,
trong dé: Vao12 = Val va I,40 = ja1 : ' (3.28)
| | V., 1,

Do chuyén vi ciia tich hai ma tran bing tich hai ma trdn chuyén vi theo thui
tu ngugc lai nén ta cé:

S3p = Vaoia' ATA T, _ | (3.29)
Chi y ring AT=A va AL =%A*, ta nhan dugc:

*

ag .
S35 =3[ Vay Vi Ve || Ly (3.30)
Vay céng suit phuc la: : ,
Ss, = 8V Loy + Vo I + Voo 1o, _ | (3.31)

‘Chii y, cong thic trén chi hoan toan ,dfmg trong hé don vi éé tén, con khi Ss,
dugc biéu dién trong hé don vi tuong déi véi cdng sudt co ban 1a cong suat ba pha
thi hé s6 3 khong tén tai (bdi vi khi bidu dién theo don vi tuong d6i thi cong sudt
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ba pha ciing bing cong sudt moét pha). Cong thic (3.27) trén da biéu dién dugc
téng céng sudt phidc theo tdng clia cac cong suat thanh phin d6i xdng cta pha a,
va & cdc cong thite (3.5), (3.11) ta ciing da bifu dién dugc cdc dai lugng pha khong
d6i xing ban dau 1a dién 4p va dong dién theo cdc thanh phéan ddi xing cua pha
a. Tt bay gio tré di, ta c6 thé khong viét ky hiéu a ndm & géc phai dudi cia ky
hiéu cdc thanh phan d6i xing pha a, ching han I, I, I, sé dugc hiéu la chi dén
c4ac thanh phan d6i xing cua dong dién pha a.

Vi du 3.3. Sif dung s6 liéu vi du 3.1, tinh todn cong sudt tiéu thu bdi tai trong don
vi tuong doi va sau d6 kiém tra lai bang cach tinh todn trong hé don vi c6 tén.
Giai. Theo cong tht’Ic (8.31), trong hé don vi tuong d6i, ta co:

—(VI +V. I +V I )

a T a9 " ag ‘
Thay cédc gid tri-tuong dng trong vi du 3.1 vao, ta dugc ;
S'3p = 0,9857.£223,6°x0,9857 /~223,6° +0,2346 £70,3°x0,2346£-70,3°

= (0,9857)2 +(0,2346)* = 1,02664 dvtd = 1,02664x500 = 513,32 kW

Kiém tra lai trong hé don vi ¢6 tén:

Gia tri dién tré moi pha tai Ry la 1 dvtd. Suy ra gid tri Ry trong hé don vi ¢6
tén la:
23007
, 500000

Suy ra gia tri dién tré R, trong mach A tuong duong cua tai la:

= 3xRy = 3x10,58 = 31,74 Q

Tu cdc gia tri dién 4p day da cho, ta c6 thé tinh todn tryc ti€p cong sudt tidu

thu béi tdi:

=10,58 Q

RY =].,0X

Vasl | [Vael”  [Veal” _ 18407 +2760° +2300%_ 0 oo )y
3p_ RA RA » RA B 31,74 ’

Két qua kiém tra lai trong hé don vi c6 tén hoan toan phu hop véi két qua
tinh trong hé don vi tudng doi.

3.1.5 Dung thanh phin d6i xing d€ phan tich sy ¢4 khong d6i xing

Dé da hidu khi dung phuong phdp thanh phan dai xd’ng gidi bai todn bat ddi
xing, ching ta st dung mach don gidn hinh 3.6 gdm ngudn ba pha ddi xding vo
cing 16n cung cdp cho mdt tdi ba pha d6i xdng téng tréd Z qua téng trd diy dan
doi xdng cing la Z. Gia thiét cham d4t pha a xdy ra tai diém cham a’ qua dién trd-

trung gian Zy.
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Hinh 3.6: H¢ théng mang cham ddt mot pha

Gia thiét ching ta muén tinh dong dién cham Iy, rd rang tif trén hinh 3.6
ching ta khong thé giai dugc bing mé hinh mét pha vi mach dién khéng d6i
xing. Ngudi ta c6 thé gidi bai todn trén bing cdch ding gidi thuat gidi tich mang
nhung ldc dé bai todn sé tré thanh phde tap. ' ‘

Nhan xét trén mang dién ta thay ring, ngoai trir khi su c6, mang dién la doi
xung. Tu day goi cho ching ta y tuéng la, néu ldy nhdnh clia mang cé dong su c6
Iy (nhdnh Zy) ra khéi mang va thay thé bing mét ngudn dong ¢6 cung tri s6 Iy
thi lic nay tinh d6i xing ctia mang duge phuc héi. Piéu nay cé nghia, ching ta
thay doi mang bat,déi xing thanh ngudn bat dsi xing. T dé bang cdch dang céc
thanh phan déi xdng, chiing ta thay th& dong ngén mach khéng déi xing thanh
tong ba ngudn ddi xdng thd tu khéng, tha tu thudn va tha ty nghich, réi sau d6
dung nguyén ly xép chdng ta cé thé dé dang tim dong ngdn mach khéng d6i xing
thoéng qua ba thanh phan d6i xing.

Tinh ding ddn cda viéc thay thé phan téng trd Zy (mang dong [, ) ngay chb
ngdn mach bing nguén dong 7 ~, 12 qud trinh ngugc lai cia dinh ly thay thé
treng phan ly thuyét mach, phdt biédu riang: Ching ta c6 thé thay thé nguén dong
bang nhdnh téng tré duoc chon nhu thé ngo dé dong dién khéng déi.

ba6i v6i phan mang dién con lai khéng bi 4nh hudng cia | y duge tao ra nhu
thé ndo, mang dién chi biét ring dong ngdn mach Iy dugc 14y ra tir diém é,, nhu
thé€ néu ching ta thay th& nhanh c6 dong I bing nguén dong c6 cang tri s6 Iy
thi ddp s gidi mach cda phan mang dién c¢on lai khéng c6 gi thay déi.

Tré lai hinh 3.6. '

Khi cham d4t pha a, vecto dong dién dugc moé ta trong truong hgp nay la:
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IaNT Iy
IN—ibN = O
ch_ 0
Ly, 1—1 v 11y ; 1
Tir (3.13), Iy, =3[l @ a®[.| 0 =—§N—1
jaN |1 a2 a||0
2
. . " . Iy
Nhu vay: Iy, :IaN2 =l oy
Il . 1] . |1 . |1
Iy In| 2| Iy
Theo (3.10): 0 |[=—|1|+*|a” |+-=| a
‘ 3 3 3
0 1 a a2

Nhu vay vecto dong dién su c6 toan phdn thuc su duge coi nhu la tong cia
vectd dong thd tu khong, vecto dong su cd thd tu nghich, vecto dong sy cd thi tu
thuan.

Gian d6 vectd cia cdc thanh phan dong dién tuong Ung trong trudng hgp
cham d4at mét pha cho & hinh 3.7.

Icn, IbN1

——p
e ———
—————-

Iy
3

lamM

aNg = IbNo =I<:N°

Lon,
Hinh 3.7: Hé théng vecto thanh phdn doi xung khi cham ddt moét pha
Chung ta c6: v
Ln= _IaNl + LN, +1an, = Iy
Ipn = Iong +Ibn, +Ton, =0
| Ty = Loy, + Loy, + 1o, =0
K& tir day, ching ta, thay vi phén tich mang bat ddi xdng hinh 3.6, s& phén
tich tinh todn trén mang thay thé bang cic thanh phan d6i xiing tuong duong cho
¢ hinh 3.8. -
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4 a
W pennnay I -
yl,=0
= = <

Lo, T, I

aNy aNg

Hinh 3.8: So do thay thé tuong duong ngdn mach mot pha cham ddt
bdng cde thanh phdn déi xing

Pau tién ta tim ddp dng do nguén thy ty thudn (bé qua cdc ngudn khéc), sau
d6 tim dédp dng nguon thd ty nghich, sau ciung la ddp Ung cua ngudn thd tu khéng.
Dap s6 tim dugc bing phuong phap xép ching. _ :

Khi khdo sdt ddp tng cia chi thanh phan nguén doi xitng tha tu thudn, mang
déi xing, chuing ta sé s¢ dung mé hinh tuong duong mét pha (nhu trudng hop
ngén mach déi xing). Luu ¥ ring dudi didu kién cén bang khéng c¢6 dong qua Z,
nén dién thé tai cdc nit n, n’, g bing nhau. Mang thay th& tuong dwong mét pha
that tu thudn duge vé ¢ hinh 3.9a. ' :

Tiong tu ching ta cing tim duge mang thay thé tuong duong mét pha thd tu
nghich nhu hinh vé 3.9b. '

a a Z a
n — 71— "
)" V; i = Iy

' anN, "~ 3 Z ' ayg Ia‘Nz— 3 Z
g n' n 9 n'
a) b)

Hinh 3.9: Mang thu tu thugn ;)d thi tu nghich
Sau cung ching ta khdo st chi vdi téc dong cla thanh phdn d6i xitng tha tu
khéng. Dé dang thay ring nguén thy ty khong cung c&p cho mang d6i xing sé tao

“,
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ra ddp ung chi ¢6 thanh phin thi ty khong. Mang thay thé tuong duong ba pha
thi ty khéng duge vé ¢ hinh 3.10a.
i Va‘Bo

Z

'
a a

iaN & Hinh 3.10: Mang thu ty khong

a) =

Trong mang nay: ia,, = jbo =fco
Pinh luat Kirchoff tai nit n: ja,, +ibo + I'CO =0
Nén fao = jbo = fco =0 (kh()ng c6 dong thu tu khong tu phia ngudn).

Piéu nay c6 nghia tit di€ém ngdn mach vé ngudn mang thd tu khéng hé.
(Trung tinh nguén khéng ndi ddt nén khéng cé 16i xuéng d4t cho dong thu tu
khong vé dugc). Nhin hinh 3.10a tir diém mach vé phia tdi va luu y ring:

I, =1, =1,
vachingtacé: V., =Z2.I '.+3Z'g.1' ' (3.32)
ag, % Qs .
{ voi: V, =V = V.
' g, bgo - gy

Tu phu’o’ng trinh (3.32) c6 thé xay dung so dé thay thé thanh phan tha tu
khéng mot pha nhu hinh 3.10b.

Vi dong dién tir n’ tdi g 1a I thay vi 3l nén can thiét thay thé Z, buéng' 3Z,.

Trong mach tuong duong hinh 3. 10 ba diém n, n’, g, khong nhat thlet cung dién thé.

Tit céc mang thanh phan d6i xding mot pha cia cdc hinh 3.9 va 3.10b ching
ta d& dang tim cdc dong thd tu d6i xdng va sau d6 dung cédc cong thic (3.10) ta
tim duge dong ngdn mach bat d6i xing Iy.

Tit khai niém nay, ching ta thdy uu diém viéc dung thanh phan déi xdng dé
gidi bai todn khéng d6i xing biing ba mang ba pha d&i xing. M3i hé théng ba pha
d6i xing duge déng tri tuong duong thanh mét mang thd tu mét pha. T cdc mang
“d4ng tri tha tu nay, ching ta dé dang tim thanh phéan déi xdng va sau do dp dung
- cbng thuc dé tim dong bat d6i xing. :
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Luu y, trong mang dién don gidn d4 khdo s4t hinh 3.6, cdc gid tri téng tré
cia ba mang thi tu d6i xding giong nhau. Thyc t& mang dién phic tap, nhiéu phan
ti khéc nhau, cdc téng tré thd tu cla cdc phdn t& trong so dé khéc nhau.

Téng qudt: Khi thanh lap céc so dé cdc thanh phan déi xing thd tu thuan,
thit ty nghich va tha ty khong, céc gid tri tdng tré trén s d6 ding tri tuong
duong sé& c6 gid tri thd tu thuén, thd tu nghich va thd tu khong tuong Ung.

3.2 CAC MACH THU TU VA CAC TONG TRG THU TU cUA CAC PHAN TU
HE THONG DIEN

Trong mét hé thong ba pha can bing, tinh trang su c¢& khong dsi xing gay ra
dong va 4p khong can béng ton tai trong mdi pha. Néu dong va 4p lién hé véi
nhau qua tong tré khong ddi, hé théng duge goi 1a tuyén tinh va cé thé duge 4p -
dung nguyén ly xép chéng. Dép ing dién 4p cGa hé théng tuyén tinh vdi dong
khong can bang c6 thé duge xdc dinh bing cdch xdc dinh ddp ung riéng ciia mbi
phan ti v6i céc thanh phan d6i xing cia dong dién. Cdc phén t& hé théng duge
quan tam la cdc mdy phdt, may bién 4p, dudng day truyén tai, va tii mic hinh Y
hoac A.

Ddp dng cia méi phan ti hé théng thudng phu thude vao cdch dau néi cia né
va cdc thanh phén dong dién dang xem xét. Cdc mach dién tuong duong, duge goi
la cdc mach dién thi tu, s& duge dung dé phdn 4nh cdc ddp dUng riéng cla céc
phan ti theo mdi thanh phan dong dién. Cé ba mach thd tu cho méi phan ti hé
thong dién ba pha. Bing sy sdp xép riéng cic mach thi tu trong mang theo su
déu ndi cla cdc phan ti, ta di dén khai niém ba mang thid ty. Gidi cdc mang thd
tu khi su ¢8 cho ta cdc thanh phan déi xding cda dong dién va dién 4p. C4c thanh
phan nay phén dnh duge 4nh huéng cia dong sy ¢& khong can bing ban dau trong
toan thé hé thong. '

3.2.1 Mach thi ty cua tai

1- Tdi téng tré déu hinh Y

a) Trung tinh tai néi dat

c

Hinh 3.11: Tdi t6ng tré Y trung tinh néi ddt
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Néu c6 tong tré Z, néi gida trung tinh va dat cta tdi ddu hinh Y nhu trén
hinh 3.11, thi tong dong dién day sé& bing dong I, trén dudng din xudng dat qua
trung tinh. Nghia la:

I, +1, +1, = i, (3.33)

Theo cong thac biéu dién dong tht ty khong, ta duge: 1, = 31

ao'

Do tong cdc dong dién thit tu thuin va thi tu nghich bing 0 tai diém trung
tinh g, nén khong ton tai bat cd dong thd tu thuin hay dong thd tu nghich nao
trén dudng dan tu trung tinh dén d4t. Va di nhién l1a cdc dong dién trén khong
lién quan gi dén tong tré Z,. Mt khac, cdc dong thi tu khong két hop nhau bing
3iao trén dudng dan tu trung tinh dén dat, sinh ra 44 sut 4p 3jaoZg giltta trung
tinh va dat, do d6 c6 sy phan biét giita thé trung tinh va thé& dat trong tinh trang
b&t déi xing.

Lan lugt ky hiéu dién th& pha a so véi trung tinh va so véi dat 1a V,,, V,, suy

raV, =V,, +V,, véi V, =3I, Z,. Theo hinh 3.6, ta c thé viét do syt 4p dén dat tur
mobi day pha a, b va ¢ nhu sau:
Va— Vag Vg ja 1
Vo |=| Vig |+| Vg | =2y | 1 |+31, Z,|1 (3.34)
VCJ _ch _Vg jc !
Vao — rjao ] 1
S [A]|V, =2y (A] I, |+51, 2,1
. . . 1
Ve, | 1,
1 1 1]
véi: - [A]=|1 &® a
1 a a2_

Nhan hai v& phuong trinh trén véi A7, ta dugc:

Ve, L, 1

V, |=2Zy |1, |+3I, Z,[A]"|1

_VGZ_ ) | a2 L

Voo | [ 1]

V, |=2y |1, |+3I, 2,0 | (3.35)
_Vaz J L .az 0 |
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Khai trién céng thic (3.35) trén:
V., = @y + 321, = 7,0,

5
Val = ZY .ial = ZlIal 7 : (3.36)
vaz = ZY ia2 = Z2Ia2 A

Viét dusi dang ma tran:

Vo, | [2v+32, 0 o],
vV, |= 0 Zy p I, | (3.37)
Va2 0 0 ZY Ia2

Ba cong thitc trén ching té ring dong dién thd tu chi giy ra d6 sut 4p cung
thit tu trén mach tai ddu Y déi xing. N6 cho phép ching ta vé ba mach thd ty
mot pha nhu trén hinh 3.12. Mach trén hinh 8.12a duoe goi 1a mach thd ty khong
va tir day cho ching ta khdi ni¢m vé tdng tré cia dong thd tu khong, duge cho béi:

v, . :
.. — a —
Z,=5>=2y +3Zg (3.38)
(5 ) .
L, gz, Lz, L, 2
——— — Pl —
+ | S + T S, + T
Vao SZg I‘H . Va2
a) , b) c)

Hinh 3.12: Cdc mach thi ty tdi téng tré ddu Y
vdi trung tinh rié'i.dd't qua Z,.

Tuong tu, mach hinh 3.12b dugc goi 1a mach thi ty thuan va Z, duqc goi la
t6ng tré doi véi dong thit ty thusn, mach trén hinh 3.12¢ duge goi 14 mach thd tu
nghich va Z, duge goi 1a tdng tré dsi véi dong thd tu nghich. Don gidn hon, Z,, Z,
va Z; ciing ¢6 th€ dugc goi 1a téng trd thy ty khong, tong trd thit tu thuan va téng
tré tha tu nghich. ' :

O day, tong tré thi ty thusn va téng tré tha ty nghich ddu bing véi Zy, didu
nay thuong ding cho mach d6i xding tinh. Khi mach thuc ba pha chi tén tai mot
dong dién thi tu, né c6 thé duge tugng trung béi mach thi ty mot pha Ung véi
dong thit ty d6. Khi ba dong dién thit tu déng thoi tén tai, t4t cd ba mach thq tu
déu can thiét d€ bidu didn mét céch day di mach thuc ba pha ban dau.

bién dp trong mach thi tu thuin va thyg tu nghich ¢6 thé duge hiéu nhu dién
the so véi ddt hay vdi trung tinh bat ké cé hay khéng mét téng tré Z, ndi gida
trung tinh va ddt. Nhu vay: :

- Trong mach thd tu thuan khéng c¢é su phan biét gitta .031 va Va1 |
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- Trong mach thd ty nghich khéng c6 su phan biét gitta Vag2 va V

- Trong mach thi tu khéng thi tén tai mét hiéu dién thé gitta diém trung tinh
va nit géc cia mach thi ty khéng.

Trong hinh 3.12a dong iao chdy qua téng tré 3Z, gy nén do sut ap gita trung
tinh va d4t tuong tu nhu d6 sut 4p gay bdi dong 31 o, chdy qua téng tré Z, trong
mach thuc hinh 3.11.

" b) Trung tinh tai khéng néi dat

Tru’dng hgp trung tinh mach Y khéng duge néi dat, sé khong cé dong thu tu

khong. Z, = «, va duge tugng trung bdi doan mach hé giita trung tinh g va dat

(nat goc) trong mach thit ty khéng nhu trén hinh 3.13b.
i z

+
S S o

b)
Hinh 3.13: Mach thu tu khong cia tdi ddu Y khéng néi ddt trung tinh

2- Tai téng tré déu A |
Trong mét mach tdi ddu A khong thé tén tai mot dudng din qua trung tinh,
va vi thé dong dién day chdy trong mdt mach tdi ddu A hay mach.Y tuong duong
cla tai khong thé chifa bat e thanh phan thd tu khéng nao. Xem xét mach tai
ddu A 461 xing trong hinh 3.4: ‘
Vo =Zal; Voo = Zalys Vea=Zpl, (3.39)

2V +Vy + Vi, =32,1,, (3.40)
va do tdng cla cdc dién 4p diy luon bing 0, nén:
Vap, = Lp, =0 (3.41)

Nhu v4y, trong mach d4u A chi c6 tdng tré ma khéng 6 nguén hay hé cam
thi s& khong c6 bat ci dong dién thd tu khong nao ton tai trong cdc nhdnh, nghia
1a khéong ton tai dong dién vong trong tai A. Mdt dong dién vong mot pha c6 thé
sinh ra trong mach A cia mdy bién 4p vd mdy phdt do ngudn 4p hay do cdm ing
thd ty khéng. Mach thi tu khéng cia tai A duge bi€u dién trén hinh 3.14a. Tuy
nhién, ngay cd khi ¢6 dién 4p thd ty khong duge sinh ra trong cdc pha cia mach
A, ciing sé khong ton tai mot dién dp thi tu khong nao gitta cdc dau cuc A, béi vi
dién 4p sinh ra trén mdi pha sé can bing vdi sut dp trén téng tré thd tu khong
mdi pha.

Tit cong thic (3.25), két hgp vi nhén xét cho riing khong ¢6 su phan b1et
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- Gilra Vagl va Val trong mach tha tu thuin
- Gilta Vag2 va Va,2 trong mach thy tu nghich.

Ta vé dugc mach thi tu thuan va thi tu nghich cta tai ddu A nhu hinh 3.14b,c.
1 i 1

. . ~-Z -z
Iao ZA Ia1 3 4 132 3 A
+ 1 — + — + | S
Vao V,31 Va2
a) b) c)

Hinh 3.14: Cdc mqch thu ty cia tdi t6ng tré déi xung ddu A.
Vi du 3.4. Cho 3 khdng trd j21 Q dugc ddu hinh A. X4c dinh cdc khdng tré thd tu
va mach thit ty. Gidi lai bai todn trén véi trudng hop c6 mot khang tré hj cam gis
tri j6 Q xudt hién ¢ gitia cdc nhanh (khang trd) cia A.
Giai. Dién dp day quan hg vdi cdc dong dién A theo hé phuong trinh sau:
Vol [j21 0o o Féb" | |
' ) (1L, | | (3.42)

Viol=]0 j21 0
H ) ‘.]ca ' O O J21 ica
Biéu dién cdc gi4 tri ban ddu béi cdc thanh phan d6i xing cda ching, ta dugec:
Vo | .Tj21 0 0 Ias,
[Al| Vg, | =| 0 J21 0 |[A]| ],
; 0 0 joi| |;
Vs, J Lo,
: j33 Jo s o s
y— T =
] ] [}
> E >“T ; >3‘ :
! ] ]
-4 R B R
2 Jag 7 Jop 7
j21 ,‘21 i i — He T
< : o : & :
— >, E > : > E
- - : _b

Hinh 3.15: Mach thit ty khéng, thu tu thudn, va thu ty nghich
cho tdi khdng tré néi A cia vi du 3.4
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Va nhan mdi vé& cho [A]™, ta duge:

Vas, Lo, | [jo1 o o 7|1,
Vay, | =J2UATHAN Ly | =| 0 j21 0 ||,
; , 0 0 joil|;
Vab, Iy, 12| 1,

Nhu da trinh bay ¢ (3.25), ta ¢6 mach thi tu thudn va nghich ¢6 khdng tré
méi pha X, =X, =j7Q duge cho § H.3.15a. Vavi V,, =0, dong thi ty khéng I, =0,
cho nén mach thd tu khong 14 mét mach hd. Pién tré j21Q trong mach tha tu
khéng chi ¢6 y nghia khi c6 mét sdc dién dong trong mach A ban dau.

Khi c6 khédng tré hé cam j6 Q giita cdc pha, quan hé giita cdc dai lugng dong
dién va dién dp ban dau dugc thé hién thong qua ma tran tdng tré trong céng
thic dudi day:

Vs, | [jo1 je je] |La,
[Al| Vo, | = | J6 21 j6 |[A)| I,
; 6 j6 j21| |;
V| L& I8 fo, ‘
Ma tran téng tré c6 thé tach ra lam hai phan nhu sau:
j21. j6  j6 ] 100 11,1
j6 j21 j6|=3j15/0 1 0| +j6|1 1 1
J6 j6  j21) 0 0.1 111
va dem nhan vao phuong trinh phia trén da duge nhan cho [A]™, ta duge:
Vas, | 11 1 I, | 7133 0 o0 1w
Vi, | = {15[A] [A]+J6[A]|1 1 1|[A]p| oy [ =] O 15 O ||Iu
; ‘ ’ 111 ; 0 0 11511 7
Vab2 Y Iabz J Iabz

Khéng tré thi tu thuidn va nghich X; va X, bay gié duge cé gid tri la j5 Q,
nhu ¢ hinh 3.15b. Vi ¢ day ¢6 hd cadm gidta cdc nhdnh A nén ta phdi tim hiéu lai
vé céc dai lugng dong va dp tha ty khong. Dat t6ng trd hd cdm 1a Zy, ta cb:

Vab = jabZA + (jbc + ica) ZM (3.43)
Vbc = IchA +(jca + jab) ZM (3.44)
Vca = I‘c.aZ.A+(I.ab+I.bc)'Z.M ‘ (345)

Cong ba phuong trinh trén, ta dugc:
Vo, +V,, +V,, =8V, =+ Ty + 1,02,y +22y) =31, (Zy +22y) (3.46)

Do Vab + Vbc + Vca = 0, ti phuong trinh trén, ta suy ra: .a.bo = jabo =0

va nhu vay mach thd ty khong van hé. |
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Mot l4n nita ching ta nhan thdy ridng dién tré j33 Q trong mang tha ty
. khong khéng c6 ¥ nghia béi vi khong c6 sic dién déng trong mach A ban d4u.

3.2.2 Mach thd ty ctia may phat dién déng bd

Hinh 3.16 biéu dién mot mdy phat dong bd, c6 trung tinh néi dat qua mot
khdng tré Z,,. Khi c6 mét sy ¢6 xdy ra ¢ dau cuc may phat, ¢6 cdac dong dién I,, I,,
va I. chay trén cdc dudng ddy. Néu c6 su ¢6 cham dat, dong dién chay vao trung
tinh cia mdy phat dugc goi 1a I, va cdc dong dién day cé thé dugc phan tich theo
cdc thanh phan d6i xing cia ching.

l,

=

L.

Hinh 3.16: Mdy phdt dién dong b6 cé trung tinh néi ddt
M4y phét dong bd sinh ra sdc dién dong ba pha can bing va dugc déc trung
RE

~ bing vecto thd tu thuin: [E]a{x =|a? E'a (3.47)
a

Khi mdy phét cung c4p cho tdi ba pha can bing, dién dp cdc pha dugc tinh:

Va = Ea "Z.Sja _Zgnjgn , (3.48)
Vy=E,—Zsl,-Z,,1,, (3.49)
V.=E -Zs -2,1I, (3.50)

Ma I, =I,+I,+I nén viét lai hé phuong trinh (3.48); (3.49); (3.50) duGi

dang ma trin la:

Va Ea ] ZS + Zg" Zgﬂ Zgn . ja
Vo |=|Bo |~| Zgn Zs+Zg, Z, | (3.51)
‘/C ECJ Zgn Zgn ZS +Zgn jc 7

hay viét gon lai: -Vlm = [E]b —[z']abc [i]abc ‘ (3.52)
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v6i: [V} s vectd.dién dp dau cuc mdy phat
Q.
[I] - vecto dong dién pha.
abe

Bién ddi vecto d4p va dong thanh cac thanh phan d6i xing cua chung, ta dugc:

(A7 = (AT L T2T [T @59

Nhan phuong trinh trén véi [A L.

I
|:VLOH - [ ]a012 [A} 1[ Tbc[ :I[.]uom | (3.54)
[V]aom - [ :|a012 [ }“bc[ ]a012 : (3.55)
11 11|2s+Z,, Z, Z, |11 1
Véi: [Z]Olg':% 1 a d*|| Z, Zg+Z, Zy ||l & @ (3.56)
1 da® af| Z, Zy  Zs+Zg |l a @

Thuyc hién phép nhan ma trén ta dugc:
Z'S +32g,, 0 O Zo 0 0

(Z],,, = 0 Zg 0|=|{0 Z 0 (3.57)
0 0 Zg| |0 0 Z,
Vi sdc dién dong clia mdy phdt can bidng chi cé thanh phan dién thé thd tu
thuin nén:
0
(E)oys =| Bug . (3.58)
0 ]
Thay thé [E] , va [Z] ., Vvio (3.55) ta dugc:
V.lr101[z o o],
Vo |=|Eg || O Z, 0|1, {5.59)
Va2 0 0 0 2, ja2

Viét lai thanh phuong trinh biéu dién cdc thanh phan déi xdng:
V, =0-Z,,; V, = Ey-2,1,; V,,=0-2,1, (3.60)
v6i Z,,Z,,Z, l4n lugt 12 tong trd thi tu khong, thi tu thuan va thu tu nghich ciia may phat.

Ba phuong trinh (3.60) ¢6 thé dugc bidu dién bing ba mach tuong duong thi
tu nhu ¢ hinh 3.17.
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Mach thi ty thuidn gém mét sdc dién dong néi tié’p v6i téng tré thit tu thuan.
Mach tht ty nghich va thd tu khéng khéng chida nguén nhung ciing bao gdm cdc
tong tré clia mdy phat ung véi dong dién tha tu nghich va thud tu khéng.

Nit géc ecda mach thi tu thuan va thd tu nghich 13 didm trung tinh cia m&y
phdt. Trong cdc mach thd tu thuan va thi tu nghich, diém trung tinh cé cing thé
v6i ddt, du trung tinh may phét c6 néi dat qua mét téng tré Z,, hay khong. Mot
lan nita, ta thay ring khong c6 sy khéc biét nao gita V va V , trong mach tha

tu thudn hay gita Va2 va Vag2 trong mach thua tu ngh;ch. Vi ly do trén, dién 4p
thut ty thudn va thit tu nghich & hinh 8.17 duoc viét khéng ¢6 kem ky hiéu g.

I, .
B —— a
- 2
Eag+
Nut géc¢
b)
Ialz
+
Z, Va,
Nut gc'ic
d)
Iao
Pe e a
Zg, +
z, V.,
3z,, |
Nut géc
'—'>
e) Ly ' f)

Hinh 3.17: Cdc mach tha ty mdy phdt
a).-Puong dén dong thit tu thudn | b) Mach thi ty thuén
c) Duong ddn dong thu tu nghich d) Mach thit ty nghich
e) Duong dan dong thu tu khong 7’ Mach thit ty khéng
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Dong dién chay qua tdng tré Z,, gita trung tinh va dat la 3iao. Theo hinh

3.17e chiing ta thdy ring d6 sut 4p thd tu khong ti diém a dén dit la
-81, Z,, -1, Z, . O day Z, la tong tré tht tu khéng trén méi pha cda mdy

phat. Mach dién thyg tu khong 1a mach dién don pha dugc gia st chi mang dong
dién thi tu khong cda chi mdt pha, vi vdy phdi ¢6 tong tré 1a 3Z,, + Z, , nhu

hinh 3.17f. Vay téng tr th tu khong ma I, chay qua la:
Z,=8Z4,+ 2, - (361

Théng thudng cdc thanh phan dién 4p va dong dién clia pha a dugc tim thay
tir cdc phuong trinh xdc dinh bdi cdc mach thi tu. Cdc phuong trinh cho cac thanh
phan d6i xdng cia db sut 4p tif diém a cla pha a dén nit géc (hodc dat) duge viét
lai nhu sau: '

V, =-1, 2,; V, =B, -1,2; V,, =- 1,7, (3.62)

o o a ay
¢ day: E’ag - dién dp thit ty thudn so véi diém trung tinh
7., 7, 1an lugt 1a téng tré thit tu thudn va thit ty nghich cua méy phét
7, - duge dinh nghia béi cong thic (3.61).

Céc cong thuc vira duge xdy dung 6 trén déu dua theo mot mé hinh mdy phat
don gidn trong d6 duge gid thiét chi ton tai cdc thanh phan co ban clia dong dién.
Theo mé hinh nay thi cdc téng tré thd ty thuin va thi tu nghich duge tim thdy
biing nhau nhung hoan toan khdc véi trd khang thit ty khong. Trong thyc t&, tong
tré ciia mdy dién quay d6i véi cdc dong dién cia ba mach thi ty, mét cdch tong
qudt, thi khéng giéng nhau. Cam dUng trong mday déng bd phu thudc vao mai lién
hé giita th tu pha cia dong dién thit tu v6i chidu quay réto. Tong trd tha tu
thudn mdy déng bo 1a gid tri tong trd phdn dnh quan hé gidta dién dp thud tu
thuan va dong dién thd tu thuin trong mdy khi dong dién tha tu thudn chay
trong cdc cudn stato giy bdi dién dp thd ty thudn. Do do, ta thay rang khdng trg
thd tu thuidn mday phédt co thé nhan mot trong nhitng gid tri khdng tré
X, X,;, X, tuy thudc vao khoang thdoi gian dugc quan tam sau khi xdy ra su c@.

Stc tit dong sinh béi dong dién phan ng thd tu nghich quay theo chiéu nguge
lai véi roto trén d6 c6 cudn kich tit DC. Khong gidng nhu tif thong sinh ra bdi cac
dong dién th ty thuan vén ding yén so v6i roto, tif théng sinh ra béi cdc dong
dién thd tu nghich quét qua nhanh chéng trén bé mat cha réto c¢6 chu ky. Dong
dién cdm ung trong cudn kich tif va trong cdc cudn day cdn chong lai sic tir dong
clia phan dng, va nhu vdy s& lam gidm tif thong xuyén qua réto. Tinh trang nay
ciing tuong tu nhu sy thay doi tir thong mét cach tie thai khi xdy ra ngdn mach &
dau cuc cia mdy phat. Cdc dudng sic tu thi ciing giéng nhu khi tinh khédng tré
siéu qud d6. Vi vay trong may roto tron, khang trg siéu qua do cia may phét bang

véi khdng tré tha tu nghich:
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X, = X (3.63)

~ Khi chi ¢6 dong dién thi tu khong chdy qua cdc cuén ddy phan dng clia mét
mdy dién ba pha, dong dién va siic tir dong cia ba pha sé& dat cuc dai cing mot
lic. Cy thé hon, dong dién va sdc tir dong cia mdi pha sé& ¢c6 d6 16n nhy nhau tai
moi thoi diém. Do cdc cuén day dech b8 tri d6i xung trong khong gian chung
quanh phéan tng nén néu sic;tir dong sinh ra bdi dong dién cta méi pha cé hinh
sin hoan toan, do-thi sic tit dong xung quanh phan dng 14 téng ba dudng hinh sin
léch pha nhau 120° va cdng lai bing 0 & tat cd moi thoi diém. Khéng c6 tit théng
sinh ra gitta khe hd khong khi, do d6 khong c6 khédng tré gay bdi phdn dng phan -
ing va chi c¢6 khadng tré cda méi cuon day pha gy bdi tit thong rd (tdn). Trong
mdy dién, thyc té cdc vong day duge phan bs khong sinh ra stc tit déng hinh sin
hoan toan. Do d6, tix théng téng giy béi cdc sdc ti dong van c¢6 mot gia tri rat
- nhd, diéu d6 s& tao ra khang tré thu tu khong va ddy la gid tri nhé nhat cia
khéng trd mdy dién - n6 c6 thé 16n hon khéng trong diéu kién ly tuéng 1a khong
c6 tif thong trong khe hé déi véi dong dién thy tu khéng. Néi chung, khang trg
thu tu khong ¢6 thé cho gan ding 1a khdng tré ro:
X, =X, ‘ : ’ (3.64)
Béang 3.1 cho mot s8 gid tri tiéu bidu céc khdng tr¢ thd ty mdy phat ¢ don vi
tuong déi. X; c6 thé nhan mét trong cdc gid tri X, X;, Xq tuy thudce vao khodng
thoi gian duge quan tdm sau su cd.

Bang 3.1: Théng s6 trung binh khdng tré mot va: loai may phdt - tuabin tieu biéu

May phat tuabin '

. , R May phat cuc 16i v3i

Khéng tré Ché d¢ lam mat Ché& dé lam mat doc L
cufn can
théng thusng day dan

Xq 1,20 1,80 ' 1,25

Xq 1,60 1,75 0,70

Xy 0,15 0,30 0,30

Xq 0,09 0,22 0,20

Xz 0,09 0,22 0,20

Xo 0,03 ‘ 0,12 0,18

Cong thite 3.62 4p dung cho tat ca cac may phat mang dong dién khéng can
bang, 1a diém bdt ngudn cho sy phét sinh ciia cdc bidu thdc ddi véi cdc thanh
phan dong dién cho cdc loai su ¢ khdc nhau, ching dp dung mach tuong duong
Thevenin tai bat ky ndt nao cia hé thong giéng nhu trudng hgp mdy phat c6 tai
dudi diéu kién x4c 1ap. Khi tinh todn & didy kién qua do hoic siéu qud dé, thi cdc
cong thic dp dung cho may phdt ¢ tai néu E’ hodc E” dugc thay thé cho E,.

Vi du 3.5. M6t mdy phdt cyc 16i khéng cudén can c6 cdng sudt danh dinh 20MVA,
13,8 &V va ¢6 mot khéng trd siéu quéd dé doc truc 1a j0,25 dvtd trén cg ban 1a dinh
muc mdy. Khéng tré thd t nghich va tht ty khong ldn lugt 1a j0,35 va j0,10.
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Trung tinh clia mdy phat duge néi dat truc ti€p. Mdy phdt dang lam viéc khong
_ tdi tai dién 4p danh dinh véi E,, = 1.0£0° dvtd thi xdy ra sy ¢6 mot pha cham dat
tai ddu cyc mdy phdt, va cé cdc gid tri dién thé& so véi dat trong hé don vi tuong
déi véi co ban 1a dinh mic may la: .

V,=0; V,=1013£-102,25% V, =1,0132102,25°

Hay xdc dinh dong ngdn mach siéu qua
dd trong may phat va dién dp day trong
diéu kién siéu qua d6 khi xdy ra su cd.
Giai. Hinh 3.18 biéu dién su c6 cham dat
trén pha a cua may dién. Viét lai V,, V. &
dang dai sé:
V, = - 0,215 - j0,990 dvtd

V. = - 0,215 +j0,990 dvtd |

: N .. , . . Hinh 3.18: Hinl minh hog vi du 3.5
Thanh phan ddi xding cua dién 4dp tai

diém x4y ra su co (dau cuc mdy phat) la:

Ve, 111 -0 -0,143 + jO°

V., =% 1 a o®|]-0,215-,0,990| = | 0,643+ 0 |dvtd
v 1 o oll-0215+,0990] |-0,500+ 0

a2 v

Tit phuong trinh (3.62) va hinh 3.16 véi Zg, = 0, ta tinh:

. v _ ;

oo te o (014340 =~ j1,43 dvtd
Go z, 70,10

. E_-V :0) — :

i = ag ] o _ (1,0+ JO) (0,643+J0) — —_]1,43 dvtd
@ VA j0,25

. vV, _ ;

ioaotm 0500450 - _ j143 dvtd
@ =" 7, 70,35

Nhan thay ba dong dién day thd tu bang nhau.
Nhu vay, dong dién sy cd chay vao dat la:
Q=i +1, +1, =3I, =-j4,20 dvtd
Dong dién co ban la 20.000 /(\/§x13 8) = 837 A, va nhu vay dong dién siéu
qua do tren dudng day a la I = - j4,29 x 837 = - j3,690 A :

bién 4p day khi sy cd la:
V, = =V, -V, =0 215 +30,990 =1,01£77,7° dvtd

Vi =V, -V,=0 -j0,990 =1 080 £270°  dutd
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Vi dién dp mdy phdt so véi trung tinh E, = 1,0 dvtd, céc gid tri dién 4p day
trén dugce biéu dién txong dvtd véi dién 4p co bin dén diém trung tinh. Tinh theo
don vi volt, dién dp day sau su c6 1a

V= 1,01 x 138 yr7e - 8,05 277,7° kV

J3

Vie = 1,980 x %427@) = 15,78 £270° kV

=V, -V, =-0,215 +j0,990 = 1,01 £77,7°dvtd

1,01 x 1—?1’§4102,3O = 8,05 £102,3° kV

J3
TruGe sy ¢, cdc dién dp day doi xding va bang 13,8 £V. So sdnh véi dién 4p
day sau khi sy ¢d xdy ra, dién dp trudc su c8, v6i pha cia Vg = Eoe 1am pha goc,
dugc cho nhu sau:
Vap = 13,8230°kV; Vi, = 13,8 2270°kV; V., = 13,8 Z150°kV

v,

ca

.Hinh 3.19 cho thay so db vectd clia dién &p truée su ¢5 va sau su co
Vi du trén cho thay rang | o = I o = iaz trong trudng hop su ¢6 mot pha cham

dat. Pay 1a két qua tdng quat s& duge chitng minh ¢ phan sau.

b
Vab
a Vbc
. g9
Vca
[

Hinh 3.19: So do pha cia di¢n dp duong ddy cia vi dy 3.5 trudc va sau su c6
3.2.3 Cdc mang thy ty cia may bién 4p

1- May bién ap hai cuén day

May bién 4p hai cuén day duge mé hinh héa bai tong tré rd hay téng trd
ngdn mach mic ndi tiép. Do mdy bién &p la thiét bi tinh, téng trd ro cha né sé
- khong thay déi khi tht ty pha thay di. Nhu vy, tong trd thd ty thuin va nghich
- cia mdy bién dp 1a nhu nhau. Néu mdy bién &p cho dong thi tu khéong chay qua
thi téng tré thy tu khéng ciing bing téng tré ro, do d6:- :

, Zo=Z1=2 =Zy =2 '

Do tinh d6i xing, mach thg tu thuin va thd ty nghich cta mdy bién 4p ciing.
gidng nhu mach tuong duong mdy bién 4p trong tinh trang dsi xdng, tdc ldc chua
xay ra sy c6 bat d6i xdng. Chiing dugc bidu din nhu sau: '

"
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a Z a' a Z, a'
‘ Nut géc “Nut géc
Hinh 3.20: Mang thit ty thudn va thu ty nghich mdy bién dp
I
- ) P L Q
© Nt géc (dat) )

Nut gbc (dat)
P % Q
— l—D-‘ —
T Nt gdc (dat)
P Z, Q

—T

Nut géce (dat)

. |
[}
- 1
1
1 .
. ) . ]
: I P
i ' i — +—o
i
1 G 1Q ’
I 1 o - - o
| f Nut g6c (dat)
| |
e) ,

Hinh 3.21: Cdc t6 ddu cuén ddy mdy bién dp hai cuén déy théng thuong
va mach thi tu khéng tuang ung

a) Mdy bién dp ddu Y/Y vdi cd hai trung tinh néi ddt va mach thu tu khong tuong ung

b) Mdy bién dp ddu Y/Y vdi chi mét trung tinh néi ddt va mach thi ty khong tuong ung
¢) Mdy bién dp ddu tam gidc va mach thu ty (khéng tuong ing)

d) Mdy bién dp ddu sao tam gidc vdi trung- tinh ndi ddt va mach thu ty (khong tuong wng)
e) Mdy bién dp ddu sao tam gidc vdi trung tinh cdch ly va mach thi ty (khong tuong ung)

¢
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Tuy nhién, trong kiéu ddu day Y/A clia mdy bién &p hai cuén day, néu bé qua
tong trd ro, dién 4p thd ty thuan hay thd tu nghich hai phia cia may bién 4p sé
khéng trung pha nhu trén hinh 3.20 ma léch mét gée 30°. Cdc trudng hop duge
khao sat ¢ duéi day s& lam ro diéu do. '

Mach tuong duong thi tu khong ciia mdy bién 4p hai cudn day phu thuée vao
cdch dau ndi cc cugn day mdy bign 4p va phu thude vao viee trung tinh may bién.
dp ¢6 ndi dat hay khong. Hinh 3.21 biéu dién mot s6 loai may bién dp hai cudn
day thoéng dung va mach tuong duong thi tu khong tuong Ung cua ching.

Ta da biét rang khi bo qua ti trd 16i thép, sdc tir dong sé can bing giifa cuén
so va thit cAp mdy bién dp. Piéu nay c6 nghia 1a dong dién chi c6 thé chdy trong
cudn so cdp néu c6 dong chay trong cudn thit cAp va nguoe lai. Dua theo nhan xét
nay ta cé thé xdy dung cdc mach thi ty khong biing céch dat cdc dién 4p tha tu
khoéng 1én cudn so cdp va xem xét cdc dong thi tu khong duge tao thanh:

Trudng hep 1: Mdy bién dp ddu Y/Y véi cd hai trung tinh déu néi dat.

Ta da biét rang dong thi tu khong la tong cia dong ba pha. Do cd hai trung
tinh déu dugc néi dat, nén sé c6 dudng din dong thu tu khong xuéng dat chay qua
ca hai phia so va thi mdy bién 4p, va khi d6 mdy bién ap dugc biéu dién bdi tong
trd rd tuong duong theo mé hinh mét pha nhu hinh 3.21a. Néu ca haij trung tinh
déu nédi dat truc tiép thi Z, = Zr.

Néu trung tinh mdy bién 4p néi dat qua téng tro c6 gid' tri khac khéng, sé cé
sut dp trén cdc tong tré nay gy béi dong thi ty khong, va méi quan hé gitta dong- ~
va ap thi tu khong hay, néi cdch khdc, 1a téng trg tha tu khong trong trudng hop
nay ciing sé bi anh hudng bdi cdc tong tré ndi dat nay. Xét mot mdy bi€n 4p c6 ca
hai trung tinh déu néi dat nhu hinh 3.29.

——

) c
Hinh 3.22: Mdy bién dp ddu Y/Y vdi trung tinh néi dét qua téng tré
Sut 4p trén mdy bién 4p gay bsi dong thi tu khong duge tinh nhu sau:

Va, =Vag, +3Za1 . o ' (3.65)
Vo, = Vag, =321, | | . . (3.66)

, 1,. . . 1N, .. ., N, . : :
I, ==(I +1,+])=2211¢ -1
0 =3 a1y + ) 3N2(IA+IB+IC) N2IA0 . (3.67)
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Két hgp (3.66) va (3.67) ta dugc:

V, =V, ~3247,1

a, ago N2 g 140 (3.68)

Ldy hai v& (3.68) nhan véi (-N,/N,) rdi dem cong véi (3.65) v& theo v&, ta dugc:
. N, .. . N, .. . . Ni s
Vo -V, =V, -=LV_ +1, (82, +3(=L)2Z) (3.69)
A, N2 @ o N2 ag, A, G , N2 g :
Né&u bd qua téng trd ro thi VAGO —Z—A\/{LVago =0 va cong thifc (3.69) trd thanh:
2

NIV

Va, Ve, —IAO(3ZG+3(N1)2
2

Z.) (3.70)

Theo céng thic (3 70), tdng tré tha tu khéng phia cao thé trong trudng hop
nay chinh la (3Z; + 3( )2Z ), néu ké thém tdng trd rd thi:

. . Nio. '
Z, = Z,é +3Z +3(7v;) Z, . (3.71)

Téng tréd tha ty khéng trong don vi tuong d6i co ban la dién dp dinh muc cia
truong hop 1 hinh 3.21a:

Z, =Zp +3Z; + 3Z, dutd

Trudng hep 2: Mdy bién dp Y/Y véi mét phia trung tinh néi ddt.

Gia thiét phia so cdp c6 néi dat trung tinh, nhung do trung tinh thid cdp
khéng néi dat, tdng cdc dong pha phia thit cdp bang khéng, suy ra dong thd tu
khéong trong cuén thd cdp bang khéng. Do d6, dong thi tu khéng trong cudn so
cdp ciing biing khéng. Néi cdch khéc, néu mot phia trung tinh mdy bién dp khong
ndi dat, dong thit tu khong khong thé chay qua hai cudén day cia hai phia. Diéu
nay c6 nghia 1a hodc Z; hodc Zg — = tuy vao phia ndo trung tinh khong néi dat. Va
mach thit tu khéng ctia mdy bién ap dugc biéu dién 1a mdt mach hé nhu trong hinh
3.21b.

Trudng hop 3: Mdy bién ap ddu AA.
Téng vectd cda céc dién ap day bing khong & mbi ben cda bién 4p A-A & hinh
3.23, vaviviy Vup = Vas, = 0. Theo quy udc cuc tinh théng thudng dugc ky hiéu

cho c4ch ghép cudn day nhu hinh 3.23, ching ta duge:

. N, ..
Vg =y
hay: K V +VA.32 =—(Vbl + b2) . (372)

Viét lai cédc dién dp day theo dién dp pha nhu céng thic (3.69) trong phan
" phén tich mach ddu Y va A, ta dugc:
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N
VBV, £30° + 3V,g £~ 80° = F;(x/gVag1£30°+ V8V, £-30°)  (3.73)

Can bing cdc thanh phin déi xing tit cong thitc (3.73) nhu c4c phin trén, ta cé:

: N, & Ny
VAGl - N;Vagl y VAG2 = N Vag2 (374)

Hai céng thuc trén cho thdy rang, mach tuong duong thd ty thudn va thi tu
nghich cda bién 4p A - A, nhu da néi, hoan toan tuong tu mach tuong duong mot
pha trong tinh trang d6i xding. Bdi vi trong mot mach A khong c6 dudng trd vé
cho dong dién thit ty khong, nén sé khong ¢6 dong dién thit tu khong chay ra khoéi
cdc dau mit A & hai bén cla t8 néi A-A mac di dong thi tu khong chay quén trong
cudn diy A khép kin. Vi thé, I, =1, =0 6 hinh 3.23, va ching ta nhan dugc
mach tuong duong thi ty khong & hinh 3.21c bi hé mach c°;cé phia so 14n phia thu
mady bién 4p.

A IA"IA +IA1+IA2 .a=iao+ia1+i&2
+ a
N;:N, T
2 8
: /N Al &N
Bl ol - c
Ig=1Ip +1g,+ 15, __— I=I +I +Ic2
. Ie=Ic + I +1c, . Ib=Ibo+Ib1+Ibz.

b
Hinh 3.23: So d6 cudn ddy cia bién dp t6 néi A-A ba pha

Trudng hgp-4: Mdy bién dp Y/A véi trung tinh phia Y néi ddt.

Trudng hop pay tén tai dong thu tu khong chay trong ph1a s0 cap (Y) vi ¢
dong thit tu khong khép kin chdy trong cde cudn thd cdp mic A va c6 dudng din
xubng d4t cho,dong thyg tu khéng phia so cdp (Y). Chd ¥ ring dong tha tu khong
phia thd cdp khéng thé d1 ra cdc ddu cyc cda mach A. Vi ly do ds, I, =0 trong

hinh 3.24. Gid si rdng cuén day bién dp pha A phia ddu Y dugc inde tuong u’ng
v6i cudn ab phia d4u A (kiéu ddu Y/Al). Pién dp pha A ¢ phia Y ¢6 thé dugc viét:

VA VAG+VG _
AR N N, N,
hay: V, + VA1,+ Vs, = (Tv_;_vab +N1 Vs, +N ab2) +3ZG[Ao (3.75)

Can béng cdc thanh phan thi ty tuong dng, ta €6
. . N ,
Vi - 3Z¢] 1 V
4, 4 = N,

. N, . N ' f ,
Vy = F; Vo, = : J3 3 £30°xV, (3.76)
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VA2 = F;Vabz = —N—;~\/—3— Z"‘SOOXVOZ

L= + 1, + 1y,

=Ty + 15, +1p,

a

B - =
=T +I,+1,

_IE:,I"O * 151 ; Ibz

L, > . I,=0
— {1} f———e
éo{ 324
a)
N Ny
. . J3Ls300:1 | - . . 3L ,-30°:1 .
IA1 21 N2 Ia1 IAZ ZZ N2 132
] — —r —
eed |
+ +

S| 88 |5 2| 88 | |&F

Bién ap Iy tudng Bign ap Iy tudng
. b) , c)

' Hinh 3.25: Mach thu tu khong, thi tu thudn va thit tu nghich cho mdy bién dp ddu Y/ A
Phuong trinh (3.75) cho phép ching ta vé& mach thi ty khéng ¢ hinh 3.25a,
trong d6 Z, =Z +3Z; la téng tré tha ty khéng nhin tir phia ddu Y véi Z la téng

tré ro duge nhin tit phia ddu Y cia bién dp. Mach tuong duong cho ta mot dudng
dan dong dién thd tu khéng tir duong day phia ddu Y qua dién tré tuong dudng va
khang trd ro cia bién 4p dén nit géc. Mt doan mach hé ton tai gitta dudng day
va nit géc & bén phia A. Khi mot téng tré Z; duge ding dé€ ndi tit diém trung
tinh dén dat, thi mach tuong duong thd ty khéng phai c6 téng tré 3Zgndi tiép
© v6i dién tré tuong duong va khdng tré ro cla mdy bién dp noi tir dudng day phia
Y dén dat. ' .
Theo céng thic (3.76), ta c6 thé vé mach tuong duong thi ty thudn va thd tu
nghich cho ‘trudng hgp nay, luu y dong thd tu thudn va thd ty hghich hai phia
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léch pha nhau mét géc 30° (H.3.25 b,c): _

Trudng hep 5: Mdy bién dp ddu Y/A vdi trung tinh phia Y cdch ly.

Trudng hgp nay la trudng hgp dic biét cia truong hop 4 khi Zg—e. Do trung
tinh phia Y cdch ly v6i dat, nén khong tén tai dong thit tu khéng trong céc cudn
day phia so cdp (Y), va din dén khéng c6 dong thy tu khong trong may bién 4p.
Mach tuong duong thd tu khéng mdy bién 4p 12 mét mach hé nhu hinh 3.21e. Gid
st mdy bién 4p ddu Y/Al. - '

Chu ¥ rdng trong trudng hgp nay cé sy léch pha 30° giita cdc thanh phan déi
xling ctia dién 4p pha hai phia mdy bién 4p giong nhu trudng hop 4, va mach thd
ty thudn cung mach thd tu nghich cda trudng hgp nay cing tuong tu nhu cda
truong hop 4 trén. ‘

v, = % s, = % J3 £30°% V), (3.77)
2 .

. N1 . N1 o .

Va, = ' Vo, = N J§ £-30°x V,, (3.78)

2- May bién ap ba cuén day

Hinh 3.26: Mdy bién dp ba cuén ddy va mach
tuong duong thit ty thugn(nghich) ciia tuong ung
Néu tong tré do tir héa cla mdy bién 4p duge bé qua, mach tuong duong tha
tu thudn va thit ty nghich cda mét mdy bién 4p ba cudn day c6 thé dugc biéu dién
bdi tdng trd hinh Y gém ba téng trd riéng ré, nhu trén hinh 3.26. Trong d6, C, Tr,
va H lan lugt 14 cdc cudn day phia cao, phia trung, va cuén ha (cudn ha thudng

duge méc hinh A). Cé mot cdch goi tén khédc cho ba cuén diy 1a cuén so cap (P).

(phia cao thé), cudn thit (S) va cujn thit ba (Q). Téng trd cia mbi nhanh hinh Y c6

thé dugc xdc dinh ti cdc tng tré ngdn mach (ba pha) Zer, Zy, va Zyc gitta hai

cudn day bat ky khi cho cudn con lai hé mach.
Téng tré tuong duong méi nhanh:

7. Zog, + Zey ~Zry
. = v
‘ 2
Zr, - Zor + Z;”H = Zcn (3.79)
A - Z.C-H‘ + ZTr-H - ZC-Tt
H = 2

Chd ¥ rdng cdc cong thic trén duge ding trong hé don vi tuong d6i, khi muén
viét trong hé don vi c6 tén, ta phai quy ddi cde tong tré ngin mach vé mét cap
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dién 4p, khi dé c4c gid tri tdng trd nhénh c6 dugc s& 1a gia tri biéu kién trong cap
dién dp d6. Thong thudng sé c¢6 mot tong tré nhanh nhan gid tri 4m bé.

i | c’ Zg Zyy T
—
I | 7
H
g ! "
Tr
|
|
]
c)
|
Tr
I
|
|
d)
| c Zc Zy, Tr
| —e —e
> .
! S Tr " —
ct !
| v |
| : -
e) w - Nut géc (dat)

Hinh 3.27: Cdc dang mdy bién dp ba cudn ddy
va niqch thi tu khéng tuong ung clia ching
a) Mdy bién dp ddu Y/Y/A véi hai trung tinh cia hai cuon Y déu néi dét
b) Mdy bién dp ddu Y/Y/A vdi mét cupn Y néi dat trung tinh
¢) Mdy bién dp ddu Y/Y/A khong cé trung tinh nao noi ddt
d) Mdy bién dp ddu Y/A/A véi trung tinh cuén Y néi ddt
e) Mdy bién dp ddu Y/A/A véi trung tinh cuén Y khong néi dat.
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Gidng nhu trudng hgp mdy bién 4p hai cudn day, dong thd tu khong chi cé
thé chdy trong cdc cuén didy mdy bién dp ba cuén day khi mdy bién 4p hinh
thanh mach vong kin cho dong dién thd tu khéng chdy vé trung tinh hé thong,
nghia 1a c¢6 it nhat mét cudn day néi hinh Y c¢é trung tinh néi dat. Ngoai ra, doi
héi sdc tir ddng phdi cin bing gilta cdc cudn ddy mdy bién 4p, nghia 1a khong ton
tai tinh trang chi ¢6 mot cuén day cé dong thid tu khong. Nhu vay, dua theo quy
luat ton tai clia dong thid ty khong trong cdc mach tuong duong thd tu khong da
x4y dung cho mdy bién dp hai cudn diy, ta c6 thé suy ra cdc mach tuong duong
thd tu khong cho cdc loai mdy bién 4p ba cuén day nhu trong hinh 3.27.

3- May bién ap tw ngéu

May bién dp tu nglu dugc biéu dién bdi mét cudn day, cé6 mét phan chung cho
cd phia dién dp cao va phia dién dp thédp, nhu trén hinh 3.28a. Goi cudén “chung”
12 phén cuén day ndm giita cdc dau cue, mach phia dién 4p thap. Phén con lai cia
cudn day, chi cua riéng phia dién dp cao, dugc goi 1a cudn “néi tiép”. K&t hop cudn
“chung” va cudn “ndi ti€p” sé tao nén cudn “chung-ndi tiép” giita cdc ddu cuc mach
phia dién 4p cao.

B R R i @)

b)

Hinh 3.28: Mach biéu dién mdy bién dp tu ngdu

M4y bién 4p ty nglu ba pha théng thudng c6 cdc cudn day chinh d4u hinh Y,
v6i trung tinh thudng duge ndi dat truc tiép. Ngoai ra, c6 mét cuén thit ba cach ly
duge dau hinh A, nhu hinh 3.28b. Khi d6, cuén ddy ndm giita cdc ddu cue phia cao
ap (dién 4p cao) dugc goi 14 cuén cao C. Cudn chung k&t hgp v6i cdc nhanh ré néi
vao dau cyc phia trung 4p (dién dp thdp) goi 14 cudn trung Tr, va cudn cdch ly con
lai goi la cufn ha H.

- Mach thd tu thuan, thyd tu nghich

Mach th ty thudn, thit ty nghich, cia mdy b1en 4p tu nglu ba pha thi tuong
tu nhu mdy bién 4p hai hay ba cudn day Mach tuong duong thit tu thuin, tha tu

nghlch hinh Y cda mdy bién 4p tu ngdu ba cudén ddy nhan duge trén hinh 3.29a
giong nhu trudng hop méy bién ap ba cudn day.
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Goi Zory s Loy, Zpey 14n lugt 13 téng tré ngdn mach gidta cun-C va cuén
Tr, gitta cudn C va cudn H, va gitta cuén Tr va cudn H, ZC, ZTr, ZH 1an lugt 1a céc

. t6ng tré nhénh trong mach tuong duong hinh Y thyd tu thuin va thd tu nghich cda
médy bién dp tu nglu Ung vdi cdc dau cyc cao 4p, trung dp, ha dp. Khi dé, tuong tu
nhu d6i v6i mdy bién 4p ba cudén day , ta ciing ¢6 cdc cong thic sau:

7. = Zone + Zop — Znen
o

2
) 7 v T o— 7 :
T, = 2CIr 2Tr-H C-H | (3.80)
7o ZC-H + ZTr-H —ZC-Tr
H 2

Khi cudén thi ba khong tdi, diém H trong hinh 3.29a sé bi hé mach, va trong
mach thi tu thuan va tha ty nghich, téng tré ngdn mach cia méy bién &p sé trd
thanh ZC + ZTr = ZC_Tr, tuong ‘ty nhu mach tudng duong thd tu thudn va tha tu
nghich clia may bién dp hai cudn day, véi téng trd do tit héa duge bé qua.

Mach thi tu khéong |

‘Trung tinh cdc cuén ddy ddu hinh Y néi ddt qua Z,

Khi xédc dinh mach tuong duong thi tu khéng cho méy bién 4p tu ngiu ba
cudn day , cin chd y dén tdng tré Z, ndi giita trung tinh phia céc cudn day chinh
d&u hinh Y va dat. Ngoai ra, do cudén ha ddu hinh A, nén trong mach thd tu khéng
hinh Y cua may bién 4p tu ngiu, nhanh téng tré tuong Ung véi cudn ha sé ndi véi
d4t thay vi néi vao cdc dau cuc phia ha thé, Bay gid, trong mach thid tu khéng,
thay vi dung cdc ky hiéu Z¢, Zr, va Zy, ta sé dung Z,, Z,, va Z, thay thé tuong
Gng nhu trén hinh 3.29b. Cdc gia tri méi nay lién hé vdi cac gid tri Z¢, Zr, Zy va

Z, theo cdc cong thic sau: :
N

Z ZT, +3Zg N+ 1)
Zy =ZC —3ng—1—) (381)
Zz ’:ZH +3Zg—(m

¢ day N la ty s6 vbng day giita cudn noi ti€p va cudén chung.

Né&u trung tinh ndi dat truc tiép, Z; = 0, va mach tuong duong thit tu khong
hoan toan tuong tu nhu mach' tuong duong thd ty thuén, chi khéce la téng trd
tuong duong cudn tam gidc ZH sé& néi voi dat thay vi ndi véi dau cuc phia ha thé..
Hinh 3.29b biéu dién mach tuong duong thit tu khong cda méy bién 4p tu ngiu ba
cudn day c6 trung t1nh néi dat. Trong d6, dong Icp va Iz 12 cdc dong dién thu tu
khéng dugc tinh todn & phia cao va trung 4p. Su sai biét gita hai dong nay trong
hé don vi c6 tén la dong dién trong cudn chung. Dong chay trén day ndi gida
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trung tinh hinh Y va d4t 16n gdp 3 1an dong cujn chung.

Trung tinh cdc cuén ddy ddu Y khéng néi ddt

Néu trung tinh cdc cuén day ddu Y khéng néi dat, Z, = < va cdc tdng trd
nhanh cia mach tuong duong thi tu khong hinh Y ciing s& vé cung 16n, bdi vi rs
rang khong c6 mdt duong dan cho dong thi ty khong chay giita cdc cudn day, mic
du ton tai moét mach vat 1y khép kin va su can bing sic tit dong vin c¢6 thé nhan
dugc. Mach tuong duong thd ty khong ding din trong trudng hop nay 1a mot
mach A nhu trén hinh 3.29¢, va gid tri tdng tré cdc nhdnh clda né duge xdc dinh
tryc ti€p tit mach thyc. Phuong phdp ddi héi ba phuong trinh tuong dng véi ba
diéu kién van hanh da cho. Giai cdc phuong trinh nay cho ching ta mdi quan hé
gilta cdc tong trd nhdnh A tuong duong va téng tré ngdn mach ‘gitta cuén néi tidp
va cudn ha, Z,, 5.

2
ZCTr = Znt—H(lz_i\_’*]v); ZCH = Znt—H _(__1_;]%5; ZTrH = _Znt—HN (3.82)

Véi mach tuong duong hinh A thay thé cho mach tuong duong hinh Y trong
‘mach tuong duong thi tu khéng mdy bién &p ty nglu, méy bién dp c6 thé két hop
v6i cdc tong tré hé thong khéc d€ nhan duge mang thi tu khong hé théong.

. . i _ ;

Tr IT( ZT! ZC IC c Tr IT’o Zx Z ICQ ZCTr ITro Tr

Z,

a) Nut dién thé khang Nt dién thé khong
b) . c)
Hinh 3.29: Cdc mach thu tu mdy bién dp tu ngéu
a) Mach thi ty thugn va thi tu nghich
b) Mach thu ty khong khi trung tinh cdc cuén dday déu Y néi ddt
¢) Mach thu ty khong khi trung tinh cde cuén ddy ddu Y khong néi ddt
3.2.4 Mach th ty ciia dudng day truyén tai ba pha

1- Hiéu iwng hé cam _

Khi xiy dung mé hinh tinh todn cho dudng day, chung ta cdn luu y hién
tugng cdm Ung gida cdc day din (h3 cam). ‘

Hién tugng hé cdm cta nhing dudng day xdy ra khi ching mang dong dién
va ddt song song véi mét khodng cdach nhat dinh. Cdc day d4n c6 dong dién sé tao
ra<ti théng va méc vong qua céc diy din song song khéc, do d6 sé& tao nén mot
dién 4p trén ching. Ching ta cé thé viét phuong trinh co bdn cla tir thong méc
vong theo 1y thuyét trudng, dnh hudng cia day din 2 do dong dién trong day dan
1 gay ra nhu sau: , S ,

Aoy = SBAdsz >0 Wblvong (3.83)
B c2 o '
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trong d6: A - trudng thé vecto = H—ZAJldSI, Wb/m
: T Jr

ds, - vi phén chiéu dai doc theo dudng day 1
ds, - vi phan chiéu dai doc theo dudng day 2
r - ban kinh cia day ddn; u,- d tir tham.

Tit biéu thic tir théng méc vong tuong hd trén, ta cé thé viét duge cong thic
tinh hé cam gita hai dudng day nhu sau:

M=t @ (3.84)
I,

Pé thuan tién khi xem xét hd cdm gidia hai ddy ddn mang dién, ta xem ching
nhu 13 mét méy bién 4p 16i khéng khi va chi ¢6 mdt vong day nhu hinh 3.30.
Dong dién c6 chidu duge xdc dinh theo cdc dau cyc tinh duge ddnh d4u trén moi
day va céc dau cyc tinh nay sé xdc dinh chiéu cua dong dién chay bén trong
chiing. N&u ta dat hai ddu a, @’ mét dién ap Vi 6 chiéu nhu trong hinh 3.30, thi
dong dién trong doan a-a’ sé co chiéu tir a dén a’, dong dién nay sé tao ra tur
thong ®,, (tif thong méc vong day b do dong dién I,) c6 chiéu nhu trén hinh vé.

Theo dinh luat Lenz, ti thong @, sé tao nén mot dong dién cam tng I, c6 chiéu
tit b’ dén b trong doan day b’-b, dong dién I, nay sé tao nén tu théng &, ngugc
chiéu véi ti thong @y,

e

— @,
a Ia b b
Hinh 3.30:So dé mdy bién dp 16i khong khi Hinh 3.31
tuong duong vdi tuong hé gita hai ddy dén So dé hai duong ddy c6 hé cdm

Chung ta c6 thé thé hién hinh e 3.30 béng mach dién ¢ hinh 3 31 va bleu
thitc quan hé gitta dong dién va dién 4p trén hinh 3.30 nhu sau:

- ' » I . : ]
Yaa = ?a Z.m 2 - _ (3.85)
Vo | | Zm Zo L1 '

trong dé: V,,. - dién 4p gita hai diu a-a’; V,, - dién dp gitta hai déiu_ b-b’
I - dong dién chay trén doan day a-a’; i - dong dién chay trén doan day b-b’
Z, - tong tré tu than cia doan day a-a’; Z, - tong tré tu than cia doan day b-b’

Z, - tong tré do h3 cim ciia hai diy dan a-a’ va b-b’.
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2- Tong tré cac mang thit tu cho duong day truyén tai don trén khong
déy ba pha

Chiing ta xem xét hinh 3.32, bidu dién mét doan dudng day truyén tdi dién
trén khéng ba pha c6 day trung tinh. Ching ta s& khio sat dudng day lic lam
viéc binh thudng d6i xing va sé& chuyén sang khong can bing lic xdy ra bat déi
xing. Puong day truyén tdi thuc t& khéng hoan toan can béng nhung dnh hudng
cia khong d6i xing thudng nhé, nhat 1a khi dudng day cé chuyén vi.

a I, Z , §

aa a
- L.

+ — +

Zag b’
= e T
+ \ +
: i an Zbc an
\Y, ¢ Zaa '
an c —— C Va'n'

Vin * * V
b b'n'
| Vel en Ve
I Zon

n
—_ — — — | e T — — —
. n — n'

Hinh 3.32: Puong ddy truyén tdi ba p/ia trén khéng cé ddy trung tinh
Méi pha c6 tong tré tu than 1a Z,,, téng trd ty than cia day trung tinh 13 Z,,.
Khi dong I, I,, I, trén méi pha khéng can bang, ddy trung tinh sé mang
dong dién. Do hiéu dng-hé cdm dong dién chay trén bat cg pha nao déu tao dién

th& cdm dng 1én cdc dong pha lan can va lén day trung tinh. Tuong tu dong trén
day trung tinh Iy sé tao dién thé cim tng 1&n cic day pha.

Gia sd ho cdm giita ba day pha la d6i xing va gita hai day pha bat ky cé téng

tré tuong hé 1a Z,, (Zay = Zy, = Z.,). Tuong tuy, tong tré tuong hé gita day trung
tinh va méi day phalaZz,, (Z,,=2,, = Z.,).

Tu hinh 3.32 va dp dung dinh luat Kirchhoff vé dién 4p, ta c6:
Van = Zaaja + Z-ab(jb + I'C) + Z I + V (Z’l’l n + Zan (j + i]l + j ))

an n a'n’
v, =Zaaib+Z';b(l'a+l'c)benIn+Vb.n.—Z,m Io+Zg, (I +1,+1) (3.86)
| Vcn :Zaajc +Zab(jb +ia)+zcnjn + Vc‘n' ~Znn_In +Zan(lu +'Ib +Ic)

D6 sut 4ap trén doan duﬁﬁg day la: :

Vo =V =2y = Z, )1, +(Zab—Zan)(ib+i )+(Z,, Z,m)l

Vn Vbn =Zp = Z, )1 +(Zab Z ), ; )+(Z(m—Z,m)I,, : (3.87)
Ver = Ve = Gog = Zo )+ (Zoy ~ 2, ) + 1)+ (2, -Z )i |

Dong trén day trung tmh la téng ba dong pha nhung ngugc Chlell nén ta cé:
' I, =0, +I,+1)
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Thé vao cdc cong thic (3.87) ta duge

Van —Va'n‘ = (Zaa + Znn _zzan)ja +(Zab +Znn an)(lb + I )
Vbn _Vb'n' = (Zaa +Znn —2Zan )Ib +(Zab +Znn —2Zan)(la + [c) ‘ (3.88)

VoV =(Z v 2, 27 (BB 0 L4 1)
Cong thic (3.88) trén cho thdy ring su hién dién cia day trung tinh d4 thay
déi téng trd tu than va tdng tré tuong hd cia cdc day pha thanh céc gid tri sau:
Zs = Zaa + Znn - 2Z.an

Zy = Loy + g~ 2 (3.89)
Viét lai cdc cong thic (3.88) dudi dang ma tran:
Vaa | | Vi =V Z, Z Z [
Vi || Von = Vo | =| Zo (3.90)
Veer | [ Veu = Ve Al

v6i V.., Vi, Ve 12 @6 sut dp trén cdc day pha,

Do céng thie (3.90) khong chita dong ddy trung tinh nén Z; va Z,,l c¢6 thé duoc
xem nhu 1a théng so riéng cdc ddy pha, ma khéng cé lién quan nao véi day vé
trung tinh. o

Tuong tu nhu phén tai tong trd, c6 thé viét cong thic (3.90) dudi dang cac
thanh phan d6i xdng véi pha chuan l1a pha a:

aa o . . . as

Vaa'o ZS _ZIII 0 0 Zm m Zm ag |
[A] Vaal = 0 ZS—ZIII 0 + Zm .m Z.m’ [A] Ia1 (3.91)
Vaa’2 U 0 Z.S"Z.m Zm Z.m Zm | 1(12
11 1 |
véi:  [A]=]1 @ @
|1 a a?
Thyc hién phép nhan [A] ' véi (3.91) ta duge:
Ve, | [- 100 111 1o, '
Ve, |=[AT (25 -2,,)|0 1 0|+Z,|1 1 1¢[A]l ], (3.92)
V| | 001 111 i,
' 'Thl:l’c hién_céc phép tinh ma tran phuong trinh (3.92):
(Voo | Tz, 422, 0 0 V|| o
) Vaa'l = | O . Zs—"Zm 0 . jal ‘ o (393)
V ' ’ 0 O Zs _Zrh I ‘
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Nhu vay, ta c6 cdc tong trd thi tu cda dudng day nhu sau:
Zy=2,+22, =2, +22,+32, -67_
Zl =ZZ =Zs _Zm =Zaa _Zab
Tu cong thdce (3.93) va (3.94) cdc thanh phéan thit tu cia d6 sut dp giita hai
dau doan day c6 thé duge viét thanh ba phuong trinh don gidn sau:

(3.94)

.Vaa'o = Vano - Va'n'o = Zojao
Vaa'l = Vanl _Va‘n'l =lea1 (3'95)
Vau'2 = VanQ - Va'n'2 = Z2ja2

Theo m6 hinh dudng diy ngdn ba pha hoan toan déi xing nhu hinh 3.32, ta
thay rang, méi phuong trinh thd tu thuin, thd ty nghich va thua tu khéng déu
khong lién quan dén hai phuong trinh con lai, va cdc mach tha ty thuan, tha tur
nghich, thyd tu khéng tuong ing c¢6 thé duge vé doc lap khong cb tuong hé véi
nhau nhu hinh 3.33. Khong ké tinh don gidn cda mé hinh dudng day hinh 3.32, su
khdo sdt ¢ trén da cho thay cdc dic tinh quan trong cua céc téng trd thit tu c6 thé
dp dung cho nhiéu mé hinh dudng day phifc tap trong thuc té&. Chéng han, téng
tré thit tu thuan va téng tré thu tu nghich cia dudng day thi bing nhau va chung
khong phu thudc tong trd day trung tinh Z,, va Z,,. Hai gia tri Z, va Z,, chi
ton tai trong cong thic tinh téng trd tha tu khéng Z,, nhu cong thue (3.94). Noéi
cdch khdc, cdc thong s8 tong tré day trung tinh tré vé chi duge tinh dén trong gid
tri clia tong tré thu tu khong cia dudng day truyén tii ma khéng anh huéng dén
tong trdé thi tu thuan hay téng tré thi tu nghich.

Ia ZO
a- — a'
+ — +
. Va"° Va‘n'o
- = - _
a ay Z1
+ ==} 2
Van, Vi,
n n
a ap Z, .
+ o 1 +
Vang . Va'n'2
n n'

Hinh 3.33: Cdc mach thu tu cuu duong ddy truyén tdi trén khéng cé ddy trung tinh

Hau hét dudng day truyén tai c6 it nhat 1a hai dudng day phia trén cao goi la
cdc day dat (day chéng set): hai day nay duge néi dat ldp lai tai nhitng vi tri cdch
déu nhau doc theo chiéu dai duong day. Cdc day dat két hop v6i dudng trd vé
(dat) dé tao thanh mét day trung tinh c6 cdc théng s& tong tré, nhu la Z,, va Z,,,
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phu thudc vao dién trd dat. Pa so cdc tai liéu chuyén mén déu trinh bay, nhu
ching ta di ching minh 6 day, ring cdc thong s tong tré cua dudng trung tinh
tré vé déu duge tinh dén trong téng trd thd tu khéng cia dudng day. Bing céch
coi ddy trung tinh hé (3.33) nhu dudng tré vé d6i véi cdc thanh phan thd tu khong
cta cdc dong dién khong dsi xding va théng sé cla ddy trung tinh d4 gém trong
gid tri téng tré thd tu khéong, lic dé ching ta c6 thé xem dat nhu mét day dan ly
tuéng. Cdc dién thé trong hinh 3.34 dugc hiéu 1a so véi tham chi&u 1a dat ly tudng
va chiing ta ¢6 thé viét: '

Vi =V, Vi =21,

",
Voar, =Vor Vo, =211, - (3.96)
V ' =V(12 —Va-2 =sza2

aa'y

v6i cdce dién thé V,va V,. dugc tinh so'yéi dat ly tudng.

Khi xdy dung cdc céng thic dién cam va dién dung cia dudng day truyén tai
6 chuyén vi, ta gia thist ring dong dién ba pha cén bang va nhan dugc két qua
1a téng tré tht tu thuin bing téng tré thd tu nghich duong day. Khi chi c6 dong
thd ty khong chay trén dudng day truyén tai, dong dién trén mdbi pha la nhu
nhau. Dong dién tré vé qua dat, qua cdc ddy trén khong néi dat, hay cd hai. Bdi
vi dong thi tu khong giong nhau trén ca ba pha, nén ti trudng gay bdi dong tha
ty khong 16n hon nhiéu so véi ti trudng gdy bdi dong thd ty thudn hay tha tu
nghich, va do d6, khang tré thd tu khéng cia dudng day truyén tai trén khéng 16n
gdp 2 dén 3,5 1an khang tré thd ty thuan. Ty s6 nay c6 thé cao hon d6i véi dusng
day 16 kép va dudng day khong cé-day chdng sét.
Vi du 3.6. Trén hinh 3.32 cho cédc gid tri dién 4p dau cuc vé hai ph1a cia dudng
diy nhu sau:

V,, = 182,0 +j70,0 k¥’ V. =154,0 +j28,0 kV
V,, = 72,24 - j32,62 kV Vy.,. =44,24 - j74,62 kV
V. =-170,24 + j88,62 kV V.. =—-198,24 + j46,62 kV

Céc gia tri tdng tré dugc cho: '
Z _Jaog 2 =209 Z,, = i80Q; Z,, =j30 Q
Du’a vao cac gia tri da cho, xdc dinh cdc dong dién day I, I,, I. dung céc

thanh phan d01 xing. Giai lai khong dung cac thanh phan doi xing dé dsi chiéu

két qua.
Gii. Tinh todn cde tong tré tha tu: '
7 =7 +27, +3Z,, — 62, =60 +j40 + j240 - j180 = j160 Q

[ aa

Zy = Loy — Zgy, =60 =j20 = j40Q

Z,

1
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Céc thanh phan thi ty cla d6 sut 4p trén dudng day:
1%

o I A A . (182-154)+ j(70-28)
Vaay [FAT Vo =V |=A7Y| (72,24 -44,24) - j(32,62-74,62)
Vi, v, -V.. ~(170,24 -198,24) + j(88,62 - 46,62)
11 11280+ ,42,0] [28,0+ 42,0
=1 o® a ||28,0+42,0|= 0 3%
1 a q2]/28,0+,42,0 0 S

Thay cdc gid tri dién dp tinh dugc vao coéng thic (3.95), ta cé:

Vowr, = 28,0+ /42,0 = j1601,
Vea, = 0 = j40l,
Veer = 0 =j40f,

Tu day ta xdc dinh dugc cdc thanh phan thd tu cia dong dién pha a va céc
dong dién day nhu sau:
I, =2625-j175 A; 1, =1

[¢5)

=0
I, =1, =1 =2625-j175 A

Giai lai khong dung cdc thanh phan d6i xdng:

Tinh cdc tong tré tu than va tong tré hd cdm tuong duong 6 cong thic (3.88):
Zg = Zyy + Zyy ~ 22, =60 +i80 - j60 = j80 Q
Zy = 2oy + Zyy =22, = j20 + 380 - j60 = 540 O

Tinh cdc dong dién day theo (3.89) khong dung cdc thanh phan d6i xing:

V.. 1] [/80 jao jaol[l,
Vi | = (28+ j42)|1|=| ja0 j8o jao| i,
Voo | 1] |40 j40 ;8o j

I,| [j80 j40 ja0T'[28+j42] [1
=11, |=1j40 j80 j40| |28+ j42|=|1(262,5- j175)10%, kA
I J40 j40 j80| |28+ 42| |1

c

| —

Két qua tinh todn theo hai cdch hoan toan phu hgp véi nhau.
Xdc dinh téng tré thi ty duong déy don ba pha:
Tong trd thi ty cia mét day din cé dudng day vé 1a dat va téng tré tuong hd

gida hai diy dan song song c6 dudng vé dat chung duge tinh theo cong thic
Catson la: ' '
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ZS =R +0,000988f + j0,0029f10g&, (Q/km) (3.97)
. N
z, =0,000988f+jo,oo29flog%, (Q/hm) (3.98)

vdi: R - dién tré day dan, (Q/km)
R,; - ban kinh trung binh hinh hoc ctia mét day ddn don
D - khodng cich giita hai day song song; f = 50Hz - tdn s& hé théng;

D, = 216\/% véi p - dién trg dat (Q/cm®) 1a khoang cach tuong duong ddy dan
v6i dat 1a ham sé cda dién tré dat va tdn sé.

Gia tri p c6 thé tham khdo ¢ bang 3.1.

Bang 3.1: Dién tré ddt

Tinh trang dat p(m) '

Nudc bién 0,01 -1,0

D4t 4m 10 - 100

pat dam via 100

DAt kho 1000 .
Dt da 107 "
Cat, sdi 10°

Tf;n‘g tré thi ty cua dudng day mach don ba pha d6i xiing dugc tinh theo (3.94):
Zy=ly=Zg-Z, Z,=Zg+2Z, (3.100)
Thay phuong trinh (3.97) va (3.98) vao (3.100), ta dugc:

. D
7, =Zy = R+ j0,0145f log =<
, Ttd

. D D
7, =R+0,148+ j0,434log—% = R + 0,148 + j0,434 log =<
v - 3¥D2 Td

véi ry =¥D} labsn kinh trung binh hinh hoc ciia mét nhém day dan.

Né&u dusng day ba pha khéng d6i xing, dé a
dam bao tinh d6i xing duong ddy nguoi ta sé&
chuyén vi vi tri cdc pha trén mdi 1/3 chidu dai
dudng day. Néu goi Dy — Dy — Do 12 khodng cdch
gilta cac ph‘a thi D cda cd mot duong day chinh la
khodng cdch trung binh hinh hoc gida cdc day Dpe
dan cta dudng diy ba pha: ‘ . Hinh 3-34\ )

D, =¥D,, D, D, Bé& tri ba pha duong ddy

.Dca




128 ‘ __CHUONG 3

3- Tinh toan hé cam trén duong day mét pha khi cé s cé

Xem xét hé théng mét pha don gidn nhu hinh 3.35, khi ¢6 dong sy cd chay
trén day din a, ching ta tinh todn gid tri dién dp dat trén day didn b. DAy a va b
¢6 chung dudng tré vé dat.

>

S

Hinh 3.35: H6 cdm ciia hai duong ddy mot pha song song
Biéu thuc dién 4p cdm dng trén dudng b do dong dién chay trén duong day a:
V ZlilI

v6i: V, - dién thé do hé cdm doc theo chiéu dai dudng day b
Z,, - téng tré hé cdm giita hai dudng day. Zm duge tinh nhu sau:

Véi dign tré suat p = 100 Q.m va tan so hé thong dién 14 50Hz, ta cé:
. .
Z,, =0,0592 + j0,145010g—9£, Qlkm
ab(m) ‘

Néu khoang cach gitta hai day dan la 20m (D,, = 20m):
Z = 0,0592 + j0,24, Ykm

Nhu vay, dng vdi khodng cdch 20m gita hai diy a va b, dong dién 1000A trén
day a sé giy ra phan bd thé tuong Ung trén day b la 250V/km. Viy dién ap cam
ang trén chiéu dai 200km cha day b s& 1a 50 £V.

4- Anh hudng ctia h cam thit tw khong trén duomg day ba pha phitc tap

- D61 v6i cdc loai dudng day ba pha song song hay dudng ddy ba pha don c6-
day chéng sét, do 4nh huéng ctia hd cdm gitta cdc dudng day véi nhau,.nén cdc
tdng tré thd ty cia mdi dudng diy sé khong giong nhu khi ching vdn hanh déc
1ap. Trén thuc t&, hd cdm trong hé théng thi tu thuin va thd tu nghich tuong d6i
nhé va c6 thé bd qua khi xem xét cho bio vé thong thudng. Téng tré hé cdm thi
tu thuan va thi tu nghich nhé hen 5% so v6i tdng trd tu than d6i véi du’o’ng day :
khong chuyen vi va nhé hon 3% d6i véi dudng day ¢6 chuyén vi.

Quan sat hinh 38.36 c¢6 hai dudng day ba pha song song, dong dlen tha tu
khong trén cd ba pha la nhu nhau, va do d6, hiéu dng tuong hé gay bdi ba day
pha sé ting gdp ba lan so v6i khi né duge gay ra béi mot day pha. Trong trudng
hgp nay, ba diy pha clia méi mot dudng day song song c6 thé duge thay th& béi
mot dady dan don. Khi d6, tuong hé gida cdc dudng day va guXa dudng day véi day
chong sét sé dugc quy vé mo hinh méot pha da khao sat.



Su ¢0 BAT BOI XUNG . 129

~
[

Ia
| o
OB \ /
- v, va
— T

Fry

i .
— —
.

Hinh 3.36: H6 cdm thu tu khéng gia hai duong ddy ba pha song song
Dién th& cdm Gng trén dudng day b hinh 3.36 bing ba lan cia hinh 3.35:
V, =81, Z,
2 ~ 2, x o y, Vb
Do d6, tong trd ho cdm thi ty khéng: Zy, = 7 > =32, (3.101)

)

v6i Z,, 1a gid tri tong tré hd cadm giita hai day din song song trong trudng hop mét pha da
" khao s4t.

Téng tré hd cdm tht tu khong cé thé dat dén 70% tong trd thd ty khéng
dudng day khi cdc dudng day song song dugc mic cung cot.

Dé tinh todn chinh xdc Z u, Phéi xem xét khodng cdch thuc té gilta cdc day
din cta duong day da mach va dac tinh cda ching, s6 lugng va vi tri néi d4t cia
day chéng sét. Ching han, d6i v6i hai dusng day song song 380 kV c6 day chong
sét hinh 3.37, biing chuong trinh do dac va tinh todn ddc biét, ngudi ta-dd dua ra
dugc mot s6 két qué trong bang 3.2.

B

3
C B C B NS
[Ts)
3
[«:]
E m
- <
Q
20m “

/vf//‘/////‘//////_/////' ////////// /777 .
‘Hinh 3.37: Hai duong ddy song song 380 kV.
Day dén pha - 4x240 mm? ACSR; Day ddt - 240 mm? ACSR



130 ! CHUONG 3

Bang 3.2: Cdc gid tri tong tré cia hai duong ddy song song

Bién tré aat Dién tré dat
100 Qm 1000 Qm

Téng trd thir ty thuan (Q/km) 0,032+i0,303 0,032+0,303
T8ng trd thit ty khong (Q/km) 0,202+j0,88 0,236+i0,96
Dung khéng thy ty thuan (nF/km) 12,42 . 12,42
Dung khang thi ty khong (nF/km) : 7,95 7,95
Tdng trd-hd tuong thi ty khong (Q/km) 0,169+j0,523 0,202+j0,599
T8ng trd hd tuong thi ty thuan (nghich) (Q/km) 0,01-0,019 -0,01-j0,019
Dung khang hd tuang tha ty thuan (nF/km) 0,76 0,76
Dung khang h& tuong thit ty khéng (nF/km) , 3 3

Nhu vay, d6i véi cdc loai dudng day ba pha phuc tap, tdng trd thid tu thuin va
thd tu nghich cia méi dudng day coi nhu khéng d6i va bing véi gia tri lic van -
hanh don. Nhung téng trd thi tu khong thi cAn phdi thay ddi do 4nh hudng cla
'hd cdm thi tu khong. ‘

Do d6 can phai khdo sat va xdy dyng cdc mach thd tu khong cho cdc loai
dudng day phuc tap, nhu dudng day 16 kép, dudng ddy don c¢6 day chéng sét v.v...
khi c6 va khong cé su c¢6 xdy ra trén dudng day.

' 5- So do thit ty khéng cua cac logi duong déy (moé hinh cho duong ddy ngdn)

C6 thé chia hai dudng diy song song thanh ba loai: hai dudng day song song
khong c¢6 chung thanh céi (hay tram ndi) nao, hai dudng day song song c6é chung
mot thanh cdi (hay tram ndi) ¢ mét ddu duong diy va hai dudng day song song cé
chung hai thanh cdi (hay tram néi) ¢ hai ddu duong day. Trudng hgp don gidn
nhat va dé tinh todn bdo vé nh4t 1a trudng hgp hai dudng day c6é chung hai thanh
cai hay dudng day 16 kép. Ngoai ra, trong mdi trudng hgp, cdn xem xét 4nh hudng
cia diy chéng sét.

a) Hai dudng ddy song song khéng cé chung thanh c4i nao
Vi tri sy ¢6 xdy ra khéng ndm trén duong day:
1 2

\ Ixo ZIo ' /”
—— .
)
+ IIIO +
4 Zu, 4 -
+ +
Vs o Va
! = Nut goc (dat) -

Hinh 3.38: Mang tuong dwong thit ty khéng hai duong déy song séng '

khéng cé chung thanh cdi
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Hinh 3.38 biéu dién hai dudng day song song khéng cé chung thanh céi nao.
Ta viét phuong trinh d¢ sut 4p thd tu khéng trén méi dusng day nhu sau:
‘.,12 =onZIo +jIIoZMD; V34 =jIIoZIIo +onZMo (3.102)
Bign ddi cdc phuong trinh (3.102) bing cich cong vao v& phai phuong trinh
thit nhat bidu thac 1 IOZIIO - I IOZMa va cong vao vé phai phuong trinh thit hai
biéu thac T 1, Z M, = I 1, Z M, ta nhén dudc cdc phuong trinh:
Vag = Iy (Zy - Zy )+ U + Iy )2y, (3.103)

Vé6i hai phuong trinh trén, mach hai dudng ddy song song c6 ho cdm khéng c6
chung thanh cdi ¢6 thé tuong duong v6i mach md hinh vat 1y nhu trén hinh 3.39,
trong d6 mot mdy bién 4p ly tudng 1:1 duge dung dé dua vao méi dudng day mot
do sut 4p giong nhau giy béi téng tré hd cdm. Dp dong dién chay vao téng trd hd
cdm la tdng hai dong day nén tdng trd tu than thd tu khong cia mdi dudng day
phai dugc bién d6i cho phd hgp nhu hinh 3.39.

-

Nut gbc (dt)

Hinh 3.39: Mach tuong duong vdt ly déi véi hai duong ddy song song
' khong chung thanh cdi

Ngudi ta cung da xay dung mt mach tuong duong khéc cho trudng hgp nay
ma khong phai dung dén mdy. bién 4p ly tudng 1:1. Tuy nhién, day lai 12 mét
mach ¢6 chia cdc téng trd khong phai la téng tré thuc va c6 s dd kha phidc tap
gém nhiing nhanh chéo. Mach tuong dudng nay duge xay dung theo cdc phuong
trinh va ma tran tdng dan:

Viét lai cong thifc (3.102) theo cdc dong dign, ta duge:
1| ;.szl 1 | Zn, 2w, |:V1 'Vz}
AR B == 1 H . . (3.104)
Vs - det[Z] “Zy, 4, |[V3-V4

I ]
. |=12]

Iy,

zZ, Z
& day [z]=[ Lo M]

Zy ZH,,
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Coi mach hai dudng day song song trén nhu mét mang bon clia, ta c6 thé viét
phuong trinh cho mach nhu sau:

[ I 111 1, ZH,, _ZIIO "ZMO ZMO ’Vl ]
{2 = —.II" - L —Z."" Z."" Z.M" -—Z.M" ‘:’2 (3.105)
I Iy det[Z] 2y, Zy, Z;, -Z; ||Vs '

L_I‘i—__ L""jﬂ' ' Z!Vf —ZMO -—Z.Io ZIO _v_V4_‘

et I, IZ, [3, 14 14n lugt 14 cac dong dién chay vao cde nit @, @, @, va @ trén hinh 3. 38.

Tu céc gia tri tdng trd tinh todn duqc t ma tran téng dan trong cong thuc
(8.105) trén, ngudi ta da biéu dién duge mach tuong duong bén cira cho trudng hop
nay nhu hinh 3.40, trong d6 cédc gid tri téng tré Z,, Z 1> ZM ~dugc tinh nhu sau:

. 7% Z,Z, -7}
Zz -7, - My 1,21, ~ 2,
ZII Zy,
72 2,2y -72
Iy=2y, -5 =— (3.106)
I 2% ,
Z ZIOZIIO Z ZIIDZIO —212\40
M= Z M, T Z :
M, M

=1 Nut géc dat

Hinh 3.40: Mang tuong duong bén cia cia truong hop hai dzzc‘mg ddy song song
khéng c6 chung thanh cdi (tram nét)

Trong cic cong thdc (3. 106), néu cho Zy —>O Zy, -0, ta dugec Z; —,
Zy —oo, VA ZM_;_ZM Mait khae, khi Z, -0, ZH —0 thi mach tuong du’dng’

hinh 3.40 chi con biéu dién m4y bién 4p ly tudng 1:1. Nhu vay, ta c6 thé biéu dién -
méy bién 4p ly tudng bdi mach trén hinh 3.41. Mach hinh 3.41a chinh la mach
hinh 3.40 da thay d6i cdc gid tri tdng trd cho phu hgp véi viéc ndi tdt tong trd.

Zy va Z 11, - Néu thém Z [, va Z 1, tré lai ta dugc mang tuong duong hinh 3. 41b. |
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Nat gdc ddt NGt gdc dat

Hinh 3.41: Mach tuong duong don gidn héa
Vi tri si¢c c6 ndm trén mét duong ddy:
Mach biéu dién tinh trang nay dugc vé trén hinh 3.42a. 0] day, h 1a ty sb gilta

khodng cédch tir mot dau du’o‘ng day (nidt @) dén vi tri sy ¢ N so véi chleu dai
dudng day.

Dua theo su phan tich va mang tuong duong trén hinh 3.40, ngudi ta biéu
didn mach tuong duong thd tu khéng cho trudng hgp cé sy ¢6 xdy ra trén mot
dudng day cda hai dudng day song song khong cing chung thanh cdi (tram néi)
nhu hinh 3.42b.

[
on

™1 [ o |
l-——.—l' l_—l_
) hz,, ] (1-h)Z,
hZy, (1-h)Zy,
3 4

b)

Hinh 3.42: chh tuong duong cé hai duong ddy song song
khi c6 su c6 trén duong ddy (k=1 - h)

b) Hai dudng day song song chi ¢6 chung mét thanh cai (tram néi)
Vi tri su ¢6 khéng ndm trén duong ddy:
Hinh 3.43a biéu dién mach hai dudng day song song cé chung mét thanh c4i.
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Duya theo cdc phuong trinh (3.103) cia trudng hgp hai dudng diy song song
khéng ¢6 chung thanh cat, 4p dung cho trudng hop nay, ta c6 duge mach tuong
duong cho hai dudng diy song song c6 chung mot thanh cdi duge vé ¢ hinh'3.43.

I, 7

o Zlo 2 : IIO ZIo ) ZMO 2
1 ™ el ey | °
io = ixxo+ ilo . Lo=TIy,+ Iy, ZMO
— ZMo > }—¢
1 . . 1 . .
L, Zn, 4 Ing  Zy,- 2w, 4
—— e et [ -
a) T g b) I *

Hinh 3.43: Mach tuong duong thu ty khong hai duong ddy song song
c6 chung mét thanh cdi (tram néi)

Vi tri su c6 ndm trén mét duong dgy:

Hinh 3.44 v& mach tuong duong véi dudng day song song chung mot dau khi
su ¢6 trén mot dudng day

I 5 .
Lo hZu, . (1-h)Zyy 2
- . . | I g | SR -
=T +]
—pa * .
—s . . hZy, (1-h)z,
Iy, hZy, (1-h)Zy,
— —1 —i °
d” ®4
¥4
a) h N
1

L, h(ZhZy) (1-h)(Zy,-hZy,)
1
| S|

In, hWZyhZy)  (1-h)(Zy hZy,)

— H—e 4
b) Nf | )2y,

Hinh 3.44: Mach tuong duong duong ddy song song chung mot ddu
c6 su cd trén mét duong ddy
¢) Hai duong day song song c¢6 chung mégt thanh cai va cing dﬁy chéng sét

Dang b6 tri va so do thay thé tuong duong cho 6 hinh 3.45.

72 72 . 77
P 5T _ > . ITO,. T = . IITO . s T _ . ITO IITO
vOl: Zlo —ZIo Z. ’ ZIID _ZIIO Z. ) ZMo —-ZMO —._..__ZT_.____
T, To To

Bing cach tach dudng day thanh hai phin ndm hai bén vi tri su c¢d, phan bén
trai tuong ty nhu hinh 3.44, phan bén phdi tuong ty nhu hinh 3.40, ta xay dung
duge mach tuong duong thd tu khong cho trudng hgp nay nhu é hinh 3.45.

]
:
2

I L e,

“etint

P B |

e 3

ok oines S NGk

B W S e SO
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‘Hinh 3.45: Mach tuong duong thi ty khong hai duong ddy song song
¢6 chung mot thanh cdi va ddy chéng sét

d) Hai dudng diy song song cung chung hal thanh cai ¢ hai dau du’dng day
(dudng day 16 kép)
Vi tri su c6 khong ndm trén duong ddy:

T hinh 3.38, néu ta néi nit O véi nit ®, nit @ véi nat @, ta sé c6 mach
biéu didn cho trudng hgp nay, duge vé trong hinh 3.46.

Ilo Zlo
—_— B e |
. . . SN
Io=1y, + I, .
= Z, —
IIIo leo
—_— T

Hinh 3.46: Mach biéu dién hai duong ddy 16 kép cd hé cdm
Viét lai hai phuong trinh (3.102) nhung thay Vs bdi Vig, ta c6 dugc hai
phUO’ng trinh mé ta mach hinh 3.46: ‘

V12—II ZI +III ZM > . V12=IIIOZIIO+IIOZMO (3107)
Tuong ty nhu phuong trinh (3.104), cac phuong trinh (3.107) dugc bién déi:

Vo=l (2, —Zy ) +Uy +I1)Z

2T Mo T T e Mo (3.108)
Vig =1y (Zy, -2y, )+, + 1)y,

Ti cac phuong trinh (3.108), ta c6 thé biéu dién tuong duong cho trudng hop
nay bdi mach thi tu khéng trén hinh 3.47.
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I, Zl,,'ZMo
1 Zoker o
- —r 3%
. .. 2
Iuo ZII(.,_ZM° b)
—__:—E——_—o

Hinh 3.47: Mach tuong duong thi ty khéng doi vdi truong hop
duong ddy 16 kép
. Tru hai phuong trinh (3.108) cho nhau vé& theo v&, ta dugc quan hé giia hai
dong dién day:

.. Zy ~Zy .
I, =i; S Y . (3.109)
(o] o ZIO _ZM
Zy - . 2y +Z,; ~2Z . 7, +Z, -2Z
=1, +I,, _I,, (1+——’——L)_ g, e e Mo f T Tl TTM, (g970)
, Zy —Zy, Z —Zy, Zy, ~Zy,
Zy —z' v
= b, =y +Ip ) Mo (3.111)
vThé’ (8.111) vao phUdng trinh ddu cia (3.108), ta dugc cong thic sau:
| (Zy -Zy N2 —Z’ )
‘/12—(11 +III )( H M Lo Mo +ZM )
Z, Zy -7 ‘
= (I, +p ) 2 Y ) | (3.112)
Z; +z,, ~22,,

Theo (3.112).hay td mach nhu hinh 3.46, ta ¢6 duge téng trd thd ty khong
tuong duong cho dudng day ba pha 16 kép (H.3.47b) la:
. Zy Z, -22
Ziship = 2 go—e | (3113
' Zy, +24p -22Zy, - .

Trudng hop hai dudng day giong nhau, Z I, = ZIIO = ZO, ta cé:
| Z,+Z M,
2

Vi tri sy c6 ndm trén mét duong déy va mdy cdt trén du’o’ng déy chua méd

Hinh 38.46 bi€u dién mang thit ty khéng hai dudng day’ song song khéng c6 su
c6. Néu ¢6 mot sy cd xdy ra trén mot trong hai dudng day, trong mang tuong
duang thi tu khong phdi tinh dén hd cdm gitta cdc doan dudng day & hai phia su
¢d, ching ta x4y dung mang tuong duong thd ty khéng cho trudng hgp nay theo
ting budc trén hinh 3.48. C4c mach tuong duong hinh 3.48 dugc x4y dung cho
tru’dng hgp chua mé bat ky may cét nao trén duong day dang khdo s4at. Hinh

Ziship = (3.114)
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3.48f bidu dién so dé mach tuong duong thd tu khong khi hai dudng day c6 téng
tré thi tu khong riéng giong nhau.

4 i (12, M2y 2ug) (02
1 1 : 2
hZM° h(Z“o-Z.Mo) (1'h)(ZI[°"ZM°.) } (1-h)ZMo
S <
a) b) Nf

= Zg
(1-h)Zy, 2
(1-h)hZaZg
—
yAC VAN
th +hZ,Zg (1-n)Zyy +(1-MZaZg : M) (MR
1 A+ZB : : ZA+ZB 2 1 2 2 2

—

(1- )hZAZBE

" Hinh 3.48: Mach tuong duong 10 kép khi cé sy cé trén mot duong ddy

Dong dlen phan bo trong trudng hgp nay nhu trén hinh 3 49.
(1-h)i,-hi,

TR | o2
iy i,

1 12
l i,

—
-

' Hinh 3.49: Phan b6 dong khi sy cd trén dudng day 16 kép
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Vi tri sy c6 ndm trén mét duimg déy va mot may cdt trén duong day cé su ¢6 da mé

bay la trudng hgp thudng xdy ra trong thuc t&, lic nay tinh trang mach
tuong ty nhu hinh 3.43, chi khdc 14 ¢6 hé s6 A tham gia vao trong so dé tuong
duong. Xay dung mach tuong duong tuong ty nhu & trudng hgp hinh 3.43, ta nhan
dugc mach tuong duong cho trudng hop nay nhu hinh 3.50.

2,2y,

0
HF——{+ s
1 hZ 2 ! M,
~—9e M, - $—e ——T1—4¢
h2y, /o [RERN

4 b | :
? May cit ma ) %
2 » { ay catm b)

Hinh 3.50: Mach tuong duong thi tu khéng déi véi duong ddy L6 kép c6 mét mdy cdt trén
mot duong day da mé khi cé su c6' trén chinh duong day dé

e) Dudng diay ba pha don c¢é day chéng sét hay duong day 16 kép cé mot dudng
day bi cdt ra va ndi dat & hai dau

Vi tri su c6 khéng nam trén duong day:

I, z,,
| |
. . 5 4 Z12c 2
— ¢ Zy, —e — o
Iy, Zy,
e —
a) _l_ — —l b)

3 4

Hinh 3.51: Mach tuong duong duong day don c6 dédy chong sét
Truong hop nay tuong tu nhu trusng hop dau tién da khao sdt, chi cu thé hon
1a hai nit @ va @ déu duge ndi dat. Dong dién chay trén dudng day dang van
hanh tao nén dién dp trén dusng day dugc ndi d4t cd hai ddu, do day nay tao
thanh mach kin nén hinh thanh dong dién 7 11, €6 chiéu chéng lai tir théng do I,

-géy ra. Ta viét dugc phuong trinh dién 4p cho mach hinh 3.51 nhu sau:

Vie=1, 2, ~Iy Zy, (3.115)

Phuong trinh tht hai cda hé (3.115) cho ta méi quan hé giita hai dong dién
trén hai day dén: ‘

(3.116)
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Thé& vao phuong trinh dau cia hé (3.115), ta dugc:

R/ A
Vip=1; (Z;, —“Z-—‘Q‘) =1102120 (3.117)
il
\————
Z1g,
. 72
Suy ra: Z12 :ZI - .IMo (3118)
(4] o Zno

Cong thic (3.118) cho ta gia tri tdng tré thi tu khéng tuong duong Zy, cla

dudng day 16 kép c6 mot dusng day bi cdt ra va ndi dat ¢ hai d4u. Trudng hop
dudng day ba pha don c¢6 day chéng sét ciing hoan toan tuong tu nhu trén, chi
khéc 1a téng tré duong day ndi d4t hai ddu va téng trd do hd cam gida hai dudng
day phai duge thay thé tuong ung béi tong trd day chéng sét va téng tré hé cam
gitta dudng day dang van hanh va day chong sét. Nhan thdy dudng day con lai
(néi dat hai ddu) va day chdng sét lam gidm tong trd thd tu khong clia dudng day ba
pha don. ;

Vi tri sy c6 ndm trén duong ddy dang vdn hanh

Chuing ta c6 thé x4y dung mang thua tu khéng tuong tu cho trudng hgp nay va
mach tuong duong cho 6 hinh 3.52.

6- Xay dung mé hinh trén duong day truyén tdai dai

Cong viéc x4y dung biéu dién cdc mang thd ty cho dudng day dai khé khan,
phic tap hon nhiéu vi phdi can mé hinh bing cdc thong so rdi cta tong tré ndi
tiép va téng din song song. Vén dé nay sé dugc tim hiéu ti€p ¢ cdc tai lidu sau.

W o onz \ [] (1-hZ, L,
1+ 7 —{ 11—
Pam——— >——e
1 . 2
L, Zy,
_ B e | )
L ‘ 1
- a) ‘ =
 h(Zy 2 b2y,  NJUNEZw) (12,
i . - .
fo Iuo*——&ﬂﬂa—‘ 1y, Iuaf
—t 1:1 11 e
! P s S 2
h(Zi-Zu,) (1-h)(Zyy -Zw,)
ed ed -
i”c» ' ' b) Ilo

Hinh 3.52: Mach tuong duong duong ddy do, cdt ra mot duong co tiép ddt hai ddu
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7- Tong tré thit ty duong day truyén téi cap
~ Dé xdc dinh téng tré thi ty dudng day cdp, c6 thé st dung cédc cong thiac
(3.100), (3.101) tuong ty cho dudng day trén khong. Tuy nhién, luu ¥ téng tré thi
tu khong cia cdp bi dnh hudng béi vé cdp, giéng nhu day chdng sét cia dusng day
trén khong. ' _
So d6 thay thé téng tré thi tu khéng cla cdp tuong tu nhu dudng day trén -
khéng cho ¢ hinh 3.53.

Hinh 3.53: So d6 thay thé thu tu khéng cia duong déy cdp
_Tu cong thic (3.100), (3.101) ching ta xéc dinh: - |
- Khang tré thi tu khong cla duong day cap: X = 0,434 log(D,/R,,) (Q/km)
v6i: Dy - giong nhu dudng day trén khéng; o .
Rig = {ryd® - ban kinh trung binh hinh hoc cta ba 15i cép:
ryq - ban kinh tuong duong 16i cdp; d - khodng cdch giza cdc tém 16i cdp.
Khdng tré hé cdm giita vé va I6i cdp:

Xoc = 0,434 1og( Dy
C v

v6i: D¢ v = (ry +74g)/2 - bdn kinh trung binh vé cdp

)(Q/km)

Ttr, I'ng - ban kinh trong va ngoai vé cép.
3.2.5 Mang thd tu ciia hé thong dién

Trong céc phan truée ddy ta da khio sit cde mach (so dd) tuong: duong mot
pha gom cédc so dé thi tu thuin, nghich.va khéng d6i véi titng phén t{ cla mang
dién: téi, mdy bién dp, dudng day truyén tai va may dién dong bd. Ngoai trit mdy
dién quay, tat cd cdc phédn ti clia mang déu la phan ti (hay thiét bi) tinh va
khong c¢6 nguon trong cdc so d6 tha ty tuong duong cla ching. M&i phdn t& déu
dugc gia sif 1a tuyén tinh va ddi xing trén ba pha khi dau néi dang Y hay A. Theo

nhiing gia thiét trén, ching ta nhan xét ring: ‘
' 1- Trong bat cit phdn tif nao cia mang va véi bat et s d3 thi tu nao, sut 4p
chi phu thudc vao t6ng tré va dong dién cing thd tu. '

2-' Tong trd thi ty thuan va nghich, Z, va Z, bing nhau trong b4t cit thiét
bi tinh nao va d6i véi m4y dién quay trong tinh trang siéu qud d9, hai gid tri nay
- ¢6 thé dugc coi gan ding 12 biing nhau. _

3- Trong bat cit phan ti nio cla mang, tdng tré tha tu khong thudng khong
bing Z, va Z>.. . : : LI .
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4- Chi ¢6 so db thi ty thuin cia mdy dién quay c¢6 chia ngudn 4p (sic dién
- dong thu ty thuan).

5- Véi cdc gid tri dién thé trong so dd thd tu thuan va thi ty nghich, diém c6
dién th& 0 (nut tham chiéu, nit gdc, nit chudn) chinh 14 trung tinh va dién thé so
v6i trung tinh ciing nhu dién thé so véi dat. B

6- Khong c6 dong thit ty thudn hay dong thit ty nghich chay gida di€m trung
tinh va dat. ‘

7- Téng trd thue Z, néi giita trung tinh va dat khong ném trong s¢ 46 thd tu
thuin va th tu nghich, nhung trong so do thi tu khong (mdt pha) né duge tuong
duong véi téng tré c6 gia tri 3Z, ndi gitta diém trung tinh va dat.

Nhiing dic diém nay cda cdc so dd thi tu cia cdc phén tif din dén céch xay
dung cdc mang thy ty tuong ng. Mot mang thi tu nao dé - s& duge xay dung bing

cdch lién két tat ca céc so dd cung thd tu cia cdc phdn td - biéu dién tt cd cdc

dudng di cia tit ca cdc dong dién thi tu d6 trong mot pha cia hé thong thuc.
Trong hé théng ba pha can bang, ba dong dién chay trong ba pha dudi diéu
kién hé théng van hanh binh thudng sé tao thanh mdt tap hgp thd tu thudn déi
xing. Nhitng dong dién thit tu thuan nay chi gy nén cac do sut 4p thi ty thuan.
Tinh trang hé thong cin bang nay da dugc khéao sat & chuong 2, va ta dd xem xét

cdc dong dién chay trén mot mang don pha doc 1ap dugc tao béi sic dién dong tha

tu thuin clia mdy dién quay va céc téng tré clia cdc thiét bi tinh khdc Ung véi
dong dién thd tu thuan. Mang tuong duong mot pha nhu vy duge goi la mang tha

tu thuan dé phan biét véi hai mang thd ty con lai. Nhu vay, khi hé théng van

hanh binh thudng, mang tuong duong cua né la mét mang thd ty thuin: _
Khi biéu didn téng tré va téng din tuong duong cda cac mang thd tu thuin
phtc tap trong chudng trude, ta da kh_éng quan tdm dén su dich pha gay béi cdc
indy bién dp ddu Y-A trong mang, vi cdc hé théng thuc té dige thiét ké sao cho
téng cta cdc do dich pha nay bing khong trong toan mach kin. Tuy nhién, khi
tinh todn chi tiét, ching ta cAn phdi luu y dén dd léch pha cua céc dién 4p pha va
dong dién day thg tu thuan khi di tuf phia A sang phia Y ctia mdy bién 4p déu Y-A
hodc A-Y. ' : N ' |
Tir mang thd ty thudn cé thé suy ra mang thd tu nghich mét c4ch don gidn.
" May phat va dong co déng b ba pha chi ¢6 sic dién dong thd tu thudn vi ching
duge thiét k& d€ phét ra dién dp can bing. Vi cdc tré khang thd tu thudn va tha
tu nghich giéng nhau trong cdc hé thong cén bang tinh, cho nén viéc bién d6i
mang thi tu thuin sang mang thd tu nghich dugc thuc hién bidng cdch chi thay
~ d6i khang tré biéu dién cho mdy dién quay va loai bd sic dién dong. Stc dién
" d6ng duge loai bé trong diéu kién gia dinh 1a sic dién dong mdy phat cin bang va
khoéng c6 sy hién dién cléa dién &p thi tu nghich tao ra tu cédc ngubén ngoai. Di
nhién, khi ding mang thd tu nghich cho viéc tinh todn chi tiét ching ta cing
phéi chd y dén do léch pha dong dién day va dién 4p pha thd ty nghich giita hai

phia A va Y cia méy bién dp Y-A.
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Vi t4t ca cdAc di€ém trung tinh cda hé théng ba pha cin bing cé cing dién thé
khi dong dién ba pha cdn bing chay trong hé thong, cho nén tit cd cdc diém
trung tinh phdi c6 cung dién thé d6i véi cdc dong dién thd tu thuidn hodc thd tu
nghich. Nhu vay diém trung tinh cda hé théng ba pha can bing 1a diém thé géc
cho cdc d¢ sut dp thd tu thuan va thd tu nghich va 12 ndt géc clia mang tha tu
thuin va thi tu nghich. Khédng tré néi gita diém trung tinh cda mdy dién va dat
khong tham gia vao mang thit tu thudn hodc thi tu nghich vi khéng c¢6 dong dién
thd tu thudn hodc thi tu nghich nao c¢6 thé chay qua né.

-Mang thi tu nghich, cling giéng nhu mang thi tu thuin, cé thé duge dua vé
mach tuong duong chinh xdc cda cdc phan td clia hé théng hoac duge don gidn hod
bing cdch bé b6t nhing dién trd néi ti€p va téng din shunt.

Cdc so do thd ty khong cda cdc phan td trong hé thong khi duge két hop véi
nhau tuong dng vdi su ddu ndi thuc t& cia ching trong hé thong sé hinh thanh
nén mang thd tu khong. Do cdc dong thd tu khong trén tdt ca cdc pha cGa hé
thong bang nhau vé d6 16n va vé géc pha nén dong thi tu khong chi ton tai khi

* trong mang cé dudng trd vé tao nén mét mach kin (day trung tinh). Thé géc cia

dién thé thi tu khong 1a thé cia d4t tai diém trong hé thong ma bat cd dién thé
riéng biét nao ciing cé thé duoc xdc dinh. Do dong thit tu khéng c¢é thé chay trong
d4t nén chua han dat c6 cung dién thé tai tdt ci moi diém va ndt géc clia mang
thd tu khéng khong néi 1én ring dat c6 dién thé khong d6i. Gid sd hé théong ta
dang xét c¢6 tinh dén téng tré dat va téng trd day néi dat, con dudng tré vé cla
mang thd tu khéng 1a mét day dan téng trd bing khong, va cing chinh<la diém

. g(”)'c cia hé thong déi véi mang thi tu khong. Béi vi téng trd cla dat duge tinh vao

téng trd cua thi tu khong nén dién thé do dugc so vdi nit goc cda thi tu khong 1a
gid tri dién dp chinh xdc so véi dat ly tuéng (khéng c6 dién tré). '

Viéc phén tich mot sy ¢§ b4t ddi xdng trong mét hé théng déi xiing bao gom
viéc tim cdc thanh phan d6i xing cda dong dién bat dsi xling chdy trong hé
thong Nhu vy dé tinh todn anh hudng ctia mot sy c¢d béi phuong phap cdc thanh
phéan dé6i xung, chi yéu la xdc dinh.cdc tong tré thi tu va két hgp ching dé tao

nén cac mang thua tu.

Vi du 3.7. Thanh ldp cdc mang thi tu thuan, tha tu ngh1ch va tha tu khong cho hé
thong dugc vé trong hlnh 3.54.

®
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Hmh 3.54: So d6 mang dién cia vi du 3.7
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-Giai. Cdc mang thu tu cia hinh 3.54 duge vé cho § hinh 3.55.

o ok 0@

a)
(D ZT12 ® ZL2 @ ZTZ2 @
Wl (%
b)
® Zr, @ 4, @ % @
Zs .
1 . 7.
z . G3,
[l [,
32'g1 SZ'g3
c)

Hinh 3.55; Cdc mang thi ty ciia so do 3.54
a) Mang thi tu thudn; b) Mang thu tu nghich;'c) Mang thit ty khong

Vi du 3.8. V& cdc mang thd tu cho hé théng bdi so dé mot diy trén hinh 3.56.

Hinh 3.56: So dé mét day cia mot hé théng dién nhd
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Giai. Mang thi ty thudn cda so d6 hinh 3.56 dugc vé & hinh 3.57 va mang thyd ty
khong ¢ hinh 3.58.

1! L"

~ NGt dién thé khong (dat)

Hinh 3.58: Mang thu ty khéng hé théng dién hinh 3.56
Mang thit tu nghich tuong tu nhu mang thit tu thuan, chi khic 1a néi tit cdc

ia

‘ngudn dp va thay téng trd thd ty thudn cdc mdy phét bdi téng tré tha u tu hghich
tuong ung.

Cdc mang thit tu chda cdc thanh phan 601 XLrng cua dong dién va sau dé dugc

lién két v4i nhau dé€ bidu dién cdc tinh trang sy c6 bat d6i xing khac nhau trong
hé théng duac tim h1eu 6 chuong 4.

.




Chu’o‘ng 4

TiNH TOAN SU ¢O BAT D01 XUNG

4.1 TONG QUAT

Hau hét cdc sy cd xdy ra trong hé thong dién la sy c6 b4t d6i xdng. Nhu da
néi, su co bat déi xu’ng tao ra dong dién bat déi xing chay trén ba pha cua hé
thong. Khao sat su cd bat dai xing trong hé théng dién bang cédch ap dung ly
thuyét Thevenin trén mdi mang thi tucho phép ta tim dong dién su cd bing cdch
thay thé toan thé hé thong bdi mot nguén ap va mot tdng tré néi tiep.

° T_; "
° , I_; o
¢ I‘ INc

Hinh 4.1: Ba ddy dén ciia hé thong ba pha.
Cdec ddu néi cde dong Iy,, Iy, ve Iy, c6 thé lién két nhau
dé mé té cdc dang su c6 khdc nhau ‘

Trong cdc phuong trinh cdc thanh phan d6i xing trong modt mang binh
thuong, dong dién chdy ra ngoai hé théng can bing ban ddu ti ba pha a, b, ¢ tai
ché sy cd duge goi la Ing> Inp Iy.. Hinh 4.1 biéu dién ba dong dién nhu vay.

- Dong dién tir mdi ddy dan chay vao chd su ¢6 duge chi bdi cdc mii tén ndm bén
canh cdc nat (ddu néi) gid tudng ndi lién véi mbi day tai noi xdy ra sy c¢6. Hinh

thic lien két cia ba ddu néi tuy thude vao ki€u sy cd. Chéng han, néi truc tiép
~ giita ddu ndi b va ddu ndi ¢ hinh thanh nén sy ¢ hai pha khong cham dat qua
tong tré khong. Dong trong dau ndi gia tuéng a bang khéng va I Nb = — i Ne -
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iNa‘ N
A
. +
Zkk, .
Vka‘
a .+
) Vy _
e)
iNa2 N
A
+
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ZkaE Vka2
\ N
19
c) Ia N
Y
+
2.8 Vg
-
g
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Hinh 4.2: So d6 mét ddy cia hé thong ba pha, ba mang thu ty ctia hé-thong,
va cde mach tuong duong Thevenin iung vdi sy c6 tai N (niit k)
@ So dé mét ddy cia h¢ théng ba pha cdn bdng; b) Mang thi tu thudn
‘¢) Mang tha tu nghich; d) Mang thu ty khéong
e) Mach tuong duong Thevenin cia mang thit ty thudn
) Mach tuong duong Thevenin cia mang thi ty nghich
8) Mach tuong duong Thevenin cia mang thu tu khong

. Dién 4p pha - d4t tai nit j bat ky cla hé thong khi ¢6 sut ¢6 duge goi 1a Vi,

Vje, Vje. Cdc thanh phan thd tu tuong tng cla Vi, la VJa , Vjal Via, - Tuong tur

nhu khi khdo sét su ¢ d6i xdng, dién 4p pha-trung tinh cda pha a tai noi x3y ra

su ¢0 trude khi sy ¢6 x8y ra, duge goi la Vn, 12 mét dién 4p thya tu’ thudn vi hé
théng vén can bing trude khi xay ra Su ¢6.

Chung ta khdo sit so d6 mét day cia hé théng dién va cac mang thi tu tuong
Ung gom hai médy dién dong bé duge vé & Hinh 4.2. So dé tiéu bidu nay c6 thé dung

/
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d€ khdo st cdc ch€ 49 cia hé théng. Vi tri x4y ra su ¢d duge ky hiéu béi N, va

trong vi du nay dugc goi tén 1a nat £ trong so d6 mot day va trong cdc mang thi tu.
Céc méy dién duge thay thé béi cac sic dién dong siéu qud dd mic ndi ti€p vdi céc
khdng tré siéu qud d9 cia ching khi tinh todn tinh trang siéu qua dg.

O chuong 2, trong hé théng dién téng qudt n nit, ching ta di dung ma tran
téng tré nit chia cdc tdng tré thi tu thuin d€ xdc dinh cdc dong dién va dién 4p
khi x4y ra mot sy c§ ba pha d6i xing. Phuong phdp nay c6 thé d& dang mé rong
dé ap dung trong cdc su c6 bat d6i xing do mang thu ty nghich ciing nhu mach
" thyd tu khong. P6i véi mang thit tu thuan, ma tran téng trd nit s& duge viét nhu sau:

D @ (k) (n)
- . . . '1
Z111 Z121 Z1k1 Zlnl
(2) 2211 2221 o Z2k1 B Z2n1
’ ] _ : . . : . : (4.1)
nut . . . o
o (%) Ziy Ziy v Lpy v L

() 5

nll

V/

n 21 nkl aa nny

Tuong tu nhu vay, ma tran téng trd ndt trong mang thi tu nghich va tha ty
khéng sé dugc viét: :

() (2) (k) (n)
(1) Z112 2122, Z.1k2: Zln2
(2)| Z21, ‘Z.222 szz Z2n2
Z,i) = . L (4.2)
2 (k) Zk12 Zk22 A Zkkz T an2
(n) . . .
} thlz Zn22 Z:lkz . Znn2 i
(1) (2) (k) (n)
(1) Zuo leo Z1k,, Zlno
(2) 2210 Zzzo szo ZZno
(Z,,) = o ; .' 4.3)
’ (%) Zy, Zpe, , L, L, -
n) S L . :
( _anO Zn20 ano Znno_



148 T . ‘ CHUONG 4

Nhu véy, Zu ) Z Z lan lugt la phan t& tha (i, j) trong cdc ma tran téng

tré nit cia mang thu tu khéng, tht tu thuin, va thd tu nghich. Hon nita, mbi
mang thd tu ¢6 thé duge thay thé& béi mach Thevenin tudng duong clia né giita bat
ky mét nit nao dé va nuit gde.

Mach tuong duong Thevenin gitta diém su ¢6 N va nit goc trong mdi mang
dugc vé k&€ bén so d6 mang thd tu tuong dng & hinh 4.2. Nhu trong chuong 1, dién
4p nguén trong mang thd tu thuan va mach tuong duong Thevenin cia né la Vy,
l1a dién th€ tai N so véi trung tinh trudc khi su c6 xdy ra. Téng tré Thevenin cé

- dugc gitta diém N, hay nit & va nat géc cha mang thd tu thuan 1a Zkkl va gia tri

cua né phu thudc vao cdc gid tri téng trd ctia cdc phan tl trong mang.

Trugce khi su ¢8 xdy ra, khéng cé cdc dong thi tu khong cing nhu dong thit tu
nghich chay trong hé théng, va cdc dién dp trudc su cd bing 0 tai tdt cd cdc ndt
clia cdc mang thd tu nghich va thd tu khéng. Nhu vay, dién dp truéc su cé gida
diém N va nat géc bing O trong cdc mang thd tu nghich, va thi ty khéng va
khéng xudt hién cdc stc dién dong trong cdc mach Thevenin tuong duong cia
ching. Téng tré thi ty nghich va tha tu khong giita diém N tai ndt £ va nit géc
trong méi mang thd ty tuong Ung ldn lugt bing véi téng tré Thevenin;

Zka va Zkko 14n lugt 14 cdc phén t& trén dudng chéo cda (Z,4,1 va '[anu_o]-

Tém lai, néu sic dién dong trong mang thd tu thuin duge néi tit thi tong tré
gita niGt k va ndt chudn 13 tdng trd thi ty thuan Zkkl trong ma tran téng tré va
chinh 1a téng trd tudng duong Thevenin clia mang gida nit k va nat chudn. Nhu
viy chung ta xem Zk,,i,1 nhu 13- téng trd nhin t¥ nat k va nit chudn khi trong mang
khéng c6 ngudn. Néu dién thg Vy trudc sy c6 néi ti€p véi téng tré nay thi tao

thanh mang thd tu thuan nhu hinh 4.2e va duge goi la mang tuong duong Thevenin
thi tu thuin.

Vi Iy, 1a dong chdy tit ha théng vao ché su ¢d, cdc thanh phin d6i xing iNao ,
iNal , iNaZ caa né sé ra khéi cdc mang thi tu va mach tuong duong tuong dng cua
ching tai diém N nhu trén hinh 4.2. Nhu vdy, cde dong -1y, , -Iy, . Iy, tuong
duong nhu cdc dong dién duge bom vao nit su ¢ k cla céc mang thd tu khéng,
thi tu thudn va thi ty nghich khi x3y ra sy c6. C4c dong dién bom vao nay gay
nén nhiing 46 thay déi dién 4p tai cdc nit cia mang thy tu thuan, thd tuy nghich
va thi tu khéng. Cdc gi4 tri trén c6 thé duge tinh todn’ dua vao cdc ma tran téng

trg ndt theo trinh ty d4 mé td & phan sy cd d6i xing. Chéng han, khi dong dién
INal dugc bom vao nit &, dd thay déi dién 4p trong mang thit ty thuin ciia hé

théng n-nit duge cho béi:
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' (D (2) (k) (n)
AV1a1 ] (1) Zn1 2121 leq Z,lNl l 0 _Zlk1 I Nay
AVoo | (2) 2211 : Zzzl - Zka " Zle 0 _ZZkl 1 Ney
': _ .: ': . ': .. .: .: _ . :. (4.4)
AV, (%) Zp, iz, Ly, Zn, ~Ing, ~Zppy INa,
G P . 0 .
AV, | Zny, Znz, v Ly v Znn, |- 4 | ~Znwy Ine, |

Phuong trinh trén nay tuong ty nhu phuong trinh cGa phan sy c6 déi xdng.
Luu y ring chi c6 cot k cua [zndh] dugc dua vao cdc phuong trinh. Trong cac ung
dung céng nghiép, ngudi ta thudng bé qua cac dong dién trude sy cd va coi dién ap
tht tu thudn tai tdt cd cdc nit cia hé théng trude khi sy cd xay ra 1la Vy. Cong do
thay ddi dién 4p cda phuong trinh (4.4) véi dién 4p trude sy co, ta sé dugc dién ap
thi tu thuén tai pha a ¢ méi nit trong thoi gian x4y ra sy co:

. - .7 .
Vi, | Tv.] | AViq Vn = Zypy Ing, ]
VZal VN AVZal VN - Z2k1 jNal

S B B O SR (4.5)
Vkal VN AVvkal * VN _Zkkl 1 Na;

LVNal_ |V ] |AVNe, | | VN = Z iy Ing, |

Péi véi cdce dai lugng dién &p thit tu nghich va thd ty khong, ta ciing c¢6 cac
phuong trinh tuong ty. Luu y rang trudc su c6, dién 4p thi ty nghich va .tha tu
khong bang 0 tai tat cd cdc nut:

Vlaz —Z.lkngaz 1 Vlcz,J W —ZlkoINao T
V202 —ZZkz INa2 V2ao —Z2ko INaO
SN = I PR I (4.6)
Vkaz ‘ ~Z kko 1 Nag Vkaa ~Z kk, I Na,
LVNaQ ] __ZNkZ jNaz ] _VNao ] L‘ZNko INaO ]

Ciing nhu mang tha tu thuan, khi su ¢6 xay ra tai nit %, chi cdc thanh phan
ctia cot k thudc ma tran Zpg, va Zpg, 1a dugc thé hién trong phuong trinh cua

cdc dién dp thd tu nghich va thd tu khong. Nhu vay, khi biét dugc cdc thanh phan
d6i xing I Nay» i Nay» V& I Na, CUa dong su c6 tai nit k&, ta c6 thé xdc dinh cdc gid trl

dién 4p tai nit j bat ky cta hé théng ti hang thi j cia cdc phuong trinh (4.5) va
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(4.6). Diéu nay cé nghia 1a sudt thoi gian su cd x4y ra tai nit k, dién 4p tai nit j
bat ky la:
ijao =—ijoINao; ‘,Jal =VN —ZkkIINal; ‘/:].(12 =—ij21Na2 ‘ (47)

-Néu dién dp trude sy ¢d tai nit j khong 1a Vi thi mét cach don gian, ta c6 thé
thay thé€ gid tri Vy trong phuong trinh trén béi mot gid tri thuc cda dién 4p (tha
tu thudn) trude sy cd tai nit d6. Vi theo dinh nghia, Vy 14 dién dp trudc su cd that
sy tai nudt sy ¢6 %, nén tai nit £ ta ludn cé:

Vkao Z-ZkkajNao; ~Vkal =VN ‘“Z.kkliNaly Vkaz :_Zkkszag ‘(-4.8)

va day la nhitng phuong trinh tinh dién 4p diu cyc cho nhitng mach tuong duong
Thevenin cla cdc mang thy tu duqc_ trinh bay & hinh 4.2.

Diéu quan trong phai nhé: Cac dong I Nay» I Naz” I Na, 12 cdc thanh phan d6i
xiing dong dién trong-cdc ddu ndi gia tudng duge gdn vao hé thong tai diém xay
ra su 6. Gid tri cdc dong dién nay duge. xdc dinh bdi kiu sy cd dang kh3é sit, va
¢t m6i 1an duge tinh, ching duge xem nhu gid tri am cla cdc dong dién dé vao
mang thi ty tuong Ung. Néu hé théng c6 may bién 4p dau A-Y, thi cdc dién ap thua
tu dugc tinh tir phuong trinh (4.7) c6 thé sé phai thay déi géc pha trudec khi két
hop v6i cdc dai lugng khéc dé tao thanh cdc dién dp nit mdi cia hé théng bi su
cd. Sé khong cé su thay ddi pha trong phuong trinh (4.8) khi ma pha cida dién 4p
Vn tai di€m x4y ra su cd duoc chon 1a pha géc, va théng thudng ngusi ta hay lam
nhu vay. ; i

Luu y trong truong hop s dung ma tran téng tré dung may tinh dé tinh todn
ngan mach d6i véi hé théng c6 may bién ap A-Y, d6 la khi tinh todn lai [Z,, ] cia
mang thi tu khéng ung vdi viée hé mach trong mang can phai duge hét sdc chy .
Vi du, xét mét mdy bién 4p Y-A ¢6 trung tinh néi dat truc ti€p duge néi vao gita
ndat m va ndt n cda hinh 4.3a. Mach tha tu thuan, va thg tu khong duge vé lan
lugt ¢ hinh 4.3b, c. Mach thit tu nghich cing gidng nhu mach thit ty thuan. Ching
don gidn chi 1a cdc nhdnh cta cdc mang thd ty trong cdc ma tran téng tré
[ano], [Z,,, ], [Z,,4¢,] khi si dung phuong phép thé hién bing hinh 4nh. Tuy

nhién, khi ching ta bé di su néi két cia mdy bién dp v6i nit 7 thi thuat todn hiéu
chinh [Z,4, ] cha mang thit ty khong 4p dung cho mdy vi tinh s& gip van dé. Pai

v6i mang thd tu thuin va thi tu nghich, ching ta c¢6 thé dé dang thuc hién hiéu
chinh cdc ma tran t6ng tré nit cla ching theo cch thong thudng, nghia la: thém
vao tong trd cé gid tri (~Z) gilia nit m va nidt n trong céc mang thd tu thuan va
thit tu nghich. Tuy nhién, cdch thie tuong tu khong thé€ 4p dung cho ma tran tong
tré nit thit ty khéng Z,4,néu n6 duge hinh thanh tryc tiép tir hinh vé& ¢ hinh

4.3c. Thém (-Z) giita nat m va n sé khéng tuong duong véi Viéc bé di nhdnh lién
két tha tu khéng véi niit n. P& viac hiéu chinh ma tran téng tré nit duge thuc
hién dong nhat (c6 y nghia véi tinh todn bdng mdy tinh) trong ba mang thi tu, cé
mdt cdch 1a dua vao mét nit p - nhu trinh bay ¢ hinh 4.3d,e. Luu y ring téng tré
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b Z bay gid duoc chia thanh hai phan véi nit p nhu trong hinh vé. Bay gid, thém |
nhénh (~Z/2) gitta nit n va p ¢ mdi mang thi ty trong hinh 4.3d,e sé tuong duong
v6i viée hé mach nédi két gitta mdy bién dp dén nit n. Nit bén trong cda may bién |
ap (ndt p) c6 thé duge dung trong viéc ung dung mdy vi tinh cho thuit todn xay |
dung [Z,5¢].

—©®
|

m n
—
m VA n
—T" z
Nut gc Nut gdc
b) c)
m b Z2 n
m Z/2 Zi2 n )
p
! T—e—T0 J Z/2
Nut goc Nat goc
d) e)

_ Hinh 4.3 L
) Bién dp A-Y trung tinh néi ddt truc tiép
b) Mach thit tu thudn; c) Mach thd tu khong
d) Mach thi ty thudn vdi nit bén trong mdy bién ap
L e) Mach thi ty khong vdi nit bén trong mdy bién dp
Vi du 4.1. Hai mdy dong b dugde néi dén dudng day qua cdc méy bién thé ba pha
nht trong hinh 4.4. Cong sudt va khang trd cta cdc mdy phat va mdy bién thé la:
M4y 1 va 2: 100MVA; 20%V; X=X, =X, =20%; X,=4%; X, =5%
M4y bién the T, va Ty: 100MVA; 20A/345Y kV; X = 8%
Puong day: véi Se = 100MVA; U, = 345kV thi khdng tré dudng day la
X, = X, _ 15% va X, = 50%. Hay vé ba mach thd ty va tim ma trin tong trd nit
thtt tu khéng theo thudt todn xay dung Z, -

GO*G)‘ @T‘-(? 1B 13
AYl | i TYA-

Hinh 4.4: So d6 mot day cia he théng cho vi du 4.1

Xq
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j0,15

Hinh 4.5: a) Mang thu tu thugn; b) Mang thi ty khéng ciia hé théng trong vi du 4.1.
Cdc nit ® va ® la hai niit trong cia bién dp

Giai. Chon Sg3, = 100 MVA; V,,; = 345 EV phia cao hai may bién dp
V.2 = 20kV phia ha 4p may bién dp.

Céc gia tri khang tré trong dvtd cla cdc phan ti hé thong duéc cho ¢ trén cé
¢ ban trung véi co ban da chon va vi vay ching ¢6 thé dugc ding mot céch tryc
tiép dé hinh thanh cdc mang thd ty, v6i co bdn 6 day 1a Ses, = 100 MVA. ‘

Hinh 4.5a thé hién mang thd tu thudn, mang nay ciing chinh 1a mang thd tu
nghich khi néi tit cic sitc dién dong. ‘

Hinh 4.5b biéu dién mang thd tu khong véi khang tré¢ 3X, = 0,15 dvtd’ néi

gitta trung tinh cda mdi mdy phat véi dat.

Ung v6i mbi may bién th& c6 mét nit bén trong, nit ® cho mdy bién the Th
va nit ® cho mdy bién thé T, Nhiing nit trong nay khéng gidf vai tro quan trong
trong viéc phan tich hé théng. D& 4p dung thuit todn xay dung Z.s, ching ta hay
goi tén cho cdc nhdnh thi tu khong tit (1) dén (6) nhu trén hinh 4.5.

Buéce 1: Thém nhénh (1) cho nit dién thé khéng (nit géc):
' (1
W]
Buoc 2: Thém nhanh (2) cho nit géc:
1 ®
(1)[ jo19 0 }

(5)L 0 0,04
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Buge 3: Thém nhédnh (3) gitta nit ® va @
1 (B) (2)
1)[jo19 o 0
(5)) 0  jo,04 0,04
(2) 0 J0,04 ;0,08
Budc 4: Thém nhéanh (4) gitta nit @ va @ -
(1) () 2 @)

: (1) Jo 19 0 0 0
(5)/ j0,04 ;0,04 ;0,04
(2)) 0 0,04 ;0,08 ;0,08
(3)L 0 ;0,04 ;0,08 ;0,58
Bude 5: Thém nhanh (5) gitta nit @ va ®
(1) (5) 2) (3 (6)
(1)[jo,19 O 0 0 0 |
(5)) 0  j0,04 j0,04 ;0,04 j0,04
(2)) o jo,04 ;0,08 ;0,08 ;0,08
(3)) 0 j0,04 ;0,08 j0.58 ;0,58
(6)L 0 0,04 j0,08 ;0,58 ,j0,66]

Buéc 6: Thém nhanh (6) néi gitta nit @ va nut goc.
1 & 2 G . @

M[jo19 o 0 0 0 0
(5)) 0 0,04 ;0,04 ;004 jO,04 O
(2)] o jo,04 ;0,08 0,08 ;0,08 O
3y 0 0,04 ;0,08 ;0,58 0,58 O
(6)) 0 0,04 ;0,08 ;0,58 ;0,66 O
(4)l 0 o 0 0 0 j0,219]

Nut ® va ® 1a céc nit gia bén trong cda mdy bién thé dugc tao ra nham ép
dung mdy vi tinh mét cdch thudn lgi cho thuat toan xdy dung Z,;. Ching ta
khong néu ra cdc phép tinh cho cdc nhdnh c6 khang tré vo cung lén tuong dng vdi
mach hé. Ma trén vita tinh dugc & trén tudng ung v6i sdu nit trong hé thdng, néu
ta khong quan tdm dén viéc cit nhdnh mdy bién 4p ddu Y/A, do md mdy cit,
chéng han, thi khong c4n thiét phdi dua vao hai nit ® va ® va bay gid ma trdn
téng tré nit sé chi tuong Ung voi bén nit ®, @, ® va @. Dé ¢6 duge ma tran nay,
theo muc 1.5.3.3b trong chuong 1, don gian ta chi can b6 di hang 5, hang 6, cot 5

va cdt 6 caa ma tran trén.
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m @ ©® @
(1019 0 0 0
@] 6 joos joo8 0
nit,"7(3)) 0 jO,08 0,58 0
(4) o 0 0 jo19

(Z

Céc phan td bing 0 t1ong Z,y cho thdy dong thd tu khéng d6 vao nit @

hodc nit @ cta hinh 4.5b khdng thé giy ra dién dp tai cdc nat khdc bdi vi ¢
doan mach hé trong mang béi may bién thé Y/A. Chd ¥ ring khang tré jO,08 dvtd
‘ndi tiép véi doan mach hd gitta nut ® va @ khong anh huéng Z.4, vi nhdnh nay
khong thé tai dong dién.

Tuong tu, 4p dung thuat todn xdy dung Z,; vao mang thy tu thuari va mang
thu tu nghich, ta duge:

¢

(1) (2) (3) (4)
(D[ j0,1437 70,1211 j0,789 j0,0563]

[ w _[ ’Tz):(z) j0,1211 j0,1696 j0,1104 j0,0789

it it (3)] j0,0789 j0,1104 j0,1696 j0,1211
(3)| j0,0563 0,0789 j0,1211 0,1437

Céac su ¢6 duge xét dén trong cdc phéan ti€p theo sé lién quan dén téng trd
ngdn mach Zy gitta cdc day pha ho#c tit mot hay hai day pha dén dat. Khi Zy = 0,
ching ta c¢6 ngédn mach truc ti€p. Mic ad ngdn macb truc ti€p kiéu nay dan dén
gia tri l6n nhat cia dong dién sy ¢6 va vi thé chding trd thanh nhing gia tri bao
dam nhat dé€ s dung khi xdc dinh anh hu’dng cla sy ¢d sé xay ra, cdc su cb cé
téng trd cham it khi bing 0. Hau hét cdc su ¢& 1a két qua cua hu hong cdch dién,
noi ma téng tré gitta day va mit dat tay thudc vao dién tré hd quang cda ban
than cot, va cia coc ndi dit cot néu nhu day dat (day chéng sét) khong duge darg.
Bién tré coc ndi dat cot chi€ém mot phan 16n dién tré gitda day va mit dat va tay
thudc vao tinh trang vat ly cda dat. Pién trd cia dat khé gap tr 10 dén 100 1an
dién tré dat &m ust. - |

4.2 NGAN MACH BA PHA

Cdc dang ngdn mach qua dién tré trung gian Zy duge cho 7 hinh 4.6

‘Mbét hé théng can bang s& duy tri sy d6i xdng sau khi x4y ra mot sy ¢d ba pha
c6 cung téng tré cham néi giita timg day va diém chung. Khi dé, chi c6 dong thu
tu thudn chdy trong hé théng. Khi téng tré cham 7y bang nhau ¢ m@i phé nhu
dugc trinh bay ¢ Hinh 4.6a, ching ta chi cidn don giin thém vao tong tré Zy cho
mach tuong duong Thevenin (tht ty thudn) binh thudng cda hé thﬂf)"ng tai nit sy cé
k va tinh dong su ¢6 tit phuong trinh:
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a a

Q. | : 2y
l ZN INa il@l
b - b ° ) -
iNb l 2“ iNb l
3
[ [o] .
e |[]2 i l

]l

| iN«blLﬂ] | MT—
)| | | ine | '——h

c) d) L

Hinh 4.6: So dé ndi két cia cdce ddu noi gid tudng cho cde sy cd qua tong tré cham
a) Su ¢6 ba pha; b) Su c5' mét pha cham ddt;
¢) Su ¢6 hai phe khéng cham ddt; d):Su c6 hai pha cham ddt

Vy

jNa :jNa =0 ij £a2jNa; ch =Q jNa (49)
Y Zy, + 2y ‘
3 (¢ ’ » - VN
Khi ng&n mach tryc tiép, lic d6 Ing, =
) : kk

"D&i vé6i céac sy ¢ khdc trinh bay trong hinh 4.6, su khai trién cha cdc phuong
‘trinh cho céc thanh phan déi xing cia dong dién Iy, ,Iyg > Iye, S€ dugc trinh
bay & cic phan tlep theo. Trong mdi trudng hgp, diém sy ¢ N dugc quy udc la
nit k.

4.3 NGAN MACH MOT PHA CHAM BAT (M7)

Ng4n mach médt pha cham dat. 1a loai su ¢ xay ra nhiéu nhat trong hé tnong,
thudng do sét ddnh hay do day dan 1iép xdc v6i dat. Hinh 4.7 biéu dién sy ¢ mot
pha cham dat qua téng tré cham Zx v6i pha a la pha cham. Goi nit x3y ra sy cd
14 nit %, ba dong dién trén ba pha chidy ra khéi nit k& khi ¢6 sy ¢6 14an lugt 1a 1y,
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Iny, I - Trong trudng hop nay I, la dong dién chay ra khéi nit & vao dat.
Nk

e l 7

a

Ty, ‘
INC '

Hinh 4.7: Su ¢6 pha a cham ddt qua téng tré cham Zy

Su ¢6 dugc biéu dién béi cdc phuong trinh sau:
Iy =1y, =0 (4.10)
Via = Zy Iy, ‘ (4.11)
véi V,, 1a dién dp pha so véi dat tai nit k.
Do Iy, = Iy, =0, céc thanh phdn d6i xdng cia dong dién chay ra khéi ndt k
dugc cho bdi:

I.Nao . 11 17i,,
Ine, =3/l @ | o
]'Na2 1 a2 al O
. , . [Na o ,
:;INaO =INal INaz 3 o (412)

Thay | NaobEng [ No VA I Nay V& tIf phuong trinh (4.7) ching ta cé:
Vkao = _Zkkoj Na,’ Vka1 =Vy _Zkkl 1 Nag’ Vkaz = —Zkkz jNao (4.13)
téng céc pero’ng trinh nay va luu y: Vka =37 ,:,I Na, » ta.nhén dugdc cong thitc sau:
Via :Vkao + Vkal + Vka2 =Vy ._(Z.kko + Zkkl +Zkk2 )jNao = 3ZNjNao
_ . .
Zkk,, +Z°kk1 +Zkk2 +3ZN

= iNao = jNal = jNaz = (414)
3Vy

I, =8Iy, == ; . :
N i + 2 + 24, +3Zy

(4.15)

Cong thic (4.14) 1a cong thdc tinh dong sy ¢&" ng vdi su c6 moét pha cham dat
qua téng tré cham Zy, va tu day, ta c6 thé dé dang dung cdc cong thic thanh
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phén d6i xdng lién quan dé xdc dinh t4t cd dién 4p va dong dién tai chd sy co N.
Khi cham dat tryc tiép Zy = 0, lic dé:

. . , v .
Ing, =Ing, =Ing, = N (4.16)

1 2 Zkko +Zkk1 +Zkk2
Iy =3In,, == SV (4.17)

Né&u mach tuong duong Thevenin cia ba mang thy tu cia hé théng duge méc
" néi tiép nhau, nhu hinh (4.8), ta thdy ring dong dién va dién 4p trong mach sé
‘théa man c¢dc cong thic trén - tdng tré Thevenin nhin vao ba mang thu tu tai nat
su ¢0 k néi tiép véi tong tré cham 3Z, va ngudn 4p trude sy cd.

Ir\;a' k
+
Zy,
. Vi,
Vn
S K
+
Zkk? Vkaz
i /
_&a, k .
+
z
kKo Via,
32,
— B ammae 1
Lom e

Hinh 4.8: Két néi cde mach tuong duong Thevenin ciia cdc mang thi ty d€ biéu dién sy cé
: mét pha cham ddt tai pha a vdi tong tré cham Zy .

Véi cdc mach tuong duong dude két ndi nhu thé, dién dp trén mdi mach tuong
* duong cia mdi mang thi ty sé tuong dng véi cdc thanh phan d6i xding cia dién 4p
V,, tai nit sy & &, va dong dién chay vao mdi mang thd tu tai ndt & thi bang vé
d6 16n nhung ngugc ddu véi dong dién thd tu tuong Ung tai chd su c¢6. Viéc méc
néi tiép cdc mach tuong duong clia cdc mang téng trd, nhu trén hinh 4.8a, cho -
chiing ta mdt hinh dnh lién tuéng dé nhé vé cong thde tinh toan dong cham dat -
mot pha, d6i v6i tat cd cdc cong thic cin thist tai diém su cd déu c6 thé dugc xéc
dinh tir sy két ndi mang thi tu. Mbt khi da tinh dugc cdc dong I Na, » I Nay » I Nag »

cdc thanh phén cla dién 4p tai cdc nat ctia hé thong c6 thé x4c dinh duge tir cdc
ma tran tdng tré nit cta cdc mang thd tu tuong Ung theo cong thic (4.7).
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Vi du 4.2. Cho s6 d6 mang dién tiéu biéu nhu hinh 4.9. Thong s6 cla cdc phan ti

%

nhu sau:
May phat 1 va 2: 100 MVA, 20 &V, X=X, =X,=20%; X, :4%,Xg =5%

M4dy bién thé T, va Ty: 100 MV.\: 20Y,/345Y, kV; X = 8%

Ca hai mdy bién dp déu dujc ndi dat truc tiép & hai bén. Trén cd ban
S = 100 MVA; U, = 345 EkV thi khang tré day ddn 1la X; = X, = 15%; X, = 50%.
Hé thong dang van hanh tai dien dp danh dinh khéng ¢6 dong trude su cé khi sy
c6 mot day cham dat tryc ticp (Zy = 0) x4y ra trén pha A tai mit ®. Ding ma
tran tong tré nut cho méi mang thit tu, xdc dinh dong cham dat siéu qua do tai
noi cé sy cd, dién dp pha dau cyc cia mdy phit 2, va dong siéu qud d6 chay ra
khéi mdy phdt trén pha c cia mdy phat 2. '

G1® T1® @ TZ@G

xggO‘WL‘@r ‘-L r®+®€

jo,15§ . 4 gjoms

Hinh 4.9: a) So d6 mét day hé théng duge mé td trong vi du 4.2
b) Mang thu ty khong ciia hé théng trong vi du 4.2
Giai. Hé thong nay giong nhu trong vi du 4.1, ngoai trif tit cd cdc mdy bién thé
bay gid dudc néi Y/Y, . Vi vay ching ta c6 thé ti€p tue dung ma tran Z

mitl ?

Z,,,,da dugc trinh bay & vi du 4.1. Tuy nhién, vi hai phia cdc mdy bién 4p déu da

dugc ndi dat tryc tiép nén mang tha tu khong bay gig duge néi nhu hinh 4.9b va

¢6 ma tran téng tré nit nhu sau: ,
R ¢ )] (2) (3) (4)
(1) J0,1553 50,1407 ;0,0493 J0,0347
_(2)]j0,1407 j01999 j0,0701 ;00493
" 7 (3)]j0,0493 j0,0701 0,1999 01407
(4) J0,0347 70,0493 jO,1407 j0,1553
Vi sy ¢6 mot pha cham dat xay ra tai nit @, nén ching ta phdi néi mach
tuong duong Thevenin cla céc mang thi ty ndi ti€p nhau, nhu duge trinh bay trén
hinh 4.10. Tit hinh nay ching ta cé thé tinh dugc cdc thanh phdn d8i xdng cda
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dong Iy, di ra khéi hé thong vao chd su cd:
. . ) v
a0 = INa, =INa, =5 : - )
1 ’ Zgy, +Z33, + 233,
) 1,0£0°
J(0,1696 +0,1696 + 0,1999)

=-71,8549 dvtd

Dong téng sy cé la:
Iya = BINAO =-j5,5648 dvtd

Dong dlen cd ban phia dudng day truyén tai dién dp cao la
Ly = 100000/v3 % 345 =167,35, ta c6:
ya =—j5,5648x167,35 = 931.,270° A

INA,
——

—El—q::)
j0,1696

D

—{}
j0,1696

Wy =1.020°

Y

tote

+ ‘ Ina
y 3

tore

Y
— 1
i0,19999

Vaa,

e r—
T Seiaad

T

Hinh 4.10: Mdc ndéi tiép mach tuong duong Thevenin cda cdc mang thu ty
cho su ¢6 mét pha cham ddt trong vi du 4.2
Céc dién 4p thd ty pha a tai nit @, tai dau cyc cha mdy 2 duoc tinh theo
phuong trinh (4.6) véi k = 3, j = 4. :

V4a0 =~Z43,Iva, =~(j0,1407)(-1,8549) = -0,261(dvtd)
Via, = Viy =~ Zyg Iya, =1-(j0,1211)(~1,8549) = 0,7754(dvtd)
| Viay = ~Za3,Ina, = —(jO 1211)(—j1,8549) = —0,2246(dvtd)

Ky hiéu viét A va a 1an luot dung d€ chi cdc dién 4p va cdc dong dién phia
dién 4p cao va thap clia hai mdy bién thé néi Y-Y. Khong c6 sy doi pha qua cdc
m&y bi&n thé. Tir cdc thanh phdn déi xing trén ta c6 thé tinh cdc dién dp pha a,
b, va ¢ tai nit @ nhu sau:
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—

Vie| [ 1 ~0,2610 0,2898 + j0,0 0,2898.£0°

Vi |=|1 a? 0,7754 |=|-0,5364 — j0,866 |=|1,0187£-121,8°

v, 1 a o2||-02246| |-0,5364+0,866| | 1,0187.,121,8°
C B

o 8

Dé biéu dién cdc dién 4p pha ctia may 2 bing don vi £V, ta nhan chiing cho
Vespra = 20/+/3, va dugc:

V,, =3,346.20°, kV
V,, =11,763£-121,8°, kV
V,. =11.763£121,8°, kV

DPé xac dinh dong chay ra khéi mdy 2 trén pha c, tru6c h&t ta phai tinh cac
thanh phan d6i xing cia dong pha a trong cdc nhénh tuong duong may phét 2 trong
cdc mang thu tyu. Ti hinh 4.9b dong thi tu khéng ra khéi may dugce t1nh bai:

.V
I, =-tee (02610 g sof dutd
° JX 70,04

va tu hinh 4.10 hai dong tha tu con lai dude tinh nhu sau:

i Vv Vi _1,0-0,7754
ax 70,20

o]

=~-7y1,123 dvtd

v
1, =——te 0T _ 193 duid
2 jx - jo20

Chu y rang,cdc dong dién trong may phat duge ky hiéu khong ¢6 ky tu N nim
¢ géc phai dudi, vi N duge danh cho cdc dong dién va dién 4p tai diém Xay ra sy
6. Cdc dong pha ¢ trong mdy phdt 2 by gi¢ dugc tinh mot cdch dé dang theo
cong thue: _ ,

I = I +aI +a21 , =—J6, 525 + a(-J1, 123) + a?(-1, 123) = —j5,402dvtd

Dong dién co ban phia dién 4p thdp (cdc may phat) 1a 100000/(\/3 ><20)
=2886,751 A, va vi vy |I. | =15594 A. Céc dlen ap va dong khdc trong hé thong

¢6 thé dugc tinh tuong tu.
Luu y véi vi du so dé mang don glan hinh 4.8a va néu chi tinh ngdn mach tai
mot vi tri, chung ta c6 thé nhanh chéng ding phuong phdp tuong duong Thevenin.

T so do thi tu thudn hinh 4. 5a so d6 thi tu khong hinh 4.9b chung ta vé lai
hinh 4.11.

j0,43 ©} j0,28 10.77_ ® j0,27

a) : . , b
Hinh 4.11: qug tuong duong thu tz,t'thuén va thu tu khéong
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Tit hinh 4.11a tinh dugc téng tré tuong duong Thevemn thu tu thudn va thud
tu nghich nhin tir nit ®:

s ; J0,43.50,28
Zsy=Z5y= —“——J——
70,43+ j0,28

K&t qua nay phu hgp véi s6 hang Z;; ; khi dung phuong phép tinh todn ma trén.
Tit. s d6 mang thd tu khong hinh 4.9b, ching ta vé lai hinh 4.11b tuong
duong. _
Tit hinh 4.11b, tinh duge téng tré tuong duong Thevenin thit ty khong nhin tur

niut Q: v

= j0,1696

J0,77x ;0,27
j0,77+j0,27

Chiing ta ciing nhan dugc két qua tuong tu nhu tinh bing ma tran.

Zso= 70,1999

4.4 NGAN MACH HAI PHA KHONG CHAM DAT

Su ¢& hai pha khéng cham d4it x3y ra véi pha b va ¢ qua téng tré cham Zy
dudc biéu dién trong hinh 4.12.
N®

Tna u

b INb ‘Lﬂ Z
c INc ‘I_J

Hinh 4.12: Su ¢6 hai pha khéng cham ddt qua téng tré cham Zy

a

Ta c6 c4c phuong trinh biéu dién sy ¢§ nhu sau:
Iye=0 Iny=-In: Ve~ Vie=ImZy (4.18)
Do Iy, =—Iy,va Iy, =0, cdc thanh phin d6i xing cia dong dién duge cho béi

cong thuc:

Iy, 11 17 o
Ty, _% 1 a || Iy | (4.19)
jNaz 1 a2 a —,INb

. Khai trién cong thic trén, ta cé: [ Na, =0 1 Nay = -1 Nay
Do khéng c6 ngudn &p thit ty khéng va do dong Iy, =0, nén khéng c6 dong

dién chay vao trong mang thi ty khong khi 6 sy c6 va dién 4p d4u cuc mang thi
tu khong phai bing khong. Nhu vy, viéc tinh todn ngin mach hai pha khéng
cham d4t khéng lién quan dén mang thd ty khéng.
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Dé thda cong thic [ Nay =1 Na; ta phéi néi mach tuong duong Thevenin cia

mang thi tu thudn va mang thi ty nghich song song nhau, nhu trén hinh 4.13.

INa1 ® iN ® iNag

— po—
+ et T

+ Viay \'/kal2 [ A

Nut tham chigu
Hinh 4.13: Két néi hai mach tuong duong Thevenin cia hai mang thi tu thugn
va nghich d€ biéu dién sy c6 hai pha khéng cham ddt.
Khi lién két hai mang thg ty nhu thé thi céng thic Vi, -V, =1,Zy ciing
dugc théa man. That vay, khai trién hai v& céng thuc (4.18) theo cac thanh phan
doi xung, ta dugc:

Vio = Vi = (kal + kaz )- (qu + chz )= (kal - chl )+ (kaQ - chz)

0 X s ) . . (4.20)
=(a® - )V, +(@-a*V,,, =(?-a)V,, -V,,)
ijZN =(ij1 +ij2)ZN=(aszal +aI.N02)Z'N (421)
Th& cong thic Iy, =-Iy, vao (4.20), ta nhan dugc:
(@® - a)(Vy,, ~ Vo) = (a® ~dly, Zy (4.22)
hay (Vkal - Vkaz ) : jNalzN | (423)

Dé thdy riing, v&€ phdi cla hai céng thdc (4.20) va (4.22) bing nhau theo su
. két ndi cdc mang thi ty nhu trén hinh 4.13, suy ra hai vé& tréi cing phai bing
nhau, nghla 1a sy két néi cdc mang thyd tu nhu trén hmh 4.13 hoan toan biéu dién
duge su ¢6 hai pha khéng cham dat.

Va nhu vy, theo su két noi cdc mang thit ty, ta d& dang suy ra cong thidc tinh
- dong dién su c6: :

. . v
INa =—INa = i -N s (424) :
1 2 Zkkl +Zkk2 +ZN .
V6i sy ¢ cham tryc tiép, ta thay Zy bing gid tri 0.
. // .
Liic d6: Ing =~Ing, = Vi (4.25)
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Thay (4.25) vao (4.19) ta tim dugc:

jNa =

. (a®-a)V NE)

Iy = : a). N - j— V3 N (4.26)
Zkkl +Zkk Zkkl +Zkk2

Iy, = (a-a®Wy _, . 3Vy (4.27)

Zkkl +Zkk2 Zkkl +Zkk2

Cong thic (4.24) 1a cong thic tinh dong sy ¢d d6i véi sy cd hai pha cham

nhau (khéng cham dét) qua téng trd cham Zy. Khi da bi€t dugcly, va Iy, , thi
~I g, V& Iy, c6 thé duge xem nhu cdc dong dién lan lugt d6 vao mang thd ty
thuan va thd tu nghich tai nat su ¢6, va do thay d6i dién thé thd tu tai cdc nit
ciia hé théng giy bdi dong su c¢d c¢6 thé nhan dugc tif cdc ma tran téng trd nit,
nhu da trinh bay. Khi trong hé théng c6 may bién ap ddu Y/A, d6 léch pha gilta
dong va dp thd tu thuan, thit tu nghich é hai phia mdy bién dp phéi duge dua vao
trong tinh todn. Vi du sau day sé lam ré diéu dé.
Vi du 4.3. Hé théng tuong tu nhu trong vi du 4.1 dang van hanh tai dién 4p danh
dinh khéng c6 cdc dong dién truée sy cd hai pha khéng cham dat xdy ra tai nit
®. Dung ma trin téng tré nit cda cdc mang trong tinh trang siéu qud d¢ x4c dinh
cdc dong dién khi su ¢6, cac dién 4p day tai nit su ¢, va cdc dién 4p ddy tai céc
diu cuc cia mdy phat 2.

Giai. [Z,g 1 va [Z,y, ] da dugc trinh bay trong vi du 4.1. Mac du Z,q da duge

~ tinh, chung ta khong quan tdm dén mang thd tu khong trong bai gidi néy vi day
la su ¢6 hai pha khong cham dat.

P& mé phéng su cd, cdc mach tuong duong Thevenin tai nit @ clia mach thi
ty thuan va thd tu nghich trong vi du 4.3 dugc mic song song nhu hinh 4.14. Ty -
hinh nay céc dong dién thi tu duge tinh nhu sau:

Vv 1
Zgy, + 245, J0,1696+0,1696

Tya, =~Inay = - j2,9481 dutd

‘Ta ky hiéu A & géc phdi dudi cho cdc dong 'dién trong coéng thic trén, su cd
nay nam ¢ phia cao dp (duong day). Vi INAO =0, cdc dong dién pha su c§ duge
tinh bdi: | |

I NA 1 1 1 0 0 .
Iyg l=|1 o® a ||-j2,9481|=|-51061| dvtd

fvel |1 @ a?|-729481] | 51061 |
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2331 iNA1 €) ® iNAz Zy,
1 —_— 1 | -— N o |
i0,1696 i0,1696
+ -
\‘/n = 1,OLO_O <> Vka1 \./kl\g
- k Nut gd¢
; 1
Hinh 4.14: Sy néi két cia mach tuong duong Thevenin
cho su ¢6 hai pha khéng cham ddt cia vi du 4.3
Nhu vi du 4.2, dong dién co ban phia dudng day truyén tai 1a I,y = 167,35 A,
nhu vay ta cé: Ina =0

Iyp =-5,1061x167,35=855,180° A
Iye =5,1061x167,35=85520° A

Céc thanh phan d6i xing clia dién &p pha A dén dat tai nit @ la: V3, =0
Vaa, =Vaa, =1-Zg Iys =1-(j0,1696)(-2,9481)=0,52£0° dvtd

Dién 4p pha tai nit su c6 3 la:
Vial (11 17 Vag 1
V3B =11 a2 a ‘ V3A1 = —0,5 dvtd
Vacl |1 a a v, 4 ; 0,5

[ 3]

Dién 4p day tai nat su ¢6 3 la:
Vs ap = Vaa = Vap =(1,0 + j0) - (0,50 + j0) = 1,5.£0° dvtd

V3,BC =Vap - Voo =(=0,50 + j0) - (-0,50 + j0) =0 duvtd
Vica = Voo = Vau = (<0,5+ j0) = (1,0 + j0) =1,52180° dvtd

Biéu dién trong don, vi cé tén thi dién 4p day tai nit su cd 3 la:
345

V. =1,5£0°x——=29920° KV
3,AB 3
V3 sc=0
345
V. =1, 54180° X —==299/£180° EV
3,CA 3

Néu khong tinh dén sy thay ddi pha do bié’n thé A/Y dugc néi vao may phét
2, ta ¢6 thé chi tinh todn cdc dién 4p thit tu clia pha A (quy vé phia cao) tai nit @
ding ma trdn tong tré nit cda vi du 4.1 va phuong trinh (4.7) véi k = 3 va j = 4.

V4Ao =—Z43 INAO —0
Via, =V - Zyg Iya, =1- (JO 1211)(—12 9481) = 0,643 dvtd

Via, =~Zaz,Ina, =-(j0, 1211)(— J2 9481)=0,357 dvtd
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D€ tinh dén sy thay d6i pha cia dong dién va dién 4p khi di qua mdy bién dp
tang 4p noéi v6i mdy phdt 2, ta phai lam tré pha dién 4p thi tu thudn va sém pha
dién 4p thd tu nghich mét géc 30°. Tai ddu cuc clia mdy phat 2 (nit @), duge chi
dinh bing ky hiéu a cho phia ha thé, dién 4p dugc tinh:

V4a0 = 0

Via, =V, 4,4 —30°=0,6432-30°=0,5569 - j0,3215 dvtd

Viay = Vi, 430°=0,357£30° = 0,3092 - j0,1785 dutd

Vi, = V4ao + V4a1 + V4a2
=0+(0,5569—j0,3215) +(0,3092 + j0,1785)
=0,8661-;0,1430=8787/-9,4° duvtd

a

Dién 4p pha b tai ddu cuc cia mdy phat 2 duge tinh nhu sau:
Vat, = Vi, =0 |
Vi, ="V, =(1£240°)(0,6432 - 30°) = ~0,5569 - j0,3215 dutd
Vip, =V, =(1£120°X0,357230°) = -0,3092 - j0,1785 dutd

Vis =Vip, +Vap, +Vap, =0+(0,5569 - j0,3215) +(~0,3092 + j0,1785)
=—0,8661 - j0,1430 = 8787£-170,6° dvtd

Pién 4p pha c tai dau cuc cia may phat 2:

V4co = V4ao =0
Vie, =aVy, =(1£120°)(0,6432 - 30°) = 0,643290° dutd
V4c2 = 02V4a2 =(1£240°)(0,357.£30°) = 0,357£ - 90° dvtd

Vie = Vae, + Vaey + Ve, =0+(j0,643) +(~j0,357) = 0+ /0,286 dvtd

D1en 4p day tai dau cuc cia may phat 2:
V, 25 = Vo — Vi = (0,8661~ j0,143) - (0,8661 - jO, 149)=1,7322+ jO dotd

Vipe = Vi — Vi =(-0,8661 - j0,143) - (0 + j0,286)
~-0,8661 - j0,429 = 0,9665.2 - 153,65° dvtd
Vo = Vi — Vi =(0-j0,286) - (0,8661 - j0,143)
=-0,8661+ j0,429 = 0,9665.,153,65° dvtd
Tinh trong don vi c¢6 tén, dién dp déy tai ddu cuc may phat 2 la:

Ve = 1,7322.,0°% 22 = 20.20° RV

V3
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V4b =0,9665£—-153, 65°><—2—0—=11 2/ -153,65° kV

V3

* Ve =0,96652153, esox% =11,2/153,65° kV

LIPS

Nhu vy, ti cdc dong Iya » Ina, > I tai chd sy ¢6 va ma trin tong trd nit
Nay> fna INay

clia cdc mang thd tu, ching ta c6 thé xac dinh cdc dién 4p nit va cdc dong nhénh
khéng can bang trong hé thong gy béi su cd hai pha khong cham dat.

Tuong tuy nhu vi du trudc, khi chi cdn tinh dong ngin mach tai moét vi tri
trong mang dién s6 nit it, chung ta c6 thé dung phuong phdp so d6 Thevenin
tuong duong nhin tif nat su ¢d tinh todn bing tay sé nhanh chéng hon.

4.5 NGAN MACH HAI PHA CHAM DAT

Gia thiét ngdn mach hai pha cham d4t x4y ra véi pha b va c tai nat & qua
téng tré cham Zy nhu hinh 4.15. Cdc phuong trinh biéu dién su c6 nhu sau:

Iye =0; Vi = Vi = Uy + Ino) 2y (4.28)

Do Iy, =0, dong thd ty khong Iy, dugc cho béily, = (Ing +1n. )3, va dién dp
Vs,V trong cong thic (4.28) tré thanh:

Vie = Vie = 3iNao Zy (4.29)

Thay V,, b6i V., va biéu dién cdc thanh phan ddi xing cia V., » ta dugc:

v, .
.kao 1 11 1 Vka
Viey |=5(1 @ a® Vie | (4.30)
Veay 1 & a ||V
: _1®
INa‘I
b

. ®

Ty ‘L-w
®

iNc H_‘

Hz'N

Hinh 4.15: Sy c6 hai pha cham ddt
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Khai trién céng thic ma tran trén, ta suy ra:

Viey = Viay (4.31)
3Vhe = Via+ 2Vis = Vho +Via + Vi) + 2321y ) (4.32)
Rat gon hai v& (4.32), chd y cong thie (4.31), ta nhén dugc:
' Viag =Viay, = Via, =32 - I, | (4.33)
Do Iy, = 0, nén: / ’

Ia, + Inay + Iy, =0 _. (4.34)

Thay ring hai cong thic (4.34) va (4.33) sé& dugc théa khi ba mang thd tu
duge méc song song, nhu hinh 4.16. S¢ d6 mang két ndi cho thay ring dong thu
tuy thuan / Ne, dugc xdc dinh bing cach dit dién 4p nit trude su ¢ Vy trén tong
tré tuong duong gém Zkk1 méc ndi tiép véi hai tong trd Zkkz- va (Zy, + 3Zy)

song'song, nghia la: .

jNa = ‘ T v . (435)
1 Z. [iZka(Zkk +3ZN)
+1—= — s
Ry 7 Zip, +Zyy, +3Zy)
m, © i.”"_z- ® if‘.l. ®
+ + +
\./ka1 Z.kkz j \'/kaz ik%L] \./kao
1
37,

Hinh 4.16: Két néi cdc mach tuong duong Thevenin cia cdc mang thi tu
dé bidu dién su cé hai pha cham ddt (pha b va pha c)
Dong thi tu nghich va thd tu khéng chdy ra khéi hé thdng vao chd sy ¢d ¢
thé dugc xéc dinh tit hinh 4.16 theo cong thuc:
(Z, +3Zy)
b+, +3Zy)

Iy =I5 (4.36)
k .

Z .
khy ] (4.37)

Ing =~Ing = 2
Neo N e + g, +32)

[
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P6i v6i su ¢d cham truc tiép, ta thay Zy = 0 trong cdc cong thic trén.
Vi

Ing = N__ (4.38)
“o Zp 2,
Zkkl + [".———_.—‘]
Zkk
gy =T [5—25—] (4.39)
2 ! Zkkz +Zkk :
. Z
N A (4.40)
Zppy + L,
Dong ngén mach toan phan: I, =0
V3Vy(aZyy, ~Zy,)
g = Ny T (4.41)

ZkkIZkkz +ZkaZkk + 2y Z/ek1

. V3V (a?Zy, ~Ziy )
j— N kky ~ Lk, (4.42)
Zkklzkkg +Zkk2Zkk +Zy, Zkkl

Khi Zy = -, mach thd tu khong sé trg thanh mach hé, khéng ton tai dong
thit ty khéng chdy trong mach lién két cdc mang thi tu va cdc cong thic trén tré
thanh cdc cong thic ung vdi su ¢6 hai pha khong cham ddt da trinh bay véi tong
tré cham bing khéng.

Nhéc lai mot lan nita rang cdc dong dién thit tu Iy, , Iy,,, va Iy, , mot khi

da dugc tinh todn, c6 thé duge xem nhu cdc dong dién 4m bom vao cdc mang tha
tu tai nat sy ¢d k& va d6 thay ddi dién 4p thd tu tai cdc nit cha hé thong cé thé
duge tinh tir cdc ma tran téng trd nat, nhu ching ta di lam trong hai phén trén.
Vi du 4.4. Tim dong siéu qud do va cdc dién dp déy trong diéu kién siéu qua d6 khi
mot su cd hai pha cham dat véi Zy = 0 x4y ra tai cdc ddu cuc cia mdy phat 2
trong hé thong hinh 4.4. Gid sl ring hé thdng khong tai (khong cé dong tai trude
su ¢d) v van hanh tai dién ap dinh mdec thi sy ¢8 x4y ra. Dung ma tran téng tré
nit va bé qua dién trg.

INa1 @ INaz @ ' INa° @
+ ' + ' +
Zyo,| |i0.1437
. Vi, Zo, [] 01437 | Vaa, Zaa, [] 0,19 Ve,
Vi
3z,
| S—

Hinh 4.17: N6i két mach tuong duong Thevenin cia cdc ;nqng thu ty
cho sy ¢6 pha cham ddt cia vi dy 4.4

- .
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Giai. Ma tran téng tré nit [Z, 1, [Zng,] va [Zyg ] giéng nhu vi du 4.3 vi thé
khang tré tuong duong Thevenin tai nit ® (nit sy cd) theo don vi tuong dbi cling
bing v6i cdc thianh phdn trén dudng chéo cla cdc ma trdn:Z, =j0,19 va
Z441 =Z442 — j0,1437 . P8 mé phéng su c6 hai pha cham d4t tai nit @, ta ndi céc

mach tuong duong Thevenin ciia ba mang thd tu song song nhu hinh 4.16 ta dugc
hinh 4.17, tir d6 ta tinh: '

: Vy 1+ j0 .
= = =—j4,4342 dvtd
Tvay == 7.7 Go.1430Go,19); - I
PO B L _]O 1437 + [~
44, (j0,1437 + j0,19)

Z44 +Z44
Nhu vay, cdc dién dp thi tu tai ché sy cd la:
V4a1 = V4a2 = V4a,, = VN -1 Ngy 2441 ,
=1-(—j4,4342)(j0,1437) =0,3628 dvtd

Dong dién d6 vao mang thia ty nghich va tha tu khong tai nit sy ¢6 duge tinh
béi céng thie phan dong nhu sau:

. Zgq 70,19
%% 1= j4,43492] i 1= j2,5247 dutd
Ing, = IN<11 [Z ‘7 1= j(0,1437 +0,19) J v
44, 44,
I - [——Z—~] = j4,4342] j0.1437 1=j1,9095 dvtd
Na, ="' Na Zagy + Zaa, ’ j(0,1437+0,19)°

Dong ra khéi hé thong tai diém sy cd
Ing = Ina, + Ina, +Inay = 71,9095 - j4,4342 +j2,5247 =0
'iNb = jNao + a2jNa1 + aII\Ia2
= 51,9095 + (1£240°)(4,4342/ - 90°) + (1£120°)(2,2547 £90°)
=-6,0266 + j2,8642 =6,6726,154, 6° dvtd
, . . o :
INC =1Nao +aINa1 +a INGZ
= 71,9095 + (1£120°)(4,43422 - 90°) + (1_4240")(2, 2547.,90°)
=6,0266 + j2,8642 =6,6726.25,4° dvtd
va dong dién chay vao trong dat la: |
by =Ing + Ine = 8Ing, = 75,7285 dvtd
Tinh dién 4p pha a-b-c tai nit sy cd:
Véa = V4ao t V4al +.V4a2 =3Vyq, = 3(0,3628) = 1,088‘% dotd

V= Vi =05 Vi = Vi — Vi =1,0884 dvtd

s
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Vioe =Vap = Vae =0; V, . =V, -V, =-1,0884 duvtd
Dong dién co ban bing L. 100x10%/(y/3 x20) = 2887 A phia ha dp (méy phat
1 va 2), ta tim duge: Iy, =0
| I, =2887x6,6726.,154,6°=19262,154,6° A
Iy. =2887x6,6726,25,4°=19262/25,4° A
I =2887x5,7285,90° =16538290° A
Dién ap diy co ban phia ha ép‘(méy 2 va may 1) 1a 20 kV, nhu vay
V, a5 = 1,0884x20 = 21,68.20° &V | '
V4,bc =0
Vyeq =—1,0884x20 = 21,68/180° kV

Vi du 4.3 va 4.4 cho thdy ring sy thay d6i pha gay béi miy bién 4p A/Y
khéng duge dua vao cdc phép tinh dong dién va dién 4p thit tu tai diém xdy ra su
cd cla hé thong, dai lugng Vy tai ché su ¢d dd duge chon nhu 13 mét dién ap
chudn (pha ctia Vy 1a pha géc) cho cdc phép tinh. Tuy nhién, doi véi nhitng phan

. khdc cia hé thong phia bén kia ciia mdy bién dp so v6i diém ngdn mach, cdc dong

dién thu tu va dién dp thit tu duge tinh bing ma tran téng tri nit phai dugc thay
doi pha trude khi duge lién két dé tao thanh cac dién 4p thuc ban dau. S¢ di cé
diéu nay 1a vi cdc mang thd tu ding dé hinh thanh cic ma tran téng tré nut
khéng phdn dnh sy thay do6i pha khi di qua mdy bién ap Y/A, nghia la cdc mang
thd tu chi gébm cdc téng trd tinh trén don vi tu’ong déi tham chiéu theo phan cda
mang ndi ¢6 su ¢6. :

Vi du 4.5. Hay tinh dién thé siéu qua d% so véi dat tai ndt @. dau mat cda dudng
day cdch xa sy cd hai pha cham d4t, trong hé théng cia vi du 4.4.

Giai. Cdc gid tri s§ cia cdc thanh phan d6i xing dong sy ¢ da dugc gidi trong bai
gidi vi du 4.4 va cdc ma tran [Z,¢, ), [Z, ), va [Z,4,] dd duge tim ra trong vi

du 4.2. Bé qua sy thay d6i vé pha gy bdi may bién thé& /Y va thay thé& céc gid
tri thich hgp trong cong thic (4.7), ching ta dugc céc dién dp tai nit @ gay ra béi
su ¢d tai niut @:

Voo, = ~Ina, Zog, =~(/1,9095)(0) = 0
Vaay = Viv — Ina, Zog, = —(-j4,4342)(j0,0789) = 0,6501 dvtd
Vaa, = ~Inay Zas, =—(j2.5247)(j0,0789) = 0.1992 (lvtd

Khi tinh dén sy thay déi pha qua mdy bién 4p di tir phia A (nit su ¢& 4) sang
phia Y (duong day truyén tai), ta cé:
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.

Vo, = Voo, £30°=0,6501430°=0,6530 + j0,3251 dvtd
Vaa, = Vag, £ ~80°=0,19922 - 30° = 0,1725 - j0,0996 dutd

Dién 4p can tim cé thé duge tinh nhu sau:
Vou =Vou +Vou + v, 4, =(0,5630 + j0,3251) +(0,1725 — j0,0996)
=0,7355 + j0,2255 = 0,7693.,17,0° dvtd
VZ 5= Vap, +a*Vop +Vyp, =(1£240°)(0,6531£30°) +(1£120°)(0,1992430°)
=-0,1725 - j0,5535 = 0,5798.2107,3° dvtd ,
Vac = Vac, +aVye, +a Vi, =(1£120°)(0,6531.230°) +(1£240°)(0,199230°)
=-0,5656 — j0,1274 = 0,5798,167,3° dvtd

Céc gid tri trong don vi tuong d8i nay cé thé duge d6i sang trong don vi cé
tén bing cach nhan véi dién dp co ban pha 345/4/3 kV phia dudng day truyén tai.

4.6 SU CO HG PHA

Khi mot pha hay hai pha cia mot nhdnh trong mang bi hd (ddt), trong nhanh
sé xudt hién cdc dong dién bat d6i xing. Tinh trang hé pha xdy ra thuong 1a do
gi6 bdo lam dut day hodc do su hoat déng cla cac thiét bi ngdt dong khong dong
déu ba pha khi qud tdi. Tuy khong nghiém trong nhu sy ¢6 ngdn mach, nhung né
ciing dnh huéng dén truyén tdi cong suit trong mang.

Tinh trang hé pha dugc biéu dién béi hinh 4.18. Hinh 4.18a, b 14n lugt mé ta
hé mach mét pha va hd mach hai pha trén nhdnh néi gitta nit 2 va nit m cta
mang. P& tién cho viéc st dung cdc thanh phan d6i xdng pha q, ta quy uéc pha a
la pha bi hé mach khi hé mach mét pha, va khi hd mach hai pha, hai pha hd sé
l1a pha b va pha c. Trong cd hai trudng hgp, ky hiéu ché hé la p va p’. Chiéu
duong cdc dong dién pha I o ib, va I . trén nhdnh bi hé dugc quy uéc la tir £ dén

'm. D& don gidn, ky hiéu cdc dién 4p tai chd hd mach nhu sau:

. . .

Vopa =Vai Vepn=Vor Vo=V
© i v p @ S NI ©
a p—= > — al . " -
I I
b p—2—-——+ 4 b—t—ot ;
i I
| | . —e ) ) 4
. I i ' ) 1
a) . b)

Hinh 4.18: Biéu dién sy c6 hé pha giga nit k va m
a) H3 mét pha; b) Hé hai pha
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Dé phén tich sy ¢ hé pha, truée hét chiing ta xdy dung cdc so dé tuong dudng -
thid tu gita hai nit chida sy ¢6 ho pha (khong phai nit goc) cia hé thong, ching
han nhu nidt 2 va nat m.
' Trong mang dién, lic ban d4u chua su c6, ta goi:

[VI=[V; ...V, ...V, ... V,]T 1a vecto dién 4p nit cia mang.

[l =[4,... I, ... I, ...1 1" 1a vecta dong dién dé vao céc nit trong mang.

[Z] 12 ma tran téng tré nit clia mang.
Thé thi: [V] = [Z][T]
~Xét riéng hai ndt £ va m; dién dp thd tu thuan cla pha a trude khi hé pha:
V = Zk1j1 +Z',€2I.2 +... +Z'k,;ik +.. +Z.ka' +Z'an' (4.43)

n

v, Z1111+Zm212+ A2+ 2 1 +Z ]}

nm-m mn-n
Gia su dat thém mot nhdnh tdi néi gita nit & va niat m. Dong chay trén
nhanh tir £ dén m 1a I;. Khi d6, nhanh t&i tao ra cdc do thay d6i dong dién d8.vao
cdc nit k va m la Al =—I; va Al,, =1, . Pién dp nit V, va V, lic nay la:

m

V=V, +ZyAl, +Z,, A | (4.44)

Vo=V +Z A, + 2, AT (4.45)
Viét lai (4.44) va (4.45) du6i dang:

Vi =V, +Zyy, = Zy)AL, + 2, (AT + AT (4.46)

Voo =V + Zon = Zy)AL, + 2, (AT, :Ai,,,) | (4.47)

Ti (4.46) va (4.47), c6 thé vé cac mach tuong duong Thevenin thyd ty thuan,
tha tu nghlch va thit ty khong gita hai ndt £ va m trong mang nhu hinh 4.19 dudi
day, chd y ring dién 4p Thevenin ban diu trong mach thd ty nghich va thu tu
khéng bang khéng do mang ban dau déi xdng.

z

Z""“o T Lmkg

c)
Hinh 4.19: Mach tuong duong (thi tu thudn, thu tu nghich va thu tu khong) Thevenin
nhin ta hai nit (khdc nit géc) cia hé thong Vk1 le la cdc dién dp nut thit ty thudn

ban dau tai cdc nit k, m. Cdc tong tré la cde phdn ti trong ma trdn tong tré nit ciia mang
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T hinh 4.19 ta ciing c6 thé xdc dinh téng trd tuong duong Thevenin giita hai
nut k& va m:

Zippm =Zpp + Lpp = 2Ly, (4.48)
trong d6 Zkka ka, ka 14 c4c s6 hang tuong (ng ciia ma tran tdng trd niit.

T hinh 4.18, ching ta thdy ring tinh trang hé mét pha tai diém pp’ tuong
“duong véi tinh trang ddu tién mé cad ba pha giita hai diém pp’ va sau dé néi tdt
gitta hai diém pp cha hai pha con lai. Tuong tu cho trusng hgp hé hai pha tai pp’,
mé ba pha ciing giéng nhu 14y han dudng day k - m ra va ké& dé néi tdt mot pha
tf nit & va m tai diém p va p’. Néu dudng day k - m c6 tong tré tha tu la Z,,, ,

Ziy» Zpm, ching ta c6 thé mé phéng viéc hé ca ba pha biing cdach thém vao téng
tr¢ am thd ty dudng day 1a =Z,,, , —Zy,,. —Z,,, gita hai nit k va m trong ba so

dé tUGn;; duong thi tu Thevenin tuong Ung cua hé théng dién ban dau.

Khi sy ¢ hd pha a tai diém pp’ giita hai nit &, m c6 thé dugec méd phéng bing
cac thay déi mach tuong duong gitta & va m:

- Thém nhénh c6 tdng trd —z4, néi gidta nit k va m. O day zun chinh la téng
tré thuc cia dudng day k - m trude su cé. :

- Thém nhédnh k-p c¢6 téng tré z,, nél gidta nit méi p va nat k va nhanh m-p’
c6 téng trd z,, ndi giita nit méi p’ va nit m. Chu ¥ rang zx, + Zmp = Zkm-

Thuc hién hai thd tuc trén véi mach tuong duong Thevenin trén hinh 4.19,
ta duge mach tu’dng duong Thevenin riéng cho ting mach thi tu khi sy c6 hé pha
gitta hai diém pp nhu’ trén hinh 4.20.

Zkk1 -ka1 ® Zkp P

Hmh 4.20: Mach tuong duong thi ty thudn, thu tw nghwh va thu tw khgng
khi hé pha gita nit k va m tai diém pp’
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Bay gio, tir hinh 4.20 ta c6 thé dé dang tinh cdc téng tré tuong duong
Thevenin cia cdc mang tha tu pha a khi nhin vao mang tu gitta hai diém p va

p’nhu sau:
22
5 — 5 . A . klno
pr'o = kao + ZTh,kNlo //(_zk"lo ) + anp R Z (449)
Th kmy ~ Zhemg
. *2’13 :
s . s . . _ my
prul = kal + ZTh,kml //(_anll ) + Z"lprl == - : (450)
Thkmy; — Zk’"l
—Z,%
5 ) 5 ‘. . - _ mny
pr'2 - kaz + ZTh,kmz //(—kaz )+ zmp'g -5 (4.51)

ZTh,kn12 —‘ékmg
Dién d4p mach hd la dién dp tuong duong Thevenin VPP'1 trong mang thua tu

thudn pha a nhin tif p'va p’ 12 dién 4p dat trén tdng trd (=2}, ) trong hinh 4.20:

V _ Vkl - le (—ék )
pp'y 5 my
Zkkl kal + Z"””l - Z’"kl - Z/"’"l
V, -V z
b Tm PP’
Z . ( ka1 ) (‘}}‘1 le ) (452)
Thhmy — kal /e;711

Vi

1 —‘/’”1 _ Vvk _V;n

Goi I, = , th& thi [, chinh 1a dong dién chay trén

zkml Zhm
nhanh k-m trudc su cd, va ta c6 thé viét lai cong thic (4.52) nhy sau:
. . Vip, = Ika

pp1

(4.53)

pp'y v

O day, ta thay xuat hién yéu cdu tinh dong nhanh trude sy c6 (h§ pha). Piéu
nay lam ta nhé dén théi quen bd qua dong tdi truée sy ¢ khi tinh todn ngin
mach. S¢ di ¢6 su khac nhau nay 1a vi viéc tinh todn dong ngdn mach dé€ phuc vu
cho chon lya mdy cdt, ma cdc mdy cdt thi dugc chon lua theo cdc cdp dong ngédn
mach (cdp cong sudt) cé sai biét 16n. Sy sai biét nay da 16n dé ta cé thé bé qua
dong tai truge su ¢é (von bé hon rat nhidu so véi dong ngdn mach) ma khéng lam
anh hudng dén ké&t qui chon lua mdy cit. Con trong sy ¢6 hé pha, d¢ thay déi
dong dién khoéng qud 16n so véi dong tai trudc su ¢, vi thé dong tai truoc su co
trong trudng hop nay phai duge tinh todn chinh xdc.

Tém lai, ¢6 thé tinh cdc téng tré tuong duong Thevenin va dign d4p mach hé
gitta hai nut p va p’ theo cdc phén ti cla cdc ma tran Z,; nht sau:

Zo12=24 priote ~ Fhpgia T ZT’lvk"lo,l.z //(‘_zkmo.l,z )+ Zmp'o,12
) 2
“Zhmo 1 9
=7 ; (4.54)
: Thhkmyy o ™ Zkmy; g
Vpp'l = Ikapp'l (455)

et
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Dung phép bién doi tir nguon dp V,; néi ti€p véi tong trd Zhpy + Zmpry + Zm,y
thanh ngudn dong V, /2,,, song song véi tdng tré Z,, cha mach thd tu thudn

hinh 4.20a, ta dugc mach tuong duong hinh 4.21b duéi day.
Zy, .2

kg

Hinh 4.21: Bién d6i nguén dp thanh nguén dong mach thi tu thudn
Ciing nhu vy v6i mach thit tu nghich va thd tu khong ta dugc hinh 4.22.

2 2 - .
kkp - Lkmy ® , | Zig, - Zim, ® p

Hinh 4.22: So dé nguén dong ciia mach thu ty nghich va khéng
Theo hai hinh 4.21 va 4.22, ¢6 thé két luan ring su ¢6 hd pha tuong tu nhu
. - , A N Va1 ‘ V(12 Vao A ., N « A A N
khi ta dat cdc nguon dong - , = , = ndi gitta £ va m. Chiéu ngudn dong
zkml zkn12 zkmo

tuong ung chiéu clia Val, tic 14 huéng tt m dén k. Trong mach thd tu thuén,

ngudn dong le/zkm1 gay ra cdc do thay d6i dong dién d8 vao nat k va nat m la

.V . v, |
Al =~ -, Al, =-—-. Tuong ty nhu vdy trong hai mach thd ty con lai. Ds
Zk'"l Zk”ll
thay ddi dién ap nut trong cdc mang thi tu gay bdi ngudn dong tuong duong sy ¢d 1a:
Zy -2,
AVi = Zik AIk, +Zim AIm :__kl_—_ﬂv (4.56)
1 1 17 m Zmy :
. . . . . sz2 sz2 .
AVLZZZlkgAIkZ +Zim2AIm2 =—;;n——v ‘ (457)
2 .
. . Y o s Zk Zlm .
AVi = Zik AIk + Zim AImo =——Q——O'V (4.58)
0 0 0 0 zkmo

Chi y ring truée sy cd, dién 4p nit tai cdc nit trong mang thd tu nghich va
thg ty khéng bing khong, do d6, cong thic (4.57) va (4.58) ciing cho ta gia tri
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dién 4p tai cdc nit trong hai mang thd tu nghich va thd tu khong. Con dién dp
nut trong mang thd tu thuan khi su ¢6 hé pha c¢é thé duge tinh nhu sau:
v, (N) =V,(0) + AV, =V,(0)+ 2y (4.59)
zkml
H6 miach mét pha:

Khi hé mach mét pha (pha a), pha b va ¢ van néi nén:

Vpp',b = Vpp',c = Vb = ‘/;. = Oa Ia = 0
Theo ly thuyét cdc thanh phan d6i xing, ta nhan dudc;
A 11 1v.] [V,
Val =% 1 a a0 =% Va
V., 1 a® a0 Va
. ) ) 1.
hay Vy =V, = Vo, =5V, (4.60)
va I, +1, +1,, =0 (4.61)

Hai phuong trinh trén sé dugc théa néu ta két néi cdc mang thi tu cia mang
song song nhau, nhu trén hinh 4.23a. Nhu vay, hinh 4.23a c6 thé duoc coi 1a hinh
biéu dién cho tinh trang hé mach mét pha giita hai nit £ va m tai diém pp’.

Hé mach hai pha:

Trong tinh trang nay, pha a van néi nén:

Vipa=V,=0 I, =i =0

pp'a

Theo ly thuydt céc thanh phan déi xding, ta nhan dugec:

Vo + Vo, +V, =0 (4.62)
, . . 1. :
Ia1 “lay Tig, ='§Ia : (4.63)

v6i: Z Py pré, Z o0, lan %uqt la tdng trd tuong duong Thevenin khi nhin vao cdc mang

thi tu pha a tir hai niit p va p’ duge xdc dinh biing cdc cong thdc (4.49), (4.50) (4.51).

Vpp.1 - dién dp tuong duong Thevenin gitta hai nit p va p’ ciia mang thit tu thuan pha

a duge xdc dinh bang cdc cong thic (4.52), (4.53).

Hai phuong trinh trén cho phép ching ta bidu didn su ¢d hd hai pha bing
-cdch két ndi cdc mang thit ty néi tiép nhau, nhu hinh 4.23b.

Tt hinh 4.23a, thdy ring dnh hudng cda sy ¢ hé mach trén mang thd tu
thudn 1a lam tang téng tré truyén qua dugng ddy. DGi véi hé mot pha, téng tré
tang nay duge thém vao gidta di€m p va p’ cia mach thy tu thuin l1a téng tré song
song gilta tong tré thi tu nghich va téng tré thu tu khéong. Nhu vay, céng suét
van c6 thé truyén qua giita p va p’, du cho mach thi tu khong giita p va p’ ¢6 tdng
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tré v6 cung 16n. Ngugce lai, véi su c¢6 hé hai pha duge biéu dién trén hinh 4.23b,
thém vao gilta p va p’ trong mach th tu thuan 1a tdng trd thd tu nghich va téng
tré thu tu khong néi tiép, va do dé cong sudt khong thé truyén qua nhanh sy cd,
trit khi mach thit tu khong giita p va p’ ¢6 tong tré rat nhé.

L, + Va, -
pr'|
P ’—TO_—_E:__" p’
' VPD'1
Exz + Vo -
pr,
p —I—F— ¢
IAaO + Vao -
vzpp' ,
a) pe— 1 p
| & ’ .
Ly oy oV, - Ly 4V, - by 4V, -
ZPD‘1 . pr’z , pr'o ,
p—O———4r pb—14p |, p b
Vopy b)

Hinh 4.23: Mang lién két thu tu khi
a) Hé mét pha; b) HG hai pha
Tir hinh 4.23a lién két mang thi tu khi mat mot pha, ching ta c6 thé tim
dugce cdc dong va dp tha tu:

j- _j pr'l _j prl(pr'2+Z ) 464:
@~ hm Z . Z " 2o Lo, ¥ Lo 2 7 7 (4.64)
7 pp'ypp’y pp',“pp'y PP2+ pp'2ppr'y
PPY " Z o + L

ppP2

(véi I,,, 1a dong tai trudc sy co).

V _V _V _ 7 ZPPZZPPo - jk prozpp IZPPZ (4 65)
a, ~ Ta; T Tag T ta m 7 5 :
' ? ' ZPP'z +pr'., pr'opr'l +ZPP'1ZPP'2 +pr‘zpr'o

Trong trudng hop hé mach hai pha tir hinh 4.23b, ching ta cling tim dugc
dong va dp tha tu nhu sau:
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ja ; ; ; ; PP
=1, =1, =1, =1,, = + 0 (4.66)
3 % - 2 pr'o+pr‘1 +pr'2
. . . . 2.2 +Z. )
Var = 1oy (Zppy + Zpp )=y, prl szpz +§po
o ' + ) 1]
pp'1 pp'a PP’y
Vo =l 02y =l Zop 2oy (4.67)
2 pr'1 +ZPP'2 +pr'o
. - . - "Z 1 7 1
v, =-1, Z,, =I,—>212°
pr'1 +pr'2 +pr'o

Vi du 4.6. Xét hé thong trong vi du 4.1. Coi mdy thd hai 14 déng co c6 cong sudt 50
MVA, hé s6 cong suat 0,8 tré, dién dp dinh mdc tai nit @ 1a 345kV. Cédc thong s6
van dugc git nguyén trong hé don vi tuong d6i véi cong suit co badn 100 MVA. Xic
dinh d6 thay d6i dién 4p nit tai nat @ khi:

a) Hé mach mét pha dusng day truyén tai gitta nit @ va nit @

b) Hé mach hai pha dudng day truyén tdi gitta nit @ va nat ®.
Giai. Chon cong suat cd ban 100 MVA, cdc dién 4p co ban l1a dién &p dinh mudc.
Cdc théng s6 trong don vi tuong déi cha vi du 4.1 déu c6 thé duge dung tryc tiép
(khéng phdi quy d6i) vi ching déu tuong dng véi hé co ban da chon. Ta viét lai
cac thang s6 va vé lai céc mach thi ty cia hé théng trong vi du 4.1 (mach thd tu
nghich gidng nhu mach thd tu thuan chi trit khéng cé sitic dién dong) ¢ hinh 4.24
va 4.25.

Mdy 1 (may phdt): X, =X, =X;=02 X, =004 X, =0,05

M4&y 2 (dong co):
M4y bién ap T, T:
Pudng day:

Eq

o

j0,04

j0,015

Xp =Xp, =X;=02 X, =004 X, =005

X7 =0,08
XL1=XL2=O,15; XL0=0’5

»
m

02 @ 1008 @ 015 @ 008 @ 2 E
} — 1 —— <

Hinh 4.24: Mang thi tu thudn

® jo,04

j0,08

j0.08 @ j0.5 @

j0,015

4

Hinh 4.25: Mang thit ty khéng

Bay gi¢ ta s& két ndi cdc mach thd ty tuong ting vé6i 2 kiu su ¢6 hé pha trén.
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a) Sf ¢& hé mjt pha duge bidu dién biing cach két ndi song song cc mang thd tu:

-jQ _0,5(0,8-j0,6)
I23 - *
V3 1
Tu hinh 4.23 ta c¢6 théng s6 dudng day 2-3:
Zoo, = Zoo, =015 dvtd; Zpe =j0,5 dvtd

T cdc ma trdn téng tré nit di cé sdn & vi du 4.1 va ti cdc phuong trinh
(4.49) va (4.50) va (4.51):

=0,4 - j0,3 dvtd

22

. -2
Z . = Z 23 = 0,712 (dvid)
PP P2~ Zog + Z33 ~2Zg3 — 293 J '

253 —(j0,5)2 0,25 _

‘ ZPP' =7 y 5 .

\ ° Zgy +Zz3, ~2Zy3 ~ 293, ~j0,08+ j0,58-2(j0,08)~ jO,5 0
| Ly V,=0,1068 + j0,1424
|
|

Trudc sy cb, dong dién chay vao dong co trén dudng day 2-3 (chon V3=1£0)1a: .
|
|

- I j0,712 I

+ —
P O - P’
Vory ZDD'1
L, j0,712
—
i T —
pr'z

e 7 s
Hinh 4.26: Két noi cdic mang thu ty dé biéu dién sy c6 hd mét pha

Nhu thé, néu dudng ddy néi nit @ va @ hd, xudt hién tong tré vd cung lén
gitta hai diém p va p’ (di€ém hd) cla mach thd ty khong.

b) Khi mét pha bi dut

Lién két mang tha tu mé phéng trudng hgp dit mét pha cia duong ddy 2-3
cho ¢ hinh 4.26.

Khi mot pha bi ddt, tdng tré mang thd tu thudn ting 1én mét lugng tuong
duong véi hai mang thy tu nghich va khéng song song nhau gita diém duat p vap’.

T phuong trinh (4.65):

7.7
L, i0,712.j0,712
:V =V =I —-—ppl—{)pi‘=(0,4 )J
Vo, =Vay =V, =lo3 5 5 70,712+ j0,712
14 %] )2

=0,1068 + j0,1424 dvtd
bo thay déi dién 4p nut tai nit @:

Zgo, —Z3y (j0,08- j0,58) : ,
AVs, ——%—"—Vao = 0, ; V, =-V, =-0,1068-j0,1424dvtd

_ Zs, Z331 v, _Go, 1104 70,0, 1696)

=-0,0422 - j0,0562dvtd
1
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Vay dién 4p nit @ khi sy ¢é 1a:
V3o (N) =V3(0) + AV, +AVy +AVy =V; +(-0,1912 - j0,2548) dvtd
Trude su co:
V4(0) =1+ j0,0; V;(N)=0,8088-0,2548 =0,8484 —17,5°
¢) Su ¢é hd hai pha: :
Lién két mang thd tu mé phéng su ¢ hd hai pha cho ¢ hinh 4.26.

o ~— 0712 j0,712

| @) = T Y S e B N S

p : ; PP s pp p' N
v, Zop) Zopy _

Hinh 4.27: Mang thi tu lien két khi hé hai pha

Ta nhén thdy mang lién két 1a mét mang hé vi néi ti€p véi mang thi tu
thuan mét téng trd thit tu khong vé cung 16n.

Né6i té6m lai, cong sudt khong thé truyén qua chi rﬁ{)t pha cua duong day
truyén ti ba pha trong trudng hop nay.
Vi du 4.7: Cho mang dién nhu hinh 4.28 véi cdc théng s6 sau:

Hé théng S: 50 MVA; Z,g = Z,5 =15%

My bién 4p T, tai thanh cai A: 50MVA; 115/34,5kV; Xy =7%

Puong day AB: Zy,5=0,21£71° Zy,5=0,64267° véi Sgp=30MVA;
Ucg =35,5kV |

M4y bién dp Ty tai thanh cdi B: 30MVA ; 34,5/13,8kV Xrp =8%

Téi: 30MVA; cos®=0,9 (Z;; =1,0£25,84°, Z;, =0,6£29°) vdi Spp = 30MVA;
Ucg =35,5kV

Hé thdng S Ta /i Zins = Zons Ei T \
Tai
[ | ﬂi}z . 7
Zig=2Zyg > :L ' :I:D t e
X1a ' ‘ X1g

Hinh 4.28: So d6 mang dién cia vi du 4.7
Tinh todn dong sy cé khi hd pha ¢ tai thanh c4i B.
So d6 lién k&t mang thit tu khi hé pha a tai B cho hinh 4.29
Tinh céc thong s3 hé thdng trong h¢ don vi tuong d6i theo co ban 30MVA; 34,5kV
30 ‘

; . . ; . 30
Zyg = j0,15°2 = j0,09, Xps = j0,0750 = jo
15 =J0, 1555 _ 74 =JO 0750 ’JO 042
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Thi ty thuan

Thit ty khong
‘ Ioa
g' Xsg
Xra 5
. A 0AB B X
foaf

!
Hinh 4.29: So dé lién két cdc mang thu tu khi hé pha a tai thanh cdi B
Diat: Zyg =Zyg + Xra +Z1ap; %14 = Zoa
Z, 4 = j0,09+ j0,042+0,21471°=0,3376.£78,31°
Zoa=Xra+ZoaB
Zoa = J0,042 +0,64£67°=0,6788.68,39°

Zip =211 +Xap

7,5 =j0,08+1,0£25,84°=1,037.29,82°

Zop=Z15+Xup . |

Zy5 = j0,08 +0,6£29° = 0,6426.£35,25°

ZOB = XAB ‘

Zyg = Xpp = j0,08=0,08290°

Tir so d6 lién két thu gon thanh hinh 4.30:

2y =Zy + 2oy =0,9187£49,87°; Zo=Zya + Zop =0,7537..70,63°
7,7, . :

2% - (,4209.61,245° = 0,2025 + j0,3690
9t Zo .
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i Ia

= P P —

ibA IbB

—— esennd

IcA IcB

— ~tip—

Thu ty thuén
1
Zig
r—o -
3 P P -
Iia Lig
Thu ty nghich
Zoa Zy
0 . mm——
e P P ‘ -
Ioa Log
Thd ty nghich
Zoa Zog

04 [ S J—
- P P -

Ioa Tog

Hinh 4.30: Lién két thu gon khi hé pha tai thanh cdi B

Téng trd tuong duong: '

Ty

Zyp+—220 17, 5 =1 688.46,08° (4.68)

Zo+ 2, '
Gia s trude su ¢8 dién dp tai c6 bién do va géc pha la 1£0°, dong tai c6 bién
d6 va géc pha 1£-25,84° (tinh trong don vi tuong d6i).

TaC(j:b —V+j(ZlA+XTB)+1=O

V=1+1/- 25,84°(0,0684 + j0,4106)

V =1+10,4163.254,7° = 1,286 .£15,315° dvtd (4.69)
Tl (4.68), (4.69) ta c6:
14 =2 2B8LI5,818" e 30,7650 = 0,655~ 0,39 dvtd (4.70)
1,688246,08° |
fpp=—I Lo = 0,762, - 30,7650 271937£70.63° 1 219 /160,7°
7, +2, 1,645/59,165°

=-0,329 + ;0,115 dvtd (4.71)
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fyp =ty Zy_ _ _0,762.230, 76° % 9187£49,87
Zy+2, 1,645.,59,165°
=0,426.139,85° = 0,325+ j0,274 dvdt (4.72)
T (4.70), (4.72) ta c6:

Iya=ha+ Iy +1ps =0

Iop =a®l, +aly, + 1y, =0,7622209,24° + 0,349./280,7° + 0,426 /139, 85°
= —0,925 - j0,441=1,0252 - 154,53° dvdt
I,=al 4 +a®l,, +1,,=0,762,89,24° + 0,349./40,7° + 0,426 /139, 85°
=-0,05 - j1,264 = 1,265,92,285° dvdt
Tu két qua trén phan bs dong cho hinh 4.31.

[,a=0 Ig=0

— pma—

Tai

Ipa = 1,025|-154,53°

———

. 3 - o
31,5 = 1,275-40,15° | Ip = 1,265(-92,29
—f

1 3lpg = 1,275|-40,15°

Hinh 4.31: So dé phdn bé dong khi trung tinh hai mdy bién dp néi ddt

Vi du 4.8: H& pha khi hé théng chi néi ddt mot phia ngudén
Né&u mdy bién d4p 30MVA & thanh c4i B khéng néi dat, thi mang thd tuy khong
Xrp sé& hd nén khong c6 dong I, va Iyp. Tong trd lic nay la:
Téng trd tuong duong:
Z, +Zy=1,562+ j1,548 = 2,199.£44,75°

1,286.£15,315°

=0,5849£-29,434°
2,199./44,75°

ilA =_j2A :“le =Iyp =
jaA :jaB :0

Iy =a®l 4 —al;4 =1,0132~119,434°
i, =al,-d*1 4 =1,013£-60,566°
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Phan bé dong biéu dién hinh 4.32.
I,=0

A —

i, =1,013/-119,43°

——

i =1013/60,57°

—-

Hé théng

3l = 0 }

.

Hinh 4.32: Phan b6 dong khi mdy bién dp B khéng néi trung tinh

4.7 TINH TOAN SU €O PHUC HQP

Mot trong nhing su ¢ phic hop thudng xdy ra trong hé théng dién la mét
pha bi ddt va roi xuéng cham dat.

So do lién két trong trudng hgp nay la cho hinh 4.33. Trong dé sit dung ba
mdy bién dp ly tudng dé mé phéng cham dat méot pha.

. a a
Pl b b | P
c c’
n n
% 1:1 é ng¢ Thi ty thuan
P P""

g 11 % - Thit tu nghich

‘ ? 1 % . Thu ty khong
L J

Hinh 4.33: Lién két mang thu ty khi mét pha dut va roi xudng cham ddt

Ta khdo sat cac trudng hgp sau:
- M6t pha bi ddt roi xudéng cham d4t phia tai
- Mot pha bi dit roi xudng cham d4t phia nguén
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4.7.1 Mot pha bi dit roi xuéng dat phia tai

Khéo sat trusng hop mot pha bi dut roi xudng dat tai tram B bang vi du véi
so do mang hinh 4.34, thong s6 giong nhu vi du 4.7. '

| Ta A Zipg: Lons Bl Ts Tai
EH—+—— Q——
! | ! Zu1: Zu
Zyg =2y D fE D
XT_A ;<Ta

 Hinh 4.34: H¢ thong bi dut pha a va roi cham dat tai tram B
Xét khi ¢6 tai: 30MVA

Z.lA =Zyg+Xpa +Zy1ap ZlB =Xrp + ZL]
ZzA :ZlA ZlB=XTB+ZL2
ZOA =Xpa + ZOAB ZOB = Xrp

Zas . B .
Xia Ai Zias XTg ' I,
L 20— ¢ .+—am,—-
Lia P P +
.118‘ Iol L
g7, g 11 8 V,
2 b
' Xra A Zons ‘ B XTg L
- ,mﬁ% 200 ——4 »+-mm—— , /
1 PP +
2A
Ios ) I | o
gzog g 111 % \A
XTa B 11
: A Zons XTy °
} 00— .-+—..m,— '
" T . P P +

Hinh 4.35: Mang thi tu lién két cho truong hop hinh 4.34
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T hinh 4.35

V+1iaZig~IaaZia+ IopZog ~ L1215 =0 (4.73)
Mang thi tu thuln: Ia+Ilg+1,=0 (4.74)
Mang tha tu nghich: Ipp+Ig+1,=0 (4.75)
Mang thit tu khéng: Iog+Ipp+1,=0 (4.76)
Do Ia+Tyy+1,,=0
1, =135 +Iop +1yp) 4.77)
Thé (4.77) vao (4.74), (4.75), (4.76) ta cé:
L4 =-2/815 +1/81,5 +1/31 ' (4.78)
Ion =131 5 —2/31,5 +1/31 | (4.79)
Toa =131 5 + /31,5 - 2/31 5 (4.80)
Thé (4.78), (4.79) vao (4.73) ta cé: :
~hp(Zig+218) + L (Z g + Zyp) =V (4.81)
TU hinh 4.35 ta c6:
Vi=lpZig=0; Vo+lygZop=0; V, +iy5Zo5 =0 (4.82)
Va c6: V,+Vy+V =0
nén: - hpZig+IpZop +IogZog =0; (4.83)
Tu mang thit ty nghich va thi tu khéng
IyaZoa—ToaZon +IopZog ~ IypZop =0 | (4.84)

- Thé (4.79), (4.80) vao (4.84), don gidn va nhan thém 3 ta duge:
Lig(Zyg ~Zop) - 1,p@2, g + Zyp +3Z5) + Top(Z2y 4 + 22, +3Z,5)=0 (4.85)
Tir hé ba phuong trinh (4.81), (4.82), (4,83), tim ba &n 1,5, I, I
Bién ddi bing cdch nhan (4.82) cho (Z, +2Z,, +3Z,5) v (4.85) nhan véi
(Zyg) - Sau d6 tru nhau ta duge phuong trinh khir duge fOB:

leZX +j2BZY=O (4.86)
v6i Zy =252y 4 +2205 +3Z05)+ Zog(Zop — Z1) (4.87)
ZY=ZZB(ZIA +2ZOB)+ZOB(221A +ZOA +6ZQB) (488)
T (4.86) ta suy ra
Lg=-Ip Zy (4.89)
Thé (4.89) vao (4.81) it gon ta cé:

) V2,
ZX(ZIA + ZQB) +ZY (Z1A + ZIB)

Iz (4.90)
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Tu (4.78) ta suy ra:

joo = ~IipZ1p — o208
0B :

(4.91)
Zop

~ Doéng I, duge xdc dinh bing céng thic (4.77) tir d6 ta tinh [,,, fy,, Iy, bing
cong thitc (4.74), (4.75), (4.76)

ha=-Iig-1, (4.92)
Iyp=-Ip-1, _ : (4.93)
jOA =’j03 _jo (4.94)
Thé s6 vao ta tinh duge cdc gid tri sau (tinh ¢ co ban 30MVA 34,5kV):
30 30

Zig = j0,15-=j0,09, Xpy = j0.07 = = j0,042, Zon =214 (4.95)

Z, 4 = 70,09+ j0,042+0,21,71° = 0,3376.£78,31°
Zya = 0,042 +0,64.267° = 0,6788.68,39°
Z,5=7j0,08+1,0,25,84°=1,037£29,82°
Zyp = j0,08+0,6£29° =0,6426,35,25°
Zyp = j0,08=0,08-90°
Tit (4.74), (4.75), (4.76) ta tinh dugc: |
I, =0,502,154,93° I, =0,8812-40,53°

I,p =0,697£-35,25° 1,,=0,354,-173,11°
fop=1,0392-58,94° f,4 =0,6182120,98°

I =0,421,121,19°
Tir két qua trén ta v& phan bé dong hinh 4.36:

i, = 1,26]-58,93°

i,=0 (0.74|-73,779)
A - —_ B
Tai
Hé thdng Lg Lon
\ Tps = 1.01]5.,08° s N
(0.74|-7377%
. e

i, = 1.68]-91.89°
(0.74|-73,77°)

I, = 1,85/-59,02° ’ ,

» . ° .
(1,48|-73.77°) Iy =1.26]-58.93 l 1 3f.a = 3,12|-58,93°
i o — =
. = (0.74|-7377) = = (2.22]-73.77°)

Hinh 4.36: Phdan b6 dong cho truong hop pha a cham ddt tai B.
Tri s6 trong ngodc la cho trudng hop khong tdi
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gian di rat nhiéu.

Xét khi khéong tdi (H.4.35)

Néu téng tré nhanh tai (Z;, +Zrg) va (Z;,+Zpg) bd qua thi I,z va Iy
khong tén tai. Piéu nay thé hién ¢ hinh 4.37. So d6 thay thé va tinh todn sé& don

- ' i1At )
<)+ v g 1:1 § v,
— — P P +

Lia

|
é 1:1 g V,
Zon B Zyg __iEB: 0 Vi,
ﬂn——-——hp P‘. .
L= Lpa
i
1 g 1:1 g \&
Zoa BiOB= 3, 1 im
000
E\: "2iiA PP -

Hinh 4.37: Mang thu ty lién két thi tu truong hop dit mét pha cham dét khi khong tdi

Ta c6: V1+V2+VO=O

G mach tht tu khong: 31, , X5+ 1A =0

Th& (4.96) vao (4.97):  3[,Xpp -V, =V, =0

Td mang tha tu thudn va thd tu nghich trén hinh 4.37:
ValiyZy, - IyaZoy-Vy+Vy =0

Ta da c6: I, =1,, nén: —V—V2+Vl:0

Th& (4.99) vao (4.98): 8l Xpp +V -2V, =0

Tt mang thi tu thudn va thd ty khong trén hinh 4.37
VD2 Zy g + 20,24 + 31'1AXTB.+ V=0

Nhén thém 2 cho hai v& phuong trinh ta dugc:

—2V+ (ZleZIA +4i1AZOA + GI.IAXT/)’) + ZVI =0
Tu (4.100), (4.101) suy ra: ~V +1,,(2Z, 4 +47,, +9X;,) =0

(4.96)

M4y bién 4p ly tudng khong cé khang trd va bo qua tai, nén khéng tinh duoc
Vi, v, -

(4.97)
(4.98)

(4.99)
(4.100)

(4.101)
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. | v
L=, =— : (4.102)
A T g A+ AZy, +9X g

Bay gid ta thé gid tri véi V =1£0° trong truong hop khong tai, ta cé:
Po=i, - 1£0°
147724 7 93773 91

Iy, =0,492.,106,23% I, =0,7382-73,72°

=0,246£-73,77°

Céc gia tri dong tinh dugc biéu dién gid tri dat trong ngodc don ciia hinh 4.36
dé ta c6 thé so sanh véi trudng hgp cé tai.

Trudng hgp trung tinh mdy bién 4p phia tai khong noi dat

Néu may bién 4p 30MVA tai thanh cdi' B khong co néi dat hay la né duge dau
tam gidc bén phia cao 4p, thi trong quan hé hinh 4.35 X;p sé khong dugc noi
trong mach thd ty khong. Két qud 1a tré khdng thd tu khong sé khong néi téi
diém Y din dén khong c¢6 dong thid ty khong chay trong méng thd tu khéng. Nhu
thé tuong duong trudng hop hé thong khong noi dat mac du MBA tai A duge néi
dat va mot pha cham dat. Tuy nhién, van c6 dong cham do dung dan giita pha va dat.

Gia s ring tong dung khang tai B 1a 200kQ ¢ 34,5kV dong dién dung la:

o= o3500 414 ¢345kV (4.104)
J3.200.000

V6i Zyp =-j5041 (dvtd) trong hinh 4.35 thi ap dung cdc cong thuc tir (4.78)
dén (4.80), (4.84), (4.85) va cong thic (4.91). Ta tinh duge:

I, =0,5982-27,77° I,y =0,6712-155,33°
I, =0,5282-148,27° I,p =0,4612~36,85°
I, =0,082-179.11° Iyp =0,00008100°

- 1,=0,08£-0,94°
Phén bé dong cho hinh 4.38

1,,=0
A - -=-"

1, =024 £=179.08°

‘Hé thdng 1,r=0242179,08° ‘ T4i

fon = 1,04 £~12547°

.t

—
o
w

bt
o
@©

1

—

. . p » N o ,
3l =024 L 179.08°‘ L =0,92.£.66,96 -‘__I__I

X, = <5041 (ohm)

Hinh 4.38: Phdn bo dong cho truong hop trung tinh MBA phia tdi khong noi dat
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4.7.2 M6t pha phia dudng day bi diit va roi cham dat

Khi dudng day roi xuéng dit, mdy bién dp ly tudng trong so d6 lién két s

lién két phia dusng day (H.4.39)

Nhu da nhan xét, Z,;; khéng thé b6 qua vi néu khong tdi thi s& khéng c6

dudng dan cho dong dién trir khi né khép mach qua dién dung ctia hé théng xuéng
dat. Khi dién dung clia hé théng 16n va thusng duge bd qua trong hé théng c6 néi

dat nén dong ngén mach cham dat sé rat nhé.

Y
g g |
1:1
\'
1 Zys
' l Xra f\ Zing b B X l
L, i —— T ——ww— i,
+ Lia
Vg §1:1 E ézzs
' l Xia A Zipg B Xig I
I | .
. o i = o t—wr— i,
Loa
VO
% 11 E EXTA
. t . ‘ f‘ Zoas p ?
+ I, I, ‘ t T +
Ioa

Hinh 4.39: Mang lién két thit ty cho truong hop mot pha phia duong day bi dut

va roi xuéng ddt

Tit hinh 4.39:
~V+iiaZy +V, =0
Iy, +V2‘ =0
IoaZos+V,=0
Véi: Vi+V,+V, =0

Ta duge LiaZy g+ 1342 g +IpZypg =V

- (4.105)

(4.106)
(4.107)

(4.108)
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TU mang thi tu nghich va thi tu khong ta ching minh dugc:

Xrp—Zop Xrp
3

. . -7 .. -7

'TU mang thd tu nghich va thd tu thuin ta cing ching minh duge:
IlA(ZlA+—2BJ:3A)—IZA(ZIA+—2—Z2—B3T—@)+IOA(Z23—3Z1—@)=V (4.110)
Ti ba phuong trinh vao (4.108), (4.109), (4.110) ta tinh dugc [ 4, Ioy, fos va

suy ra céc dong pha. T d6 ta c6 phan b6 dong nhu sau:
Ios=0,42842-74,85° I;5 =1,09892-71,33°; Iy, =1,97662-4858°

i, =343/-5891° le=0 4

A ——- .

iy =343/-58,91° 1 Tai

I, = 1,4178,93 . .
[ ' Lg = ~Tpa —
ICB = _ICA —
= !
. 3 o . "
3lp, = 1,3275,73° ' Ip = 1,71£101,32 3, = 2,2/248,85°

L. e s

Hinh 4.40: Phdan b6 dong cho truong hgp mét pha bi dut phia duong ddy

4.8 MOT VAI vi DU TiNH NGAN MACH BAT 01 XUNG

P& tinh toan giai tich ngdn mach trong hé théng 16n, cdc chuong trinh may.
tinh 16n dya vao cdc ma tran tong trd thanh cdi. Dang ngén mach thudng dugc
tinh todn nhat 12 ngdn mach ba pha va cham dit mét pha dé phuc vu cho viéc
chon mdy cdt va bdo vé role. Dong tinh todn ngin mach tai ché ngdn mach ciing
nhu phan bé trén cdc nhanh khdc.

DP6i v6i hé théng dién nong nghiép va hé thong dién nhé, khong nidt thiét
phai su dung ma tran téng trd ma cé thé dang so dé tucng duong Thevenin dé
tinh todn ngdn mach tai mét vai diém trong mang sé& nhanh chéng hon. Sau day
xin gi6i thiéu mot vai vi du tinh toan ngén mach cham d4t mot pha bang tay dé
hiéu rd hon viéc s dung so d6 mang lién két cdc mang thu tu.

Vi du 4.8. Hé thong dién duge tuong duong bdi mot may phat dién G cung cdp cho
nhém tai déng co dong bo M gidng nhau qua mdy bién dp T nhu hinh 4.41. Cac
théng s6 cta so do: ’ '
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@ )
—® |
Xm
® Cf
- ®
G T ..
cs @
g Xg = X A ' =
| ' - ®
= ' = X,
M =
Hinh 4.41: N —®
So dé mang dién cho vi du 4.7 » X

Heé thong dién G: Sg = 7500k VA; U = 4,16 kV (4,16 = \/§X2,4 kV)
xy = x2 = 0,1dvtd; x,=0,05dvtd: x,=0,05dvtd

Nhém tdi dong co M:

U4 = 600V; hiéu sudt 89,5% khi day tdi; lic cos@ = 1 va dién thé& dinh muc;
téng céng suat 4476kW (6000 Hp), khang trd méi dong co tinh theo co ban la
dinh mdc téng céng: x; = x; = 0,2; x» = 0,2; x, = 0,04 va trung tinh déng co ndi -
dat qua khang tré x,, = 0,02 dovtd. : ‘

May bién 4p T: Sy = 2500kVA; 2400/600V (4160V Y/600VA); Z1% = 10%; t6
dau day nhu hinh vé. '

Khi cham d4t mot pha 6 phia dién 4p 600V (diém N trén hinh 4.28), cac dong
co cung cdp tai tong 1a 3730kW (5000Hp) ¢ dién thé€ dinh mirc, cos¢ = 0,85 tré va
n =88%. Tinh todn dong ngdn mach qua d6 trong mang dién véi gia thiét khong
ké anh huong dong dién trude sy cd.

Giai. Chon céc dai luong cg ban: S,, = 7500 kVA; Uy = 4,16 kV; Us,; = 600 V.

Cong sudt dinh mic dau vaoe clia mdi dong co tuong duong:

6000.0,746
0,895
Khdng tré cua dong co tuong duong theo co ban da chon:

Xy =X =X 02@9 = 0,3 dvtd
5000

=5000 kVA

%, = 0,042 _ 0 06 dutd
5000

Trong mang tha tu khong:
7500

- Khéng trd gitta trung tinh dong co va dat la: 8x,, = 3x0, 0250_0—6 = 0,09 dvtd
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- Khéng tré gilta trung tinh mdy phat va dat la: 3x, = 3x0,05 = 0,15 dvtd

Hinh 4.42 so d6 lién két ba mang thd tu ndi tidp thé hién khi cham dat mét
pha § N. '

Vi dong co van hanh & dién thé€ dinh mifc chi 1a dién thé co ban cla déng co
nén dién thé pha a tai nit @ trude thoi didm xdy ra sy c8 1a: Vy = 1 dved

Dong dién co ban cia dong co: 7500000 _ T217A
J3.600
746 x 5000

Dong dién thuc cia déng co: =4798 A

0,88%~/3x600%0,85
Dong dién ctia dong co trude su cd tinh trong dvid:

g?’?‘ Z-cos™'0,85=0,6652—31,8°=0,565- j0,35 (dvtd)

néu bé qua dong dién truéc sy c8, E, va E, dugc cho biing 1-£0°dvtd trén hinh

4.42. Téng tré Thevenin nhin ti nat O cla ting mach thi tu:
Gy =2, = JOIHIODIOB _ o4 5
Jj0,1+ ;0,1+ 50,3
Z,=j0,15dvtd -
T mang lién két thi tu tinh dong sy cé:
P/ S S—
el Zi+Zs+2Z, j0,12+ 0,12+ j0,15 ;0,39

=—j2,564

Iy, =1y, =1fN'a1 = j2,564 (dvtd)
Dong dién tai ché ngdn mach: Iy =3Iy =3(-j2,564)=~;7,692 dvtd

T mang thi tu thuin tim dong ngén mach thi tu thuén:
| -j2,564.j0,3 _

- Chay tit m4y bién 4p: jNTl == -j1,538 dvtd
JY,

- Chay tu dong co: I.NM1 =l2—5—g%-&?- =-j1,026 dvtd
JY,

Tlfdng tu tim dugc dong thd tu nghich chay ti may bién 4p va dong co dén
di€ém ngdn mach 1an lugt la:
Dong ngén mach thit ty khéng chay tir dong co d6 vé diém ngin mach:
Iy, =—J2,564 dvtd
Dong ngén mach ting pha tif mdy bién 4p d6 vé diém ngdn mach tinh trong
don vi tuong déi viét dudi dang ma tran la:
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Il 11 0. ~j3,076
I,|=|1 a® a ||-j1,538|=| /1,538
I 1 a o2l|-71,538] | j1,538

Dong dong co d6 vé diém ngdn mach:

I} [t 1 17-jo,564] [-j4,616]
I,|=|1 &® a |/ -j1,026|=|-j1,538
ill1 o a2l -71.026| |-j1,538

(3]

c

Né&u ky hiéu chit A va a 1a pha a clia mdy bién dp phia bén cao va bén ha,
ching ta ¢6 dong dién quan hé gitta phia cao va ha cia may bién 4p trong dvtd la:

Iag=1,280°; 1,5=10,,2-30°
Do dé: I, =-71,538£30° = j1,5384-60°=0,769 — j1,332

jA2 =-j1,5638£-30°= j1,538£-120°=-0,769 - j1,332

® 0,565 — j1,888 ® -0,565 - j0,676
4 — L
" e

I 5ea N

jo.1 0.3
+ +
E; £
-j1,538 | -i2,1,026
t - 4 -2,564

\ -j2,564
N
T
] j0.06
] j0,09

Hinh 4.42: So dé lién két thi ty khi cham dét mét pha tai N
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T hinh 4.42, ching ta luu ¥ ring [ a, =0 trong mang thi ty khéng. Vi thé
khong cé dong thid tu khong bén phia cao cia mdy bién 4p, ching ta cé:
Iy=1I, +1, =(0,769- j1,332)+(-0,769 - j1,332) = - j2,664 dvtd
I, =d’I, =(1£240°(1,5382-60°) =-1,538+ j.0
Ip, =al,, =(1£240°)(1,5384£~120°) =1,538 + j.0
Ig=Ig +1I5 =0
I =al, =(1/120°)(1,538£-60°) = 0,769+ j.1,332
I, =a®l,, =(1£120°)(1,5384 - 120°) = -0,769 + ;.1,332
Ip=1I¢ +Ig, =j2,664 dotd

bién thé timg diém nit trong hé théng, ¢6 thé tim dugce bing cdch tinh todn
tir dong va khéng tré cia cdc mang thi tu thanh phan dién thé bén phia cao cla
mdy bién 4p dugc tim d4du tién, khong tinh dén dé léch pha qua MBA, sau d6 bé
sung vao.

Tinh dong dién ngdn mach trong don vi ¢6 tén:

I, =7217A
7500000
_ 0000 10414
2~ /34160

Dong tai ché su co: o

Iy =17,692x7217 ~ 555004

Dong titng pha tir MBA dén diém ngdn mach N:
I, =38,076x7217=22200A
I =1,538x7217=11100A
Ic=1,538x7217 =11100A

Dong tu’ng pha tir déng co dén diém ngén mach N:
I 4 =4,616x7217 = 33300A
Iy =1,538x7217 =11100A
I, =1,538x7217 =11100A

Dong ngén mach giita thanh céi 4,16 £V va MBA:
I,q=2664x1041=2773A
Iz =0
I =2,664x1041 =2773A
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Céc két qua tinh dong ngdn mach cham d4t mdt pha & trén tinh véi diéu kién
khong quan tdm dén dong tdi cia dong co.
. Néu trong trusng hgp k& dén anh hudng clia dong tdi tai thoi diém xdy ra
ngdn mach, ching ta phai thém dong ctia dong cd pha a trude lic xdy ra sy cd vao
thanh phédn thyd tu thuan. Iy,; chay tu MBA dén diém ngén mach va trir cing

gia tri cua gy, chay tir dong co dén diém N.

Tri s6 mdi ca dong thi tu thuan tit MBA t6i diém N trong pha a la:
0,565 — j0,35 — j1,538 = 0,565 — 1,888
Tri s6 méi cia dong thit ty thudn pha a tfx dong co téi N:
-0,565 + j0,35 — j1,026 = —0,565 — j0,676
Nhing tri s6 mdi nay duge vé trén hinh 4.42. Qu4 trinh tinh todn véi tri so
méi nay cling tuong tu nhu trén.

j2,664 " A 1,538

mrr—-

c B
——
0
———
j2,664 4 a)
0,665 - 2,685 -0,586 + j1,224 :
tatt—pn-
. b {7,692 '
g
B a N 0,565 — 4,266
. 1 0,021 + 2,202
-0,351 +j0, 565 0,565 + j3,426 J_-
0,314 + 3,250 - b

Hinh 4.43: Dong ngdn mach phdn b trong mang dién hinh 4.42 khi tinh khong ké dén
dnh hudng cia tdi va cé ké dén dnh hudng cia tdi trude sy co

'Hinh 4.43a,b vé cdc dong ngdn mach mét pha trén ting phan ti cta hé thong
hinh 4.42. Khi khong ké dén anh hudng cia tai (H.4.43a) va ké dén anh hudng
cla tai (H.4.43b) tinh trong don vi tuong d6i.

Trong mang dién 16n, ddong ngin mach 16n hon nhiéu so véi dong tdi nén anh
hudng viéc bé qua dong tai trude sy ¢ sé it hon nhu khi so sdnh hai hinh 4.43a,b.

Trong mang dién 16n, viéc xdc dinh dong tdi truéc sy ¢6 hoan toan tim dugc
bing bai todn phan b6 cong suit néu ching ta muén tinh todn dong ngén mach c6
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ké dén dnh huéng cia dong tai.
Vi du 4.9. Cho sd d6 hé théng dién nhé hinh 4.44a. Sy ¢6 mot pha cham dat xay ra
tai N. Pinh mdc va khdng tré cia mdy phét va MBA la;

Mdy phdt: 100 MVA; 20kV; x* = x, = 20%; xo = 4%; x; = 5%

MBA T, va Ty: 100 MVA; 20A /345 Y RV x = 10%

Chon co ban 100 MVA; 345 kV; khang tré mach tuong duong:

Tu T; dén N: x; = x5 = 20%; x, = 50%

T T dén N: x; = x5 = 10%; X0 = 30%

@_% @ N @ TZ (? ¢
-
) | ——
| A@ E( ’
Hinh 4.44a: So d6 hé théng cia vi du 4.9
I Iy,, = —j0,8065
_?_ :
10,1 0.1
VNA1
' Iy,, = ~j0,8065
N @ li I
1—d I | I~ Nao 3
+ o1 | o1
_Naz
Iy, = i0.8065 '
-j0,3226
—— N
0.1 i0,1

Hinh 4.44b: So dé lién két thu tu khi cham ddt mot pha
Mb phéng su cd cham d4t mot pha, mach lién két thd tu véi cde gid tri tinh
trong don vi tuong d6i duge v& & hinh 4.44b. Hay phan b§ dong sy ¢6 trén ting pha.
Giai. Khi khéa K md, dong trude su c6 bing khong va dién thé pha a tai N
bing véi dién thé chudn 1 + jO dvtd. Tong tré thi tu nhin ti diém sy cé:
_j0,6.j0,4

- 52 = j0,24 dutd
PPo = 0,6 + 0,4

Zpp, = Zpp,
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Dong ngdn mach tai A thi tu pha a phia cao thé MBA:
: . . 1+j0
Iy =Ivn =1va =057 j05+ 50,24

= —j0,8065dvtd

Dong ngin mach tai N: Iy, = 3ly, =-j2,4195dvtd

Dong ngén mach thy tu pha B tai N:
Iy, =a*ly, =0,80652-90°+240°=0,8065,150°dvtd

Iy,, =aly,, =0,80652-90°+120° = 0,8065.30° dvtd
Iy, = iN[;o ~0,8065. - 90° dvtd |
Dong ngédn mach pha B tai N jNB =.I.NBO +I'NB1 + me =0 dutd
Tuong ty dong ngén mach pha C tai N: ch :jNCo +jN01 +ch2 =0dvtd

Déng ngin mach thi ty khong trong mang thd tu khong.

Tu T, t6i N: [ A, =,—JO;4,-—0,80654—90° = 10,3226/ - 90° dvtd
j0,6+ jO,4

Tir T, t61 N: on =—.-—JQ’*§'—O,80654—90° =0,4839~ - 90° dvtd
70,6+ j0,4

Dong ngin mach trén dudng day:

Tu T, t6i N: , ‘ |

Pha A: I}, =0,32262-90°+0,80652 -90°+0,8065£ —90° = - j1,9356 dvtd
Pha B: I}, =0,3226/-90°+0,80652150° +0,806530° = j0,4839 dutd
Pha C: [} =0,32262-90°+0,8065230° +0,8065£150° = j0,4839 dvtd

Tu T, téi N:

Pha A: [}, =-j0,4839 dvtd

Pha B: [ =-;0,4839 dutd

Pha C: I;, =-j0,4839 dutd

Luu ¥ réing c6é cdc thanh phan thd ty khong, tht tu thuin, thi ty nghich cia

pha A, B, C tit T, nhung chi ¢6 thanh phéan thi tu khéng tit 7', .

Dong trong may phat: :
I,=1, +1, +1I, =0,80652-90°-30°+0,80652~90°+30°=~;1,3969 dvtd

Ly=1I, +a’l, +al,, =0,80652-120°+240° +0,8065 - 60°+120° = j1,3969 dvtd

I,=1, +al, +a’l, =0,80652-120°+120°+0,80654 - 60°+240°=0 dvtd
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Hinh 4.46 cho gian d6
cham d4t mot pha tai N.

I, = —j1,3969

-1,9356
— N

phéin bd dong ba pha cia hé thdng hinh 4.45 su cé

t

<0

~

©

(o]

=X
|

l

—

> j0,4839

j©,4839
INA" a 0
—j1,4517 NS
c0 - _
7 0

Jj0,4839

I, = j1,3969

—

i0,4839

e

-j0,4839

Hinh 4.45: Phdn b6 dong ba pha khi hé théng cham ddt mot pha

T hinh v&, nhin xét ring:

--Khi cham d4t mot pha, dong 'pha IB = IC =0 nhung cdc thanh phan thyd tu

clia cdc pha nay khong bing khong

Ig #0i I 200 I #0; I #0; I #0; I #0

- Dong ngin mach tai diém N gdm ¢6 mét phén tir 7'; va mot phan tit T .

- Trong mdy phat dién, chi cé thanh phan dong thi tu thuin va nghich.
- Trong cdc cudn day A cia MBA T, chi ¢6 thanh phan dong thu tu khéong.

I, = 1,3969/-90°

a

ca = 0,4656/150°

i
Iy, = 0,4656/30°
i
I

ca, = 0,1863/-90°

&7

=0,2794/90° ;
l.=0 iy, = 0,1863/=90° \'
Iy, =0 4656/30° @,
I, = 0,4656/150°
i,=1.3069/80° 1y =0.2794/00°

g|

L, = 0, 1863/_90
i, =0,4656/-90°
Ia,,2 = 0,4656 /=90°
I, =1,1175/-90°

B

—

i, = 10356 /=90°

I = 0,4839 /90° {

—

IA =0,3226 /-90°
= 0,8065/-90°
IA = 0,8065/-90°

1§

15, = 0,3226/-90°
g, = 0,8065/150°
Iy, = 0,8065/30°

Jaio =0,9678/=90° i, - 0,4839/90°

—

Ic, = 0.3226/-90°
I, = 0,8065/30°
¢, = 0.8065/150°

i

Hinh 4.46: Dong phdn bé trong MBA T
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- Trong cdc cudn day A cGa MBA T, mbi cudn day pha cé thanh phan dong
thd ty thuan, nghich va khéng. Nhitng thanh phdn dong dién nay duge vé & hinh -
4.46 va c6 tri sd:

.

I, =24A

ab \/g
Vi du 4.10:°

Cho hé thdng ba ngudn tai tram D, E, R cung cdp cho tdi tai thanh cdi K
(H.4.47) céc thong s6 tinh theo co ban: Sgp =100MVA; Ucg =115kV cho trén

hinh. Tinh todn ngdn mach cdc dang tai thanh cdi E:

_1,11752-90% 1, =1E—0,2794.200% 1= e = 0,2794.£90°

V3 VE

Sym = 1600MVA

j9%

1h- D>

D
i7% 7 X, =024;%,=083 E 8%
X, =015, X, = 0,5 @ @
A ET X, = 0,42 X, =0,82; X, = 0,64 AA
X, = X, j20% Xp=125 115KV X, = X, = {25%
% j10%
Tram K

Tai
Hinh 4.47: So d6 mang hé théng cia vi du 4.10
Gidi: So do thay thé thi ty thuin cGa hé thong cho & hinh 4.48

R¢—"T—

0,1359 K

Hinh 4.48a: So d6 tuong duong mang thi tu thudn
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.= j0,062 i0,33 §

X, = j0.0555

T —t
0,1359

Hinh 4.48b: So dé tuong duong thu gon mang thi tu thugn va nghich
Bién d6i sao tam giac TRD thanh hinh sao.
X, 0,27x%x0,1525 = 70,062
0 27+0,1525+0, 242
0,1525x 0,242
» =/ 0,27+0,1525 + 0,242
0,27x0,242
== 70,27+0,1525 + 0,242
| Tiép tuc song song hai nhanh ODE va ORE:
.(0,0555+0,15)x(0,0983 +0,602) .0,2055x0,7003
0.0555+0.15+0,0983+0,602 ° 0,908
Hé s6 phan nhanh OER la 0,2055/0,9058 = 0,2269 va nhdanh ODE la
0,7003/0,9058 = 0, 7731
Téng tré tuong duong thu tu thuin va tha tu nghlch cia hé thong hinh 4 48b.
(0 062+0. ,1589) % (0, a3)
(0 062+0 1589)+0,33
Ty sé6 phan dong, nhdnh chia X, 14 0,33/0,5509 = 0,599; nhéanh chia khdng
trg 0,33 1a 0,2209/0,5509 = 0,401. ‘ '
Gi4 s dong tai diém cham bing 1dvid thi dong chay nhénh chda khédng trd
0,33 1a 0,401 va nhénh chda X, bang 0,599

= 70,0555

= j0,0983

= J0,1589

J0,1233

Tu day ta tinh duge dong chay trén:

Nhénh ODE bing 0,599 x 0,7731 = 0,4631

Nhanh ORE bing 0,599 x 0,2269 = 0,1359

Dong chay qua trd khang 0,1525 nhanh TD & hinh 4.48a dugc tinh nhu sau:

(0,599)(0,062)+(0,4631)x(0,0555) .0,0371+0,0257
0.1525 =T 01525

= 70,412
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Dong chay qua tré khdng 0,27 nhanh TR ¢ hinh 4.48a dugc tinh nhu sau:
.(0,599)x(0,062)+(0,1359) x (0,0983) y 0,0371+0,0134
/ 0,27 0,27
- Céc hé s§ phan dong trén duge dung dé€ tinh dong ngdn mach phan bé trén
cdc phan tu. :

= j0,187

a) Khi ngdn mach ba pha déi xing tai E:
1 100.000

¥ = =7,56 dvtd =7,56Xx ————
N 70,1323 J3115

Diung cdc hé s6 phan dong trén dé suy ra dong dién ngdn mach trén céc
nhdnh mot cdch dé dang.

=3794,3A & 1158V

b) Tinh todn ngdn mach bdt déi xing:
- Trong so d6 hé théng nay mang thi tu nghich giéng nhu mang tha tu thuan.
- Thanh lap mang thit tu khéng hinh 4.49 theo co ban

Seg = 100MVA; Ugg =115kV

‘No . . -
0,774j ' 0-50881 l 0,4138
g 0,07 0,09 0,1
. 0,83 5 0,5 / £ 064 ’
0,0487 0.5575 0,4425
N o
0,0287 i1,25 '

B -
Hinh 4.49: Mang tha ty khéng cia hé théng hinh 4.48

Bién déi va thu gon so d6 mang thtt tu khéng ting buée cho ¢ hinh 4.50.

: _ lo,4138
iX,, = 0,00636 01

[Xoy = 0,07545

iX,, = 0,05869

0,0287
-

Hinh 4.50a: So do tuong duong sau khi bién déi tam gide N,RD thanh hinh sao
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° N, . ° PN No Py _._._AI:J."_._
05862 | Joat3s o.s8e2| jo4138
j0,00636 jo.1 j0,00636 j0,1
. Ton =1 léx—’0324<—:~
b 130869} X,=i029835 | o= 10
= 0.4425
05575 0,0287 ! X,g = j0,33182
g 057545 g 0,64 /
X,r = 0,14591
; 1dvtd |
N . N .

1dtvtd _
Hinh 4.51: So d6 tuong duong thu gon cia mang thu tu khéng

Céc gi4 tri trén hinh 4.50 va 4.51 duge tinh tiung buée trong don vi tuong déi:

Scg =100MVA; Upg =115kV .
0,7x0,09 .0,09%0,83
= , . = 0,0636 X P P i A 0,0754
0x =J5,0740,09+0,83 oy =J J 5

0,09
X, :J.O,07><0,83 _ j0,05869 X, 1,30869x0,57545

: 0.09 r =77 30869+0,57545+0,64

1.30869%0.64 . L0.57545% 0,64
X =i 64 _ 033182 X, =)= 0% _ 50,14591
s =/ "o ronna Y o0 =T soa1a Y

X, - j0,14591+j(0,00636+O,29835)(0,1+O,33182) _ j0.3246
- 0,00636+0,29835+0,1+0,33182

= j0,29825

Céc hé s6 phan dong:
0,5862x0,29835+0,1x0,33182 0.5575
0,00636+0,29835+0,1+0,33182 —- ’

0,5862x0,29835-0,4138x 0,33182
1,30869
0,5862 % 0,00636+0,5575 x 0,07545
0,09
0,5862 x 0,00636+0,0287 x 0,05869
0,07

« Nhanh PE:

« Nhanh PRK:

=0,0287

o Nhanh N, D: =0,5088

e Nhinh N, R: =0,0774

Dong ngdn mach mét pha tai E:
1

Ty =Taw =Ton = G539370,1323+0,3246
100000
J3x115
Phan b& dong céc pha trén cic nhanh khi cham dat mét pha tai E cho ¢ hinh 4.52.
Dé théa méan dinh lust KIRCHHOFF tong dong di qua trung tinh may bién
- 4p néi d4't bing dong cham xudng dat tai E (5,09 = 2,58 + 0,41 + 2,1).

=1,697 dvtd (4.111)

Iy =3I,y =3x1,697=5,09dvtd = 5,09 =2556,23A
' <
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ra

Trong vi du nay véi gid thuyét trudc sy cd khong tai, khi cham dat pha a c6
dong ngdn mach pha a. Do hé théng dién 12 mang vong kin nén cdc pha b va c
trén cdc nhanh van c6 dong khi cham d4t mét pha, bdi vi mang thi tu khong luén

khéc vdéi mang tha tu thudn va tha tu nghich.
A B C

D
ﬂ ’.l i
226 |0.16] 0,16 !
abec 1 ‘ l 2,58 abec
0,26 — 252w
0+ —me 0,16 e 1,36 E
B
A 04— T 0,16 e - A
BRLoo77 0,68 lj
A —4 E————o 31,=0,26 —e 31,=2.84 —= —11 L 5
0,18 ' 0,68 lj
B = : —
¢ —C
el 0,18 - : t 8
— = — 0,51 —_
c [ 1,21 31,20
041 - 0,18 052 — —
= -— 0,18 0,52 ——e- '1,5=5.09

31,=0,15 — 1 t '310=2,25 —_—
2"110—:* 0,70]0,70 10,70
Mol Tal A

eSSyl

Tg 't ol OI
A B C

Hinh 4.52: Phén b6 dong hco truong hop su cé tai tram E
Ta bié/t: - ja=j1+j2+i0 )
I,=d’1, +aly+I, =* +a)i, +1, =1, +I, (4.112)
Tu day, néu tong trd thd tu thuan va thi tu nghich giong nhau thi dong pha b
va ¢ 12 hiéu cda hai thanh phén thd ty thudn va thd tu khong.
Do hé s6 phan b dong mang thd tu khéng va tht tu thuén (nghich) khéc

nhau nén dua dén thanh phan dong thi tu khéng va thi tu thuadn khéc nhau va
nhu th& s& c6 dong trén cdc pha b va c.

Luu ¥ trong mang phén phdéi hinh tia, méc di téng tré thd tu khong va thi tu
thudn (nghich) khdc nhau, hé s6 phan bé dong thit tu khong va thd ty thudn
(nghich) giéng nhau thi cdc phuong trinh (4.112) ta cé fb = fc =0 va fa =3io cho
tat cd cdc nhdanh trong mang hinh tia.

Tinh todn tuong tu cho trudng hgp ngdn mach tai thanh cdi R (115kV). Két
qua cho G hinh 4.53.
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Hinh 4.53: Phdn b6 dong khi sy c6 6 tram R
Nhan xét ring dong ngin mach ba pha khi ngén mach tai E v R gin nhu nhau
(I'Z(\‘?I); =7,56; I.%;'I); =7,31) nhung dong cham d4t mot pha thi khac nhau hoan toan.
Dong cham dat pha a tai tram E nhd hon dong ngdn mach ba pha (khodng
5,09/7,09 = 67%) do may bién dp tai E ddu tam gidc - tam gidc.
Dong cham dat pha tai R 16n hon dong ngén mach ba pha (khodng 8,94/7,31
= 122%) do t§ ddu day mdy bién 4p tai R 1a tam gidc - sao (néi dat).
¢) Tinh todn dién thé lic su c6: '
V,=V-z1,Z,
véi: V,, dién thé thi ty thudn tai ndt ; V dién thé ngudn
TV téng dién thé tir nit o dén nit k.
Dién thé thu tu nghich: Vy, =0-ZLV,
Dién thé tha ty khong: V,, =0-Z1V,
Pién thé cdc pha duge xdc dinh tu phu’dng trinh
Va =V1 +V2 +VO: Va =a2V1 +aV2 +Vo; Va =aVl +a2V2 +Vo~v
Tl cdc hé s phé’n bd hinh 4.49 dén hinh 4.51 (tinh vé6i dong cham 1 dvtd) véi
. dong cham tinh todn la 1,697 (phuong trinh (4.111)) tinh dugc céc dién ap tai E:
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Vig = j1,0-1,697x0,401xj0,33 = j0,7754 dvtd
Vog =0-1,697x0,401x j0,33 = -j0,2246 duvtd
Vog = 0-1,697x(0,4138x j0,4425x J0,64) = -j0,5509 dvtd
- T day tinh:
Vg = j(0,7754 - 0,2246 - 0,5509) = 0 dvtd
V,p = a?(j0,7754) + a(-j0,2246) - j0,5509
=0,7754£330° + 0,2246 £30°-j0,5509 = 1,197£-43,67° dvtd
V. = A(j0,7754) + o (- j0,2246) — j0,5509 =1,197£-136,33° dvtd
Tai thanh c4i D: | |
Vip = j1,0-1,697x0,412x j0,1525 = j0,8934
Vop =0-1,697x0,412x j0,1525 = -j0,1066
Vop =0-1,697x0,5088x j0,09 = -j0,0777
Suy ra dién thé trén édc pha:
V.p = j0,7091
V,p = j0,866-j0,4711 = 0,9858,-28,55°
V.p = j0,866-j0,4711 = 0,98582-151,45°
Tai thanh cai K:
Vix = 71,0 -1,697(0,187 x j0,27+0,1359 % j0,42) = j0,8174
Vox =0-1,697(0,187 x0,27+0,1359 % j0,42) = -j0,8174
Vox =0-1,697x0,4138xj0,1 = -j0,0702
Suy ra dién thé trén cdc pha:
V. i = j0,5646 _
Vyx =0,8666 - j0,3876 =0,94882 — 24,11°
V.x =0,8666 - j0,3876 = 0,9488£ - 155,89°
Tai thanh cai R:
Vig = j1,0-1,697x0,187x j0,27 = j0,9143
Vop =0-1,697x0,187x j0,27 = j0,9143
" Vyr =0-1,697x0,0774 % j0,07 = —j0,0092
~ Suy ra dién thé trén cac pha:
V. p =j0,8194
Vi, = 0,866 ~ j0,4235 = 0,964 £ — 26, 06°
V. =0,866 - j0,4235 = 0,964/ — 153, 94°
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4.9 BANG TONG KET CAC SG DO LIEN KET THU TU VA CONG THUC TiNH
CAC DANG SU €O KHAC NHAU

Téng két cdc so d6 lién k&t mang thit tu va cdc cong thic tinh todn khi cé cdc

dang su c6 khdc nhau cho é hinh 4.54 va bang sau.

3z,
1
— [ S |
® INa ® iINa1 ® fINa; ® bao
¥ ¥ . +
i R _ |1 Mang thu Mang thu Mang thyu
Mang thi t/ thuan [] Zy F || wthuan | || wnghich [ ¢|| tyknong
o < il S i

Ng&n mach hai pha cham nhau cham dét (N‘i’)(2LG)

Ngén mach ba pha (N*)(3PH)
. ZN + _— ® INa1
C—T .
= | | Mang thd ty thuan
. . = : g U thug []32N
® ' INa1 ® 1INa2 - —T ® iNa
+ . + . + — f 2
_T'| Mang thu Mang thu N - — .
>§‘ ty thuan ty nghich >§2 Mang thi ty nghich ‘[Nao
- “‘\' - - .
———— R - — I
> + _ ®
§] Mang thd ty khéng
- > T
- |

Ngdn mach mét pha cham dat (N1)(1 LG)

* Ngén mach hai pha (N%),(L-L)

[ o [ .

Mang thu ty thuan

—

Mang thit ty thuan

1p [P J Ir | g
Mang thif ty nghich 11 p |

MaHg thit ty nghich
IMa;g thaf ty nghich

Mang thif ty thuan

1P P p I j | o —

Mang thu ty kﬁéng y thJ-t-u khgn
ang ihi 9

Mang thu tu khéng

Sy c6 dut mét pha cham dat

Sy ¢6 hé haipha

Sy ¢8 hd mdt pha
Hinh 4.54: Bdng lién két mang thu tu cho cdc dang sy c6 khdc nhauBdng cdc céng thuc
tinh dong va dp khi cé sy cé khdc nhau
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Chuong 5

TiNH TOAN DONG NGAN MACH TRO‘NG CAC
TRUGNG HQP RIENG: MANG TRUYEN TAl,
MANG PHAN PHOI VA MANG HA THE

5.1 TINH TOAN NGAN MACH TRONG MANG TRUYEN Ti\l

Trong viéc tinh todn cho hé théng bao vé ro’le can phai biét gid tri dong sy 8
cuc dai va cuc tiéu tai vi tri dat bao veé. :

Dong sy ¢6 16n nhat xdy ra khi ¢6 mf}t lugng 16n nhit cdc mdy phat dang vén
hanh, thudng la ¢ thot diém tai dinh. Gi4 tri dong su ¢6 tai bat cd diém nao trong
mang, phu thudc vao tdng trd tuong duong Thevenin nhin vao mang ti diém su
c6. Diéu kién cyc dai ngudn phédt tao nén dién dp cao ndi ti€p véi téng tré
Thevenin. Thém vao d6, do tii ning téng tré Thevenin s& cuc tidu, bdi vi hu hét
moi dudng diy sé van hanh trong tinh trang nay. Khi xem xét su c8 cuc dai,
ching ta gid s rang su ¢6 1a tryc tiép, v6i tong tré cham bing khéng. Dong su ¢
cuc dai nay c¢6 thé duge tinh todn tai moi nuit trong hé théng truyén tai. Dong su
¢d cyc dai can thiét dé xdc dinh dinh mic cdt 16n nhit cia mdy cit hay ca cic
thiét bi ngit dong su ¢6 khédc va tri sé dat cha céc bae vé.

Dong su ¢b cyc tiéu xdy ra khi tdi thap, khi d6 s6 lugng may phat vdn hanh
it, va vi thé téng tré tuong duong Thevenin cao. Thudng ching ta thém vao gid tri
dién tré su c6 dé dat dén gidi han cyc ti€u c6 thé cia dong su ¢d. Dong cuc tidu
ciing cdn dugc tinh todn tai moi nit ciia mang dién bdi vi dua trén tinh trang
dong su ¢6 cyc tiéu nay d€ tinh todn phdi hgp cdc thiét bi bdo vé va ddnh gid do -
nhay bdo vé can thiét. Dong su cd cuc ti€u quan trong vi ching duge so sanh véi
dong tdi cyc dai dé chic ring khéng cé su nhdm 14n giita hai gid tri cAn phan biét
dé bdo vé chi cdt mdy cit khi c6 su c¢6 va khong tac dong khi c¢6 tai cuc dai. Céc
chuong trinh tinh todn c6 thé thuc hién nhanh chéng cdc gid tri cin thiét nay.
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HAu hét viéc tinh todn sy c6 trong mang truyén tai nhu da tim hiéu duge thue
hién trong don vi tuong ddi v6i ma tran téng tré ndt. Khi tinh todn, ching ta
thudng gid thiét dong tdi khéng ddng ké so v6i dong su cb, hay cho hd mach tai
cdc nut tai. Viét lai cong thic:

[VI=[Z]1} Z;= "IQ‘ 1,=0,i=1,2,..n ki
l
véi Z;; la phi’f\n tlt thit i trén cha dudng chéo cia ma tran téng tré nit la tong tré tuong
duong Thevenin nhin tir nit ; vao hé théng khi nut i bi su c6.

Dién 4p tuong duong Thevenin la dién d4p hd mach tai nit i hay dién ap danh
dinh trudc su c6. Thudng ching ta cho dién dp nay bing 1 dvtd, méc db gid tri
nay c¢6 thé dugc diéu chinh nhu mong muén vi mang 1a tuyén tinh. Téng tré Z;
trong ma tran Z,; 14 mét gia tri tgng.tré phdn 4nh quan hé gita dién 4p tai nut i
v6i dong dién dé vao niit k.

Nhu di biét, ngudi ta cing ding cd ma tran téng tré nit cia mang tha tu
nghich va thd tu khong trong tinh toan ngidn mach. Thudng ching ta gia thiét
mang thd tu nghich gidng nhu mang thd tu thudn, ngoai trit cdc khdng tré may
phét. Nhu vay, biét dugc cdc mang thu ty, ding ma tran téng trd nit hay bién d6i
mach tuong duong Thevenin, ching ta c6 thé gidi dugce bat cit dong sy cé yéu ciu
nao tai cdc nit truyén tai.

5.1.1 Tuong duong hé théng dién

Gid s ta can tinh todn bio vé cho mét dudng day truyén tai hay mét phan ti
nao d6 trong hé thong truyén tdi. Mang két ndi v6i phan t& 1a mét mang tich cuc
¢6 chifa ngudn ciing nhu cdc nhdnh tii song song, tu dién, cuén khéng... Trong
mang 16n, sé pthdng trinh m6 t4 mang dién tuong duong véi s6 nut. Trong nhiéu
tru’o'ng ho’p yéu cdu cho biét théng tin tai bat ky nit nao cua mang, ta can phai
gidi sé lugng 16n phuong trinh mé phéng hé théng.

Trong linh vuc b3o vé, ngum ta thudng quan tdm dén 4nh hudng cta hé thong
1én phan ti cdn bdo vé, nén cin thu gon mang don gidn hon dé phuc vu cho yéu
cau tinh todn bdo vé. Ching ta sé khdo sdt phdn t& bdo vé 1a dudng diay hay may
bién 4p trong nhanh nao d6 néi giita hai niit cia hé théng.

Xét dudng ddy truyén tdi néi giita hai nut trong hé théng dién. Gia thist
chiing ta can biét dong, ap tai vi tri hai dau dudng day. D€ xdc dinh cdc gia tri
nay ngudi ta sé tufdng duong hé théng tru duong day ‘dang khdo sdt thanh mot

mang tuong duong hai cia tich cyc chia ngudn va céc tdng tré tuong duong nhu
hinh 5.1.
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Z

| Mang hai clfa tich ]
cyc tuyén tinh

T U, = Vg

Hinh 5.1: Duong ddy khdo sdt va tuong duong hé théng trit duong ddy

Méng trong hinh 5.1 dugc mé td bdi cdc phuong trinh mang hai cifa mach hé

nhu sau:
{‘}1 :|:Z.11 Z.IZ:H:I.I} VSI} (51)
Ve Zoy Zg | 1y

VSZ
hay: [V]=[z][1]+[Vs]

Cdc phan ti trong ma tran téng tré Z dugc goi 1a cdc théng s6 mang hd,
nghia la j1 hay fz =0. Céc vecto dién ap Vs1 va VSQ trong (5.1) la vecto dién 4p

ngudn, biéu dién dnh hudng clia ngudn trong hé théng. Chang ta sé xdc dinh so
d6 tuong duong hai clta cla hé théng khi thdo dudng day ra. V;, V, 1a dién thé
cdc nit O, @ so v6i nit gée. Céc dong dién I, ig la cdc dong dién d8 vao hé
thong tai cdc nit ®, @. Trude hét, khi hai cifa mang tuong sto‘ng d€ hd, nghia la
I, =1, =0 trong phuong trinh (5.1) ltc dé:

{V} - [st
Va A1 =15=0 Vss

Tu biéu thdc trén nhén thdy dién 4p nguén Vg1, Vgochinh la cde gia tri dién
- 4p mach hé tai cdc ctra 1, 2 khi dudng day duoc théo b6. Ching thé hién énh
huéng cia ngudn trong hé théng. Cé thé xem day nhu la cdc dién 4p Thevenin
tuong duong va dugc xdc dinh tir viéc gidi bai todn phan bd dong edéng suat trong
hé théng khi thdo bé dudng day ra khéi hé thong.
Ké& dén, trong trudng hgp khéng cé céc nguén trong hé théng, ta cé:
V1 = Vs =0 | | (5.3)

« - (5.2)

Lic d6 mang hai clta tré thanh mang thu déng va cdc thong s6 mang hai cta
duge x4c dinh bing cdch 14n lugt bom dong vao mdi cia.
Trong diéu kién bom ngudn vao, dién thé tai hai cla dugc do hosc tinh va so
sdnh véi dong dién bom vao, ching ta nhin duge cdc thong s6 mang hai cla:
2= 6.9




212 : CHUONG 5

.V

Zy =7f‘|1'2=o (5.6)
- V, .

Zoy —_i;‘j1=° (5.7)

1- Xéc dinh céc théng s6 mang hai cua

Théng s6 mang hai cia c6 thé. dlIO'L xéc dinh ti cdc phuong trinh mé ta mang
dién. Cdc phuong trinh c6 thé ¢ dang tong trd nit hay tong din nit. Do hé thong
dién thuc té& cé nhleu nat, nhiéu nhdnh nén s6 lugng phuong trinh rat 16n va g131
hé phuong trinh can st hd trg clia mdy tinh. Do cdc chuong trinh tinh todn ngan
mach thuong st dung ma tran tong tré nén nguvi ta thudng xdc dinh théng sd
mang hai cla tif cdc phuong trinh ¢ dang téng trd nat.

Chiing ta mb td mang dién bing ma tran tdng tré nat; dé€ don gian, ta bd qua
ngudn dién thé:

S T I i) . . e A s

‘]1 : le Zli Zlk Zln Il
"’i Zil Zii Zik Zin ii
I ) | T 68
Vk Zkl Zki Zkk an jk
LVn | _Zn] Zni an Znn i _jn B

Gia s ring nhanh dugc khdo sdt néi gita nut I, £, dong dién bom vao mang

1la nhiing dong chdy ra méi dau nhanh. Cdc dong nay ky hiéu la fl, I, & cong

thirc (5.1). T4t ca cac dong khdc bang khéng Ding céc phuong phéap to4n hoc bign
déi va rit gon hé phuong trinh (5.8) vé dang:

NN
_Vk_ *Z.k' Zkk Ika' .

Néu chon nat i, £ 1a 1, 2 thi:
14 _ Zy Z.lz}rl

. . . . (5.10)
Vy [ Zoy Zgz || 1o ]

Luu y ring ma tran (5.10) dugc xdc dinh khi nhanh dudng day khdo sat dugc
thdo ra khéi mang. So d6 thay thé tuong duong nhin ti hai niat i, 2 cla mang
dién cho béi hinh 5.2 khi khong ké dudng day khdo sat.
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i =0
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" ii
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. Mang hai clra
Zl| - . tich cyc Z,
L,
k
’ fn =0
n

Hinh 5.2: Théng s6 mang hai cia tuong duong

Mot mang tuong duong hai cta don gidn nhat cia hé théng ba nit, nit @
(ctta 1), nit @ (eda 2), va nit tham chigu (nit gée) gdm ba téng tré tuong ducng
nhu trinh bay trén hinh 5.2 va vé lai trén hinh 5.3. Cdc sic dién dong tugng
trung cho anh hudng clda cdc ngudn trong mang, dude xdc dinh khi tinh todn hé
mach tai nit ® va @. Tong tré Z, trén hinh 5.3 bidu dién téng tré dudng day

khao sdt. Zy duoc goi 1a'téng tré tuong duong mach ngoai.

Iy
Z Q
1
L — |
I,
2 2
— ! —
Ze v, -
2 Iu
E

Hinh 5.3: So d6 tuong duong hai cia

Cac thong s6 mang hai cita duge x4c dinh khi thdo dudng day ra khéi hé théng:

« Pau tién ta tinh dién 4p tai cdc nut trong tinh trang hé mach dudng day

(dnh huéng cia ngudn khi I;'= I,=0):
i E-E, _E-E
Zg+Zg+Zy Iy

vGi Zz =ZS+ZE‘+ZU

Dién 4p tai cdc nit @ va @ nhu sau:

vl Vel 1(2g+2z,  Z¢ Es
v, VQ ZZ Zy Zg+Zs | By

]

(5.11)

o Ta xem xét cdc théng sd mang hai cra khi héd mach dudng day va ndéi tit

cac stc dién dong. Xét hinh 5.4:
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Hinh 5.4: So dé tuong duong mach hé khi c6 ldp nguon

Cho j1 =1 don vi va j2 =0, ta tim dugc cdt ddu cia ma tran téng tré:

211 = Vl |12_o ——ZS(ZE +Zy) (5.12)
‘ Zz

. W ZsZ

Zgy =20 =51 (5.13)

.21 i '12_0 7y

Cho I; =0 va I, =1, ta tim dugc cot tht hai cia ma tran téng trd:

. v, ZsZ ;

Zyy = 1’11 0= (5.14)
Zz |

s Voo o ZyZp+Z

Zgy :'_2!11=0 z_““—‘”—U( o s) (5.15)

2- Tong tro tuong duong tit thong sé mang hai cita

Thong s6 mang hai cta ¢ thé duge xde dinh tit viéc don gian héa ma tran
tong trd nit md td mang nhu cong thic 5.9. D& xdc dinh cdc téng tré va ngudn
trong mang tuong duong hai cia, ta dua vao cdc phuong trinh trén va nhan duge:
Zy1Zgy = Z19Zigy

Zg= 5 ; 5.16)
ST 2y -2y, (
Z’U Z11Z22 -Z 2Z21 (5.17)
Zy) -2y
’ Zy= 2112y f‘ Z19Zs _ Z11Z9y - Z15Zy) (5.19)
. ZlQ Z21
Eg| 1[25+2 -Z V
e I | (5.19)

Thay Zg, Zy, Zy trong (5.19) bdi céc cong thie (5.16), (5.17), (5.18), ta sé
nhéan dugc Es, Ey theo cdc théng s6 mang hai cda. Chu y ring VR, VQ la cédc dién
thé do dugc so véi nit goc khi hé mach dusng day.
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3- Mach tuong duong duiong day khi ngdn mach ba pha qua téng tré cham VA N

I hz, W amz Il
— {1
i | 2
L Mang hai ciia :IZ
Vivn tich cue Vv,

Hinh 5.5: Mang hai cia duong ddy su c6
Hinh 5.5 biéu dién mang thd tu thuin khi duong ddy xdy ra sy c8 qua téng-
tré cham trung gian ZN dugc dung d€ tinh ngdn mach ba pha. So dé thua tu
nghich va thd ty khéng ciing ¢6 thé duge thanh lap dé tinh ngdn mach bat d6i

xting ¢ phan sau. & 1a ty 1¢ khoang cédch tix dau dudng day t6i chd su c§ so vdi
chiéu dai dudng day.

Tu so do:
ZN
IR =-7 1= :>V -—(ZN +h’ZL)IR +ZNIQ (521)
17 L :
fo =i = 2"V V(G s -WEN + 2 5.92
QT 2_(1—h)ZL:> 2 S\ay U=l )lg +Lylp (5.22)

Thay thé cdc gid tri nay vao phuong trinh (5.1) trén:
‘:751 _ Zn :*'hZ.L.'*’Z.N . Zy +Z..N ' I.R (5.23)
_VSQ Z21 +ZN Z22 + (1— h)ZL +ZN IQ

Gidi cdc phuong trinh tim dong dién ¢ méi dau dudng day:

I s Zog +(U-MZ; +Zy Zio+Zy I’ (5.24)
_I.Q Z2 Z21 +ZN le +hZ.L +ZN VSQ ) : '
véi ZE=(Z, +hZ, +Zy) (Zoy +A-WZy + Zp) = (Zyy + 2,7,y +Zy)

Phucng trinh (5.24) biéu dién gi4 tri dong dién dau derng ddy theo dién thé
ngudn hai ca hé mach. Néu b1eu dién theo sttc dién dong mach tuong duong thi
- ta cé:

[iRJ’ Gy 2y |U-WZEy - )+ Zgly -[(1-WZ, 0y - F) + Zyhy ] [ ESJ

Ig| FF;-F} —[hZL(FZ—F‘3)+ZEF‘2] [lzZL(F‘l—Fz)+ZE13‘1] Ey

véi B =Zg+hZ, +Z )N Z, +Z5)—(hZ, ) (5.25)
By =2y(Z, +Zp)-h1-WZE | (5.26)
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Fy=[Zy +Q-WZy+Zy](Z, +Z5)-1-hn*Z;

4.1.2 Phan tich su ¢6 ba pha trén dudng day

1- Truée su cé
So db tuong duong trude sy ¢d duge cho ¢ hinh 5.6

Hinh 5.6: Hé théng trudc su c6

Giai mach don gidn nay ta tim dugc cdc gia tri-dong va ép:
Zk(ES - EU)

[f=e— oS U
ST 2, (Zy +2g)+ ZgZy + Zg)
Iy=-1j

Vdi ' Zk:ZR+ZQ+ZE

Pién ap tai N trudc sy co:
(2 Zy + ZgZy)Es + (2,25 + ZpZp) By
Zk(ZU +ZS)+ZE(ZR +ZQ)

Iy=0

2- Khi cé6 su c6

Tinh trang su ¢8 qua téng tré cham Z, dugc biéu dién trong hinh 5.7.

Hinh 5.7: Hé théng bi su c6 qua téng tré cham

(5.27)

(5.29)

(5.30)

(5.31)
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Gidi mach hinh 5.7 ta tim dugc cdc biéu thite dong va dp khi su c6:
(2,2 +Zy) + Zo(Z g + ZOVEg —(2,Z +ZpZ)Ey

= - 5.32
S M sé ( )
~ (2,(Zy +Z)+ Zy(2Z4 +ZIE, —(Z,Zy +ZpZy)Es
U= - (5.33)
M so
.. . (2 Zy+Z20Zp)Es +(Z, 2o+ ZpZ ) E
Iy=Ig+1I, = REU T AQORITS A_//es R&EMY (5.34)
M sd
VN :Z.NI.]\«" (535)
i Msé,:(ZkZN+ZRZQ)[Zk(ZS +Z'U)+ZE(Z'R.+Z'Q)]+(Z'kZS +ZRZpN 242y + ZoZy) (5.36)
Z,
Dé don gian, ta dit:
Zin=Z21Zy +ZRZQ; Zw=Zis+ 22,
Theo d6: Ms6 = ZinZix + ZisZiy
Zk
. b2 o o
va: g = By + Zp B~ Zyy By (5.37)
M s6
- (Z/ZN +Z/28)EU —Z.}Z\}E.
I, =22k 3 ! N Ly y
U M s6 (5.38)
bi _ZzUEs+Z/%sEc' ' (5.39)
N M sé :
. Z(Z2 Ec+ZiE;,)
v, = ZN\Lkuts T Lpsty _

3- Khi ¢c6 su cé nhung khong xét dén dong tadi
Trong trudng hop khéng ké dén anh hudng cua dong tai, ta c6 so dé tuong
duong hinh 5.8. J day EN = VN. la dién 4p trude su cé tai diém cham.

- Hinh 5.8: Hé théng bi su c6 khong xét dén dong tdi
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(Y7592 + %20272)= 7

.:.N.TQ.N.T.—\NH ..\.N

17113251z + MgNiz)=os

¥
ki = N4 Ng =Ny Ny _ Ny
Na(Mzsiz+ z0z2) C FNgTlg
PN ; _N OSW
Ny = N o 0= NgTiz "~ !
n ,
EH oy S e 1y L =1y
NgSlz = [Ny-ig A Ngdlz + Sg( Mz + Niz)- NgNizg
A5 172 24T % 7
NP
Nl LI Sy p—=— AN bk L =97
2@@@ . ‘A - {i y Ng iz + Mg .€.\.N + NIz )~ w@Z«N
: N 2 4 4
%z BSNZ_y, "z Y oS _xy
(a%z+5a7z) 320 7 [ty Satlz) . (52 +53z) %z
"z S _ S PN ___
: ", oA 0="7 Y =N}
A g Sy 4 mm:wNw A m gtz +Sg iz~
o]
9z oS, . os W
o : =1 Sy 1 : -
A: SU" S 1 ) siy T KA Mg Ny — g (St 4 N1z) i
2%z + %9 "z) aNiz - "a(5iz+ Niz)
Y 7y
A SN & -7 SN
= =57 Apm= e T2 Sy

: . M T
("2%1z+5a"z) 22

- =8]
wtz-va(Me e Ng)

[ 181 Buouy 99 As Bugg

[ 92 hsopny Buog

Avr=1

6uQy 0o As Buog

Yovw upsSu Suop upog yupy pnb 19y :1'¢ Suey
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Vi du 5.1. Xdc dinh théng s6 mang hai cita tuong duong nhin tir hai dau dLro'ng day
L cia mang hlnh 5.9.

Zs, Fﬂ 2539

Hinh 5.9: So d6 mang cia vi du 5.1 Hinh 5.10: So dé thay thé hinh 5.9

Ta sé xdc dinh cdc thong s6 mang hai cda tuong duong nhin tir hai dau dudng
day L bang dinh nghia. Thdo bd dudng day L, néi tdt cdc ngudn &p, ta c6 so dé
hinh 5.10.

Bién d6i Y-A d6i v6i cde nhdnh Z,., Zge, Zge, ta duge so d6 tuong duong
hinh 5.11.

I, Ig |9 Ig
H Z, ¥ z
A AB B A ABX B
2
® 1 9
ZSAT 2, [z, TZSB Zen Zgs
= - - - = b) =

Hinh 5.11: So dé thay thé hinh 5.9 sau khi bién d6i
Trong d6, cdc gid tri tdng trd tuong duong duge tinh nhu sau:

A SN SN Z.A.CZ.BC - ZacZpe + Z.A.CZ.SC +ZscZpc
x =4ac t4pc e Zsr

ZacZsc - ZacZpc + Z.A.CZ.SC’ +ZscZpe

ZY = ZAC +ZSC +
: ZBC ZBC

Zp=Zgp+Zpe + ZSQZBC _ZacZpc +ZA.CZSC +ZscZpc

AC Zc
VA Z apy = _ZXZ/}B 7, = ZYZSA L Zp= ZTZSB

bén day, ta thdy ridng s d6 hinh 5.11b chinh 14 so d6 tuong duong hai cia
khi ngédn mach cédc nguén, do d6, thay vi tinh cdc gid tri Z;;, Zoy, Z;9, Zs; theo
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cdc cong thic (5.4)+(5.7) dé réi suy ra cdc gid tri ZU, ZS, Zg, ta c6 thé suy ra
Zy, Zg, Zg truc tiép tit so 46 5.11(b): |
ZS:ZA; ZLJ:ZB; Zp = Zapx
C6 thé thi lai diéu nay bing céch tinh ti€p Z,;, Zss, Z13, Zg; theo dinh nghia:
- Cho jA=1 va I =0, ta cé:

)
IA ZA +(Zp + Zypy)

Vo _VeVa__ Zy  ZaZg
IA VAjA ZB+ZABX Zp+Zp+Z,py

le

Z21

11

Cho ’I'le va I, =0, ta cé:

, Vg G Bnt Zap)
Zoo =B =27, + 2 spy) = —B-ZAT CABX
22, TBTA AR g i (Zy+ Zapy)
Z —Z‘A- VA ‘ZB— :._ZA.—Z-?Z =— Z.AZB - = Z21
B f, Vel Za+Zapk Zo+Zp+7 apx
Suy ra:
Je = Z11Z:22 ‘Z:12Z'21‘ (ZpZp+ZpZppx)\ZpZp + ZpZppy) = ZaZp)° _ =7,
s Zgy —Zy, ZBZABX(7A +Zg+ ZABX)
Zy = 211Z:22 “Z:12221 (ZyZy +ZAZABX)(ZAZB +ZBZABX) (Z,Zg)» 7,
= Zys ZpZaZy+Zp+Zapy) A

5.1.3 Tinh toan cac dang ngin mach trén dudng day truyén tai

Dua vao ly thuyét tinh todn cdc dang su ¢d, 4p dung cho trudng hop ngin
mach trén dudng day truyén tdi. Xem phdn con lai cia hé théng nhu mot mang
hai cia. Goi h 1a ty 1é khoang céach tir dau derng day t6i chd su c¢d N so véi chiéu
dai dudng diy, mang tuong du‘dng biéu dlen su ¢0 duge vé nhu hinh 5.12.

Hinh 5.12: Mang tuong duong khi sy cd tai diém N trén duong ddy truyén tdi R, @
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hZ,,

Hinh 5.13: Mang tuong duong cia hinh 5.12
Ching ta vé lai hinh duéi dang hinh 5.12 véi Ey 1a dién dp tai N trude khi
xay ra su ¢6 thanh hinh 5.13.

Cac mach thit tu cia mang hinh 5.12 khi su ¢8 ¢6 thé duge biéu dién nhu
trong hinh 5.14.

+ . . + .
i, AL i4
hz,, N,
Vi LIR,
g F v
_
v
R, . : N
a) =
+ ¥
i iA
v, ‘
Yo [Z]
0,
+ ¥
it
ld-mZ,) .
Ve Q S .
| Yo [2]
* -

c)
: Hinh §.14: So do thu ty cho su c6 tai N
a) Mach thu tu thudn; b) Mach thi tu nghich; ¢c) Mach thu tu khéng
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D€ tinh cdc tong trd thi tu, cdc so do tdng tré tha tu ducc thu gon nh¢& phép
bién d6i A-Y nhu hinh 5.15, trong dé:

Zy Z‘Ul,z'si
. 1 ..
Z, |== - —\ ZsZp
Ji Zg +Zy, +ZEi .S' B
Zg ZgZy

! T i

Hinh 5.15: So d6 thu gon thu tu theo bién déi A-Y véi i =0, 1, 2.
Theo so d6 thu gon trén, c6 thé tinh cdc téng trd tha tu theo cang thic:

vGi: i =0, 1, 2 - ky hiéu thit tu khéng, thuan, nghich

ZT - tong tré tuong duong nhdnh trdi; Zp - tong tré tuong duong nhénh phai.

4

bat hé s6 phan dong
. Z,
s Zie =2 - ChZL, ZN -ZN+ChZL

C=— "t
ZP +ZT

l

vGi ZN 1a tong tré cham, i =0, 1, 2,

Gid tri dong va dp trén dudng day ung véi tiung truong hop ngdn mach cu thé
dugc tom tdt dudi day:

1- Ngan mach ba pha déi xiing

Tinh todn dong va 4p ngdn mach déi xing ba pha theo so d6 thu tu thuian
hinh 5.13, chang ta c6 két qua cho & bang 5.2. '
k-L.%+2Zy
I, Ey
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Béng 5.2: Gid tri dong va dp khi ngdn mach ba pha

Dai lugng Gia trj tai N Gia tritai R
Ki, 0 0
Ki, 1 ¢
Ki, 0 0
Ki, 1 Cy
Ki, a’ a*C,
Ki, a aC,
KV, 0 0
KV, Zy Z:Vl
KV, 0 0
KV, Zy Zy,
KV, a*Zy t a*Zy,
KV, aZy aZy,
KV, (1-a)Zy (1-a?)2y,
KVbr (az —a)Z.AV (az ~a)ZI‘Vl
KV,, (a-1)Zy (a-1)Zy,

2- Ngan mach hai pha b va c qua téng tré cham 7,

So db lién két thd tu khi ngdn mach hai pha cho & hinh 5.16.
N, r‘-—Z—I N,

—=n hz

[a-nZ,|

N
m
~

v, LJJ V.

Hinh 5.16: So do lién két thu ty khi ngdn mach hai pha
K&t qui tinh todn cdc dong va dp khi ngdn mach cho & bang 5.3.
Z,+Z,+2 N_1
Ey I1

K=



224 CHUONG 5

Bang 5.3: Gid tri dong va dp khi ngdn mach hai pha b va c

Pai lugng Gia tritai N Gia tritai R
Ki, 0 0
K, : 1 (o}
Ki, -1 G,
Ki, 0 ¢, -Cy
KI), at-a a?Cy -aC,
Ki. a-a’ . aC’l—azC’z
KV, 0 0
KV Zy+2y Zy, + 2y
KV, Z, Zac
KV, Zy+2Z, Zy, +Zy+Zoc
KV, : a’Zy -7, a*(Zy, +2Z,)+aZyc
KV, aZy ~Z, a(Zy, +2Zy)+a*Zyc

3) Ngdn mach mét pha cham dat
So dé lién két thd tu khi cham dat moét pha cho ¢ hinh 5.17.

N, —
r [ 4, I
hZ,, (1-h)Z,,
H] ' Vo io = i1 = iz
ZEo
ZSU ZUo
l |
N T,
u[ I . SéN .
hZ,, (1-h)Z,,
E - 2
Zg,
23’ @4- Zy
[ ’ |
hZ, (-,
oo 0
ZE2
Z'SZ : Z.uz
_ 1 -

Hinh 5.17: So dé lién két thu ty khi cham ddt mot pha

-
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Két qua tinh todn céc dong va dp khi ngdn mach cho & bdng 5.4.
| ZO+Zl+Zz+SZN
Ey
di =a-1=+/8£150%  d,=a® -a=+32-90°

Bang 5.4: Gid tri dong va dp khi ngdn mach pha a cham dét

K= d, =1-a2%=3230°

Pai lugng Gid tritai N ) ‘ Gid tritai R
Ki, 1 ) C,
KI, 1 G
K, 1 G,
KI, 3 C,+C+Cy.
K, 0 C,+a%C, +aC,
Ki, 0 C,+aC, +d%C,
KV, ~Z, ~Zoc
KV 3Zy+Z,+ 2y (Zn, +Zn, +Zy, )+ Zoc + Zac
KV, ~Z, ~Zye
KV, 3Zy : (Zn, +Zy, +2Zn,)
KV, : 3a’Zy -d,Z,+dyZ, a*(Zy, + Zy, + Zy, )~ dyZoc +d3Zac
KV, 30Zy +d,Z, - dyZ, a(Zy, + 2y, +Zy, )+ diZoc —daZac

4- Ngdn mach hai pha cham ddt
So d6 biéu dién lién két thit tu khi cham dat hai pha cho & hinh 5.18.

|:£_1|2N T [ |:];:|z v

N, {41, N N, | i,
] | | [
Loz, [hz, ] Lonz, ] [z, ]  [0=mZ.]
_ oo & . )
r ZEo b r ZE1" P 252
L | |

Hinh 5.18: So dé lién két thu tu khi cham ddt hai pha
K6t qui t1nh todn céc dong va ap khi ngin mach cho & bang 5. 5.

ZZX'=ZN+Z27 ZlX ,=ZN+Z].’ ZOX =ZN+Z0+3ZG
| Ey =EN(22X+ZOX)
(Zy+Zy+Z,+Zy +8Z;5) 012

jl=

242y +

Zox +Z,x

K= :
: I

A
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Bang 5.5: Gid tri dong va dp khi ngdn mach hai pha b va ¢ cham ddt

Pai lugng GiatritaiN Gidtritai R

KI, ~Zyx fC'osz
K Zox +Zox CiZax + Zox)
Kl, —Zox -CoZox
Ki, : 0 - (€1=C,)Zax +(Cy -Cp)Z,x
Kl bb ~dyZox ~dyZox . @*C,=C,)Zyx +(a%C, -aCy)Z,x
Ki, dZox ~dyZox - @Cy -C,)Zyx +(aCy -a®Cy)Z,x
KV Zy(Zox + Zox) + Zox Zox Zy,Zox +Zox)+ ZoxZoyx
KV, lalx | " ooty

- KV, (Zn +25)2ox +(Zy +29) 20y + Zox 2oy Thay Zy bdi Zy,
KV, @22y + 2, +(@* Dy +aZy) 2oy +0%2agZo |  Thay Z, b8i Z,¢
KV, (@Zy +Z,)Zox +(aZy +a*Zp) 2oy +aZyyZ,y Thay Z, bdi Z,

5.2 TINH TOAN NGAN MACH TRONG MANG PHAN PHOI

5.2.1 Tinh toin dong ngin mach dwong day phan phéi hinh tia

O cdc chuong trude, ching ta da tim hiéu cdch tinh todn dong su cé trong
mang truyén tdi. Trong phin nay, ching ta chi khdo s4t dudng day phan phéi
hinh tia, v6i gid sl ring dong sy ¢ tai ddu nguén ciia hé théng phan phdéi hinh
tia da dudc tinh todn theo phuong phéap téng quét & céc chuong trude. Tuy nhién,
c6 vai vdn dé phat sinh khi tinh todn dong sy c6 doc theo dudng day hinh tia tir
mang ludi. C4c van dé nay sé dugc xem xét dudi day. Cac khai niém 'théng thuong
nhan duge & cdc chuong trinh trude sé 4p dung cho dudng day hinh tia.

Khao sdt hé thong phan phéi hinh tia nhu trén hinh 5.19, xudt phat tu mot
nit truyén tdi (phia cao mdy bién 4p tram phan phéi). D& xdc dinh téng tré
- Thevenin t diém ngin mach trén mang phan phdi, mét cach don gidn, ching ta
chi can thém cdc tdng trd c6 gid tri tdng dan vao téng tré tuong duong Thevenin
cla nit truyén tdi khi vi tri su ¢§ di chuyén ra khéi tram trung gian doc theo
dudng day phan phéi ba pha. Viéc tinh todn su ¢d cla mang truyén tdi da cho biét
cdc dong sy c§ khi sy ¢§ x4y ra phia cao 4p cia tram bién dp phan phsi. Do hé
thong phan phéi 14 hinh tia, nén déa dang xdc dinh téng tré Thevenin cia né cing
nhu dong sy cd tai bat ci diém nao doc theo mach hinh tia.
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Thong thudng t6 ddu diy & tram bién 4p phan ph8i trung gian & Viét Nam
dugc st dung nhiéu nhat 18 Y,s 44/Yos qa, dude bi€u didn trén hinh 5.19. Céc té
ddu day khac c6 thé duge thyc hién, nhung t§ trén 1a théng dung nhat. N&i vao
thanh cédc phia ha dp cia tram phan phdi la mét dudng day phan phéi ba pha
hinh tia. Néu phia ha cla tram trung gian dugc néi Y ¢6 trung tinh néi dat, thi
- day trung tinh gan nhu dugc kéo doc theo cdc day pha, tao thanh mét hé thong
ndi Y bon day. Trong nhidu trudng hgp, ddy trung tinh c6 thé c¢é6 mét hay hai cg
day nhé hon day pha. Diéu nay hoan toan c6 thé vi tdi gdn nhu can bing lam cho
day trung tinh tai dong rat nhé. Day trung tinh dugc néi dat it nhat 1a tai cdc
mdy bién dp phan phdi va doi khi tai cdc cot trong hé théng c6 trung tinh néi dat
18p lai. Nhu vay hé théng ndi dat tao thanh mét dudng tré vé trung tinh (thut tu
khéng) cia day trung tinh va d4t song song. Téng trd cia dusng tré vé nay (tdng
tré thit tu khong) trong hé théng néi dat lap lai rat khé xdc dinh chinh x4c¢ va cédc
két qua thuc nghiém thudng s dung ude lugng téng tré dat.

NGt truyén 1ai r( \Ll

I 777 777 777 ,l/ 77
Tram phan phoi /l/

Z,va Z, nhan dugc tu tinh toan
ngén mach mang truyén t3i 757~ Bubng day chinh ba pha
Nhanh hai pha Y hd
L Nhénh mét pha (mét day pha + mét day trung tinh)

Hinh 5.19: Tram phdén phéi trung gian va duong ddy phdn phéi hinh tia
Cac nhédnh ré ¢ hinh 5.19 c¢6 thé 1a cdc nhdnh ba pha nhlmg thuong 1a mot
pha. Néu dugc cung cap tit mdt ngudn ndi Y ¢6 trung tinh néi dat cdc nhanh cé
thé 12 hai pha, sao hd ba day hay mot pha, hai day (m6t ddy pha + mét ddy trung
tinh) v4i t4t c4 tdi thudng néi day véi trung tinh.

5.2.2 Su ¢8 trén duong day phan phéi chinh

Mach chinh 1a dudng day ba pha. Nhu vdy, cdc sy ¢6 doc theo dudng day
chinh c6 thé la mot trong bén dang ngdn mach théng thudng: ngin mach ba pha
(N), ngdn mach hai pha cham dat (N*), ng4n mach mét pha cham dat (N') va
hai pha cham nhau (N®).

1- Ngdn mach ba pha

Trong chuong 2 da trinh bay mach tuong duong va cdch tinh dong dién khi
ngdn mach ba pha. Chiing ta tinh téng tré thd tu thuan téi diém ngén mach:
» ' Zl =ZS1 +ZT1 "'ZL1 , dvtd (5.45)

v6i Zg la tdng trg tuong duong Thevenin thit ty thudn tir diém nit truyén tai (d4u ngudn

dudng day phan phdi) nhin vé hé théong.
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Gia tri nay dugc tinh tit dong dién ngdn mach tai ndt nay trén mang truyén
tai hodc tit gid tri cong sudt ngdn mach tai ndt truyén tdi nay va c6 thé dung

(2.16) d@é xédc dinh ZS1 hodc tit ma tran téng trd nit cia mang truyén tai.

Z L - téng tré dudng day phan phdi hinh tia '

La mét ham phu thudc khodng cdch h tir tram trung gian dén chd su c6, duge
tinh gAn dding nhu sau trong trudng hgp dudng day cé chuyén vi hoan toan:

Zy, =hzy, Q _ | (5.46)

véi zp, la téng trd trén don vi dudng day cia dudng day phan phdi chinh. |

Téng trd cg ban:

Vb—pha Vi

Zy === _ Veb-aay , Q | (5.47)
S, cb-1pha S cb-3pha

Téng trd dudng day trong don vi tuong d6i:

* ZLl
Zy, = Z, duvtd (5.48)

Téng tré cham Z,, cin dugc tinh cho dong cham thudng 14y dién tré cham ti
30 dén 40(Q) d6i véi tinh trang su cd cuc tidu va 0(Q) do6i véi t1nh trang su cd
cuc dai. Khi dung cdc gi4 tri 16n hon, ta dung c6ng thic:
0 (dvtd) cho sy c6 cuc dai

*

Zv={R } ' 5.49)
NN (@vtd) cho su 6 ae tiéu (
‘ ch ¢
¢ day Ry la dién trd cham phdt sinh hé quang tinh theo (Q).
Tu day, ta tinh duge dong su ¢6 la:
* V* V* . . ’
L= K N —, dutd (5.50)

Z +Zy ZS +ZT +ZL1+ZN

Dién 4p tuong duong Thevemn Vy 1a gid tri dién dp trudc su cé ta1 diém sy
6, thudng khéng duge biét chinh xdc va dugc chon trong khodng 1 va 1,1 vdi gid
tri 1,05 1a gid tri hgp ly. Géc pha cia Vy thudng duge chon 14 0.

2- Ngdn mach hai pha cham ddt

Theo so db thi tu lién k&t khi hai pha cham dat nhu hinh 5.15 véi tdng trd
thit tuy thuin va nghich ca cdc phan ti bing nhau, ngoai trit mdy phat.

Téng trd thd ty khong Z 1, cia dudng day rat khé xdc dinh chinh xdc déi véi
hé théng c6 trung tinh néi dat lap lai, nhung thudng 16n hon téng tré tha tu
thudn Z; . Néu ching ta dit:

ZLD =kOZL1 : ; (5.51)
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Véi k, phu thudc vao kich c¢d day trung tinh so véi day pha, téng tré dat va
dong dién phan chia gitta diy trung tinh va dat. Néu d4t dan dién hoan toan thi
c6 thé cho ZL —ZLl Néu d4t dan dién kém thi %, phu thudc hoan toan téng tré

day trung tinh. Hiu hét cdc truong hop sé rai vao hai trudng hgp trén, va nhu vay
ko phai dugc udc tinh. Morrison udc tinh gid tri k, vao khodng 3,8 dé&n 4,2 véi
trung binh la 4. Khodng gid tri c6 thé xdy ra cda k, duge cho & bang 5.7. Trong
trudng hop khéng biét chinh xdc c¢6 thé chon %, = 4.
Géc pha cﬁaZ'Lo va Z'L1 thudng dugc cho 14 bang nhau, mac du diéu nay khong
chinh xdc lam.
Bang 5.6: Gid tri k,

Tinh trang day trung tinh va dat Ko
1 D4t dan dién hoan toan
38-42 Téng trd dat hiu han
4 Day trung tinh cung ¢3 day pha
4,6 - | Day trung tinh mét ¢8 (nhd hon day pha)
49 Day trung tinh hai ¢g (nhé hon day pha)

Dung (5.51) ta ¢6 thé tinh tong tré thi khong téng cong dén vi tri su cd theo
so d6 mach thu ty khong clia mdy bién 4p phu thudc vao t6 dau day (H.21).

Tong tré cham Z, giita cdc day cham va Zg gitta pha cham véi dat duoge
chon tly ¥, hay dua theo dif kién c¢6 duge tir cdc loai ngin mach tiéu biu. Dat Z N = 0
va Zg tinh theo (5.49).

3- Ngdn mach hai pha khéng cham ddt

So d6 lién két ndi mang thd ty cho ngdn mach hai pha khéng cham dat nhu
hinh 4.12. Gid tri téng tré thd tu thuin va nghich va téng tré cham Z N tuong tu
nhu cdc dang ngén mach khic.

4- Ngan mach mét pha cham dat
So do két néi cdc mang thit tu cho ¢ hinh 4.8. Céc téng tré tha tu nhu' & phin
ngin mach hai pha cham dat.

5- Tém tdt cace su cé trén duong day chinh

St dung cdc phuong trinh nhan dugc trong chudng 2, 3, 4 déi vdi cac kiéu su
¢d, c6 thé xay dung mét bang liét ké cdc cong thdc tinh su ¢ trén du’dng day
chinh. O day, chiing ta chi quan tdm dén viéc x4c dinh gi4 tri dong su ¢8 cuc dai
va cyc tiéu, tuc la cdc gid tri tuong ung v6i diéu kién ngudn phdt cuc dai va cuc
tieu. Do gid tri dong sy ¢d hai pha cham d4t luén niim giita gid tri cuc dai va gia
tri cyc tiéu nén c¢6 thé duge bd qua khéong tinh trong bang. Bang 5.7 tém tit céc
k&t qud clia sy cd ba pha, su c6 hai pha khéng cham d4t va sy ¢ mot pha cham
dat. Thong thudng, sy cé ba pha c6 gid tri rat 16n, tuy nhién cham dat mét pha

25
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v6i Zg =Zy =0 va k, =1 ciing c6 cing bién d6 v6i dong cham ba pha. Cdc trudng
hop nay thinh thodng x4y ra.
Bang 5.7: Dong su c6 trén duong déy phdn phéi hinh tia

T8 dau day tram nguén

c6 -Céng thic tinh déng ngan mach
Sy . g gng a (phia cao)
ie W g \ o

Ba pha a = Zsl +ZT1 +qu T2y Tam gidc hay hinh sao néi dat

. b= od = VBN S
Hai pha cham nhau b c Z(Zsi ¥Zg +Zp)+ 2y Tam gidc hay hinh sao ndi dat
Mot pha cham dat I,=0 _ Tam gidc

R . L = 3Vx‘V R
Mot pha cham dat 7 2Zg +Zg, +3Zy +(2+ k)2, +32y Sao noi dat.

Céc cong thdc bang trén dude cho khi trung tinh phiaY cda may bién 4p
trung gian dugc ndi dat tryc ti€p. Néu trung tinh phia Y cda mdy bién 4p néi dat
qua tong tré Z,p thi trong cong thic tinh dong su ¢ pha a cham dat phai thém
vao miu sé dai lugng Z,r. ' |

Néu nhu tram bié€n 4p trung gian dugc cung cdp t mdt hé thong rat 16n, thi
Zg, s nhé. Mot gid thiét théng thudng, khi khéng cé dir liéu hé théng chinh xdc,
thi 4t Zg = 0, nghia 1 tuong dng vdi hé théng vo cing l16n. Day la gia thist hap
1y néu tram bién 4p trung gian nhé cho téng tré Z, rat 16n, bat chdp cong suit
hé théng. ‘

Vi du 5.2. Xét mot mang truyén tdi cé sdu nit, cung cdp cho tai tai cdc nit @, ®
va ® dugc biéu dién trong hinh 5.20.

O o2 o

5MVA

Hinh 5.20: Mang truyén tdi sdu nut
Gia s ring dya vao ma tran téng tré nit cla mang (cdc nit @, ®, va ©
khong tai), ngudi ta xdc dinh dugc téng trd tuong duong Thevenin thit ty thuan va
thd ty nghich khi nhin t¥ nit ® cda mang la Zss, = Zgs, =0,16569 + j0,80649

dvtd trén cd ban 100 MVA (dién 4p co bin bing dién 4p danh dinh).
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Gia st mot hé théng phan phéi nhu hinh 5.21 duge cung cdp tit nit ® cda mang
truyén tdi hinh 5.20 trén qua mét mdy bién dp 5000 kVA (A/Ynéi dat) c6 Xr = 7%.
Tim cdc dong ng&n mach ba pha, hai pha khéng cham dat, mét pha cham dat tai
dau dau duong day phan phéi N va tai dau cudi dudng day N” (trude mdy bién ap
phéan phdi). Biét ring phia hé théng phan phéi c6 dién ap 7200V(pha)/12470V(day),
dau Y, khoang cdch diy din tuong duong D, 1a 127 cm. Gié si dudng day chinh
1a ba pha c¢6 théng s6 nhu trén hinh 5.21.

5000kVA N’

Z5=74 Xp=7% g Z,,=3,36 +]3,140
L, = 3,36 + 3,
T —(— ——
/ ) / ZL°=4ZL1 /

Hinh 5.21: Duong ddy phdn phéi duoc cung cdp tu nit ®

 Giai. Theo dé bai va dua vao ly thuyét tinh todn ngdn mach mang phan phéi, dé
phuc vu cho viée tinh todn ngin mach trong mang phan phéi, ta c6 thé tucng
duong mang truyén tdi thanh mét mach néi tiép gdm mét sdc dién déng Vs noi
tiép mot téng tré Zs va ndi vao phia cao 4p cia may bién ap trung gian cda mang
phén phéi. Ta duge hinh 5.21. ' -

Trong hinh, Zs chinh 1a téng tré tuong duong Thevenin nhin ti nit ® trong
mang truyén tdi. P& tinh todn cdc dong ngdn mach, phai xac dinh cdc téng trg
th tu cia Zs. Tuy nhién, do mdy bién dp trung gian c6 cuén A phia nit ® nén
Zg khéng c6 ¥ nghia trong so dé thd ty khéng khi tinh todn dong ngdn mach

~ phia hé théng phan phdi.

Chon cong sudt co ban ba pha S., = 5§ MVA, céc dién dp co ban bang véi dién
ap danh dinh. C4c thong s tinh todn cin thiét trong hé co ban vira chon:

_ VG (12,477

Z, = =31.1(Q)
*T 8, 5106
. . . 5(MVA) .
= (0,16569 + j0,80649)— =2 __ 0083+ j0,0403) dvid
Zs, =(0,16569 + 00GVA) e v
Téng tré dudng day trong don vi tuong déi:
z; =236+ I3184 108, j0,101 (dutd)

31,1
Z;, =42} =0,432+j0,404 (dvtd)

Gid st tdng trd cham trung gian Zy = 10Q

‘Suy ra: Z =—10—=O,322 (dvtd) v
' 31,1 ‘
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Tinh dong ngin mach:

I’(3) _ VN _ VN =
N - -— T . 3 0
¢ ZZ Zsl+ZT1+ZL1+ZN
- 1 : =2,057 - 25,74° dvtd
0,0083+ j0,0403+ j0,07 + 0,108+ 0,101 + 0,322
@) — ~13xVy =- j-@iﬁ) =2,486£-127,30° dvtd

AZs, + 27, +Zy)+Ly 2
3Vy

I =— . ; .
2ZSI +3ZTI '*'GZL1 +3ZN

Na —

=1,6142-28,79° dvtd

Tinh todn tuong tu vdi cdc trudng hgp Zy = 0; Zy = 30Q tai diém ngdn mach
la dau va cudi dudng day phan phdi, k&t qua dong ngin mach trong dvtd duge cho
¢ bang 5.8.

Bang 5.8: K&t qud dong ngdn mach ciia vi du 5.2

Déng ngén Vi tri ngin mach
mach
P4u dudng day phdn phoi Cubi dudng ddy phan phoi
Ne Zv=0 Zv=10Q Zy=30Q =0 =100 In=30Q
9,039 ~/-857° |28752-1849° | 1,021 £-6,47° 4149 £-6114° 2,057 £-25,74° | 0,908 £-1105°
N2 7,829 £-175.7° | 4,29 £-12313° | 1,722 £-102,67° | 3,593 £-15114° | 2,486 £—127.30° | 1,364 £—109,42°
N' 10,305 £-86,74° | 2,932 £-16,5° 1,026 £-5.7° 2,69 £~53.4° 1614 £-28.97° | 0,818 £-14,12°

» Tit bang 5.8 nhan xét ring khi diém ngidn mach gan dau dudng day phén
phdi, dién tré cham d4t trung gian Zy = 0 thi bién d6 dong mét pha cham dat 16n
hon dong ngdn mach ba pha. Dé&i v6i diém ngén mach cudi dudng day phan phdi,
dong ngin mach nhé nh4t phu thudc vao gis tri tuong d()’i‘ gitta Zs Z1, Zn .

Khi ngdn mach phan ddu dudng diy, dong ngidn mach hai pha cé gid tri nhé
nhat va khi Zy = 0 thi gi4 tri nay bing +/3/2 dong ngén mach ba pha.

Véi vi du trén ching ta tim dugc dong ngén mach nhé nh4t va 16n nhat tai
dau va cudi dudng day:

6

Tu I, 2.%:2&_/3_: 31,54
V, 12470/43 |

Dong ngdn mach cuc dai:

Tai ddu dudng day: I = 2386A (NY) .

Tai cudi dudng day: I =960A (N%)
Dong ngin mach cuc tiéu:

Tai ddu dudng day: I.=236A (N°)

Tai cudi dudng day: I=189A (N
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5.2.3 Su ¢6 trén nhanh ré

Sy ¢6 trén day nhdnh ré (mét pha, hai pha) c¢6 thé dé& dang dugc tinh todn
bang cdch coi nhdnh bi sy ¢6 nhu mjt phan cda tdng trd cham Z, hay Z;véi vi tri
st ¢6 N nidm trén dudng diy chinh tai ddu nhdnh ré. Khéi niém nay duge minh
hoa béi hinh 5.22, trong dé téng tré cham giong nhu téng tré nhdnh ré dudng
day. Do nhanh ré dudng day thudng 1a mét pha hay hai pha (Y hé) nén su c¢é trén
nhédnh ré la sy c¢6 khong can bing moét pha cham d4t hay ngdn mach hai pha.

r(\él Vi tri sy
: = = c8 gid dinh N

. | ,ZL /
w | oa | 2
D= 4»-@ - St
. .
J

Téng trd
Vi tri sy chon Zy
Z,va Z, nhan dugc cd that
ttr tinh toan ngén mach —4%%—— DPudng day chinh ba pha
mang truyén tai ~—— Nhanh hai pha Y hg

. Nhanh mét pha (mgt day pha + mét day trung tinh)

Hinh 5.22: Sy ¢6 trén nhdnh ré

Ky hiéu cédc gid tri tdng tré cham cho nhédnh ré c¢6 su c¢6 khong can bing da
duge giai thich nhu trén hinh 5.23. O day 4 kiéu su c6 khong can bing dugc mb ta
va mdi kidu tuong tu nhu sy c8 hai pha khéng cham dat, mét pha cham dit hay
hai pha cham dat. D6i vdi nhanh ré mot pha trong hé théng khéng néi dat, chi c6
thé xdy ra su co hai pha cham nhau nhu trén hinh 5.23a. Mot hé théng néi dat
tai mot diém cé thé c6 ngdn mach mét pha-trung tinh; trong trudng hop nay Zy
phu thudc vao kich c& day trung tinh bing véi day pha hay nhé hon. Céc gi4 tri
d6i véi trudng hgp nhé hon 1a gid tri trung binh.

D6i véi nhanh ré c¢6 trung tinh néi dat lap lai, téng tré cham phu thudc vao
téng trd dat. Péi véi nhanh ré mot pha, chi ¢6 thé xdy ra ngdn mach mét pha
cham dat (H.5.23c), trong trudng hgp nay tdng trd cham tinh theo Z, va phu
thudc vao k,, nhu bang 5.7. Néu nhdnh ré 14 hé théng hai pha sao hd thi c¢6 thém
sy 6 hai pha cham d4t véi Zy = Z;, cia nhdnh va Z la tong tré day trung tinh -

dat (H.5.23d). |

Do chi ¢6 gid tri dong su cd cuc dai va cuc ti€u duge yéu clu, nén chi tinh déi
véi sy c6 mét pha cham d4t va hai pha khong cham dat trén cdc nhanh. Mét dién
tré cham (hé quang) Ry thich hop cing c6 thé duge dua vao nhu 13 migt phin cia
Zx hay Zg khi tinh todn dong su ¢d cuc tiéu. Do khéng xdc dinh duge mot cdch rd
rang sy ¢6 nao c6 dong ngdn mach bé hon, nén cd hai sy ¢d trén déu phdi duge
kiém tra v6i diéu kién c6 va khong cé Ry.
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Znh Znh
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a a
b ‘ b
c - ‘ c
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Znh g Z kngznh an = kngznh
RN
c) d)

Hinh 5.23: Sy c¢6 khong doi xing ¢ nhdnh ré
a) Su c6 hai pha khéong cham ddt (hé théng khéng néi ddt)
b) Ngdn mach mét pha cham ddt (hé thong néi ddt mét diém)
c¢) Ngdn mach mét pha cham ddt (hé théng néi ddt lap lai)
d) Ngdn mach hai pha cham ddt (hé théng ndéi ddt lap lai)
Theo hinh 5.23, ta c6 céc gia tri Zy tuong ing nhu sau:
a) Ngdn mach hai pha khéng cham dat:
Zy =Ry + 2Z,,
b) Ngdn mach mét pha cham d4t (trong hé théng néi ddt mot diém):
Zn=Rn+ (1 + Ek,)Z,,
1 Déay trung tinh cuing c&day pha
vdi k, =413 Day trung tinh mét c&
: 1,6 Day trung tinh hai c&
c) Ngén mach mét pha cham dat (trong hé théng ndi dat lap lai):
Zy =Ry + (1 + kop)Z,,
vél (1 + k,,g) ko/3
d) Ng&n mach hai pha cham dat (trong hé thong ndi dat lap lai):

Zy=2Zu; Zc=Rn+ kyZu, =Ry + (-—— - 1)Z,,

Vi du 5.3. Tinh dong ngdn mach ¢ cudi nhdnh ré mot pha chia dudng day phan
phéi vi du 5.2 va duge vé& lai ¢ hinh 5.22. Cho biét téng trd cua nhdnh ré la
Znh = 4,005 + 72,58 (Q), tdng trd cham 30Q, &, = 4.
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Giai. Theo co ban S, = 5MVA; U, = 12,4kV, téng trd nhinh trong dvtd la:
Z’, = 0,129+j0,083 dvtd
Coéng thuc tinh téng trd thd tu tir diém ngidn mach gid dinh la:
| Zy=Zy=Zg+Zp+2;; Z,=Zp+Zp
Khi cham d4t mot diém:
Ap dung so d6 mang lién két thd tu:
Zoyo =21 +Zy+Z,=2Zg+3Zp +(2+k)Z,
=2(0,1163 + j0,2113) + (0,432 + j0,403) = 0,6648 + j0,8953 (dvtd)

Téng tré cham trung gian gia dinh dugc tinh theo:

v6i:  Ry=0.  Zy=0,1717 +j0,1107 (dvtd)
Ry =30Q: Zy=1,1363 + j0,1107 (dvtd)
Tim téng tré tuong duong:
Zs =Zyo+3Zy

véi Ry=0-  Zy=1,1799 +j1,2275 (dvtd)
Ry =30Q: Zy =4,0738 + j1,2275 (dvtd)
Vv,
Tim dugc: I,=-*>
Zy

I, = 0,56873 dvtd = 135,97 A khi By =0
I, = 0,2300 dvtd = 5441 A Ry =30Q.

5.3 TINH TOAN NGAN MACH TRONG MANG HA THE

Viéc tinh toan dong ngdn mach trong mang ha thé& thudng don gi'én hon
" trong mang cao thé. Céc gid thiét phu hgp duge dung khi tinh todn dong su cé.
Mot gid thiét quan trong 1 sy c8 ngin mach tryc ti€p qua mot téng tré cham
bing 0. Gi thiét nay don gidn hod viéc xif Iy tinh todn va ciing tao nén mot hé
$6 an toan bdi vi gid tri tinh todn sé& tuong Ung vdi trudng hop x4u nhat cé thé
x4y ra. Ngoai ra, su ¢& ngédn mach ba pha ddi xing thudng dugc cho 1a kiéu sy cd
gay ra dong ngin mach 16n nhat. Dong ngdn mach thuc sy thudng bé hon gid tri
tinh todn dong ngdn mach ba pha vi téng tré cham luén 16n hon khoéng. Dong
ngin mach hai pha khéng cham dit vao khodng 87% dong ngén mach ba pha,
trong khi dong ngdn mach mdt pha cham trung tinh ciing bé hon dong ngin mach
ba pha. V6i mot hé théng ndi dat tryc tiép, dong ngdn mach mot pha cham dat c6
thé dat tir 60+125% gia tri dong ngdn mach ba pha, tuy thudc vao ciu tric cia
mach trung tinh-dat. Tuy nhién, it xdy ra tinh trang dong ngin mach mét pha
cham d4t 16n hon dong ngdn mach ba pha trong cdc hé thdng cong nghiép va
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thuong mai. |

Viéc tinh todn dong ngdn mach tai cde vi tri khdc nhau trong mét mang ha
th& phuc vy cho muc dich lya chon MCCBs, MCBs, cau chi, thanh c4i va cdp. T4t
ca cac phan td trén phéi chiu dung dugc nhiét do va tir trLIo'ng cudng bic gay bdi
dong ngdn mach 16n nhat ¢6 thé. Hon thé nita, may c4t va cAu chi phai cdt mét
cdch an toan dong su c6 16n nh4t nay.

1- Nguén gday nén dong su cé
Nguén chinh gdy nén dong sy c6 la hé thong ngudn cung cdp céng cdng tit céc
mdy bién dp phin phdi, cdc mdy phdt tai chd, dong c dong bd va dong cd cam
dng. T4t cd mdy phét van hanh trong hé thong nguén tham gia phat dong su c6
trong mot hé thong ha thé&. Tuy nhién, dudng day truyén tai va duong day phén
phoi da hinh thanh mdt téng tré gitta cdc may phat ngudn cong cong va hé théng
. ha thé. Két qud 1a, sy tham gia cia cdc mdy phat nay d6i v6i dong ngdn mach
trong mach ha thé& bi suy gidm dang ké. Do d6, hé théng ngudn cong cong van la
nguén chinh phat sinh dong ngdn mach. Hé théng ngudn céng cong dugc bidu
dién béi cap ngin mach hay cong sudt ngdn mach tai ddu vao mang ha thé&. Gia
tri tiéu bi€u cla céng suat ngdn mach tai 22kV trong khodang 300+-1000MVA, va
déi véi 6,6kV thi khodng 180+200MVA. Tai 400V, cong sudt ngdn mach khodng tir
15+25MVA.
_ D€ tinh todn dong sy c6 gay bdi cac: may phat tai ché trong hé théng ha thé,
khi thi€t bi bdo vé nhu MCBs, MCCBs hay ciu chi st dung dé ngit dong trong

vai chu ky dau cda dong dién ngdn mach thi X, cia mdy phat sé dugc dung trong
md hinh mdy phét. Gid tri X; vao khodng 10+15% trén dinh muc £VA mdy phat.

Dong su ¢d phat ra tit dong cd cdm tng duge sinh ra bdi quan tinh truc dong
co trong ti trudng kich tir gy bdi su cdm dng tir stato. Do tix trudng nay suy gidm
theo sy sut gidm dién 4p, dong dién ngdn mach tir mot dong co cdm ng s& gidm
va bién mAit sau va1 chu ky, do dé, trong tinh todn ngdn mach, dong co cam ung
duge biéu dién béi chi mét khang tré siéu qua d6 Xj. Gid tri dic tru‘ng cia X, l1a

25% trén dinh mic dong co.

2- Tinh toan ngdn mach trong mang ha thé

Dién trd trong mang ha thé€ ph&i dugc tinh d&én. Khi thanh ldp so d6 tuong
duong dé€ tinh todn sy c&, c6 thé lap so dé tuong duong téng tré hay thanh lap
riéng hai so do khdng tré va dién tré. Sau do, téng tré tuong duong sé dugc tinh
tr hai gid tri khdng tré tuong du’dng va dién tré tu’dng duong. Khi tinh todn cham
mot pha trung tinh luu y dén to_ng tré dudng day vé cdia day trung tinh.

Tinh todn ngdn mach trong mang ha thé, c6 thé thyc hién theo cdc bude sau:
- Lua chon co ban
- Tinh todn tong tré tuong duong nhin ti thanh c4i cung cap ha thé& vé& hé théng.
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Zg= (5.52)

SNM

- Tinh todn tong tré pha tuong duong tir chd ngdn mach vé thanh cdi cung
cdp ha th& hay ta dién ha thé: Zy =Ry + jX5

- Tinh todn téng tré day trung tinh: Zyy =R,z +jX, 5

- Tinh gi4 tri dong ngédn mach:

1- Khi dong ngén mach chi duge cung c4p tir thanh cdi ha thé (khéng c6 déng
cd va cdc mdy dién tai ché), viée tinh todn ngdn mach duge thue hién kha don
gidn, ta c6 cdc cdng thic tinh dong ngén mach sau:

Ngdn mach ba pha déi xing:
SOR Viay 1N/3

(5.53)
J(Bs + R P +(Xg + Xy )2

hay trong dvitd I;B) = ! (6.54)

JRS +R3)? +(X5 + X3)
Ngdn mach m¢t pha chgm ddt: luu y dén tong trd cla day trung tinh vé R,.
1 Vaay 13

(5.55)
\/7RS+RZ+R P+ (Xg+ X5 +X,)?

hay 1y = L | (5.56)
\/(R; +Rs + R)® +(Xg + X5 +X,)?
| Ngdn mach hai pha:
- Bé qua anh hudng caa pha khong hu hong, ¢6 thé tinh dong su ¢ nhu sau:
10 - Viay
 J@Rg +2Ry)? + (2X 5 +2X5 )2

C6 thé thay ring cdc cong thic tinh dong ngdn mach trén phd hdp véi cde
céng thde tinh todn dong ngdn mach di trinh bay trong cdc chuong trude, néu ta
hiéu téng tré thd ty khong bao gom tong trd pha va 3 lan t8ng trd day trung tinh.
Néu t6 ddu day MBA phan phdi 1a A/Y néi dat, dong cham d4t mot pha (dong thi
tu khong) chi chdy trd vé trung tinh mdy bién ap phia ha thé (khong ¢ sy tham
gia cla téng tré thit tu khong nguén cong cong).

2- Khi dong ngén mach gay béi hé thong nguén, mdy phat tai ché va dong co
cam dng, lic nay so db tuong duong mang khéng don gidn 1a so db hinh tia nhu
" trudng hop trén nira. Ta phdi tinh téng tré tuong duong Thevenin nhin vao ché su
¢ sau khi da thay thé€ cdc ngudn giy ra dong ngdn mach bdi sic dién dong néi

ti€p khang tré siéu qud do hay téng tré ngdn mach thanh cdi ha thé. Trong‘
truong hop sd dé phec tap, c6 thé giai bai todn ngdn mach bang ma tran téng tré

.. nit nhu da trinh bay & cdc chuong trLIdc

(5.57)
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Vi du 5.6. Cho hé thong ha thé nhu hinh 5.24 va s6 lidu ¢ bang 5.9 dudi day.

Coi géc téng trd cua cdc doan day gan bing nhau. Gid tri tc‘;ng_tré' cho trén
mbi doan day la gi4 tri bién d6 trén moi pha. Mach din dén cdc ta dién E tir tu
dién D 1a mach mét pha (c& day pha nhu day trung tinh).

22kV ®
T N
I PN c, |~ ¢,
TMVA l l

Sy =1000MVA 5% )
[y

—<D)
' ¢ L 74
) P o 9 _
e, |&, |E |Es
Ng Ng N, Ng b
Hinh 5.24: So d6 ctia vi du 5.6
| | § E E E

Bang 5.9: S6 liéu cia vi du 5.6

Boan cap C8 cap (mm?) Chiéu dai cap (m) Téngtré (Q)
Day pha C; 2x500 10 0,0004625
Day trung tinh C, X500 10 0,000925
Pha va day trung 1x300 28 0,00308
tinh C,
Pha va day trung 1x120 2 0,0041
tinh Cy
Eq 1x35 8 0,0052
E» 1x35 14 0,0091
Es 1x35 21 0,01365
Es 1x35 31 0,02015

Tinh dong ngdn mach ba pha tai d4u cyc ha 4p mdy bién dp va trudc ti dién
chinh A. Tinh dong ngdn mach mét pha tai trudc cde tu dién phu E, E, E; E,
Giai. Chon coéng sudt co ban: S;, = 1 MVA

Chon dién 4p day co ban (bing dién 4p dinh mic hé théng):

- Phia so cdp mdy bién dp: V,, = 22 kV
Phia thi cdp mdy bién 4p: V., = 0,4 kV
Dong dién c¢ ban phia 400 V:

1 .
I, = —=——=1443 A
T J3%0,4 i
Téng trd cd ban phia 400 V:
0,4°

Zcb = '—1—'=0,1GQ
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Tinh téng tré cdc phdn ti trong don vi tuong doi:
Hé théng nguén:

Zy = =——=0,001 dvtd
U Syu 1000 Y
MBA: Zrpa =5%=0,05 dvtd
Poan cdp Cy: 7y, = 20L - 20004625 _ 00601 duta
Z 0,16
Zyoy =2Z¢, =0,005782  dutd
Doan cép Cy: Zgy = Zcy _0,00308 _ 0,01925 duvtd
Ze 0,16
Zyoo =24y =0,01925  dutd
Doan cdp C3: Zgjz = Zgs _ 0,00041 0,0025625 dutd
Z, 016

Z 03 =Zps =0,0025625 dutd

Cdc doan cdp mét pha

Téng tré pha dén cdc diém t&i:

Zg = Zp 00052 4 305 dutd
Z, 0,16

2y, =22 D001 orearr durd
Z, 016

Zgps= Zps _ 0,01356 _, 48476 duid

Z, 016

Zps= Zps _0.02015 _ 196 qutd

Z, 0,16

Ngdn mach ba pha
Tai diu cuc ha 4p mdy bién 4p (diém N,):
So d6 tuong duong cho ¢ hinh 5.25:

()

Iy 0,001 0,05
e e
Ll Rered

zU

10 )
dvtd \2

Hinh 5.25: So dé tuong duong mét pha khi ngdn mach tai ddu cuc MBA
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-t 1 _1961 dutd
Z5+2, 0,051

Iy = 1443 x19,61 = 28297 A
Tai trude ti dién chinh A (diém Ny): ’
So db tuong duong cho & hinh 5.26. -

¥ 0,001 Z=2;+12
et il
ed —t
ZU

1,0
dvtd \

Hinh 5.26: So dé tuong duong mét pha khi ngdn mach
tai trude ti dién chinh

reo_1 1 18,556 dvtd
Zi+Z  0,001+0,05+0,002891
Iy = 1443x 18,556 = 26776 A

Tai tii di¢n B(Ny):

So db tuong duong cho ¢ hinh 5.27.
9923 JO,OS 0,%891 0,01925
1 l Ld L g 2000 b 1

Zy Zr Zot Zey

1,0
dvtd >

Hinh 5.27: So do tuong duong khi ngdn mach tai N3
In = -
0,001+ 0,05+ 0,002891 + 0,01925
Iy = 1443x13,6724 =19 729 A
Tai tu dién D(Ny):
So dé tuong duong cho ¢ hinh 5.28.

dvtd

Hinh 5.28: So d6 tuong duong khi ngdn mach tai N,

~13.6724 dvtd

0,001 0,05 0.002891 T 0,01925 0,025625

I L} — 1 {1
Zy Zy Zey - e Zey
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- . 1 N .
I, =
N 0,001 +0,05+0,002891 + 0,01925 + 0,025625
Iy = 1443x13,21 =19 062 A
Tinh ngdn mach cham pha trung tinh tai cdc diém tdi E,, Es, Es, E,.

=13,21 dvtd

Dé tinh dong cham d4y pha véi day trung tinh & tai cdc diém N, N, Ny, Ny,
chiing ta can biét tdng tré nguén tuong duong nhin tir td D va tdng tré day vé
trung tinh. Mach tuong duong tinh todn cho ¢ hinh 5.29.

Zg
T
ZSN4
400
V3
ZgE1
1l

Hinh 5.29: So d6 tuong duong tinh todn khi mét pha cham trung tinh
Ta tim dugc téng tré tuong duong ngudn nhin tir ti D:

”
b _400/43 0,012120 -

Z. .= =
“Iys 19062

Dong dién ngdn mach tai cdc diém t&i:

Ivs = 5o1212+ 0,23(}52 00052 [02%84
Ine= 551212+ 0,23391 +0,0091 0194
Iv=Go1a12+ 0,3?3165 +0,01365 _ >0004
Ins =5 01212+ 0,232105 40,0005~ 14074

Theo cach tinh vita réi, ching ta tinh dong ngén mach ba pha t6i dau ti D va
sau d6 tinh cham mét pha tai dau méi tdi E. Cdch khéc, ching ta tinh chinh x4c
hon khi dya vao tuong duong cham mot pha tit phia ha mdy bién 4p phan phéi
(di€m N,), vi ldc d6 d4 ké thém &nh hudng cda téng tré dudng vé cdc doan C; Cs,
Cs khi cham mét pha trung tinh tai cdc diém N, Ny N; N . ‘

So d6 tuong duong tinh todn theo cich nay cho  hinh 5.30.
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C, C, C; | E
I 1T —L__I T —
1
Zgn; !
|
1
231 .
v
Cg1 Cg? Cg'3 ! Eg
| e E I 1 = I I. ___l ' IN——
| NS ed I

Hinh 5.30: Mach tuong duong khi mét pha cham trung tinh

Trong so dd véi:
V, 400/43

Zen, =P = = 0,00817Q
SMUT Ty, 28,297

Téng tong trd céc éép C; C;, C; dudng di va vé:
Z): = 0,0004625 + 0,000925 + 2(0,00308 + 0,00041) = 0,008368 Q

Nhu v4y dong su cd trén tiing nhénh tdi dugc tinh theo:

o 231
v =
E ZUNI + Zz + ZZE
B 231 ) 9231
0,008170+0,008368+2Z5  0,016538 + 22,
, ‘ 231
K&t qua tinh: I, = = 85754
aua TR Ny = 5 016538 + 220,0052 00"
Iy, = 66494
Iy, =5269A

Iy, =4064A

]
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Cong dong Ky thujt co dién Viét Nam VMTC

Chuong 6 .

KHAI NIEM CHUNG

6.1 KHAI NIEM, GIA THIET, MUC TIEU

Hé thong dién (HTD) la tdp hop cdc phin ti phét, dan, phan phéi c¢6 méi
quan hé tuong tdc lan nhau rat phic tap, tén tai v6 sé cde nhidu tac déng 1én hé
thong. Hé théng phai ddm bao dugc tinh én dinh khi c6 tac déng clia nhitng nhiéu
nay.

On dinh hé théng dién la khé nang tré lai van hanh binh thudng hodc én
dinh sau khi chiu tdc dong nhidu. Pay la didu kién thiét yéu dé hé théng cé the
ton tai va van hanh. Nhu & ché do x4c lap chdng han, dé ton tai cdn phai c6 sy
can bing cong suit trong hé (khi d6 cdc théng s6 caa hé méi git khong d6i) va
dong thsi phai duy tri duge do léch nhé cla céc théng s6 du6i nhitng kich dong
ngiu nhién nhd (lam cdc théng s6 nay léch khéi cdc giad tri tai diém can bing).
Hodgc do tdc dong cda nhitng thao tdc déng cit, hé thong dién can phai chuyén ti
ché do xdc 1ap nay sang ché& do xdc lap méi.

Hdu qua ciia mdt on dinh , _

Khi hé théng mét 6n dinh c6 thé phai cit hang loat cdc t§ mdy, cdc phu tai,
¢6 thé lam tan ra hé théng va gay thiét hai nghiém trong cho nén kinh t&. Do d6
can nghién ctu 6n dinh trong khi thiét ké va van hanh hé théng nhim ddm bao:

- On dinh trong moi tinh hudng van hanh binh thudng va sau su 6

- C6 thé van hanh binh thudng trong moi tinh hudng thao tdc van hanh va
kich dong cta su c6. ' .

Gid thiét ddt ra khi nghién citu én dinh

D& nghién ciu qud trinh quéd dé cdn thiét 1ap cdc moé hinh todn. Trong khudn
khé cia sdch nay chi nghién cttu cdc mé hinh todn dugc x4y dung trén mét s§ gia
‘thiét nhu sau:

- Bo qua téc dung cda dién tré dudng day va mdy phat (thuc ra R c6 téc dung
cdn duong 1én dao dong réto) ’
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- C6 thé bb qua tdc dung cda cudn cén

- T6c db chia roto thay ddi khong ddng ké, nén moi théng s6 cdu trdc ludi dién
duge coi 1a khéng ddi

- E, dugc coi la khong déi (bdé qua dnh hu’o’ng caa TbK)

- T4&i dugc md hinh héa nhu mdt tdng tré cé dinh
- Cong sudt co dugc coi 1a khong dobi.
6.1.1 On dinh dong va tinh

6n dinh tinh 13 kha ning ciia hé thoéng sau nhitng kich dong nhé (nhiéu
nhé) phuc héi duge ché€ do ban dau.

Né&u lién tudng dén 6n dinh cda hai hé sau ta cé thé hiéu thém vé khdi niém
én dinh tinh. O hé 1 (H.6.1a) vi tri c4n bing cla con lic la én dinh

RN

a) b) A
~ Hinh 6.1: Minh hoa 6n dinh ciia hai hé co hoc '

Gid s néu nhu c¢6 nhiing nhiéu nhé (thudng xuyén hién hitu trong khéng
gian) thi con lic s& dao dong, tuy nhién do luc cdn khong khi, dao dong tit dan va
con l4c sé& trd vé vi tri ban dau.

Tuong tu nhy vay, vi tri A cda hé 2 (H.6.1b) sé 6n dinh. Tuy nhién vi tri B 1a
vi tri gid sU can bing nhung khéng én dinh. Ly do 1a chi cAn nhiéu nhd (gi6 nhe)
thi hon bi sé rgi khéi diém B.

Hé thong dién, nhu trén da néi, 6’ ch& d6 xdc 14p khi c6 diéu kién can bing
cong sudt sé c6é cdc thong sé khong thay déi hoidc chi bién thién nhé xung quanh
cdc gid tri ban dau. Tuy nhién, trong hé théng khi van hanh cé rat nhiéu tic dong
nhd, ngau nhién, vi du nhu sy thay ddi cda céng sudt phu tdi. Hé théng khi 4y
van phdi duy tri duge d¢ 1éch nhé hodc trd vé cdc tri ban dau cia cdc thong s6 ché
dé. Tinh chit nay chinh 1a tinh én dinh tinh cda hé.

Y - A 2 A A~ ~ o - ' o A . As z

On dinh dong cia hé théng: 14 khd niang cia hé phuyc héi dugc trang th4i
ban dau hodc gan véi trang thdi ban diu sau nhitng kich dong 16n (nhiéu 16n).

Nhu trén d4 néi néu c6 thé chuyén dugc sang ché& do xdc 14p méi thi hé sé c6
tinh 6n dinh dong. Céc kich déng . 16n & day cé thé duge hiéu nhu’

- Ngin mach trén cdc phén tif cia ludi dién

- Péng cdt c4ac phan t ludi dién.
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- Tdng gidm tdi dot ngot.

Gid si nhu ¢6 mot mdy phat dién dang phét cong sudt P, nay do nhu cdu cén
phédi ting ngay cong suat lén P,. O thoi diém nay sé c6 sy tang dot ngot cong
sudt cd AP =P, - P, nén mdy phat quay nhanh lén. N&u su tang tai nay dam bao
cho médy phat theo thoi gian ham téc lai va tré vé vi tri cAn bing 6n dinh méi thi
ta néi hé cé tinh 6n dinh déng. Nguge lai, néu mdy phat lién tuc tdng tdc, nd sé

roi khéi dong b va bit buje phai dugc cdt ra khéi ludi, khi 4y hé mat 6n dinh
dong.

6.1.2 Phudng trinh chuyén dong roto
Chuyén déng quay tuong déi réto cia mdy phat dién déng bd (bé qua dnh
hudng cia momen cdn) dugc viét:
JdQ
dt

v61: J - momen quén tinh ctia mdy phat, kg.m>

MT—M ' - (6.1)

My, M - momen quay cia tuabin va mdy phét
Q - van toc géc roto (co), rad/s; t- thoi gian, s.
Hing s6 quén tinh H (s hosic MW.s/MVA) duge dinh nghia la dong nang

(MW.s) tich ldy trong roto khi téc d6 quay dat tri s§ dinh mdc tinh trong lugng
cong sudt co bén:

0 | .
= JQ, ; (Q, - van téc dong bo) (6.2)
28, _
Phuong trinh trén tré thanh:
2H ., dQ |
@Scbd*t= Mr-M (6.3)

Héng so thai gian quan tinh T, 1a JQ2/S,, ren T, = 2H. Khi d6 phuong trinh
dugc viét lai la:
Ty o dQ

55 Cb.a = MT—M (64)

Bién déi phuong trinh:

1y (6.5)
Q, dt S,/Q, ﬂ

Luu y'la M, = Sep/Q, va biéu dién momen tror.~ hé don vi t: - ng déi cho ra:
T, dQ@m,) T,de

=L -M.-V (6.6)
Q/m, dt o, dt T ;

(7}

¢ day: o - van téc goc, rad dién/s; m, - s6 cap cuc.
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Géc léch (dién) tuong déi gitia mot truc
ddng bd quay véi téc d6 khong déi w, va truc
roto m4y phéat 1a §. Néu hai truc nay quay ‘
cing véi téc d6 déng bd thi 8 khong thay ° \, -,
doi (H.6.2) " Hinh 6.2: Géc léch &
Géc 8 dugce tinh nhu sau:

S=wt-af+8, = , | 6.7)
d* _ dAo |
V3 , = (6.8)
ay di dt e
(6.6) dugc viét lai la:
) |
190 M, -m | 6.9)
(.0 dt .

C6 thé coi toc do bién thién caa géc léch % trong qué trinh qué d6 nhé hon
nhiéu so véi Q, nén mot cach gan ding: P=Q,M va vi Qb =1.
‘Nhu vay (6.9) cé thé viét lai:-
' 2
Tiié—PT—P (6.10)
®, dt?

Luu ¥ 1a trong (6.10) céng sudt duge thé hién trong hé don vi tuong déi. Néu
cong suat thé hién ¢ hé don vi c6 tén thi:
T 2
®, b a2
Néu tinh d&n 4nh hudng clia momen cdn va néu 7, thé hién bing. ddn vi rad
thi do w, = 31457 ! va t(rad) mot(s) nén:

=P.-P ' (6.11)

dAw _ (MT M- KDAu)) - (6.12)
dt T,
ds ‘ '
== A .13
at . o0 | (6.13)
d%s ds k . ,
hosc: T =P.-P-K : 6.14)
Jdt T~ D (

v6i K 1a hé sé cin.

Néu trong hé thong c6 nhiéu mdy phat dién thi géc & cia phuong trinh néu .
. trén cho méi mdy phdt i 1a géc léch tuong d6i giita truc réto ciia mdy phét i va
truc tuyét doi gia tudng nao dé quay vdi tée dp dong bs.
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Dong dién do nit i ph4t ra la:
. Nl .
=1, (6.15)
= .

v6i N, la s6 niit trong hé thong
C6 thé viét (6.15) theo dién thé tai cdc nit:
YU, - YUy — oo, ~Yin, Uy, =1,
: (6.16)
Yy U ~Yy Up = +Yy,nUn, =1y,

Dung thuit todn khit Gauss loai bd cdc nut tai, chi gitf lai cdc ndt phat, ta cé
hé phuong trinh sau:

Y]_'IE.I—Ylsz'z—‘ ............. —Y].'NE‘N:jl i
: - . (6.17)
Yy By - YyoEy — ... +YywEy =1y

vdi: N - s6 nit phdt trong hé.
Két qud 1a ta ¢6 ma tran téng din ding tri cla ludi méi chi ¢6 cdc nat nguén
dung cho mé hinh khéo s4t 6n dinh hé.

Céng suat phdt tu nit i: |
S; = Ei I: vei E,=E, < 3; ‘ - (6.18)

Coéng sudt dién tit dugc tinh nhu sau:

J=Li#j

N
P =E}|Y;|sino;+ Y EE;|Y;|sin(3 -3 -a,;)
' | (6.19)

N
Q=E?|Y;lcosa;; — Y EE;|Y,lcos(d,~ §; -a)

j=l.j#i

y
véi: E, ;) - stc di¢n dong mdy phdt (nha mdy) thi i(j). Thuong trong khao sat 6n dinh ldy

stic dién dong qud do (coi nhu khéng thay déi ¢ thoi gian diu cda qud trinh qud do).

1Y; | va (a;—90°) - bién do va géc cia tong dan riéng xdc dinh dong dién do sic dién
dong cia nhénh i khi sic dién dong & cdc nhdnh con lai bang 0

|Yij| va (o - 90°) - bién do va géc clia téng din tuong hé xdc dinh dong dién trén
nhédnh i do stc dién dong cia nhédnh j gdy nén cdn cdc sidc dién dong trén cdc nhanh con
lai bing 0. ' o

Xét 1 dudng day c6 ndi hai thanh céi ¢6 dién ap U,, U, khong déi (H.6.3).

: i U, U, '

| x e
o———+0

Hinh 6.3: Hé¢ théng dién c6 hai mdy tuong duong
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Coéng sudt truyén tdi trén day theo dién dp hai dau day la:

UiU,

P= sin d

vGi 6 la goc 1éch pha gita U, va Us,.
Gidi han t8i da truyén tai cong sudt trén day tuong dng:
u,U,

va nhu vay phu thudc vao dién dp, vao téng tré day.

Xét mot hé thong gom moét mdy phat néi véi dudng day vao hé théng c6 cong
sudt v6 cung 16n (thanh cai hé thong c6 modul va géc pha cia dién ap khong hé
thay d6i) (H.6.4). Ta goi hé théng dién nhu vay la don gidn nhat (6.19) dugc viét
nhu sau:

EU . |
P=—sind (6.20)
Xy
(6.20) tuong ung véi dudng cong cdng sudt - goc (H.6.5), 6 day X5 = Xr+ X7+ Xy
' p
L) = const '
o—aH e ‘
_ ! ] ;
| v E
O —0 mr———l :
E XF Xy xday ' - . o
. 90
Hinh 6.4 Hinh 6.5
(H¢ thong dién don gidn va so d6 tuong duong' Duong ddc tinh céng sudt géc

Vi du 6.1. Cho mét dudng day truyén tai ngin va dién dp dau gui U, bang véi dlen
dp dau nhan U,. Xdc dinh ty s6 X/R sao cho cong sudt 16n nhat duoge truyen qua
day & trang th4i 6n dinh tinh.

Giai. Cé: ’
U1 =U, + I(cos@— jsin@)(R + jX) = Uz + (IR cos @ + IX sin ¢) + j(IX cos ¢ — IR sin )
= vdi ¢ - géc lech gita U, va I, coi U, = Uy£0°, ¢6
R (Uy cosd) = (U, + IR cosg + IX sin Q)R
. X(U, sind) = (IX cosp — IR sin @)X
Luuyla: = Z%=R?+ X2 ta cé:
Uy (Rcosd + Xsind) = RU, + 1Z* cos ¢
RU,
2

= Icosp = %(Rcos& + Xsind) ~

Cong sudt cudi dudng day:

. : 2
Py = U, Icosgp = %[2—]—1 (Rcosd + Xsind) - RU;Z
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3 X U,U, RU:
Datth_E:R: |Zlcos(B——S)— e
Khi c6ng sudt truyén tdi max thi § = B, nén:
Poax = Uyl - RU22 va dP2(m“x) =0
 JR*+x? R*+X? dX
Do d6 (%1—)2 (R? + X?) = 4R?

2
vavile=U =2 = 3

R
Vi du 6.2. Tim gidi han cong suat cia hé mdy phat (X, = 0,5) néi véi hé vé cung
16n c6 dién 4p va modul 1a U = 1£0 qua dudng ddy véi X = 1. Modul dién 4p dau
ra cua may phat 1a 1,2.

Giai. Dong chay trén day la: [ = UF,_U = 1’249(_ 10
JX J1

0] day o - géc cua vectd dién 4p mdy phat UF vdi vecto dién dp thanh cdi hé
théng U . Sdc dién dong may phét duge xdc dinh:
1,24af1,0

J1

=1,8 Zoo - 0,5 = (1,8 cosa — 0,5) + ;1,8 sina

Khi §=90°, cdong suat max sé dugc truyén ung véi vecto sic dién dong E£90°.

E=Ugz+jIX;=1,2Z a +j0,5

Nhu vay géc o ¢ ché db gidi han dugce tinh:
1,8cosaa — 0,5 =0 = o= 73,87°

va Up =1,2 £73,87° = 0,332 + j1,152

Tuong Ung véi dong:

j= 0,332+ j1,152-1,0

‘ J1 _ .

= E =0,332 +71,152 + ;0,5 (1,152 + j0,668) = — 0,002 + ;1,728 = 1,728 < 90°
‘Viy gi6i han truyén cong suat la: '

1,728 x1

1+0,5

=1,152+ j0,668

P, = =1,152
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7.1 TIEU CHUAN NANG LUGNG

7.1.1 Dinh nghia 6n dinh theo ning luong |

M6t hé 6 ché do xdc lap khi cé su cdn bing gilta nang lugng phat va tiéu thu.
Mbi ch& do xdc 1ap sé tuong thich véi cdc théng s xdc dinh trang thai hé. Néu cé
nhiéu (kich dong) l1am cdc thoéng s6 nay thay déi theo huéng khuyé&ch dai thi hé sé

khéng 6n dinh. Piéu nay xdy ra khi nang lugng phdt 16n hon nang luong tiéu tan.

Tiéu chuén ning lugng vé 6n dinh hé dugc mé ta qua bat ding thic sau:
%"_ <0 | (7.1)
vdi: Al - gia s6 thong sé

AW - nang lugng du va AW = AW, — AW,

AWy , AW, - 6 gia ning lugng phét va tiéu tdn.

Quay trd lai hé théng dién trén hinh 6.4, theo tiéu chudn nang lugng thi hé
sé 6n dinh néu:

AP, — AP (§) 0
Ad _ ,

Tham s& trang thai & day la géc 8, néng lugng phat 1a céng suat co Py (cong
sudt tuabin) con nang lugng tidu tan chinh 12 céng sudt may phat d8 vé hé thong.
Do chdp nhén gid thiét cong sudt P; khéng ddi nén biéu thic trén duge viét lai:

AP o dP
Y s |

C6 thé kiém dinh (7.2) biing céch 14p ludn tif hinh 7.1 sau:

Gia st lic ddu hé thé’ng & ché& d¢ xdc 14p (diém a) tuong tng véi géc §,. Do
kich dong nao d6 3, tang lén mot lugng thi do P > Pp nén roto s& bi ham lai, hé

>0 (7.2)
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qué la géc 8 quay vé tri §,. Ngugc lai, khi &

gidm thi do P <P, nén réto sé ting téc va &

vé lai tri §,. VAy diém a 12 diém can bing va

on dinh.

B
4

Tai diém b, gid st néu géc & ting lén t6i
tri 8, +Ad thi do P<P; nén réto sé ting toc

(7] r T e,

o

va két qué la § ti€p tuc ting 1én. Nhu vay diém ;

~ b la diém can bing nhung khong 6n dinh. ) =g .
Hinh 7.1: Mién lam viéc 6n dinh

Néu hé théng lam viéc tai diém c thi, gi3 .
: g ; j » 812 cia hé thong dién don gidn (ddm)

st gbe 8, ting tdi 8, +Ad, khi d6 do P < P, nén
géc 8 ti€p tuc tdng. Con néu gia su d. giam di mcf)t‘luqng Ad, do Pp>P nén géc
8 s& ting va quay vé tri §,. Nhu viy diém c21&¥diém giéi han én dinh.

Dai lugng Cg, = 5=5, dudc goi 1a hé s& cong suat dong bo. Chi s6 E, ¢ day

Pg,
86
tuong ung vé6i cong sudt duge tinh theo Eq va tuong Ung véi trudng hgp mdy phat
khong c6 tu dong diéu chinh kich tut |

Géc 8, tuong ing véi diém c cho thdy cong suit co s& cit cong suat dién ti
- tai mot diém duy nhat va do vay véi hé théng da cho thi khéng thé nang céng
sudt co 1én dugc nita vi s& khong ton tai ché d6 1am viéc eta hé. Coéng suat dién tur
tai di€m c la: Py, Pma‘

Mién lam viéc 6n dinh ctia hé tuang Lrng véi nda bén trdi cia du’ong cong trén
(tu géc 0+1/2)

‘Hé s6 dy trit 6n dinh dugc dinh nghia la ty sé:

P, - P
_tgh T .
K gy =~H5—100% | )

Né&u cin tinh dén 4nh huéng ctia nhing nhiéu nhé lén su thay dai tir théng
thi can luu y 1a dong cdm dGng roto tdt dan khi tit thong phan dng tham nh4p vao
cudn cén (siéu qua dd) va sau d6 mdi vao cudn rdto (qua do). Mit khdc, khi lién
- quan t6i thdi gian dao ddng réto, c6 thé cho réng tir théng méc vong khong thay
'd6i va thich tng v6i Ej; va E, . Cong suat dién tif dugc tinh theo sdd qua dé:

U . Xos - Xys .
Py = Eq sin 0+ EdU cosd —~ [; ——z——d—z-sm28 . (7.4)
XdE XqZ XqZXd):
hoac Py = EU sinﬁ—g—Msin 28
T Xy 2 Xdedz
voi: Xy =Xy +X, +Xp; "X +X,+ Xp; XdZ"Xd+Xl+XT

trong dé X, Xr 1a dién khdng duong day va mdy bién 4p.-
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Pz Cea
Hé so cong sudt dong b Cp., = BSq ) Ceyq
dang nhu hinh 7.2. Nhéan thay tai §=90°:
Cg, =0 con CE'q >0, nghia la CE'q l6n hon Cg,
Trong tinh todn thuc t&, c6 thé bé qua ‘
Y . o N A A o
thanh phan sin28 cia (7.4) va tiép nhén /2
E', = E', do d6: Hinh 7.2: Hé s6 céng sudt dong b6
Pe=E sins | (7.48)
Xys
7.1.2 Xét may phat cuc 16i
Xét hé don gian nhu trén hinh 6.4. Tuong tng
%‘ v6i hoa do vecto trén hinh 7.3 s& c6 Eq- sdd gia
Eq I Ta(Xg = Xo) K :
- tudng sau dién khang X, .
Q
% M4i quan hé gitta Eq va E, la:
Idxq EQ:Eq—Id(Xd—Xq)
Ky hiéu:
\/\, Xd};=Xd+X[+XT; Xq};='Xq+X1+XT
’ [ 4 hEAY . ,
’quI qudE : Phuong trinh céng suat la: :
__________ LM
Ul _z5/7U1 " EU 2 X,;5-X
4 1: TI b pP=- sin8+—l£——i§———£sin25 (7.5)
LU, as 2 XasXgs
i, . o, dP . ,
Hinh 7.3 Gid tri cia 78—=O dat dugc khi géc nho hon
Hoa do vecto mdy cyc 1ot 90° do thanh phan sin 28 |

7.1.3 Xét hé théng cé hai may: tai duge coi la tuyén tinh

1 | l_% E, E,
@ h o - | Yo Y2 |
. Y21'-Y22
52 AN

Hinh 7.4a: So d6 mang dién va so dé thay thé
ciia mang dién gom hai mdy phdt

P = E} Yy sinoy; + BB, Yy, sin(85 - 049) = Py + Py
Q = E{ Yy cosay, — E By Yy cos(8y - typ)

P2 = Eg Y22 Sin a22 - E1E2 Y12 Sln(812 + 0(12) = P22 + P21

S,

(7.6)

Q2 = E% Y22 cos a22 - E1E2 le 003(512 + (112)

{
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Cong suat cia hai nha mdy ¢6 su lién quan chat ché véi nhau (H.7.4)

Hinh 7.4b: Bz[dngbcéng sudt géc cia hé hai mdy
Thuong thi 0,2 4&m nén P, dat tri max khi 8,5 <90°% P, dat min khi 3;,>90°.
Céc hé sb cong sudt dong b khong-dong thoi bing 0 va:

dP,

> =———=>0
dd;, ddy, dd,,

Hai gia tri dao ham trén c6 thé duong R c

1
ngay ca khi P, am. Mién lam viéc 6n dinh '

¢6 dugc khi 850 p, <819 <Biomax p  VOi

819 max B - gia tri géc §;, lam P, dat cuc dai E
VA& dygmayp, - gid tri goc 8, lam P, dat cuc :

dai. Nghia 1a mién lam viéc 6n dinh cda —

a b A i 612maxP2 | 612maxP1
hé mé rong ra (H.7.5) )
. Hinh 7.5: H¢ s6 C cia hé hai mdy

7.1.4 On dinh tinh d6ng co

1- Pong co dong bo

Xét dong co dong bs duge néi két vao thanh cdi dién dp khéng d4i U. Hinh
7.6 md td dudng dac tinh cdng sudt géc cia dong co (8- géc gidta vecto sic dién
dong E va dién dp U). P, - cong sudt tdi trén truc dong co. Xét diém lam viéc tai
a: néu géc §, tang thém tri- A3 thi do cong suat dién tir 16n hon cdng sudt co nén
dong co quay nhanh lén, két qua 1a géc gidm dan vé §,. Nguge lai, n&u §, gidm
mot tri A8 thi do cdng sudt dién ti nhé hon cdng sudt co, ddng co quay cham lai
va do dé géc tdng 1én vé lai §,. Lap ludn tuong tu cho trudng hgp b, nhan thay 1a.
diém b khong phdi la diém lam viéc én dinh. '

p , :

>

ﬁ{‘_—’u

E

o didllalnd b A A A

o
(o7

o
(=2

Hinh 7.6: On dinh tinh déng co déng bg (dém)
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Nhu vay tiéu chudn ning lugng & day la:

P 0 -
do
2. Pong co khong dong bo
Xem xét trudng hgp don gidn nhat khi déng co khong dong bd duge cdp dién
bdi thanh cdi c6 dién dp khong d6i (thanh cdi néi v6i hé c6 cong suat 16n gip
nhiéu 14n so véi céng sudt dong co). Hinh 7.7 biéu dién cdc dudng dic tuyén cia
dong co. ~

o
Q
Q

Q_#
I

Io/S-

]

»
o
(2]
Q
>
1]
o
2]

' Hinh 7.7: Pdc tuyén dong co khong déng bo

Trén hinh 7.7, s 14 46 trugt. Xét trudng hop hé dang van hanh & ché& d6 thich
ing v6i diém a. Gid su vi Iy do nao dé d¢ truot tang thém tri As, do ning lugng
cung cdp bén ngoai (cong sudt dién ti P) 16n hon nang lugng tiéu tan (P.,) nén
dong co ‘quay nhanh 1én va do dé d6 trugt s gidm vé lai s,. Nguge lai, néu s,
giam moét lugng As, do P,, > Pnén dong co quay chdm lai, dé trugt ting 1én va vé
lai s,. Nhu vay a 1a diém lam viéc 6n dinh.

Né&u dong co 1am viéc 6 ch€ d6 ning nh4t ing véi di€m ¢ (khi dudng cong suat
dién ti ti€p xic véi dusng cong suat co tai mot di€m), ta c6 ranh gidi cia 6n dinh.
b6 trugt tai c 1a d6 trugt t6i han (s,,).

Tiéu chudn ning lugng 4p dung khi hé én dinh va khi coi Pc,,(s, = const la:

dP ‘ |
—>0 78
ds v (7.8)
Cong suat P dudc tinh la: P,—_U'éiz_
‘ , g +x2s

Nhu vay diém ¢ tuong ung véi ar =0va do dé c6: Sy, =2
ds X,

U2
Céng sudt tidu thu max cia déng co la: P.. (7.9)

2xs

Vi du 7.1. Cho hé théng dién ddn'g'ién nhu trén Hinh vé 7.8. Xdc dinh d% du trit én
dinh néu biét hién tai mdy phdt cyc 4n dang phét cong suat 1a 1 < 0,85 (hé don vi
tuong doi).
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-

Ur " X,=03
1=,
!
I —1+O u-+

Xy3=0,8 P=1<0.85

Hinh 7.8: Vidu 7.1
Giai. Cé X); =Xd + X,' = 1,1

PX
U

2
=\/(1+1~’1-—x#—) 1X11 =2,83+1,21 =201

Vay cong suit max truyén trén déy la:

E U 201x1,0 1,83-1
p =2 = '~ =183 = K, == 100% = 83%
max XZ 1.1 Eq 0 0 0

St dién dong mdy phat la: E_ = \/(U +Q~)—(—)2 +(Z5)2

Vi du 7.2. Cho hé géom 2 mdy phat
Eq, E

Xy, =12 Xg,=1,6
. =1A).8

Hinh 7.9: Vi du 7.2

Tim ché d¢ gidi han 6n dinh tinh. Cho biét tai ¢ thanh c4di mdy phét 1 duge
thay thé€ béi téng trd ¢ dinh:
. U} : ,
Z, =R, + jX, :E‘Q—(Pt - jQX,)=0,64 + j0,48

t

vdi U, la dién dp dinh miec tai.

Ta c6 hé phuong trinh sau:

P _ Eq21 Sin all E E q2 Sln(81 a12)
o1z - |Z12|
_ EZ, sin oy, B E,E 5 sin(8; -8, +ayp)
L 12y 12151
P1+P2_P=O; Q1+Q2_Q=0
véi: Z); = jX, + —;—gg—z—é—l Z, lexp(g—au); trong d6 X), =X, X, =X, +X;
2 : S

71,8(0,64 + j0,48)
j1,8+0,64 + jO,46

=

=0,37+ /1,683 =1,723277,6% ay, =12,4°,

X, JX T
. s r
J1,2.51,8

= j1.2+ j1,8+—J22dbC
JLEFILOTS 64+ 0,48

=-2,16+ j4,62=5,1£115,06% 0, = ~25,06°
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j1,2.(0,64 + j0,48)

- - =0,285+ 52,252 = 2,27/82,79% 04y =7,2°
Jj1,2+0,64 + j0,48

. . . dP E ].E 2 COS(612 —0112)
P 16n nhAat khi: L0 L =
, dat tri 16n nhat khi 5,y =4 7o
Do a1 = ~25,06° 0én: 8yyp0ep, = 90-25,06 = 64,99°
s 14 LY ', dP2 o
P, dat tri 16n nhét khi: S5E=0 6 8130y, = ~90+25,06 = -64,94
12

Vi du 7.3. Cho dong co ddu ndi vao thanh c4i c6 dién 4p khong d6i nhu trén hinh 7.7.
R, = 0,019; X = 0,227. Céng sudt co 1a 0,9 khi U = 1. Tim dién dp gi6i han.

Tinh hé s6 du trit 6n dinh.

| R, 0,019

=———=0,084
X

Giai. D6 trugt gidi han la: s, = 297

S
U” sy _U?.0,084
2R, 0,019

Tudng Gng véi cong sudt max: P, . =

Khi dién 4p bdng dién dp giéi han Ugn thi dudng dic tuyén P ti€p xic véi
dusng thing P,, tai mét diém duy nhat.

2.
Pw: ma.\'*0>9—U08,1(;84 U=0,63
K, = 1-0.63 100% = 87%

7.2 PHUONG PHAP DAO BONG BE

7.2.1 Phuong phap dao dong bé _
Mot hé thong dong thudng duge md ta béi hé phuong trinh vi phén sau:
x= f(xl,x2,...,'3gn,ul,uz,...,u,,t)
Vi x - vecto trang théi; u - vects ddu vao hé (dugc hiéu & day 1a nhiu).
Khai trién phuong trinh trén vao chudi Taylor va bé qua cdc duo ham bac cao
Ax; =—aiAx1 +...+—afLAx +—aﬁ—Au+...+ J; Au
ox; ox, " OJu ou

hay viét dudéi dang ma tran: At = AAx + BAu

r
r

khi Au = 0, c6 phuong trinh mé t4 chuyén dong tu do: A% = AAx

Gid tri riéng cia ma trin thudng duge gdn bdi cdc tri cia tham sé A khi
khoéng c6 14i gidi tdm thudng cho phuong trinh: A® = A®

A= [an]
® =[nx1]
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Tim gid tri riéng cha A® = A® theo phuong trinh: (A -A) D =0

Khi nghiém la khéng tdm thudng thi: det (A4 — A) =

Viéc khai trién dinh thic cho ra phuong trinh dic trung, m nghiém cda
A=Ay, Az, ... Ay g1 1A tri riéng cla A.

Ma tran @, ¥ dugc goi 1a modul phéi va trdi néu:

b=[d), @y, .. 0,1 ¥=[¢F ¢l .. oI 17
véi: ®; - vecto riéng phai cia A; ¢; - vecto riéng trdi ciia A va thda:
AD; =), 00 VA=W,

M6i quan hé gida & va ¥ 1a &=y,

Loi gidi cia phuong trinh nay 1a: Ax,(¢) = D10 e+ L+ Dy, et
véi: ¢ = ¢:Ax(0) |

Quan hé¢ gida nghiém phuong trinh ddc trung va én dinh:

- Khi nghiém la thyc sé c6 trang théi phi dao dong. Néu nghlem 1a thuc
duong thich dng véi mét én dinh phi chu ky

- Khi nghiém 1a phuc thi chiing sé xuat hién dusi dang cip lién h1ep va sé cé
trang thdi dao dong. Néu nghiém c6 phan thuc du’dng s& cho ra m4t 6n dinh dao
dong :

7.2.2 Phuong phip dao dong bé dp dung trong hé théng dién

Xét phuong trinh vi phan mé td qud trinh qua d6 véi anh huéng clia cudn can
thé hién qua momen can: :
d?8 dd
T,—+K
a2 " Par
vSi cdc phan ti duge viét trong hé don vi tuong d6i. Néu nhu thoi gian va héng s6
quén tinh thé hién 1a gidy thi T cdn phai dugc nhan véi la,.

=P.-P ©(7.10)

Néu khai trién tuyén tinh (7.10) xung quanh diém can bang va chi ldy dao
ham bac nhat:

d%(5. + AS) d(8_ +A8)

Ty e S Ky e - [P(8)+—Abj
) : (71D
d2AS . dAS P '
K -9 A8
oL —z o5 =7

bat p =%, phuong trinh dic trung sé la: TJp2 + Kpp+C=0

~-K ,/K -4T,C ,
va Pip = D-N"D oA (27?)2“0‘4:]5
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L3i gidi cta (7.11) 1a: AS(t) = AjePt’ + AeP? . O day gid sd chi xét Kp >0.

Cdc trugng hgp sau c6 thé xdy ra:

1-Khi C (3—183 - h¢ s6 cong sudt dong bé) lon hon 0 c6 thé cé cdac truong hop sau

. ?C\ <o?: p, vap, - thuc 4m va AS3(¢) s& c6 dang tdt dan khong chu ky -
J

% >o?: p, vap, - nghiém phitc ¢6 phan thyc 4m va A3(f) tit dn theo thai
Y _

gian véi tan s6 dao dong B. Nhu vay khi §, ting din lén thi C gidm xudng dong
thdi B tdng lén va dao dong chdm hon

2-KhiC<0
Phuong trinh dic trung ludn c¢6 mot nghiém thuc duong va do vay A8( ) sé
tang dan theo thdi gian va hé thong mat 6n dinh. ‘

3- Khi C = 0: phuong trinh dic trung c6 mot nghiém = 0, con nghiém kia la —'52
Nhéc lai phuong phap ddnh gig theo
“én dinh cda Liapunov dua trén viéc khio
sat hé phuong trinh vi phan d4 tuyén tinh
héa: Néu hé théng chuyén doéng theo hé
phuong trinh vi phan d4 tuyén tinh héa cé
6n dinh tiém c4n thi hé théng ban dau
cling c6 6n dinh tiém cdn va nguoc lai; cdc
trudng hop khdc (cu thé 1la khi c6 mot
nghiém thuc béng 0 va cdc nghiém con lai -
c6 phan thyc 4m) thi cén phédi c6 cde Hinh 7.10; Bién thién AS(t)
nghién cifu b6 sung méi c6 thé két luan vé .

tinh 6n dinh cda heé. :

Su bién thién cia A8(f) cho céc trudng hgp néu trén sé dugc b1eu dién trén
hinh 7.10.

Phuong phép dao dong bé cho ta biét du’dc dac tinh dién bién quéd trinh qud
d6. N6 cho ta bigt n&u hé én dinh (hodc m&t 6n dinh) thi dudi dang nao: chu ky,
phi chu ky v.v..

a) Phuong phép dao dong bé cho hé théng dién hai may phit va phu tadi la

téng tré ¢é dinh

Xét tai 1a mot tdng trd c6 dinh

Tuyén tinh héa pero‘ng trinh chuyén déng ciia hai m4y phdt va bé qua dao
ham tir.bac hai tré lén:
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2
a0, R s

d?s, L 9P
J1 dt2 8812

=0, T
12 J2 dt2 8812

A612 = O

V6. 8yp = 8; - 8,
Tri 2 phudng trinh trén véi nhau:
' d’A8, 1 0P, 1 0P,

+( - A8, =0
dt T; 985 Ty 3512) 12

Pat p= i Phuong trinh dic trung cé dang:

dt
.1 9P oP.
P20 1 9B, (7.12)
_ Ty 08y, Ty 05y
biéu kién 6n dinh cia phuong trinh dic trung trén 1a hé s& tu do (7.23):
P, , :
Loh 195 ., (7.13a)
Ty 9815 Tyq 08y
Thay thé ﬁ—Vél i vao (7.13a) cho ra
By | 38y
1 E,E,
——E,E, | Y9 | cos(8;5 — ay5) + | Y15 [cos(8;5 + 01y5) >0 (7.13b)
Th Tys
Néu b6 qua oy, (thudng cé tri s6 nho) thi (7.13b) sé tuong duong:
‘ dP, . dP.
E\E,Y 5 c088;5 >0 & d8112 >0 va d8122 <0

Nghia 14 trung véi tiéu chuidn thuc dung

b) On dinh hé théng dién cé cdu tric phie tap

J day ta chi xét t6i mé hinh phu tdi hé thong duge thay bing téng trd co
dinh. Béng ky thuat khi cdc nit phu tai d€ cho trong hé chi cé cdc ndt phat, ta cé
phuong trinh céng suit géc clia nit phét tha i

n
B =E?|Y;lsino; + Y EE;|Y;lsin(3,-8; -a); i=1,.,n
j=lizj

Luu y la ¢ day can chon mét nit phédt nao d6 1a nit cin bing (c6 géc pha
dugc g4n bing 0) (vi du nit n chdng han)

Ta ¢6 hé phuong trinh chuyén dong sau khi tuyén tinh héa:

d?As, oP; oP,
Z =1 Ad, . +..... + Ad =0
J1 dtz + asln 1in R asn_ln n-1n
(7.14)
2
d”Ad, + oF, A8, +..... oF, AS, 1, =0

+.o+
RPN 38,1,
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Chia hai v& cho phuong trinh (7.14) cho T; va sau d6 trit di phuong trinh cudi:

——ntn i p A8, +...tDb

n-1n

-1 ASn—l n =0

_19m 1,
YTy 08, Ty, 00,

vé1

dat p= %, ta c6 phuong trinh dic trung duge viét dudi dang:

(p® +byy) by bina
bn—ll p2 +bn—1n—1

Khai trién dinh thidc trén sé& cho ra phuong trinh dic trung véi bac chén

Né&u trong phuong trinh chuyén dong réto c¢é tinh dén momen cdn hodc anh
hudng cia qua do dién tu, da thdc dédc trung cé dang:

a,p"+ap"t +..t+a, =0 (7.16)
AS(t)= AP + ...+ A, ePnt
p; la nghiém cia (7.16).

 Kh3o st ddu cia nghiém cla da thic (7.16) sé cho biét én dinh cta hé thong

Theo phuong phdp xdp xi biac nhat Lyapunov thi néu tat ca cdc nghiém cda
(7.16) déu c6 phan thuc 4m thi hé sé& 6n dinh tiém cén; ngugc lai, chi can c¢6 mot
" nghiém c6 phén thyc dudng thi hé s& khong 6n dinh.

Véi hé nhiéu mdy, phuong trinh dic trung sé c6 béc rat 16n, do dé can nhing
ky thuat riéng duge s dung rong trén mét s6 cdng trinh la: thuat todin AESOPS
(analysis of Essentiallly Spontaneous Osscillation in Power System), PEALS
(Program for Eigenvalue Analysis of Large System) MAM (Mod1ﬁed Arnoldi method).

Thudt todin AESOPS

- Thuat todn nay dugc dya trén co sd khai trién tuyén tinh phuong trinh
chuyén dong:

da
d“’_AMT AM - K pAo= AMT—-(CA8+KDA0))

L4y bién d6i Laplace cho ra:

T,

TJSA(D = AMT - (C(S)és(-o" + KD(S)A(D)
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C(s)

Nhu vay AMp =(T;s + Kp(s) +-—)Aw - (7.17)

s
Khi biéu thic trong ngodc cia v& phai biing 0 thi cdc gid tri dac trung (s) tri
riéng lam cho AMy bdng 0 va Ao # 0. Thuat todn AESOPS dugc st dung d€ xdc
dinh cdc tri riéng hé tir biéu thyc sau:
(Tys+ Kp(s)+ S 2o (7.17a)
s

Tha tuc lap:
AM7y bang 0 dugc xéc dinh theo phuong phdp Newton. Tt (7.17) cé:

0AM 1 0K p(s) 19C(s) C(s)

=(T; +—L2=2 4+ = -—2)A

0s J 0s * s ds s2 ®

Gan tdi tri riéng cia hé, tir (7.17a) cé: -C@+—KD—(S) =-T,
S S

va néu bé qua Kp(s) thi -T; = C(s)/s?, dong thdi néu coi hai dao ham riéng cta Kp

va C theo s 1a nhé va ¢6 thé bd qua thi: aA_;VIT =2T;Aw
s

va do dé tai budc lap thi k:
AMT(S) _ _(AMT(S)

S+l =Sk~ m‘;—" = S T, Aw )s=s;,
ds 5%
Néu coi sy thay doi téc d6 x4dp xi la 1 thi
AMT(S)
Sher = Sp— ( o, )s=sk (7.18)

V6i hé nhiéu mdy cé thé dé xuat khai niém momen qudn tinh tuong duong:

N
Tye =Y, Ty | o

i=1

véi N 1a s6 mdy phdt trong hé.

. AMT(s))

2TJe 8=Sp
Viéc dp dung thuit todn AESOPS doi héi phdi tinh todn momen can thiét
dé gitr sy thay d6i t6c d6 cia may phat quan tdm gan téi 1 (hé don vi tuong dé6i)

Khi d6 (7.18) tré thanh: s, ; =s,; ~(

7.2.3 M6t vai tiéu chuin khao sat dau caa (7.16)

1- Tiéu chudn Hurwitz

Ta thanh lap ma tran Hurwitz:
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0 a, Q... 0 (7.19)
0 0 0... 0 i 0
0 0 0... 0 [ 2 a,,

Cédc dinh thdc Hurwitz:

| al a3 a5
a; asg
aQy 4

0 a a

L
Tiéu chudn Hurwitz dugc phat biéu la: Hé thong s& én dinh néu tat ci cédc hé
s0 cda phuong trinh didc trung va cdc dinh thde Hurwitz déu duong (luén quy uée
14 a, > 0). Viéc dam bdo ddu duong cia cdc dinh thic Hurwitz déng nghia véi viéc
céc nghiém cla da thic dic trung déu cé phan thuc am.

Tiéu chudn Hurwitz 4p dung rét t&t cho phuong trinh dic trung cé bac thap.

2- Tiéu chudn Rauss

Tiéu chudn Rauss tién lgi hon cho cdc phuong trinh c¢é béc cao hon (< 7)

Bang Rauss (bang 7.1) dugc thanh lap v6i (m+1) cot. O hang ddu 14 cdc hé s&
v6i chi s6 chdn cda da thic dic trung. Cdc phan tu cia cot thd hai - chi s 18. Con
cdc phan tif cia cdc hang tiép theo dugc tinh nhu sau:

C. = C1i1Chiij2 = C1j-2Chiriz1 C r .C
ki T C =Cpiri-2 =~ Aioblpii
1i-1 ;

v6i: k - 6 thi tu cOt; i - s6 thd tu hang. ‘

Yéu cdu On dinh theo Rauss la: D& h¢ théng 6n dinh thi didu kién cdn va di
sao cho cdc hé sé cot ddu tién phdi duong.

S6 1an d6i ddu trong co6t dau tién thich ing vdi s6 nghiém cGa da thde dic
trung nam & bén nia mat phéng phai (c6 phan thuc duong).

Bang 7.1
Hang Mo cot 1 ' c6t 2 cot 3
4 . Cy=a Cay = a, Ca=as
Ciz = ay Coa=ay Ca=as

A = al/ay Cia=aziia; Cai = as-Aq a5

W N

Az = a4/Cya Cia=a3hCp . Cas=as-A;Caa

(7.20) -
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¢) Tiéu chuin Mikhailov
C6 thé viét da thdc dic trung dudi dang sau:
D(p)=a,(p-pXp-py)..(p-p,,) (7.21)
vdi p; la nghiém cta D(p) = 0 '
M6i nghiém nay thich Ung véi mot diém trén mit phdng phic (H.7.11).

Nhu vay p-pi 1a hiéu cta hai vecto p va p;. Néu dat p = jo thi dubi cia vectd
p-p; s& nam trén truc do (H.7.12).

Khi ® bién thién tif — téi +o thi p-pi s& quét mét géc +n (néu p; ¢6 phan
thyc 4m) va —~ 7 néu p; c6 phan thuc duong.
J

’,ﬂ " | X ‘Jm N‘\
/i e
Jm pn:\ @ o, '\03_0\ ,:‘pl
by joo jo ) E
b P, : ‘\ ’ '
\‘ Re ,’I - Re
Re \‘\ II
\ 4
a) b)
Hinh 7.11 . ' Hinh 7.12
Nghiém p; cia da thic Hiéu (p-p;) trén mdt phdng phuc khi o bién thién

a) p; ¢c6 phdn thuc dm; b) p; cé phdn thuc duong

Né&u moi nghiém cta da thice dédc trung déu ndm bén trai mit phang phuc thi:
Aarg D_(jco) =mn (7.92)
—c0 K NS oo
Néu tén tai k nghiém nim bén phai mit phing phuc thi:
Aarg D(jo) =(m - k)n - kn=(m-2k)x
—co < (D < o0
Pé cho hé 6n dinh can thiét phai thuc thi diéu kién (7.22)
Viéc xay dung hoa dé D(jw) dugc tinh todn nhd trg giip cia mdy tinh va rat
tién dung cho phuong trinh dic trung bic cao.
Vi du 7.4. Cho hé théong dién don gidn: E, = 2,01; Xy = Xy + X4, = 1,1; Ty = 8s
M4y phat dang phét cong sudt P =1
Khio sat dic tinh &n dinh tai diém van hanh
Céng sudt phdt 1a bao nhiéu s& thay ddi dic tinh chuyén dong gia st Kp = 30.
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Giai. C6 phuong trinh sau & ch€ d6 xdc 14p: Ppax = 1,83
‘ P . sind, =1=1,83sind, = &, = 0,578rad

C=P,, cosd, =153

. max
Phuong trinh chuyén déng réto véi hiing sé thoi gian va thoi gian thé hién 1a
gidy dugc viét nhu sau:

T,d28/dt? = w,(Pr—~P) - Kp(dd/dt) véi K, = Kp _ 0,096
D

®,

Pa thitc dic trung la;: Ty p°+ Kp p+@,C = 0

Nghiém cta da thic la: p;, = —%Q :F\/'j EOT‘:C + (25[2)2
J J J

Tai diém van hanh c¢6 nghiém la: —0,006 £j7,75 (rad/s). Nhu vay hé la 6n
dinh va c6 dang dao déng tit dan.
Diém thay ddi dac tinh chuyén déng (tif chu ky sang phi chu ky) tuong dng véi: -
©.C = (ﬁ?_)2
T, 2T,

Gia tri C nay tuong ung véi géc § gan téi 90°

Do vay cong sudt phat sé la: P = P,,,sind = 1,83 :

Vi du 7.5. Cho mdy phét véi X, = 1,2 néi vao hé vé cing 16n v6i dién &p ¢6 modul |
va géc pha la 1£0° qua bién thé va dudng day véi Xr = 0,6. Dién 4p mdy phat khi -

- khéng téi la 1,2 va Ty/w, = 0,025 s¥rad. Tinh tin s8 dao dong tuy nhién néu may

phat chat tdi 50%, 80% cong suat ca gi6i han truyén.

Giai
a) Khi tdi cong sudt 50% cong sudt max: C6 E,=1,2 ;U =1
: P,

max

Géc 8, ung véi cong sudt nay la: sin §, = =05 = 3§, = 30°

Do 4dé: 9—}1 = _12x1
’ aa 80:300 1,2 + 0,6

cos d, = 0,577

Nghiém cda phuong trinh dic trung 1a:
. 10,577

p=+tj = 4,76 rad/s = 0,758 Hz
Q)O
b) Khi tdi cong sué’t 80%: 8, = 53,1° va P® =04
| T 38 |8,=531° ~ 7

p =%j 3,96 = tan s6 dao dong 1a 0,63 Hz
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Vi du 7.6. Kiém tra 8n dinh va xdc dinh s6 nghiém nim bén phai mét phing phic
cGa hé thong dién c6 phuong trinh dic trung la:

D(p) =p°+6p*+10p° +5p +8 =0
Giai. Ap dung tiéu chudn Rauss bing cdch lap bang:

Hang A2 1 2 3 3
1 Cu=1 Co =10 Ca=5 0
2 Ci=6 Cp=0 Cy=8 0
3 M= 1/6 Cia=10 Cas = 22/6 Cs3=0 0
4 A2 = 6/10 Cia=-22/10 Co=8 Cae=0 0
5 As = -100/22 Cis = 40,03 Cps=0 0 0
6 A =-0,05 Cis=8 0 0 0

Nhu vdy hé khong on dinh va ¢6 1 nghiém ndm bén phdi mit phing phdc
Vi du 7.7. Cho hé théng don gidn
Phan tich 6n dinh clia hé béng tiéu chudn Mikhailov néu tinh den qué trinh qué

do dién tir trong cudn kich cda mdy phdt, biét rang T,, =5s; Ty = 17s; x4 = 0,7;
xy = 0,3; x45, = 0,5. Mdy phat dang cé cong sudt 0,9 dng véi E, = 1,27
Giai. Qua trinh quéd do dién tir duge biéu dién: E,=E,+Ty, %E

v6i E,. la sdc dién dong cudng bie.
Phuong trinh mo ta qud trinh qud d¢ la: T, p28= P,-P
qu = Eq + TdopEl'Z
Dé géc duge thé hién 1a rad, thoi gian va cdc hing s6 thoi gian ¢ gidy, thi
trong phuong trinh chuyén déng réte, T; cAn dugc chia cho o,:

1 17
T,=—T;=—-=0,054

314
Tuyen tinh héa hé trén theo £, va & ta cé:

T;p A6+(——)A8 (———)AE =0

JE,
oE; oF;
Tdop( q)A6+AE +Tdop( q)AE =0
E,
6 . aEq =xdz :O’3+0’5=0’67
aEq Xiy 0,7 + 0,5
Hé phuong trinh dugc viét lai nhu sau:
o

2 (9P i

Lp™+ 5 oE, ||A8

=0

o, ||
1+Tdop(aEq, q

Eq
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1- X4c dinh cong suidt max va géc ban dau:

p EU _1271 00 5 _see
max Xdz 1,2

2- Xdc dinh cédc hé sé cia phuong trinh déc trung:

U
P _ ——~cosd, = 0,56
3% Xdz
oP u sind, =0,71
aE Xdz

Mbi quan hé gita E, va E,, § nhu sau:

: X, Xy — X,
E,=E, 2 +U =44 cos}

X4y Xdy
| oE" o :
Do dé: 9 __yrdT¥d n5=—0,28
88 xdz

Thay th€ vao ma tran trén va ldy dinh thic, ta cé:
0,181p" + 0,036p” + 2,87p + 0,375 = 0

. Ulw) =0,375-0,03602

" Viw) =2,870-0,1810°

Tach ra phan thue va do

Thay d6i o cé:

0] 0 2 3 3,5 4 5 e

U((n) ‘ 0,375 | 0,231 0,051 -0,066 -0,021 -0,525 -00
V(w) 0 4,292 3,723 2,284 -0,014 -8,275 -o0

Nhu vay AargD(jw) = 3-’23 khi o thay d8i tif 0 — . Vay hé én dinh.
Vi du 7.8. Cho hé sau: f = 60Hz
M4y phat: Up = 1.£36° x, =0,3; P = 09; Q =0,3; Kp=10; Ty =17s
Hé théng: U = 0,995£0°
Bién th&: X, = 0,15
Pudng day: x = 0,5 :
Khdo sit hanh vi cia hé néu cho mét nhiéu nhé tuong ung véi AS = 0,0873.

Giai. Dong dién cla mdy phat 1a (néu 14y dién dp thanh cdi may phat lam chuén):
jvzwzo,g_joﬁ '
Stc dién dong qud do la: E'=Up + ;X1 =1,123249,92°

A X 3A - E'U 1,123x 0,995
Hé s6 dong bs: C= 6 =-— - 49,92° =0,757
e Xy 0T 034015405
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Aw rad/s

Hé phuong trinh chuyén dong réto luu ¥ 14 & dayAw = :
w, rad/s

dAw

dd
(M -M-K Aw); “—=w,A
dt 1, T e

Tuyén tinh héa hé trén:
R Kp Clq [2
® -—= ——[Aw] |=—
= T T T, |AM.
) | | e
w, 0

—0,143K, - A -0,108 || A 0,143
= b . ’ ® +1- AMT
377 % |las| "o
Céc tri riéng cua ma trén: '

~0,143Kp, -1 —0,108
377 Y

Tri riéng la: Ay, Ay =.-0,714 + j6,35

: , 2
TAn sd can: w0y =40,79,/1 —Mrad/s =1,0101Hz

4.40,79
Vectd riéng bén phai: (A-AD® = 0
hay: =
377 —A; || @y
~ Datgidtri A =-0,714 + j6,35:
c6: (0,714 + j0,635)d;; — 0,108d,; = 0

= 377dy; + (0,714 - j6,35) &3y = 0
Két qua la: @y, =1; @, =-0,0019 + j0,0168
Tuong tu cho Ay = —0,714 — j6,35 sé cho ra:

@,y =1; By =-0,0019 — j0,0168

| ~0,0019+ j0,0168 —0,0019 - j0,0168
Ma tradn modul phai la: &= [1 J! J : :I

| ~j29.76 0,5— j0,056
Ma tridn modul trai: v=¢! ={ J > J :1

729,76 0,5+ j0,056
véi A8(0) = 0,0873; Aw(0) =0 . . |
¢;] [¥11 Yo |[[AcX0)] [0,0436~ j0,0049
LJ =[‘P21 \PZJ[AS(O)]" [o 0436+ jO, 0049}-
Nhu’ vay su thay déi téc do va géc theo thdi gian sé la:
Ae(t) = Dy ce™’ + Bppc0e™? =-0,00156 70714 sin(6,35¢)
AS(t) = 0,08¢™07* cos(6,35¢ — 0,0112)rad

l:o & A+ 0,143Kph + 40,79 = 0

Nhu vay khi ¢6 nhidu nhd, téc o va géc quay cla hé s& tdt dan theo thoi gian

duéi dang chu ky.
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. Céc nhiéu 16n trong hé théng dién thudng xay ra la: ngdn mach, déng cdt cdc
phén ti trong luéi dién, ting gidm t4i dot ngot. Hé thong dién khi &y cin phai
chuyén tir ché d¢ xdc 14p ban ddu sang mét ché do xdc lap méi (chuyén ti diém
cdn bing nay sang diém can bing khdc). Trong khdo sit 6n dinh déng thudng sd
dung (7 4a).

8.1 PHUONG PHAP DIEN TiCH

Xét hé thong dién don gidn véi phuong trinh chuyén déng réto:
2
e N R (8.1)
de* T, T;
véi P, duge goi la cong suat tang téc.

Nhén hai v& phuong trinh trén v6i 2(d8/d¢) va 14y tich phan sé& cho ra:
Hé théng sé 6n dinh néu tai mot thoi di€m nao c6 dd/dt = 0 va mat én dinh
néu dd/dt >0 trong mét khodng thai gian da lén (H 8.1):

: Hé 8n dinh
i - - <~ : M4t 8n dinh

Tt
Hinh 8.1: Thay déi géc theo thoi gzan
Nhu vay hai diéu kién sau 1a tuong duong:

ds '
Lo0e [Pds |
= j > | | (8.1a)

(4
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Hé théng 6n dinh néu dién tich dudi P, giam téi O tai mot gid tri nao d6 cda
8 (hay dién tich tang toc phdi bing dién tich hdm tdéc) nghia la phan dién tich
duong bing phan dién tich am.

Sau day sé khado sat mot vai 4p dung clia tiéu chuan dién tich

8.1.1 Tdng cdng suit cd dot ngdt trén may phat

P 'y

P = P asind

-

(o2l BT T pp———

o

___________________________

———————

a)

o ¥

8

i
o

(4}
L]

]

[+7]

\ /
R

R
B T

7

/

N----
. o)

\

b)

t(s)¥

-

A

o

e P

-

—-—

c)

5, 8/5. g
Hinh 8.2: Dién tich tang téc va hiam téc khi cé on dinh
Xét cong sudt co tang dot ngdt t Pro t6i Pr; (H.8.2):
Tai diém a do Pr; — P > 0 nén roto ting toc va téc d6 ® 1dn hon téc 45 dong
bo. Tai diém b tuy ¢ su can béng cdng suat, tuy nhién do ® > w, nén géc tiép

tuc tang. Sau diém b thi P, < 0 va b4t dau qué trinh ham tdc. Tai ¢, khi toan bo
dong nang tich liay trong qué trinh ting téc da tiéu tdn hét thi téc d6 bing déng -
bo: S.p = Spe- Do tai ¢ khong cé su can bing cong sudt nén mdy phét ti€p tuc
giam téc (Ao < 0) (H.8.2c), hay géc & bt ddu gidm (qui dao theo mii tén trén
hinh 8.2). Sau mét vai dao déng, do ma sdt, géc sé dat gia tri 6, va may phdt lam
viéc ¢ diém can bang méi 1a diém b (H.8.3b).
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PA
PTz
Pr
as _
a) 0 3 ry
Ao b
b)

> V

Hinh 8.3: Di¢n tich tang téc va giam téc trivong hop gidi han én dinh

Néu tang cong sudt co tdi gid tri Prs sao cho S, = Sy (tic Spep nhu trén
hinh 8.3: thi tai f, do dién tich tang téc S, bing véi dién tich ham téc Sty (Spep)
nén ® = , va do d6 c6 sy can bing cong suat nén diém f s& la difm lam vidc
méi. Tuy nhién nhu da khang dinh & chuong 7, f 14 diém lam viéce khéng 6n dinh.
Chi can ¢6 nhiéu nhé tdc dong 1a & s& thay déi va khong quay vé tri ban ddu la &.
Trudng hop nay 1a ranh giéi 6n dinh.

Néu trén hinh 8.2 ky hiéu Sper 12 dién tich ham téc 16n nhat cé thé Syme. thi
khi St,<Sh,mM sé& ¢6 6n dinh. e} truong hop tuong dng véi hinh 8.3 ta ¢6: Sy = Shimas

"1
a
I ! !
' H i
! ! ‘: '
1 t 1]
: : !
[ ) 1
o 1] )
2 : :
i ] )
a. 1 '
Pr . : .
1 ] )
: t : N
: i :
» |/ s L \_,
K ] i . ~
Ao A E ! ' ’ . ]
; : i
i ' : -
1 ] 1
] 1 1
1 ) )
1] ] )
] 1 1) .
] ) 1
[ ] ]
] )
- 1 )
b) : E .
O 6b '5, 3

Hinh 8:4: S, > Sy, ... truong hop mdt 6n dinh

»
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Néu gid sif cong suat cd ting t6i Prs sao cho: Sy > Shimar (H.8.42), khi d6 tai f,
do nang lugng tich ldy trong qud trinh ting téc vln chua tiéu tén hét nén o, vén

16n hon ® va quy dao theo mii tén (H.8.4b).

Khi d6 P < Prz nén réto tiép tuc ting téc va hé m4t 6n dinh
Vay diéu kién 6n dinh la: '
Sy = Sk
8.1.2 Anh huéng thdi gian cit ngin mach
Xét hé thong dién hinh 8.5:

CJ = const

e © ! Pudng day 1 ’ Q

Budng day 2

< 3
D2 I :N

Hinh 8.5: So d6 cho khdo sdt dnh hudng thoi gian cdt ngdn mach ciia mdy cdt 2

Gid st trude khi x4y ra ngdn mach ba pha thi dusng day 2 dang & tinh trang
khéng tai va duong dic tinh cdng sudt géc tuong Ung trén hinh 8,6a. Ng&n mach

ba pha xdy ra dau dudng day 2 nén ¢6 thé coi cong sudt dién tir gidm tdi gid tri 0

(diém b trén hinh 8.6) va réto bit ddu tang tdc. Tai ¢, may cit tac dong cit ngin
mach va tai diém d dudng dic tinh cong sudt géc trd lai nhu trude khi c¢6 ngén
mach. Tuy nhién, tai d t6c d6 cda mdy phét vdn 16n hon déng bd nén & tiép tuc
tdng. Song do P, < 0 nén réto bdt ddu qud trinh ham toc (H.8.6b). Tai e, dong
nang tich ldy trong qud trinh him tdc d4 tiéu tdn hét: S, = Sy, va © = w©,. Tuy
nhién ¢ day chua c6 sy can bding cong sudt va P, < 0 nén téc d¢ ti€p tuc gidm, &
gidm va tré vé diém a.

PA
! H
; : P=P,sins
! |
t ]
= E
a ;i ! f
{ ic e
‘ i
! '
S i
a) ; ! -
b c Py
s
Aw b
b) >
3

Hinh 8.6: Ngdn mach ba pha ddu duong déy 2
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Néu gid st cdt tai géc B (goc cit d
gidi han) sao cho: S, = Spimex (H.8.7) thi
l4p luan tuong tu muc 1 sé cho ra tinh
trang ranh giéi é6n dinh. N&u cdt tré hon
nita (ing véi géc cit 16n hon d) thi hé
sé mat 6n dinh. Xdc dinh 8., c6 thé ti b
phuong trinh sau: '

—~—

N 8
¢(3cgn)

Hinh 8.7: Truong hop ranh giéi én dinh

chh 5f
| (Br-Pds= | (P-Pp)ds
8a 6cgh
Luu y 1a & = n — 8, va thuong dugc ky hiéu 1a §_,, va trong khodng tir 3, dén
Segn thi P = 0 nén: ‘
. : P.
€088z, = 5 L3, ~8,)+cosd;
max
8egn = arcosl(n—28,)sin 8, —cosd, ] (8.2)

8.1.3 Cit mét dudng day trong hai dudng diy van hanh song song

O ché€ db ban ddu, khi hai dudng day van hanh song song, phu’dng trinh cong |
sudt goéc la: ‘

Ev
P = XUX - sind = P sind
X, +-—L12L
X+ Xp,

v6i: X'y, B’ - dién khdng va sic dién dong qud dé cta mdy phat
X115, X12 - dién khdng cia dudng day 1 va 2.
Sau khi cdt mot dudng day (vi dy, s§ 2), dic tuyén cong sudt goc la:

1 .
7 . .
P =——.7———~s1n8 = PnlfaxsmS
Xy+X,

Buting cong cong suit géc duge thé hién trén hinh 8.8.

L1
, i o
U'= cost 1 b .
[ |
® (- .
a) ‘ 8, 84 ) 8

‘ b)
Hinh 8.8: Cdt m¢t duong ddy trong hai duong ddy vén hanh song song
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- Tai di€m b do ¢6 cong sudt co 16n hon cong suidt dién tif nén réto bt ddu qué
trinh tang toc. Tai diém e c6 dién tich ting tdc biing véi dién tich ham téc (A; = Ay)
va w=0,. Tuy nhién do cdng sudt dién tir 16n hon cdng sudt co nén ti€p tuc gidm

toc, 8 gidm va trd vé tri &, (tuong dng véi diém c)

Néu di€m e trung vé6i diém £, ta c6 truong hgp gidi han 8n dinh va géc tai fla:

8f =8max =7":'_81

8.1.4 Ngin mach trén mét trong hai diy van hanh song song

Gia st ngdn mach ba pha gitta dudng diy (H.8.9a), sd d6 thay th& va duge cho

trén hinh 8.9b.

®

xl;

—~ T

Xl

Xg

-2

':J = const 1

/J
7N(3>

a)

XLy
b)
Hinh 8.9: Ngdn mach trén mét trong hai duong ddy vdn hanh song song
(vi tri ngdn mach & giza duong déy)
,Trong so d6 trén, x;;, x;2 1a dién khdng cia mdi dudng day

Ma tran téng dén la:

1 0 1
Xy Xy
0 SEE S =S
’ x12/2 xll xll
1 1 At 1y
| X4 i g /2 %
Kh( niit @ cho ra téng ddn méi Y,,,, dugc tinh tiX téng dan ci Y, 4:
_1, _];_ Xiy
Y,Y. Xy % . -
Yl2new = Y1901 — 3-8 -0- 1 1 : 1 ==J x %
' Yas (= +=—+=) o +xldgy a2
| xg My Fy 2 "
-2
Do vay: Xi = jlxy +xy+ xd’;’zl) (dién khang tuong hd trong khi c¢6 su c&
X,

by
Cé thé dung bign ddi Y-A 4p dung d€ cho ra két qua trén
Pic tuyén cong sudt trube sy cd:

U o E'U :
P! _E sind=P!  sind=-— -8in d
12 X+ Xn X2

X +x2



276 CHU/ONG 8

Trong khi ¢6 sy ¢8, cong sudt dién tix duge tinh:
1]

E'U . :
P = — - sind= Pz sin §
12

Sau khi cdt sy c§ (thdi diém Gng véi §,), hé théng con mét dudng day van hanh:

pi =—7€L—l—]——sin8=PX{,‘Zx sind
Xy +xp

Dién tich tang téc Sus. bing dién tich
ham toc S, tai e, nhung do cong suat dién
ti 16n hon cong suidt tuabin nén téc do gidm
dudi toc d6 dong bo, géc & gidm va quy dao trd
vé phia diém g (H.8.10).

Néu di€m e trung véi f thi ta c6 giéi han
On dinh. N&u cho t6i tan diém f ma vin chua  mna 8 10: DPuong cong céng sudt
c6 cén bang dién tich ting téc va dién tich
ham t6c thi sé khong c6 8n dinh. P& xdc dinh
géc cdt gidi han (8,,) tiéu chudn dién tich
dugc 4p dung:

goc khi ngdn mach & gia mét
trong hai ddy vén hanh song song

Sc:gh 6f -
| (Pr-BL sin®)ds= [ (PX sins- Pp)ds
8o ) 8cgh
8 I 8 I 8 &
= P 5|605”’ + Py, €OS 8]60‘3" + P, cos 5[8;11 +Pn 8|5£gh =0
Pp(8,-8,)—PH coss +PI cogs
= cosd,y, = I f o T 20 (8.3)
Pmax - Pmax
Néu géc thé hién & do dién thi: _
Ig—OPT(Sf ~8,)~Pot cosd, + PIL cos§, '
= €088, = i i (8.4)
Pmalx_— Pmax

(H.8.11a) va s¢ d6 tuong duong dugc bidu didn trén hinh 8.11b.

. E' X, Xy,
i? . _]_ _L U = const
U = const L’Zj
b) X

a)

Xét trudng hgp khi ngdn mach ba pha xdy ra & ddu mét trong hai dudng day

Hinh 8.11: So dé tuong duorng khi c6 ngdn mach
ba pha ddu m¢t trong hai d8y vdn hanh song song

Nhu vay khi ¢6 ngdn mach, céng suit truyén vao hé 1a 0 va do d6 cong thic
x4c dinh géc cit gisi han la: 3




G DINH DONG 277

P8, -8,)+ P cos 8

_ max
cgh — 7]
Pmax

= cosd

Ta nhén thay 1a céng thic trén trung véi (8.2)

8.1.5 Anh hugng cua tu déng lai

Xét vi du nhu & truong hop ¢6 ngin mach mot pha trén mét trorig day van hanh
song song. Trong khi ¢6 ngén mach, cong sudt dién tir 1a P7 va sau khi cé6 ngén
mach 12 P, Gia sit riing do cdt tré nén S > Suee' (H.8.12). Nhu vay hé sé mat
on dinh. Néu c¢6 trang bi tu déng lai thi & diém f s& phuc hdi lai P’ (tai diém K
trén duong P). '

P

a

NSRRI N s SN oY

0] 3 & T
Hinh 8.12: Anh hudng cia ty dong lai
Két qua 1a dién tich ham t6c max ting 1én va S.qp, > Supe. Khi d6 hé sé én dinh.
Vi du 8.1. Cho hé c6 so dé thay thé nhu hinh 8.13.
| X,=05

- T .
X, =025 X1 =0,05 | U=1<0°
2=0,4

O—ww— X, L)
E'=12 ‘ ™ ? l

Hinh 8.13: So dé6 vi du 8.1

Truée sy cd N mdy phdt phdt cong sudt bing 1. Tim géc cdt gi6i han.
0,56x0,4

+0,05=0,522
0,56+0,4

Giai: 1- Trudc sy co: X;=0,25+

s a N 1,2x1 . .
Cong suat dién tir: P! =6-5—§§s1n8=2,3s1n8

3

Géc &, 1a: 8, = arsin—2—1§ =25,77° = 0,45(rad)

2- Trong su e PY=0
3- Sau su c6: Xy =0,25+0,5+0,05=0,8
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Cong suat dién tir dugc tinh:

1,2x1,0

pHI - sind=15sind

3

Smax =n—arsin—1—=2,41 (o

’

m max =97 trén hinh 8.10)

Dlén tich téng_t6c: Al = PT (chh - 60) = 5cgh - 0,45
Dién tich ham tdc:
dmax 5 .
A, = j (p™ ~ Pp)dd ==1,5c08 ;"> (2,41~ 8,5 )= 1,5 coSSegn + Sogn ~ 1,293
Scgh &
Cho A; = Ay = 8y = 55,8°.
Vi du 8.2. Cho hé théng nhu 6 hinh 8.14.

xT=o,12' N X=03, X;=0,12 |
@ —O—,. ¢
=1, Ay Y/A

Hinh 8.15: So do6 vi du 8.2
May phat ¢6 tham s6: X; = 0,25; Xor = 0,15; X, = 0,09. Puong day c6 dién
khéng thu tu 0 bing ba lan dién khédng thy tu thuan.
Trude ngdn mach dang phdt cong sudt 1a 1. Néu biét c4t & géc 60°, hay tinh
géc tu dong lai gidi han.
1- Trudce su cd: .,
pl - 1,2x1
0,25+0,12+0,3+0,12
2- Trong khi cé su cd

= 1’2X1sin8

sin6=1,528ind = §, = 41,18° = 0,72 rad

PII

Xionr
D€ xdc dinh X, cdn xdc dinh t6ng trd cdc thit ty .
So d6 thu tu nghich: X5 = (0,15 + 0,12) // (0,12 +0,3) =0,16 : k

Hinh 8.15: So d6 thu ty nghich

So d6 thi tu 0: ,
bién khang thi ty 0 cda dudng day 1a 3X; = 0,9
X,r=0,12// (0,9 +0,12) = 0,11
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0,12 0,9 0,12

”Jm T ;7 0™ — 0™
Hinh 8.16: So dé thu tu 0

So d6 tuong duong duge biéu dién tuong dng véi mot N® tuy nhién vi tri
ngan mach xdy ra sau mot X,. G day X, = X,; + X,y (H.8.19).

e

10 0,12 0.3 012 2
O T TR
1
X5 = 0,16
X,z = 0,11

Hinh 8.17: So dé phuc hop khi cham ddt mét pha ddu duong day -
Téng tré truyén duge xdc dinh
A (0,25+0,12)(0,3+0,12)
0,16 +0,11

Xyon =(0,25+0,12) +(0,3+0,12) +

- 0,37+0,42+0—’?%l‘2—(7”iz-=o,37+0,42+0,58=1,36

1,2x1
1,36
Sau khi cit ngdn mach P =0

Goc tu dong lai gidi han duge xdc dinh:

PII -

sind=0,88sind.

& STPL Sdmax
j (1-0,88sin 8)d5 + j (1-0)ds = j (1,52sin 8~ 1)ds
8o & 8TPL

IR

S
c TDL _ Smax _ Smax
‘40, SSCOSLO +8;TPL = ~ggmr ~1,52c088 [pne

G day 8. = 60° = 1,05 rad; Suax = T - 8 = 2,42 Fad
= (1,05 - 0,72) +.0,88 (0,5 — 0,75) + (3rp. — 1,05)
+ 1,52 (<0,75 — cosdrpL) + (Omax — &1pL) = O
~0,72 +0,44 — 0,66 — 1,14 — 1,52 cos 7pr + 2,42 = 0

= STBL = 77, 070

b

=9 —arcos0’34
TBL =T ,52

8.2 CAC PHUONG PHAP TiCH PHAN SO
Cho phuong trinh vi phéan: %’tf = flx,t)

Giai phuong trinh trén tim x(t) duge tién hanh nhd cdc phuong phép tich
phén so.
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8.2.1 Phuong phap Euler

Cho phuong trinh vi phdn: % =f(x,t)

Tai x = x,; t = ¢,, 14y ti€p tuyén cia dudng cong x(t) cho ra:
dx dx

?d—t-!x;ro .= ﬂx,t) = Ax = E-t-|x=xo At

dx

gﬂxﬂo At

Tri cua x tai ¢; = £, + At la: X=X+ Ax =x, +

' e N ’ . ., s dx

Thay do6i At va xdc dinh x; Ung véi ¢, = t; + Af: X2 = X1 + d\t x=x, At

Can luu y téi hidu dng lan truyén sai s8. Mot sai s6 nhé ¢ nhing bude ddu cé
thé tré nén dang k€ ¢ nhitng bude sau.

~ 8.2.2 Phudng phap Runge - Kutta (R - K)
a) R-Kbac 2 '

X1 =X+ Ax = X, +-

by + Ry

. 2

véi: k1= flxo, to)Ax; kg = flx, + Ry, o + ADAL
b) R - K bac 4

Xn+l1 = X + %(k] + k2 + 2k3 + k4)
voi: ki = flx,, tJ)AL.
At
kz =f(x,, + %—, tn +E)At

: At
k=(n ﬁ,t"’-—A
3 fx+2 n 2)t

ky=flx, + ks, t, + A)AL
Nhu vy Ax = < (k1 + 2k + 2k; + ko)
k1 - 6 déc (Slope) & d4u bude
k2 - x4p xi bic 1 clia d déc & giita bude
k3 - x4p xi bac 2 ctia d6 déc & gidta bude
ks - 46 dSc & cudi bude |
8.2.3 Phudng phap phén doan lién tiép

Béy la phuong phép tich phan s§ don gidn song cho 18i gidi véi mudc sai s6
T,d?s
dt?

chdp nhan duge. Xét phuong trinh: = Pr—-P
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C6 thé€ khdo sit qud trinh qud dd theo nhitng phin doan thoi gian nhé bing
nhau A#(0,02 - 0,1s). Trong mdi phan doan thdi gian nay vé& phai cia phuong
trinh (du thifa cong sudt) dugc coi nhu khéng déi

G thdi diém xdy ra nhiéu 16n (thdi diém dau ciia qué trinh qué do) sé 6 su khong
can bang céng suit AP, = P,,. Cdc diéu kién ban ddu la (d8/dt)y = Ova & = &,
Sy gia tdng géc ¢ phan doan 1 duge tinh tir két qui 14y tich phan cla phuong
trinh chuyén déng réto: ' :

A2 AP :
0 8.5
oT, (8.5)

A, =

Géc 6 cudi phan doan 1 1a: §; = §, + A,
biéu kién ban dau cia phan doan 2 la:

AP; = Pr- P,,..sind, |
véi P, cong suit dién tir max trong qud trinh qud do va toc doé ban ddu la:
(_@)1 _ AH(AP, + AP))
dt 2T,

Toc do nay thu duge tit phan doan 1
Su gia tdng géc ¢ phan doan 2 la:

APAP,  ALdS
3, = Lt )
A% T, dt !
A 2
: AP,
hay By =48, + 22T
T,
Lap luan tuong tu cho phan doan thd k:
t2 '
Aﬁk = Ask—l +—A-—£k:1- = Ask_] + KAPk_1 (8.6)
» J N . . .
2
véi kAT
‘ T,

Né&u tai phan doan thi { nao dé x3y ra su
chuyén dich t& dudng dac iinh céng sudt goc
1 sang dudng dic tinh 2 (vi du nhu ti tinh
trang ngdn mach chuyén sang sau ngén mach
do tdc dong mdy cdt) thi gia ting géc s& duoc
tinh la:

todt gh

N ASZ = A5l_1 +

PO S b

(8.7)

K(Apll_l + AIDf_l)
2

6ca't;gh :
Hinh 8.18 - véi AP',), AP%, 1a gia ting cong sudt tuong ung
Xde dinh thoi gian cdt gidi han véi dudng dac tinh 1 va 2. :
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Luu y la cdc cdng thic trén duge tinh trong hé don vi tuong d6i. Néu Ty va At
thé hién bing gidy (s), 8 va AS thé hién 13 d6 thi hing s6 K dugc tinh la:
2
K = 189998 5o
T,

Biéu dién & = f{¢) trén hinh vé ta c6 thé thdy dugc liéu hé cé dn dinh hay
khéng. Cdng tir 8 = f{t) c¢6 thé xdc dinh dugc thdi gian cdt giéi han khi da biét gée
cdt gidi han tit phuong phdp dién tich.

Vi du 8.3. Cho hé théng sau

T1 T2
@ ’.___i @ : , ____®__.I U = const
e
P, +JQ, T

N(’-ﬂ
Hinh 8.19: So dé vi dy 8.3
O ché& db truée su ¢d, Py = 225 MW,; cosg = 0,9.
Dién 4p hé théng U = 118 kVZ0 = const
Tham s8 cdc phén ti trong hé thong nhu sau:
- May phadt: S4, = 400 MVA; Uy, = 10,5 kV; cosg,, = 0,85
- X; =0,235; X,=0,164; T, =7s

- Ty: Sgm = 360 MVA; Uy = 12%; Kpy = 125
- 248
- Tyt Sapm = 340 MVA; Uy = 12%; Ky = %_(1)

- Dugng day (2 mach): [ = 255 km; xl = 0,4 Qlkm; X,, = 3x; = 1.2 WVkm
- Phy tdi: P, = 50 MV; cosqay, = 0,85.
Tong trd thd tu nghich cia tai bing 0,35 téng thd tu thuan.
Xdc dinh thoi gian cdt gigi han ngin mach. ’
Giai. Chon S, = 255 MVA; U,, = 215 EV trén bac 220 kV
U 118 220 _

U = K = . =
U, 727315 121 "
Cong sudt @ P, trong hé don vi tuong d6i 1a:
225 , | .
By =50 <0882 Q; = P tgg = 0,882x0,483 = 0,427
(¢ = arcos0,9 = 25,8°)

. 50
Cong suat cta tai: P =——=0,196
& T ors
Q: = Pttge: = 0,196x0,62 = 0,122

Pudng day: X, = 10,4x255x 255
2 2152

=0,281
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) . S 400
M4y phat: T;=T; x 29 -7%x-"=-=10,98
y phat =T, S, 35 ,98(s)
2
X} = 0,235 10,5% x 255 , 248 2~ 0.199

400x215% 10,5
10,5% x 255 ( 248
400x215% 10,5

Xor = 0,164 x )2 =0,139

Bién thé:

12 255 2482 01 _UN i Scb ,U'dmc2

717700 360 2152 . 100 Sy, U’
12 255 2202
X = X = . . :0,094
2= AT17700 340 2152
So db thay thé: ’
0,199 0,113 0,281 0,094

—
0,882 + j0,427

6,07 + j3,78

Hinh 8.20: So dé6 thay thé

U, = Up = \/(1+O,427.(O,094+10,281f0,113))2+(0.882>1<0,488)2 _ 12097 +0.430° - 1984

0,431
tgdp = —— ='0,356; &p = 19,6°
BOF = 1209 ¥

1,2842
0,196% +0,122°

a

72
0 day: Z, =£S§‘-(P, +JQ,) = (0,196 + j0,122) = 6,07 + 53,78
t .

Tén that cong sudt phdn khdng trén ludi cho dén thanh cdi may phat:

P2+ @2
AQ: 2U2 ZXl):

veii  Xy=0094+ 0281+ 0,113 = 0,488
' 2 27
2Q =282 10427 485-0,469
1

Sy =S¢ +82 +jAQ = 0,196 + j0,122 + 0,882 +j0,427 + j0,469 = 1,078 + 1,018

Stie dién dong qué dé la:

1,018x 0,199)2 +(1, 078><O,199)2
1,284 1,284

= /1,4422 +0,167% =1,452

E'=\/(1,284+

tg(E'Uz)=0,116 = (E'[p)=6,6°
= Géc gitta B’ va Ula: § = 19,6 + 6,6 = 26,2°
Xdc dinh téng tré riéng va tuong hd ¢ ché do ban dau:
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07+ 53,78
- /0,199 + J0,488-(6,07 + j )

2= ity + X

X5 +2, j0,488+6,07 + j3,78
= 0,027+ j 0,669 = 0,67 < 87,7°
ra L L =1,49<-87,7° = of, =2,3°

Y. = =
"zl T 0,67<87,7°

JX g JXls
t
=-0,012+ j0,694.= 0,694 < 91°
1
vL-— 1 .
1270 604 <010
Khi ¢6 ngdn mach, cdc so db va téng trd cdc tha tu la:

J0,199x j0,488
6,07+ ;3,78 -

Zh = X, X + = j0,199 + jO,488 +

So do thu tu nghich:
0139 0 113 0281 0,094

| 0%

Hinh 8. 2‘1 So do thu ty nghich
Véi phu tai, tong tré thy tu nghich bang 0,35 cia tdng tré thu tu’ thuan
:Z,2_212+1132
Zos = [GXpo /l Zi2) + jXpi1 1/ []X, +JXT2] 0,003 + ;0,149

So do thi ty khéng:
0113 0843 0,094

X1 X0 Xtz

" Hinh 8.22: So do thiz tu 0
Zos =JXr1 1/ GXip + jXr1s) = j0,101

So d6 thay thé khi cé ngdn mach: v
0199 , 0113, 0281 0,094

Hinh 8.23: So dé phic hop
Véi ZJ = Zgg / Zo); =_]0,06 . ‘
Bién d6i A véi ba dinh a, b, ¢ thanh Y véi dinh d, e, f:

Hinh 8.24: Bién d6i so dé hinh 8.23
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ZH = Z, 11 (Zy + jX, + jX12) + (GX'd +Z) = 0,003 +j 0,362 = 0,362 < 89,5°
= Y] = 2,763 < -89,5% off =0,5°

b )+ (X, +Z )N Zy + X, + jXpy)
Z

[+

zZl =(X,+2)+(2, + jX,

‘ =-0,028 + j 2,654 = 2,654 < 90,6°
Y =0,377 < -90,6° = al) = -0,6°
0 ch& d6 sau sy c6 khi cit dudng day c6 su c6:
Y =1,083 <-86,1°; off =3,9°
Y7 =1,021<-91,1°; off =-1,1°
| G ché do ban dau, dic tinh cong suit:
PL=E?|Y] Isinof, + E'U | Y} | sin(3 - o)
= 1,45% x1,49 sin 2,3° + 1,45x1x 1,44 sin (8 +1°)
= 0,126 + 2,09 sin(d + 1°)
P = = 0,126 + 2,09 = 2,216

max
O ché d6 su cé:
P = 1,45°%2,763 sin 0,5° + 1,45x1x 0,377 sin(3 + 0,6°)
= 0,051 + 0,547 sin (8 + 0,6

— P 20,051 + 0,547 = 0,598

max
J ché ds sau su ¢6:
P = 1,45%x1,083 sin 3,9° + 1,45X1x 1,021 sin(§ + 1,1°)
= 0,155 + 1,483 sin (8 + 1,1°)
= P”’ = 0,155 + 1,483 = 1,638

max
Tu viéc cin bang dién tich cé thé xdc dmh goéc cdt gidi han mét cdch gin
ding theo cong thic:

Pp(5,, —8,)+PH cosd . - oy e

2

max

PHI PII

max max

cO88 45 =

O ax = —Qrsin—i—

L =138,8" = bin = T0°
max , '
DéE xdc dinh thoi gian cdt gidi han, can xay dic tuyén & = fl¢). Ap dung
phuong phép phan doan lién ti€p véi At = 0,05s
360f,At% _ 360x50x 0,05
T, 710,98

bat: K= =4,1
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Phan doan 1: 0 — 0,05s:
P70 = 1,452%%2,763x5in0,5° + 1,452x 1x0,377sin(26,2° + 0,6°)
= 0,051 + 0,547x0,451 = 0,297
Pa) = Pr - P, = 1,078 - 0,297 = 0,781

811y = 8oy + A8, = 26,2 + 1,6 = 27,8°
Phan doan 2: (0,05 — 0,1 s): |
Py, = 0,051 + 0,547 sin (27,8° + 0.6°) = 0,311
Pa,, = 1,078 — 0,311 = 0,767
Adisy = 1,6 + 4,1x0,767 = 4,74°
82 = 27,8 + 4,74 = 32,54°

Bang sau thé hién két qud cho céc phan doan sau:

——

t(s) & P Pa A
0 26,2 0,297 0.781 16
0,05 27,8 0,311 0767 | a4
0.1 32,54 0,35 0.728 7,72
0,15 4026 0,409 0.669 10,47
02 | 5073 0,478 06 12,93
0,25 63,66 0,543 " Tos3s 15,12

0.3 78,78 j |

Tuong ting v6i gée cit 70°, ve dudng cong 0=f(t) xac dinh thoi gian cit 1a 0,27(s).




Chuong 9

ON DINH DIEN AP

9.1 KHAI NIEM

9.1.1 On dinh dién ap

On dinh dién 4p la kha ning cda hé thong duy tri mic dién dp chap nhén tai
cédc nit sau khi ¢6 nhiéu.

Sup d6 dién dp (tu loat sy c8 nghiém trong cia mot s6 hé thong dién) c6
nhiing kich ban sau:

- Khi ¢6 mot s6 mdy phdt 16n gin tam tai bi héng, din t6i mét s6 duong day
siéu cao bi qu4d tai nén lam cho ngudn Q bi gidi han téi da.

- Khi mat mgt s6 dudng day, cac dudng day con lai bi qud tai, tén that Q trén
dusng day tang va dan téi nhu cdu tdi cao trong hé.

DP4c trung cia sup dé dién 4p:

- Tang tai, nhiéu 16n... 12 nhitng hién tugng ban ddu. Hé théng khong c¢6 kha
ning ddp dng nhu cau Q. Sup d6 dién dp thudng thé hién qua sy gidm dan dién
4p. Thoi gian sup dé c6 thé vai phit.

- Sup d6 dién &p chiu dnh hudng 16n clia tinh trang va dic tuyén cia hé, vi du
nhu: khodng cach 16n vé dién gida tdi va ngudn phat; diéu chinh phan dp duéi tai
do dién dp ha thdp; cdc dic tuyém bat 101 ciia tdi; phoi hop khéng tot gidta didu
khién va hé thong bdo vé.

- Sup dé dién 4p c¢6 thé do 4nh hudng cia tu mic shunt.

Phén tich én dinh dién dp
Phan tich én dinh dién dp thudng dan téi khéo sat hai khia canh:

0

- Chi s6 gan t6i m4dt én dinh dién 4p: hé con cdch bao xa téi gigi han vé én
- dinh dién 4p?
- Co cdu mat 6n dinh dién ‘4p:

ity
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Nguyén nhén va cich thifc cda sy mdt 6n dinh. Vung yéu nhat vé dién 4p §
dau? Bién phdp nao dé€ cdi thién 6n dinh dién 4p? ‘

On dinh dién 4p thudng dugc xem xét nhu bai todn 6n dinh tinh cho cdc phan
ti tinh trong hé théng. Khd nang truyén tdi Q ti noi sdn xudt t6i noi tiéu thu
- trong van hanh tinh 12 khia canh chinh cia 6n dinh dién 4p. -

Mat 6n dinh dign 4p tao ra sy gidm (ting) &p mot cdch khong ngimg va
thuong xdy ra dudi dang khéng chu ky

M4t 6n dinh dién 4p c6 thé xay ra trong khodng tir vai gidy cho tdi hang chuc
phut C6 thé chia lam hai loai: én dinh qu4 do (thoi gian téi khoang 10.giay) va

on dinh lau dai (t6i vai phit). Nhitng nam gan day loai thd hai gy chd y hon ca
trong lugi phin phai.

¢

Do vay ¢ day s& chi xem xét tdi loai thi hai
On dinh dién dp thudng lién quan téi tai va con dugc goi la én dinh phu tai

9.1.2 Cac dudng cong P-U va Q-U ' ,
- Xét hé trén hinh 9.1a va so d6 thay thé trén hinh 9.1b:

PL+iQ

a)

- Hinh 9.1: H¢ gom mdy phdt tdi, so dé thay thé va hoa dé vecto dién dp
P(U)=Ul cosp= 25089 _ EUsin3

IXX EUX U? ®-1
(U):UI i =U Sln(p: —_
Q; sing 3 X © sd %
Do c0s®3 + sin?8 = 1 nén (9.1) tré thanh:
Q, | ( Uy _ PL(U)2 + [QL(U)+-X— (9.2)

Phu’dng trinh nay c6 tinh dén dic tinh tinh
tai theo dién 4p.

N Y Néu cong sudt khong phu thuge vao dién 4p
va bing cong suit khi dién d4p bing dinh mudc:

PyU) = P,; QuU) = Q, thi biéu thic (9.2) dugc
viét lai nhu sau:

Hinh 9.2: M6i quan hé P-Q
cho méi gid tri U : (EU

X) =P2+IQ, +~_]2 (9.3)
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v61 moi giad tri U thi (9.3) biéu dién mét
hinh trdn trén mit phing P-Q (H.9.2)

Tang dan cdc tri cia U sé cho ta ho
cdc dudng tron dich chuyén din xudng
dudi. Pudng bao cdc vong tron nay cb
dang nhu trén hinh 9.3.

M53i diém bén trong dudng bao sé la
giao cla hai vong tron (di€m A) V&  Hinh 9.3: Quan hé P-Q khi thay déi U
tudng Ung véi hai tri dién 4p. Con méi
diém B trén dudng bao s& 1a nghiém cia (9.3) tuong tng v6i mét tri cia U.

Do vay (9.3) c6 thé viét lai: Tim P,, @, sao cho (9.3) chi ¢6 mét nghiém U
duy nhét:

U2
+(2Q, ———J@—4+(P2+Qn) 0 (9.4)
(9.4) ¢6 nghiém duy nhat khi:
(2Q, -——V 4P2+@5)=0 = @Q _EB B (9.5)
"T4X  EEX '

Pay 1a phuong trinh clia parabol ngugc theo P, va c6 tri max Q. = EZ/4X
tai P, = 0 (H.9.3). Mi di€ém bén trong dudng parabol tuong dng vdi 2 tri dién 4p
la nghiém dong thoi ctia hai phuong trinh dang (9.3), trong khi méi diém trén
dudng bao tuong ng véi mot tri U duy nhat théa (9.3). Khong thé tdi mét lugng
cong suit (P,, @,) ngoai parabol nay.

Khi dudng dic tinh tinh c¢6 dang: @ = (U/U,)’Q, thi sé cho mé phia trén
(tuong tng véi P, = 0). Pac biét, khi cd P va @ déu phu thudc vao U dudi dang
ham béac hai cda U thi khong cé gidi han cho P, va @,. Lic nay tdi dugc biu dién
béi Y = G, + jBn: ;

P (#y
P = Un = n2 = GnU2
(___)2 U
U,
Q. \2
(X2)
Q _U, _
U,

Nhu vay véi bat ky tri' ndo cia G, B, khi thé P, va @, vao (9.2) luén tinh
duge dién 4p:
E

I 9.6)
JG,X)? +(B,X +1
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2
U
Q, A PsP, (u)
2
o-o(8)
Ul‘i
- / Pn U
U 2
Q, PLQ PLan(U)

Hinh 9.4: P, va Q, khi thay d6i dac tinh tdi
9.2 CAC TIEU CHUAN 6N BINH

dAQ
21 2R
9 U

Tiéu chudn nay thé hién kha ning cda hé cung c4p cong sudt Q véi céng suat
P da cho. Khdo sit hé théng sau:

L

—

u I]] Q,(u)

Hinh 9.5: Mach tuong duong cho xdc dinh ddc tuyén cong sudt phdn khding

PUU)

- — -

Ta c6 cong suat duge nguén cung cdp la:

2
P =P, = (EXE)sinS va @, = (%(l)coss - %
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Luu ¥ 12 sin®8 + cos28 = 1, khi d6 (9.3) tré thénh:

('—U>2 = P+ [QuU) + Z ]2

U2

EU
- - ©9.7)

tir dé: ‘ Q, - \/

Hinh 9.6 biéu dién Q theo U. Khi P(U) = khong déi theo U, (9.7) biéu dién
, 2
hinh parabol ngugc. Khi P, = 0, @s dat tri max '4_1;'(— tai U = —

QS
Qg
2

EXaxlo .. - Q
: Py Qs L
: ! ‘ A
E : PL >0 B

E'/2 E U
Hinh 9.6: Pdc tuyén Q,(U) Hinh 9.7: Qsva @ L

Biéu dién hai dic tuyén Qs va @ trén cing hé truc toa doé nhu trén hinh 9.7
va tién hanh khdo sit 2 diém A va B. Gi4 st c6 su gidm ap AU, khi d6 tai A,
Q1(U) s& nhd hon @, do vy dién 4p sé duge tang lén va tré vé A. Ngugce lai, tai B
thi @, s& 16n hon Q,, dién 4p tiép tuc gidm va khéng trd vé vi tri B. Lap luan
tuong tu cho truong hgp dién dp tang thém AU. Nhu vay c6 thé két ludn la diém
A la 6n dinh con diém B thi khéng.

Tiéu chudn 6n dinh sé dugc phat biéu la:

d(QS__— QL___) <0 il_Q_s_. d_Q_L_

. 9.8
dU dU dU , (9-8)
Bing cach khai trién AQ, AP theo AU va A8 va st dung cdc phép blén déi
trung gian sé xdc dinh duge dQs/dU ‘
dQ, E 2U dP;
= —~ tand
AU " Xeoss X Taund
Va tiéu chudn &n dinh sé tré thanh:
Q. _E —(—2-l—j—+-———dPL tan§) (9.9) .

dU Xcosé X dU
. Céc dao ham; dQ1/dU, dPy/dU dugc tinh tif cdc dudng dic tuyén tinh cda tai.

Trong hé nhiéu mdy, khé c6 thé rat duge cong thic cho dQ,/dU. Bing céch st
- dung cdc chuong trinh tinh trao luu cong sudt va thay ddi cdc gia tri dién 4p U c6
thé thu duge dac tuyén Q,(U) khi coi nit tai nhu nit PV.
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' . dE
9.2.2 Tié huan —
2 Tiéu chuan 0

Ti (9.2) ¢6 thé biéu didn E theo dién dp U nhu sau:
EW) = \Fm QL(g)X e L(g Xy 9.10)

Pudng cong biéu dién méi quan hé gitta E = f{U) c6 dang & hinh 9.8.
Mbéi tri E(U) cho ra hai nghiém U cta phuong trinh (9.10)
Xét diém A khi cé su thay déi cia U, gid sd 1a

sdd E gitt khong d6i. Néu U gidm mot lugng AU, -

sdd E sé 16n hon E(U) va cudng bdc U tré vé tri A j

ban dau. Tuong tu khi U tang thém AU, sdd nguén 3 A

sé nhé hon tri sdd yéu cdu d€ duy tri U, do vay v

dién 4p bdt budc phai trd vé tri ban ddu. Nhu vay, U

c6 thé két ludn 1a diém A 1a n dinh. Lap luan
tuong tu cho diém B cho thay né khong 6n dinh.

Nhu v4y tiéu chudn 6n dinh la: 3—5 >0 (9.11)

Hinh 9.8: E = {U)

Viéc x4y dung E = filU) dugc thuc hién nhu sau: v6i méi U, theo dic tuyén
tinh ¢6 thé tim duge Py va @, va tir d6 xdc dinh E. Tuy nhién trong hé nhiéu
mdy, tiéu chudn nay khéng tién loi bing (9.10) khi s dung chuong trinh phén bé"
cong sudt. Ly do 1a trong hé nhiéu mdy phat, d€ khio sat nat tdi (cho trude P, @,
&n 1a U, 8) thi sy téng dién 4p d€ tinh (9.11) bit bude xust phat tir nit phat. Do
c6 nhiéu nit phat trong hé thong nén cdn phai tinh phan bd cong sudt nhiéu lan.

9.2.8 Tiéu chuan 4Q¢
dQy,

Goi Qg 1a cong sudt.phdan khdng cung cdp cho tii Q. va cho ludi I2X véi cong

thdae la:
' E* EU
el 12
Qg T % cos d (9.12)
K&t hop vé6i (9.1) cho ra:
E? U?

V)= o2 13
Q: () ¥ X Q. (W) (9.13)

Két hgp vdi (9.2) va sau mét s6 bién déi cho ra:

Q:2U) P(U)
Q,U)=- +QgU) --L 9.14)

L x e oy (

Khi Py(U) = const thi méi quan hé giita Q, = fiQs) dugc bidu didn trén hinh
9.9. Nhan thdy la dinh c4c parabol cing nim trén truc song song truc hoanh, dng
véi Qg = E*/2X. Pinh cuc diém Q. ing véi cdc dinh trén hinh 9.3 va 9.6.
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Qg Y4t diéfm Ava B tren hinh 9.9. Tai A gid sk
c6 mot sy tdng AQy, khi dé6 @ ciing sé tang 1én .
\ B Ngugc lai, khi @, gidm di mot lugng AQ. thi Q¢
cling sé& gidm xudéng. Viy diém A 1a 6n dinh. Tai
diém B, khi ting tdi AQ. thi Q¢ lai gidm xudéng
va ngudc lai khi gidm tdi thi Q¢ lai ting lén.
Nhu viy diém B 1a khong én dinh.

7> { N .-

S Tiéu chudn 6n dinh la:

" Hinh 9.9: Q¢ = flQy) . Qg >0 (9.15)
dQy,

Viéc s dung chuong trinh tinh phan bd céng suat mang lai cho (9.15) uu
diém ro rét. (9.15) dugc tinh nhu ty s giita su gia ting cda téng cdc cong suit Q
sinh ra bdi cdc niut phat véi sy gia ting cia cong suidt phdn khédng cla nat tai
dang khao sat

9.3 SUP B0 BIEN AP

Trén hinh 9.10 biéu dién diém diac biét C, khi @, va @, cdt nhau tai mot
diém. Toa dd cla diém nay thich tng véi cong sudt gidi han va dién 4p gidi han.

Anh hudng cua su tang tai

Khi phu tai ting, theo (9.7) thi @, sé gidm va QL ting. Piém A trén hinh 9.7
sé dich vé tri dién dp nhé hon, diém B sé doi vé
phia dién ap 16n hon. K&t qué 1a hai diém nay
gap nhau tai C. Tai diém nay chi cidn mét su
tidng Q. rat nhé kéo theo mot sy thiéu hut cong 8
suat phén khang va dan té6i gidm U. Piéu nay
din tdi gia tang su thiéu hut cong sudt va dién
dp ti€p tuc gidm. Hién tugng nay goi 1a sup dé
dién 4p. Can phan biét hién tugng nay véi sup
dd dién 4p tiung phan khi c¢6 sy ting tdi manh ‘Ugh
dan t6i dién dp gidm tdi tri nhd hon ngudng cho  p,4'9.10: Piém can béng va gidi
phép. Tuy nhién, sup d6 dién &p ting phan  p,p cig dac tuyén phdt ve tdi Q
khéng dugc coi 12 m4t 6n dinh dién &p.

Trén quan diém an ninh hé théng dién, danh gid cac gia tri cong suat va dién
dp gi6i han la cin thiét. Tuy nhién khé c6 thé tim coéng thdc chung cho viéc xdc
dinh dién 4p gi6i han do dic tuyén phi tuyén, do d6 dé xuit cdng thiic lap don sau
day. P& lam didu nay cdn tié€p nhén 3 gid thiét sau:

1- Khi ting tai thi hé s8 cong sudt khéng thay déi, nghia la:

P Q1 ¢
PO ' QO
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G day P, Q. la c4c tri dinh miic clia nhu cdu t4i tai thoi diém ¢ P, @, 1a cac
tri ban dau. Nhu vay £ 1a hé s¢ tang tai.
2- Péc tuyén tdi téng hop cong nghiép dugc biéu dién nhu sau:
g—f' 2(1‘]:)2 _a1<5:>+a : ___b1<——> 9.16)
3- Thanh phan tdi 1a khong ddi nén c6 thé coi cac hé s6 ctia (9.16) 1a khong déi.
Két hop diéu kién P,(0)/P, = Q,(t)/Q, = £ va (9.16) cé:

QL = E..{O‘ZUZ'%U + 0,); Pp=¢ERU 9.17)
VoL ap = _—gaZ; o = _.2_(11; o = Qa0 Pi= 'P_obl
n n Un

Két hgp véi (9.7) cho ra:

2 |
Q) =U, /(-‘32 _e%p? —% 9.18)

Luu y 1a tai diém C (tng v6i dién dp U,,) c6 hai du’dng cong tiép xic nhau, do

dé6 cung gid tri @ va cung tiép tuyén nén:
Qs (Ucr) = QL(Ucr)
dQ dQ l

cr

U=U

Két hgp véi (9.17) va (9.18) va sau khi bién déi sé cho ra (9.19) va (9.20)
C6 thé gidi (9.19) va(9.20) theo phuong phdp lap don:

Eli)z - cr2 + %&cr
U, = 1 X 1 (9.19)
. 0L2 E_, 2 .
Bl o B X
E = 1 . 20)
o X ©. |
_l_]_z_ . 2X

Anh huéng thay déi tham s& mang dién

Trong céng thic (9.7), khi X thay déi thi Q, sé thay d6i va c6 thé gay mét on
dinh dién 4p.

Anh huéng cia déc tinh téi
Ta xét truong hgp khi Py, duge bidu didn bing G,U? va Q. = B,U? va thé vao

(9.7) cho ra:
Q, U{,/( )2—(GU)2-E} - (9.21)
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- . ' Q
Su thay déi cia @, va @, = B, U? dugc Q@)

biéu dién trén hinh 9.11. C4c dudng cong
Q, déu xuit phat tir goc toa do. Piém nay
12 mot diém can bing cia Q. Nhan thdy
14 moi diém giao nhau cia hai dudng
cong déu thdéa tiéu chuin 6én dinh (9.8), Q,
nghia 14, néu tai dugc biéu dién béi tdng
dan khong déi thi van dé sup dé dién 4p
khéng xay ra..

Hinh 9.11: Khi tdi biéu dién bdi
; . téng ddén c6 dinh
Anh huédng cua diéeu chinh dién ap

Trong cic cong thic (9.7) thé hién d4nh hudng cia X rat ré. Gid tri X phu
thudc vao kha ning diéu chinh dién 4p. Néu mdy ph4t c6 kha nang giit dugce dién
ap trén dau ra khong d6i thi dién khang cta né khong di vao X. Ngugc lai, khi dé
cdn bd sung X mdy phdt vao va gid tri max cla Qs sé& gidm xudéng va kéo theo la
cong suit giéi han. v B,
Vi du 9.1. Cho so d6 hé nhu trén hinh 9.12:

Pudng dic tinh tinh cla tdi téng hgp theo U
dugc cho trong bang sau:

Xy =06
[k

——
Hinh 9.12: So dé cho vi du 9.1

U P. Q- u- p* Q-
1,0 1,0 1,0 0,8 0,9 0,86
0,9 0.95 0,87 07 0,88 0,9

Biét rang khi dién ap la dinh mdc thi cong suit cua tai la Py = 0,9 va Qy = 0,7.
Kiém tra 6n dinh clia hé.
Giai. Stc dién dong tuong duong la:
td - \[(U+ QLé(H )2 _f_(PLl)](H )2
v6i P;, = 0,9P+, @ = 0,7@- tuong ung vdi cdc gid tri dién dp khédc nhau trén ndt phu tai.
Cong sudt phan khang cap bdi hé thong:

Qo = Qu+ AQ V6i AQ = PLJQL

Thay d6i gid tri U sé cho ra bang két qud tinh sau:

u 1 0,9 0,8 0,7
P. = Px0,9 0,9 0,855 0,81 0,792
Q. = 0,7xQ 0,7 0,609 0,602 0,63
OuXy 0,42 0,406 0,452 0,54
U :
us OXu 1,42 1,306 1,252 1,24
u
Xy 0,54 0,57 0,608 0,679
U
Eia - 1,519 1,425 1,392 1,414
RZ+QZ=A 1,3 1,102 1,018 1,024
Ax 0,78 0816 0,954 1,254
v
Qs = Q+AQ 1,48 1,425 1,556 1,884
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Pic tuyén E = filU) va Q¢ = fIU) duge biéu dién la:

Qs d
. 190 :
18¢ ;
181 1,71 :
1,4 16 }
--------- 155 ,
1,392 : ) . 1,4Fcmaen T SR
[ 1 L, N -
07 08 08 10 U Egn E

Hinh 9.13: Két qud cia vidu 9.1

Vay Eg = 1,392.

Vi du 9.2. Cho mét tram c¢6é dic tinh tai la (kV, MVA):
Py = 0,682LU; @y = £(0,0122U% — 4,318U + 460)

Tram dugc 14y dién tir hé c6 Xy = 1,686 Q qua dudng diy cé Xy, = 3,4Q.. Dién
khing mdy bién dp trén tram la: Xr = 12,25Q. Khio sit 6n dinh cGa hé khi thanh
cdi dién 4p ciia hé thay d6i tit tri 124 £V t6i 100 V.

Giai. Khi dién dp la 124 £V thi:
/110,072 €2 +6,331¢,, . : 1
- ’ cr

cr -
0,03578%,, +0,16917 7(9]721’ 8 _0,21143

cr

Sau mdt s6 1an lap két qua cho ra la: U, = 82,5 kV, &, = 1,042. P du tri on
dinh 14 ((110-82,5)/110)100% = 25%

Bang sau cho két qua khi thay d6i tri dién 4p thanh cdi hé E tir 120 téi
100 £V:

E, (kV) Uer, (kV) Eer D6 dy trl, %
120 7928 0,95 28
115 7527 0.84 31
110 ~ 71,29 0,65 35
105 6735 0,65 38,8
100 63,5 0,57 42,3

Vi du 9.3. Gia sif trong vi du 9.2 v6i ddc tuyén tai thay déi (thay d8i d6 doc dic
tuyén tdi QL(U), khao st 6n dinh cta hs.

Giai. K&t qud tinh toan dugc cho trong bang sau:

0 Uer, (kW) Cor D6 dy trir k, %
0,015 78,7 0,97 28
0,017 75,5 0,91 31
0,019 73,3 0,87 33
0,02 72,3 0,85 34
0,025 68 0,77 38
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CAC BIEN PHAP NANG CAO TiNH ON DINH

10.1 CAC BIEN PHAP CAI THIEN ON DINH

Céac bién phédp vé thiét k&

- Chon kich ¢@, vi tri cc thiét bi bu ciAn dugc nghién cqu ti mi € tranh gup
dé dién 4p. Tiéu chudn thiét k& dya trén sut dp cho phép trong diéu kién su co
thudng khong théa man nhin tif tidu chudn vé én dinh dién 4p.

Bu nhuyén (SVC): Bing cdch diéu khién nhanh dlen 4p va thay déi cong suit
phan khéng bé SVC gép phan nang cao tinh 6n dinh dong hé

Hé théng kich tit toc do cao

Viéc tdang nhanh kich t mdy phdt lam tang dién dp mdy phat va gidm tang
toc roto. Viée st dung phdi hgp vdi cde bd diéu khién kich tif nhu power system
stabilizer (PSS) gidm hién tuong dao dong o

PSS: Chiic ning cia PSS 1a lam gidm hién tugng dao dong mdy phat. Céc tin
hiéu du vao c6 thé 1a téc dd, tan s6, hay tich phén cong sudt.

- Dung céc bd tu dong diéu chinh dién 4p phia dién 4p cao cia mdy bién dp
nang 4p sé anh hudng tot t6i 6n dinh dién dp. Cac bd diéu ap dudi tdi dung ky
thuat vi xd 1y cho su thay ddi rong cdc dédc tuyén tdi. Vi du nhu viéc giam dién 4p
tram cung cdp chd yéu cho tdi din dung s& c6 téc dung lam gidm tai, ngugc lai
néu cap dién cho tii cong nghiép - khi ting dp sé khong dnh hudng nhiéu téi tai,
song lai ting cong sudt phét tir tu dién gin tai ti. '

St dung tu dong sa thai tai theo dién 4p. Bién phdp nay ngin chin hién
tugng sup d6 hé thong tong thé. So dd sa thai cdn dugc thist k& dé€ c6 thé phan .
biét dugc cdc diéu kién su 6, sut 4p thodng qua, gxam dp dan téi sup d6 dién &p.

Cét nhanh sy ¢é

Viéc cét nhanh su c6 lam g1am lugng dong ning tich ldy trong qud trinh tang
téc va do d6 lam ting co hoi 6n dinh hé théng khi ¢6 nhiéu 16n. Do su phéat trién
céng nghé, cdc may cit hién dai cé thé cit trong vong vai chu ky, tham chi mot
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chu ky. ddu sau khi c6 sy ¢6.

Giam dién khang ludi truyén tai

Viéc giam cdm khang luéi truyén tai sé giip ndng cao khd ning truyén tai
ché& db sau su ¢6, cu thé 12 nang cao cong suit truyén tdi sau su cd, tang dién tich -
ham téc max. Pidu nay duce thuc hién nho bu doc. Tuy nhién, khi ¢6 su ¢6 can

. néi tit bd tu va sau khi cé su cd can déng tré lai bd tu mot cdch nhanh chéng.

Viéc déng nhanh bd tu gip mét s6 tré ngai do téc do cda cdc cau dao d6i néi &
nhitng nam trudc day. Ngay nay nho st dung dién trd phi tuyén oxyt chi (zinc),
viée tdi déng bd tu c6 thé gan nhu tuc thai.

Ham djng

Ham dong dugc coi nhu tao mot tdi nhan tao trén mdy phéat va do dé giam
duge su ting toc cla roto. Mot trong cdc dang cia hdm dong 1a cac dién tré méc
shunt, ching duge déng vao sau 0,5s sau khi su ¢ . Vi du nhu bd dién tré 240 £V
¢6 cong suit khoang 1400MW tay bac Th4i binh duong . Cdc bd hdm nay hién nay
thuong duge 4p dung cho cdec mdy phat thiy dién, vi cdc mdy nay cé6 kha ning
chiu dudc cac cud sdc bat ngd do déng bdé ham

y M4y cdit don cuc

Céc sy cd trén dudng day truyén tdi thusng gip la loai mot pha, hai pha. St
dung mdy cdt don cuc cho phép tiép tuc truyén tai mot luong céng suat nao dé
trén cdc pha lanh lin, do d6 gép phan nang cao 6n dinh cda hé.

Céac bién phap vé van hanh
Can c¢6 sy phan chia céng suit ngudén Q hop 1y dé c6 thé cé rnot dé du’ tra

tuong hgp vé 6n dinh dién 4p. ‘

Du trit néng c6ng sudt phan khdng can dugc ddm bdo nho kich tir va cdc tu bu
ngang.

Nhan vién diéu phéi cAn nhan b1et ding cdc triéu ching mat 6n dinh va c6
bién phdp kip thoi diéu khién Q, cit tai...

10.2 Vi DY VE MOT VAI SU ¢O GAY MAT ON DINH

Vi du minh hoa: Sy ¢é 2/7/1996 tai My

Suf ¢6 nay da cit dién cda 2,24 triéu khach hang véi tdng cong suat cit 1a 12000
MW va chi ¢6 thé phuc hdi ché d¢ binh thudng sau 6 gid.

Vao lic 14h 24’ 37” xudt hién ngdn mach mot pha trén dudng day ndi nha
mdy nhiét dién Jim Bridger va tram Kimport dai 400 km, 345 kV. Thgi gian cét

 ngdn mach la 0,05s, tuy nhién lai ¢t du dudng diy song song Jim Bridger -

Coshen. Do qud tdi duong ddy con lai (Jim Bridger - Borah) nén tur dong ngit hai
t6 mdy mbi t6 250 MW trén nha m&y nhiét dién néi trén. Pdng théi trén hai
tram Coshen va Borah d4 néi tdt c4c tu dién, con ¢ trén Kimport dua vao hoat
dong tu bu 175 Mvar. Bdo vé khodng cdch véi tu déng lai khong thanh céng di
cdt du dudng day 230 kV Round Up - Lagrand 2 s sau d6. K&t qua 1a dién 4p gidm.
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14h 25 06” dién ap xAu di & hai bang Oreon va 10 va kéo theo cit 7 dudng
day 230 &V, 01 dudng day 115 kV, cdt ba to mdy 26 MV, 5 t6 mdy thiy dién &
trung tam dudng day truyén tdi tu California di Oreon.

14h 25’ 11” ting dot ngot tai Q tu California vao Oreon (ti 400 téi 2000
Mvar). Hai duong day 500 &V lién lac California - Oreon bi ngdt (bdo vé khoang
cach tdc dong khong ding), kéo theo su phan chia hé thong dién lién két thanh 5
phan ¢6 lap. '

Ngay 3/7/1996: ciing ¢6 su cb tuong ty trén dudng day 345kV Jim Bridger -
Kimport ciing tai ché nhu ngay hom trudc (hai ngay sau ngudi ta mdéi phat hién
duge vi tri su ¢d). Role ciing tac dong nhim, cit duong ddy song song 345 kV. Va
cing gidng ngay hom trude, ty dong cdt hai t6 mdy 500 MW. Dé ha thdp nguy
hiém qud tai roto mdy phét thiy dién Brownlee, nhan vién truc ha thap kich tu
mdy phét. Thao tdc sai nay dan t6i gidm dit d6i dién ap trén tram (t6i 205 kV),
bit ddu qud trinh dao dong dién 4p, lap lai su ¢6 nhu ngay héom trude.

Céc chuyén gia My trong tuong trinh cho Tong thong da phan tich nhu sau:

Luu tam té1 viéc 'lép dat tu dong sa thai tai theo dién dp, Hiép héi Do tin cay
Cap dién My dua van dé lién quan t6i sup dé dién 4p.

D& nghi thuc thi cdc phdn mém kiém sodt theo thdi thuc do tin cay ché do
dién 4p va Q va dé xudt 1oi khuyén cho didu do ngan chan sup dé dién &p.

Pay manh viéc huan luyén va dao tao cdc nhan vién diéu do, vi ho da hanh
dong chua ding nhu: khéng tédch role tac déng nham trén nhiét dién Jim Bridger
din t6i sy c6 tidp ngay hoém sau (3/7), nhan vién truc thiy dién Brownlee con
lénh gidm tdi Q cho cdc mdy phat; khong mot nhéan vién diéu dd nao tha cé y
dinh ngét tai vao ngay 2/7/96 khi phat hién su ¢ ludi 345 kV.
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Phu luc 1

GIAI BANG PHAN MEM MATLAB Vi DU 2.11

X4y dung ma tran téng tré nit cho so d6 hinh P.1.

j0.2 j0.4
j0,8
o W —
% j0,4 j j0.4
N S
3 a) @

Hinh P.1: So d6 hinh vé cho bai phu luc 1
Giai: 1. Chon nit chuén 1a d4t (ndt 0). Bit dau véi cdc nhdnh duge néi véi nit
chudn. N&i nhanh 1 ¢6 z1 = j0,2 giita nit g = 1 va nit 0, duge ma trén 1x1 theo
ludt 1 nhu sau:
[Z3), 1" =[2,0]=[40.2]
2.Thém nhénh 2-0, z5 = j0,4 gifrasnfxt méi q = 2 va nat 0 theo luat 2, duge ma

tran:
0,2 O 10,2 0
ZGr =| =J
0 290 0 0,4

3. Tiép theo, thém‘ viio nhanh 3-1 ¢6 231 = j0,4 gitta nit méi ¢ = 3 v& nat p = 1,
duge ma tran 3x3. Ma trén dugc tinh theo luat 3 nhu sau:
jo,2 0 70,2
3) 13 .
Z9P=| 0 jo4 0
j0,2 0 jO,2+z3
4. Thém vao nhanh 1-2 ¢6 z.» = j0,8 gitfa nut p = 1 va q = 2. Ma trdn méi
khéng thay déi s6 phan tif va duge ma trén sau béi luat 4:

VAR 0,2
[AZ1—2]= 221 "Zzz =j|-0.4
Zy ‘,Zsz 0,2
véi Zyy = Zyy + Zog + 219 = 2215 = jL4
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-j0,2

v i(az, 1Az, -1 | jo4 |[-j02 jo4 —-jo2]
ry 1__2 1_2 14 J ’ J b J b .] Y
Z44 ’ J1s —j0,2

0,02857 -0,05714 0,02857
- j|-0,05714 0,11428 -0,05714
10,02857 -0,05714 0,02857

0,17143 0,05714 0,17143

1 =z8) ]3—51—[Az1_2][Azl,_2]T= 7| 0,05714 0,28571 0,05714

3
[Z() nut
44 0,17143 0,05714 0,57143

nut

5. Cudi cung, thém nhdnh 2-3 ¢6 223 = j0,4 gilta nit p = 2 va ¢ = 3, tudng tu
nhu bude 4, duge ma tran téng tré niut cua mang:

le ~Zy 0,11429
[AZZ-—S] = 223 - ZQQ = _] —0,22857
Dy~ Za 0,51429

Zyy =Zigg+ 2oy + 239 ~ 2235 = j1,14
0,01143 -0,02286 0,05143
L [aZ, ,1[aZ, )T = j| -0,02286 0,04571 —0,10286
Zss | 0,05143 -0,10286 0,238143

| ) ‘ | 0,16 0,08 0,12
_[znﬁt1=[z§’;3t]5=[z£,i{]4—E—{Azz_sl[AZZ-3]T= jl0,08 0,24 0,16
' 44 : 10,12 0,16 0,34

Ngoai cdch tinh todn bing tay ¢ trén, dé€ xac dinh ma trén tdng tré Z,s phic
tap hon phuc vy cho viéc tinh todn dong dién ngin mach, ching ta cé thé xiy
.dung mot chuong trinh dya theo thuit todn da trinh bay véi phdn mém MATLAB.
Dé gidi quyét van dé nay ta ti€n hanh cac bude sau:

: MATLAB
Budc 1. Nhap dbi vao biéu tugng MATLAB L5 | trén desktop dé khdi dong
Matlab. '




Bude 2. Trinh ty cdc cda s6 cia Matlab hién ra nhu sau:

MATLAB

The Language of Technical Computmg
Version 6.1.0.450 Release 12.1
May 18, 2001

License Number: 0
Dai Hoc Bach Khoa
PTN He Thong Dien

trinh o

Open... |

Close Command Window Ctrl+w f Model.
© GUI

To get started, select "MATLAB

Import Data. -
Save Workspace As. .. Cul+S

Set Path... >> |

Preferences. ..

Print...
Punt Selection...

¢ 1C:A\..B6pl \work\Baitap1.m
3 2 C:\_..box\power\Chp2Zex8.m
: 3 E:\...\Folder 1\Chp2ex7.m
f 4 E:\__.\Folder 1\Chp2ex6.m

Exit MATLAB . CuhQ

AM 1/03/703 --%
AM 1/03/03 --%

*ix

IES

Help” frox
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Mat khéc, ta cing c6 thé nhap vao biéu tugng New D] tren thanh cong cu cla cla -
s6 man hinh nén MATLAB. Két qua ciing sé tuong tf nhu trén.
Budée 4. Pay 1a cita s6 soan thdo chuong trinh '

Untitled
Flle Edll View Text Debug Bleakpomts Weh Window Help

SHG| L R® o] @@M%@zu

_Elle ‘ Edit VYiew Text Debug Bleakpomts Web Window Help
New ’f»f%’])@[‘@%@ﬁﬂ_]
Open.... Cul+0
‘Opeon Sglection CileD
Close Untitled CuleW

’~ Save Cul+S
% Save All !

Source Control

Import Data. .
Save Workspace As...

Set Path...
Preferences. ..

Print... Cul+P
Prink Selection...

1 C:\._.B6pli\work\Baitapl m
2 C:\.__box\power\Chp2ex8.m
3 E:\__\Folder 1\Chp2ex7.m
4 E:\_\Folder 1\Chp2ex6.m

! Exit MATLAB B Cul+Q
i 1 YT —
ﬂ Ready
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Mat khéc, ban ciing c¢6 thé nh4p vao biéu tugng Save @ trén thanh céng cu
chia cia s6 man hinh nén cia MATLAB va két qud sé tuong tu nhu trén.

Buéc 6. Clra s6 Save file as hién ra nhu sau:

| Save_in:lEﬂwork ' — :_}L__J__]U[-—r

[ rsimtfdemo_trsim_rtw Baitap12 Ej Baitap4
1 Ej Baitap2 Baitaph
| #bai3t 4)Baitap2? 4 Baitapb
| 1 1Baitapd +Baitap3 +Baitap?
; Ej Baitapl *B Baitap31 B Baitap8
‘ B Baitap11 Baitap32 a Baitap81
| Flepame:  [Zbuid ,m_ § Save |\
| soeasvoe [FeC ] | Coed

Luu doan chuong trinh nay véi tén Zbuild.m

*Chu y: T4t ca cde chuong trinh d€ c¢6 thé thyc thi duge, yéu cdu phéi luu né &
thu muc work cia MATLAB.

Bude 7. Sau d6, gd doan chuong trinh sau vao clia s6 soan thao chu‘o‘ng trmh

% CHUONG TRINH TINH TOAN MA TRAN TONG TRO Z NUT,

function [Zbus] = zbuild(linedata)
nl = linedata(;,1); nr = linedata(:,2); R = linedata(:,3);
X = linedata(:,4);
nbr = length(linedata(;,1)); nbus = max(max(nl), max(nr));
for k = 1:nbr '
if R(k) = =inf | X(k) == inf
R(k) = 99999999; X (k) = 99999999;
else, end
end

ZB =R +j*X;
Zbus = zeros(nbus, nbus);
tree = 0;
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% Mot

% Them mot nhanh tu mot nut moi den nut chuan 0

for I = L:nbr
ntree(I) = 1;
ifnl(l)==01nr() ==0
if nl(T)==0 n=nr(I);
elseif nr(l) ==0n = nl(l);
end
if abs(Zbus(n, n)) == 0 Zbus(n,n) = ZB(I);tree = tree+1; % Moi
else Zbus(n,n) = Zbus(n,n)*ZB(I)/(Zbus(n,n) + ZB(I));
end
ntree(l) = 2;
else,end
end

% Them mot nhanh tu nut moi den mot nut dang ton tai
while tree < nbus % Moi

forn=l:nbus
nadd = I;
if abs(Zbus(n,n)) = =
forI = I:nbr
ifnadd==1;
ifol)==nlnr{l)==n
ifnl(l)==n k=nr(I);
elseif nr(f) ==nk = nl(I);
end
if abs(Zbus(k,k)) ~ =0
for m = I:nbus
ifm~=n
Zbus(m,n) = Zbus(m,k);
Zbus(n,m) = Zbus(m k);
else, end
end

Zbus(n,n) = Zbus(k k)+ZB(I); tree = tree+1; % Moi




else,
end
else, end
end

/

end % Moi

nadd = 2; ntree(l) = 2;
else, end

else, end

end

% Them mot nhanh lien ket giua 2 nut cu

for n = I:nbus
for I = 1:nbr
if ntree(l) ==
ifnl()==nlnr(l)==n
ifnl(l) ==n k=nr(I);
elseif nr(l) == n k = nl(]);
end
DM =Zbus(n,n) + Zbus(k k) + ZB(I) - 2*Zbus(n,k);
for jj = l:nbus
AP =Zbus(jj,n) - Zbus(jj.k);
for kk = 1:nbus
AT = Zbus(n,kk) - Zbus(k, kk);
DELZ(jj,kk) = AP*AT/DM;
end ‘
end
Zbus = Zbus - DELZ;
atree(I) =2,
else,end
else,end
end
end

309

* Chu y: Cdc dong chif phia sau ddu “%” ¢6 y nghia gidi thich sé khéng 4nh
hudng dén qu4 trinh thyc thi cda chuong trinh ciing nhu cdch thé hién két qui

cia chuong trinh.
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Buée 8. Chon File/Save dé luu lai chuong trinh 14n cubi.

By C 'MATmsspnwmk\Zbundm [
! File Edit View Text Debug Breakpoints Web Wmdow

New 9 B
Open... ) Ctld+0 FP i B @ 1 @ Lii -51
Open Selection CulvD _ —
Close Zbuild.m CtileW an tong tro mut ____
e 5 cus 9 |
] Save As... ata(:,2); R = lined
Save All

3 = max (mhax{nl), na
Source Control » -

£
Import Data... 999999;

Save Warkspace As...

e e R e T T et oo

Set Path...
Preferences...

Print... Cul+P

Print Selec!:mn... i den nut chuarn 4

‘ 1 C:\...AB6p1iwork\Zbuild.m’
“ 2 C:A.__Ibox\power\Zbuild.m

0

i 3 C:A\MATLABGp1\Awork\Znut.m = nr(I):

4 C:\._box\power\Chp9ex4.m = nl(I);

1

L Exit MATLAB Cil+Q )y == Zbus (n,n)
24{~ else Zbus(n,n) = Zbusi{n,n}*ZB(I)/(Z
25] - end . s

Ready '

. Mé4t khéc, ban ciing c¢6 thé nhap vao biéu tugng Save B ren thanh coéng cu
cia clifa s6 man hinh nén cia MATLAB va k&t qui sé tuong tu nhu trén @€ luu
chuong trinh lai 1an cuéi.

Buée 9. Chuyén sang clta s8 chinh cia Matlab dé chay chuong trinh. Go6 céc
dong lénh sau vao clta s6 Command Window.

zdata = [ 0100.2
02004
12008
13004
23004 ];

zbus = zbuild(zdata)
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Khi 4y, ta cé:

F|Ie Edlt Vlew Web Wmdow Help
O @ 3, % g ) ‘ “ E ? !Current Dwedory IC\MATLABSpﬂwork 3 {j

i S 8|
D
od

»
.

ﬂm-”‘m >> zdata = [
= QCommunications Toolbox

1
! -ﬂ Control System Toolbox

: ---ﬂbata Acquisition Toolbox
ﬂDat.abase Toolbox

i ﬂDatafeed Toolbox

! Jﬂ—ﬂ Filter Design Toolbox

I l}-ﬂ Financial Denvat:.ves Toolhox ;’;“
E<i ]
4] » | Launcnpad | Workspace

o000 o0o
da s 0 B

0
0
1
1
2
{

gl o> S o Qi e Y e e )

1
2
2
3
3
d

zbus = zbuild{zdata

Chd y: Trong dif liéu dua vao zdata 1a mdt ma trdn nx4 bao gom:

. n 14 s6 phan t cha sd db.

- 4 c6t tuong Ung nhu sau:

Cét 1 va 2: 14 s6 nut cla cac phan tu

Cot 3 va 4: 1a dién tré va dién khdng trong don vi tuong déi tuang ung cta cdc
phan ti

Buée 10. Cudi cfmg; két qua tinh toan dugc la: .

zbus =
0 + 0.1600i 0 + 0.08001 0 + 0.1200i
0 + 0.0800i 0 + 0.2400i 0 + 0.1600i
0 + 0.1200i 0 + 0.1600i 0 + 0.34001

K&t qua nay dugc hién thi trong cifa s6 Command Window
Nhan xét: K&t qud ma chuong tr1nh tinh dugc hoan toan ding véi két qua
dugc tién hanh tinh bing tay.
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Phu luc 2

GIAI BANG PHAN MEM MATLAB Vi DY 2.6

Cho mt so do don tuyén cda mét hé théng don gidn 3 ndt nhu hinh P.2. Mbi
may phat dugc thay thé bang mot sdc dién dong sau mot dién khang qua dog, tong
trd su c6 Zs = 0,16 (dvtd).

T4t cé céc tong tré duge biéu dién trong dvtd véi Sy = 100 MVA, va dé don
gidn, cdc dién tré duge bé qua.
. Gia sit
i) Cac tu dién méc nhéanh ré duge bo qua va hé théng dugc xem nhu khéng tai.
ii) T4t cd cdc mdy phat dang lam viéc ¢ dién 4p va tan s§ dinh mue.

X4c dinh dong ngdn mach ba pha, dién ap nat va dong dién nhanh trong suét
qud trinh xay ra su ¢8 tuong dng vdi cdc trudng hgp sau.

a) Tai nat ®.
b) Tai nit @.
¢) Tai nit ©.

Hinh P.2: So dé téng tré clia mét hé thong dién don gidn cho bai phu luc 2
Gidi. a) St ¢4 tai mit @
Su ¢6 dugc gid 14p bsi mot cong tdc noi tong tré sy c§ tai nit @ nhu hinh

P.3a. Theo ly thuyet Thevenin, sy thay déi trang thai trong mang gy bdi nhanh
téng tré su cf cing tuong duong nhu khi thém vao ngudn dp V,(0) va néi tdc cdc

nguon ap khac nhu trén hinh P.3b.
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Hinh P.3: a) So dé téng tré cho sy cd tai nit @
b) So dé tuong duong Thevenin
c L V(0 '
Theo hinh P.3b, dong su ¢d tai nit @ la: I,(\?) =—.—M (1)
Zy3+Zy '

V6i V,(0) 1a dién ap Thevenin hay dién dp nit @ trude su c6. Gid tri dién dp
nit nay c6 thé nhan dugc tir két qué tinh todn phan bd cong suat. Trong bai nay,
do bé qua tai va dién 4p mdy phat dugc gia thiét bing dinh mdc, nén tat ca dién
4p nut truée su cé déu bang 1,0 dvtd, nghia la:

Zss 12 téng tré Thevenin nhin tir ndt sy c6.

P& tim téng tré Thevenin, ta bién d6i hinh ba mach A(1, 2, 3) thanh dang Y
tuong Ung nhu hinh P 4a.

-—
<
=
—
<
=

by = _ c) =
Hinh P.4: Pon gidn so do tuorrig duong Thevenin
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. . j 0,8) ... «  (j0,4)(j0,4)
A LU L N P AN o S L

- 70,1
j1,6 s jl.6

K&t hop hai nhanh song song, ta dugc tdng tré Thevenin: (hinh P.4¢)

. 0,4)(j0,6) . .
Z 33 _—_-(J_—O—)—(-‘Z_——l+10,1=]0,34 dvtd
Jj0,4+ 0,6

Tir hinh 3 va cong thic (1), cudng do dong dién ngén mach ba pha tai nit @ la:

o VO 10
Ins =5 7 "5081+;
33 N JO, + j0,16

=-j2,0 dvtd

Theo hinh 3a, dong dién di qua hai may phét la:

* 0,6 * b.
I'a1 :mlﬁ% =—]1,2 dvtd.

I*GZ :‘—O—i—Oﬁb—gIﬁ; =—j0,8 dutd.
J b +J ?

Su thay déi dién dp nut la:
AV} = 0 - (j0,2)(-j1,2) = —0,24 dvtd
AV, = 0 - (j0,4)(=j0,8) = —0,32 dvtd
AV'3 = (j0,16)(=j2)-1,0 = -0,68 dvtd

Gi4 tri dién 4p nut khi x3y ra su ¢ chinh 14 xép chong cia dién 4p nut trude
su ¢6 va do thay d6i dién dp nit do ngudn dp tuong duong ndi véi nit su cd:

Viy =V, (0)+ AV, =0,76 dvtd
V*].N = VQ(O) + AVZ = 0,68 thd

Cudng d6 dong dién nhanh khi xdy ra ngin mach:

. Viv =V
I ]2N:—1‘N—.—.§1\J“.:‘j0,1fivtd
12
. Viy - V-
I 13N=—1N—.——§A—’=—j1,ldvtd
13
. Von - V- -
I ggy =—28 3N __ ;0 9dvtd
: 23

b) Su ¢é tai nut @
Tinh todn hoan toan tuong tu, ta c6 cdc két qud cho trén hinh P.5:
Cudng dé dong dién ngdn mach ba pha tai nit @ la:
78r _ V,(0) 1,0
N2 = 7 s = :
9w +Zy J0,24+ 0,16

=-j2,5 dvtd

Dong dién di qua hai may phat 1a:
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* 10,4 " .

I'a :mlﬁé =‘—"]1,0 dutd
* 10,6 * .

I g2 =ml§3g =—_]1,5 dvtd

j0.2 j0.4 j0.24

04 ‘

'k
1 2
Vth Vth
Z,=j0,16 Z,=0,16
c)
= d) =

Hinh P.5: ) So dé téng tré cho sy cd tai nit @
b) So dé tuong duong Thevenin
¢), d) Pon gidn héa so dé tuong duong Thevenin
Sy thay déi dién 4p nit la: ‘
AV, = 0 - (§0,2XT"cy) = 0 - (0,2)(1,0) = 0,2 dvtd
AV'5 = 0 — (§0,4)T6z) = 0 — (§0,4)(~j1,5) = 0,6 dvtd
AV'y = AV — (,'0,4)(529—) - 02~ (04(TLE) = ~0,4 dvtd
Pién &p nut lic x4y ra sy cd nhén dugc theo nguyén 1y xép chéng:
Vg = V'1(0) +AV; = 1,0 - 0,2 = 0,8 dvtd
Vian = Va(0) +AV 2 = 1,0 - 0,6 = 0,4 dvtd
V' = V'5(0) +AV '3 = 1,0 - 0,4 = 0,6 dvtd
Cudng dé dong dién nhanh khi x4y ra ngdn mach:

Iniz = Vi~V _08-02 __ 05 quid
Zis J0,8
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Va1~V _0,8-0,6

£ =-j0,5 dvtd
IN13 Z‘13 J0,4 . J
. Via-Vyo 06-04 .
IN32 = NSZ, NZ _ JO 1 =—J0,5 dvtd
32 ’

¢) Su ¢é tai nut O .
Tinh todn hoan toan tuong ty, ta c6 céc két qua trén hinh P.6:
Cudng d6 dong dién ngdn mach ba pha tai nut @ la:
@ V0 1,0 |
I =5 =516+ 01
n+Zy JO16+ ;0,16

=-73,125 dvtd

jo.4 j0,2
jo.4
T
> 1
Vth
c)
Z,=i0,16 Z,=j0,16
d) =

" Hinh P.6: a) So do tong trd cho su c6 tai nit @
b) So dé tuong duong Thevenin
- ¢), d) Don gidn so d6 tuong duong Thevenin
Dong dién di qua hai may phat la:
« 7 Jjo,8 (3) .
Iy =——"——1 =-j2,5 dvitd
“ = Gosx oz v T
jo2
70,8+ 0.2
Su thay dai dién dp nit la:
AV’ = 0 - (0,2)I 1) = 0 — (j0;2)(=j2,5) = - 0,5 dvtd

I'ce = 1Y) =-jo,625 dvtd
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AV 5 = 0 - (§O,4)I"g2) = 0 — (j0,4)(=j0,625) = — 0,25 dvid

AV's = AV, — (jO,4)( 12‘“ ) = 0,5 — (jO,4) '10’2625) = 0,375 dvtd

Pién 4p nut lic xay ra su ¢ nhan duge theo nguyén 1y xép chong:
Vin=V10)+AV; = 1,0 - 0)5 = 0,5 dvtd
Vi = Vo(0) +AV 5, = 1,0 - 0,25 = 0,75 dvtd
Visn = V'5(0) +AV's = 1,0 — 0,375 = 0,625 dvtd

Cudng dé dong dién nhanh khi xdy ra ngdn mach:

Vi = Vs _0,75-05 _

Iy = YL 70,3125 dotd
N12 7 0.8 J v
. Vo, -V 695 —
IN13 = le N3 - 0 Zg 40’5 =-0,3125 dvtd
13 JY,
. Ve =V _
Iy =03~ Tnio (OT0020 _ g 3195 dutd
2 Zs, . J04

Ngoai céch tinh todn bing tay ¢ trén, d€ tinh todn dong dién ngén mach,
ching ta c6 thé x4y dyng mot chuong trinh véi phdn mém MATLAB. Dé gidi quyét
van dé nay ta tién hanh cdc budc sau:

1. Tién hanh cdc budc tuong tu nhu bai trong phu luc 1 d€ md cira s6 soan
thdo chuong trinh. :

2. Chép doan ma chuong trinh sau day vao cda s6 soan thao chuong trinh va
luu lai véi tén chuong trinh 14 symfault.m '

CHUONG TRINH symfahlt DUOC VIET NHAM MUC DICH
.CHO VIEC PHAN TICH SU CO NGAN MACH CAN BANG BA PHA
CUA MOT SO DO HE THONG DIEN

DAU VAO CUA CHUONG TRINH LA:

-Mot ma tran tong tro Zbus
-Vi tri nut bi su co

-Va tong tro su co Zf
-Dien ap nut truoc su co la ket qua cua bai toan phan bo cong suat
(Neu gia tri nay khong duoc khai bao, chuong trinh tu dong gan cho no gia tri la 1 (dvtd)).

DAU RA CUA CHUONG TRINH LA:
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-Gia tri tong cuong do dong dien su co ngan mach(ba pha do xung)
-Gia tri dien ap nut sau khi xay ra su co
-Gia tri cuong do dong dien tren cac nhanh
function symfaul(zdata, Zbus, V)
nl = zdata(:,1); nr = zdata(:,2); R = zdata(:,3);
X =zdata(: 4);
nc = length(zdata(l,));
ifnc>4
BC =zdata(:,5);
elseif nc = =4, BC = zeros(length(zdata(;,1)), 1);
end |
ZB =R +*X;
nbr = length(zdata(;,1)); nbus = max(max(nl), max(nr));
if exist('V') == 1
if length(V) = = nbus
V0=V,
else, end
else, VO = ones(nbus, 1) + j*zeros(nbus, 1);
end
fprintf('\PHAN TICH NGAN MACH DOI XUNG CAN BANG BA PHA\')
ff =999;
while ff >0
of = input(NHAP VAO VI TRINUT BI SU CO, SAU DO NHAN ENTER DE TIEP TUC->");
while nf <=01nf > nbus ,
fprintf(NUT NHAP VI TRI BI SU CO PHAI GIUA 1 VA & %g\n, hbus)
nf = input(NHAP VAO VI TRINUT BI SU CO->); |
end
fprintf(\nNHAP VAO TONG TRO SU CONGANMACH Zf =R +*X 0 )
7 = input(DANG SO PHUC. Zf ="); |
fprintf(’ \n") :
fprintf('SU CO NGAN MACH DOI XUNG TAINUT %g\n’, nf)

If = VO(af)/(Zf + Zbus(nf, nf));

[fm = abs(If); Ifmang = angle(If)* 180/pi;

forintf TONG CUONG DO DONG NGAN MACH = %8.4f dvid \n\w', Ifm)
%fprintf(’ p-u. \n\e', Ifm) ’




319

fprintf(GIA TRI DIEN AP NUT KHI XAY RA NGAN MACH TRONG (dvtd)\n\n')
fprintf(' Nut Biendo Goc\n')
fprintf(' So Dien ap Do\n")

for n = 1:nbus
ifn==nf
V{(nf) = VO(f)*Z/(Zf + Zbus(nf nf)); Vim = abs(V{(nf)); angv = angle(V{(nf))*180/pi;
else, VE(n) = VO(n) - VO(n)*Zbus(n,nf)/(Zf + Zbus(nf,nf));
Vim = abs(Vf(n)); angv = angle(Vf(n))*180/pi;
end
fprintf(’ %4g’, n), fprintf('%13.4f, Vfm),fprintf('%13.4f\n’, angv)

end
fprintf(' \n')

fprintf(GIA TRI CUONG DO DONG DIEN NHANH CHO VI TRI XAY RA SU CO NGAN MACH TAI NUT
%g\n\n', nf) :

fprintf(' Tu To Biendo Goc\n')

fprintf Nut Nut Dong dien Do\n’)

forn = I:nbus
%Ign =0,
for I = 1:nbr
ifnll)==nlnr(l)==n
if nl(I) ==n k=nr(l);
elseif nr(l) = =0 k = l(l);
end :
ifk==0
Ink = (VO(n) - Vf(n)V/ZB(1);
Inkm = abs(Ink); th = angle(Ink);, -
%ifth<=0
if real{Ink)> 0 :
fprintf(’ G ), fprintf('%7¢',n), fprintf('%12.4f, Inkm)
fprintf('%12.4f\n’, th*180/pi) - '
elseif real(Ink) = = 0 & imag(Ink) < 0
fprintf( G "), fprintf('%7g',n), fprintf('%12.4f, Inkm)
fprintf(‘%12.4fw', th*180/pi) |
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end

else, end

Ign =Ink;

elseifk ~=0

Ink = (Vf(n) - VEK)YZB(D)+BC{I)*Vi(n);

%]Ink = (Vi(n) - VE(K)YZB(I);

Inkm = abs(Ink); th = angle(Ink});

%Ign = [gn+Ink;

%ifth<=0

if real(Ink) > 0
fprintf('%7¢', n), fprintf('%10g’, k),
fprintf('%12.4f, Inkm), fprintf('%12.4f\n', th*180/pi)
elseif real(Ink) = = 0 & imag(Ink) < 0
fprintf('%7g', n), fprintf('%10g’, k),
fprintf('%12.4f, Inkm), fprintf{'%12.4f\n’, th*180/pi)
else, end

else, end

else, end
end

ifn==nf

fprintf('%7¢',n), fprntf(’ F'), fprintf('%12.4f, Ifm)
fprintf('% 12.41\n', Ifmang)

else, end

resp =0,

while stremp(resp, 'n')~ = 1 & stremp(resp, 'N')~ = 1 & stremp(resp, 'y')~ = 1 & stremp(resp, 'Y')~ =1

resp = input('Nhap vao mot vi tri xay ra ngan mach moi? Nhan "y" or "n" tuong ung voi dong y va khong dong y ->);
if stremp(resp, 'n')~ =1 & stremp(resp, N')~ = 1 & stcemp(resp, 'y')~ = 1 & stremp(resp, 'Y')~ = 1
fprintf(\n Nhap vao khong dung, vui long nhap lai\n\n'), end -

end

ifresp=="y'lresp=="Y"

nf = 999,

else ff=0; end

end % end for while

Chi y: D€ c6 thé thuc thi duge chudng trinh nay, doi héi.phai c6 chuong trinh

tinh todan ma tran tong trd Z nut c6 tén 14 zbuild cia bai trong phu luc 1.
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8. Chuyén sang clta s6 Command windows d& thuc thi chugng trinh theo su
huéng dan cia chuong trinh.

Chu y: Cdc dong va ky tu duge in ddm va nghiéng 1a cdc dong va ki tu ma
nguoi st dung phai nhép vao.

>>zdata=[0100.2
02004
12008
13004
23004);
>> Zbus = zbuild(zdata)

Zbus =
0 +0.16001 0+ 0.0800i 0+ 0.12001

0 +0.0800i 0+0.2400i 0+ 0.16001
0 +0.1200i 0+0.16001 0 +0.3400i

>> symfault(zdata, Zbus)
NHAP VAO VI TRINUT BI SU CO, SAU DO NHAN ENTER DE TIEP TUC->3

NHAP VAO TONG TRO SU CO NGAN MACH Zf =R +j*X 0 DANG SO PHUC. Zf = j*0.16 :

SU CO NGAN MACH DOI XUNG TAINUT 3
TONG CUONG DO DONG NGAN MACH = 2.0000 dvtd

GIA TRIDIEN AP NUT KHI XAY RA NGAN MACH TRONG (dvtd)

Nut Biendo Goc
So Dienap Do

1 0.7600 0.0000
2 0.6800 0.0000
3 0.3200 0.0000

GIA TRI CUONG DO DONG DIEN NHANH CHO VI TRI XAY RA SU CO NGAN MACH TAINUT 3

Tu Den Biendo Goc
Nut Nut Dong dien Do
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G 1 1.2000 -90.0000

1 2 0.1000 -90.0000

1 3 1.100G -90.0000

G 2 0.8000 -90.0000

2 3 0.9000 -90.0000 Chi y: F: tong ting vdi vi tri xdy ra st cd

3 F 2.0000-90.0000 G: tong ing vdi ndt chudn (d4t)
Nhap vao mot vi tri xay ra ngan mach moi? Nhan 'y’ or 'n' tuong ung voi dong y va khong dong y ->'y'
NHAP VAO VI TRINUT BI SU CO, SAU DO NHAN ENTER DE TIEP TUC-> 2

NHAP VAO TONG TRO SU CO NGAN MACH Zf =R + j*X 0 DANG SO PHUC. Zf = j*0.16
SU CO NGAN MACH DOI XUNG TAINUT 2
TONG CUONG DO DONG NGAN MACH = 2.5000 dvtd

GIA TRIDIEN AP NUT KHI XAY RA NGAN MACH TRONG (dvtd)

Nut Biendo Goc
So Dienap Do

1 0.8000 0.0000
2 0.4000 0.0000
3 0.6000 0.0000

GIA TRI CUONG DO DONG DIEN NHANH CHO VITRI XAY RA SU CO NGAN MACH TAINUT 2

Tu Den Biendo Goc
Nut Nut Dong dien Do
G 1 1.0000-90.0000
1 2 0.5000-90.0000
13 0.5000-90.0000
G2 15000 -90.0000
2 F 2.5000-90.0000 ‘
3 2 (0.5000 -90.0000

Nhap vao mot vi tri xay ra ngan mach moi? Nhan 'y’ or 'n' tuong ung voi dong y va khong dongy -> 'y’
NHAP VAO VITRINUT BI SU CO, SAU DO NHAN ENTER DE TIEP TUC-> 1

NHAP VAO TONG TRO SU CONGAN MACH Zf =R -;j*X O DANG SO PHUC. Zf = j*0.16

SU CO NGAN MACH DOI XUNG TAINUT 1
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TONG CUONG DO DONG NGAN MACH =3.1250 dvid |
GIA TRIDIEN AP NUT KHI XAY RA NGAN MACH TRONG (dvtd)

Nut Biendo Goc
So Dienap Do

1 0.5000 0.0000
2 0.7500 0.0000
3 0.6250 0.0000

GIA TRI CUONG DO DONG DIEN NHANH CHO VI TRI XAY RA SU CO NGAN MACH TAINUT 1

Tu To Biendo Goc

Nut Nut Dong dien Do

G 1 2.5000 -90.0000

1 F 3.1250 -90.0000 '
G 2 0.6250-90.0000 2
2 1 0.3125-90.0000

2 3 0.3125 -90.0000

3 1 0.3125-90.0000 v
Nhap vao mot vi tri xay ra ngan mach moi? Nhan'y' or '’ tuong ung voi dong y va khong dong y -> 'n’
>>

Nhan xét: Cdc két qua tinh todn tir chuong trinh hoan toan ding vdi cdc két
qua tinh todn bing tay. '




324

Phu luc 3

- Cho mét so d hé thong dién nhu hinh P.7 tuong dng véi céc‘sé' liéu nhu sau:

Gy, Ga: 66,6 MVA; 11 kV; Xi = X; = X4 = 0,26; X = 0,1
T, Ty: 75 MVA;11/145kV + 10%; X1 = 0,125
Gs, Gy, Gs, Gt 75 MVA; 11,8 kV; X, = X; = X4 = 0,111; X, = 0,074
T, Ts, T, T1o: 75 MVA;11,8/145kV + 10%; X1 = 0,125
Ty, Tiz, Tis, Tia, Tis: 60 MVA;132/33kV; X = 0,125
Ts, Ty: 30 MVA;132/33kV; X7 = 0,1
Ts, Te: 45 MVA;132/11kV; X1 = 0,125
T1e T17: 120 MVA;275/135/11kV; Xcr = 0,15; Xcn = 0,35; X = 0,25

Cong sudt ngdn mach tai thanh céi 275 £V 1a 7500 MVA.

Dutmg day: Céc thong s6 duong day duge cho & cong sudt 100 MVA, dién 4p 132 kV..

%5 '

Tinh dong ngdn mach tai cdc nit ©, ®, ®, @, @ tuong Ung vdi cédc trudng
hop su cé: :

a) Ngén mach ba pha

b) Ngén mach mot pha cham dat

¢) Ngin mach hai pha

d) Ngén mach hai pha cham dat

Pudng 2, Chiéu dai Z, Z,
day (dvtd) (dvtd)
r X L (km) R X R . X
D, 0,00091 0,00239 80,5 0,073 0,192 0,183 0,481
D, 0,00091 0,00239 96,6 0,088 0,231 0,220 0,577
Ds 0,00091 0,00239 160,9 0,146 0,385 0,366 0,961
Daag 0,00091" | 0,00239 | 48,3 0,044 0,115 0,110 0,288
Diag 0,00091 0,00239 24,1 0,022 0,058 0,055 0,144
Ds 0,00039 | 0,00221 32,2 0,013. 0,071 0,031 0,178
D¢ 0,00039 | 0,00221 48,3 0,019 0,107 0,047 0,267

Giai. Chon cong suit co ban 1a S, = 100MVA.
Chon dién 4p co ban cho cdc duong day la U, = 132 EV.
Theo ty s6 m4y bién dp, suy ra dién 4p cd ban vé phia cdc ngudn phat la:

o1
Gy, Gy V, =~ x132=10kV
b =145

G’3, G4, G5, GGZ Vcb =-1i}£i’—58—><132 =11kV



Lu6i cung cdp: vV, = f—;gxmz = 275kV

Tinh lai céc tdng tré trong hé dvtd méi, ta dugc cdc s dd thit tu thudn va tha

tu khong cia hé théng nhu hinh P.8 va hinh P.9
R, Gy G, R,

AET7 A
KXY Toy W
132kV
AT+ A
XY Tor R
33KV @

275kV

Ludi cung cap

Hinh P.7: So dé hinh vé cho bai todn
Nut dién thé 0

G, G,
i0.472 j0.472

Gg G
jo.178] [i0.178 . T T

10,201 .
T,k Ty
j0.201] }io.201 0,022+{0,058]

Dy

T[] Tre '

10,208 10,208
I TM Tis
j0.208 j0,208

D 45: 0.0zavi0.115
D 4 0.044+i0,115

T16

T17

j0.1251 0,125

Dg \
0,019 +j0,107

Hinh P.8: So dé thay thé thi ty thudn
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© NUt dign thé 0
e e .
GS GA G5 GS
j0.074' T Ji0.074°T |io.0o7a T |i0.074
+ 3R, + 3R, +3Rs +3Rg
T, Te Tq Ty Dy D®
j0,201 §0,201 j0.201 i0.201 0,183+j0,481 78
0,055+)0,144
LY Tis 8
{0,208 10,208 S
{ 3
—————— =
o
®
o

@ 0,047+/0,267

Hinh P.9: So dé thay thé thi tu khong

TU céc so db thi tu, suy ra cdc téng tré nhanh trong hé don vi tuong doi nhu
sau: :

Trong so doé thi tu thudén

Zyy = %( j0,201+ j0,472) = j0,337 Zog = i( 70,201+ j0,178) = jO, 09457
Zy41 = 0,013 | Zio= %(0,022 +j0,058) = 0,011 + j0,029
Z, 3 =0,073+ 0,192 Zis=0, 146% j0,385
Zy 4= %(10,333) = j0,165 Zys = —;—(j0,278) = j0,139
Z, ¢ = (0,088 + j0,231) Zoq = %( 70,208) = j0,104 |
Zg g =0,013+ 0,071 | Zeao = —;-(0,022 +j0,058) = 0,011+ j0,029
2'8_9" = %(jo,zos) = j0,069 Zg.15 =0,019+,j0,107

: 1,. :
Zyp = -2—( J0,125) = j0,063

~




Trong so d6 thit tw khéng

Zyq ——(j0,201) = j0,101
: 1,. e
Zy_3 =§( j0,278) = j0,139
ZO—S =J0,069

. 1, . .
Ziyag = §(J0,104) = j0,052

Zy 10 = 0,122

Zy 1, = 0,013

Z, 5 =0,183+ j0,481

Zy ¢ =0,220+ j0,577
Zs 10 =0,055+ 70,145
Zyo1y = 0,071
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Zys =%( 70,333) = j0,165
Zy_¢ = J0,034

; 1,. :
Z1o-19 =§(10,02> = j0,01

Zoay = é—( j0,190) = j0,095

211—10 =j0,071

Z, 5 =0,028+ j0,072

Z, ¢ =0,306 + j0,961

Zg5 =0,031+ 0,178

Zy 10 = 0,048+ /0,268

Tit cde dif lidu vira tinh todn & trén, 16i gidi cla bai todn nay hoan toan c6 thé
ti&n hanh biing tay, tuy nhién khé phic tap va tén nhiéu thsi gian. D€ khic phuc
céc khuyét diém nay, 161 gidi duge cung cdp & day la mét chuong trinh dya trén
phan mém MATLAB. Cu thé, ta c6 thé ti€n hanh cdc bude sau:

Bude 1. Nhap déi vao biéu tugng MATLAB 6.1

Matlab.

A

MATLAB
61

trén desktop dé khéi dong

Bude 2. Trinh tu cdc cia sd cia Matlab hién ra nhu sau:

MATLAB

‘The Language of Technical Computmg
Version 6.1.0.450 Release 121~
May 18, 2001

License Number: 0
Dai Hoc Bach Khoa
PTN He Thong Dien

Copyright 1984-2001 The MoshWorks, inc.
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Buéc 3. Vao File chon New, sau d6 chon M-file d€ mé clta s6 soan thio chuong
trinh

Cuk0
Clogse Command Window Ctrlsw

Import Data...
Save Workspace As... Ctil+S

To get started, select "MATLAB Help™ frmf '

Set Path... : >> l
Preferences. .. :

Pnnt...
Pund Selection. ..

1 C:\...B6p1\work\Baitapl.m
2 C:\.__box\power\Chp2ex8.m
3 E:\__\Folder 1\Chp2ex7.m
4 E:\__\Folder 1\Chp2ex6.m

Exit MATLAB Cul+Q

! | %-~ 11:23 AM 1/03/03 --%
‘ i 153 AM 1/03/03 --%
; 4l Pl Current Directory ]

Mat khiéc, ta cung c6 thé nhdp vao bidu tugng New L__J trén thanh cong cu
cla cifa s6 man hinh nén MATLAB. Két qua ciing se tuong tu nhu trén.,

Budc 4. Day 1a cda s6 soan thdo chuong trinh

_,. Biu ntltled |
|Ie Edlt View Text Debug Bleakpomts Web Window Help

Eé!&%&ﬂm}dﬁﬂl @:@l@%@?u

EBOOKBKMT.COM

Cong dong Ky thujt co dién Viét Nam VMTC

i
]
|
|
3
;
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Buée 5. Luu cdc doan chudng trinh bing cdch: chon File, sau d6 chon Save As

Savein:

Y work

~1 B

jolf=ijEle

=] 1

¥ bai31

E rsimtfdemo_rsim_rtw B Baitap12

B Baitap2
¥ Baitap21
‘D Baitap3
4 )Baitap31
4 )Baitap32

B Baitap4
B Baitapb
B Baitapb
B Baitap?
@ Baitap8
#)Baitap81

2

4] Baitap0
B Baitap1
-B Baitap11
File name: ll

Save

Save as type: lﬂxl] Files (%.%)

_vJ. Cancel .

4

e L 1.e al. . N
Mait khdc, ban cing c¢6 thé nhdp vao biéu tugng Save trén thanh cong cu
clia cla sé man hinh nén cia MATLAB va k&t qué sé 1a tuong tu nhu 'trén.

Buée 6. Clta s Save file as hién ra nhu sau:

" New

»

)g‘dii !it{:wv Text Debug »Bvleal_(points Web Window Help

Open... Ctl+0
Open Sglection CietaD
Close Untitled Cul+w
Save Ctrl+S

Source Control

soven
f Save All

»

Import Data...

Save Workspace As. ..

Set Path...
Preferences. ..

Print...

Print Selection...

CtrlsP

1 C:\...BBpliwork\Baitapl.m
2 C:\...box\power\Chp2ex8.m
3 E:\...\Folder 1\Chp2ex7.m
4 E:\__.\Folder 1\Chp2ex6.m

Exit MATLAB

Cul+Q

1T

f»[@@[’@‘%@ﬂéﬂl

]

Ready
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Luu lai cdc doan chuong trinh nay véi cdc tén Zbuild.m, symfault.m, dlgfault,
lfault va lgfault tuong Ung véi cdc chic ning tinh todn tuong ung nhu sau:

Zbuild.m = thanh lap ma tran téng tré Z nit
symfault.m  tinh todn ngin mach ba pha déi xing

digfault.m tinh todn ngdn mach hai pha cham dat

lifault.m tinh todn ngdn mach hai pha
lgfault tinh todn ngdn mach mét pha cham dat
Chu y:

T4t cd céc chuong trinh, d€ c6 thé thuc thi duge, yéu cAu phai duge luu né &
thu muc work cliia MATLAB. :

Buge 7. GO cdc doan ma chuong trinh sau vao cda s8 soan thio chuong trinh:
Ma doan chuong trinh Zbuild.m

% CHUONG TRINH TINH TOAN MA TRAN TONG TRO 7%
NUT ‘ .

function [Zbus] = zbuild(linedata)
nl = linedata(:,1); nr = linedata(;,2); R = linedata(;,3);
X = linedata(:,4);
nbr = length(linedata(;,1)); nbus = max(max(nl), max(nr));
fork = L:nbr - r
ifRk) ==infI X(k) = = inf
R(k) =99999999; X(k) = 99999999;
else, end

end

ZB =R +j*X;
Zbus = zeros(nbus, nbus);
tree=0;

% Moi

% Them mot nhanh tu mot nut moi den nut chuan 0

for 1 = 1:nbr
ntree() = 1;
ifnl)==01nr(l)==
ifall)==0 n=nr(l);




elseif nr(l) = =0 n = nl(I);

end
if abs(Zbus(n, n)) = = 0 Zbus(n,n) = ZB(I);tree = tree+1; % Moi
else Zbus(n,n) = Zbus(n,n)*ZB(1)/(Zbus(n,n) + ZB(1));
end
ntree(l) =2;

else.end

end

% Them mot nhanh tu nut moi den mot nut dang ton tai

while tree < nbus % Moi

for n = l:nbus
nadd = I;
if abs(Zbus(n,n)) ==0
for I = I:nbr
ifnadd==1,
ifal)==nlor(I)==n
ifnl(l)==n k=nr(I);
elseif nr(I) = =n k =nl(I);
end
if abs(Zbus(k.k)) ~=0
for m = 1:nbus
ifm~=n
Zbus(m,n) = Zbus(m,k);
Zbus(n,m) = Zbus(m,k);
else, end
end |
Zbus(n,n) = Zbus(k,k) + ZB(I); tree = tree+1; %
Moi |
nadd = 2; ntree(I) = 2,
else, end
else, end
else, end
end
else, end

end
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end % Moi
% Them mot nhanh lien ket giua 2 nut cu

for n = 1:nbus
‘for I = 1:nbr ,
if ntree(l) = =
ifnl)==nlnrl)==n
ifnl(l)==n k=nr(I);
elseif nr(I) = = n k = nl(I);
" end
DM = Zbus(n,n) + Zbus(k,k) + ZB(I) - 2*Zbus(n,k); -
for jj = I:nbus '
AP = Zbus(jj,n) - Zbus(jj k);
for kk = 1:nbus
AT =Zbus(n,kk) - Zbus(k, kk);
DELZ(jj,kk) = AP*AT/DM:
end '
~end
Zbus = Zbus - DELZ;
ntree(I) = 2;
else,end
else,end
end
end

Chu y: Cdc dong chit phia sau dau “%” c6 y nghia gidi thich sé khéng &nh
“huéng dén qua trinh thuc thi cia chuong trinh ciing nhu cich thé hién két qua
cua chuong trinh. -
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Buéc 8. Chon File/Save dé luu lai chuong trinh 1an cudi.

(). C:\MATLAB6p1\work\Zbuild.m

New

Open...

Open Selection
Close Zbuild.m

Ctrl+D
CulD
Ctrl+W

File Edit View Text Debug Breakpoints Web

4

ave As...
Save All

:m

Source Control

Import Data...
Save Workspace As...

Set Path...
Preferences...

Print.._.
Print Selection..

Ctrl+P

1 C:\.__ABGpTiwork\Zbuild.m

2 C:\.. Ibox\power\Zbuild. m

3 C:\MATLABBp1\work\Znut.m
4 C:\.._box\power\Chp9ex4_ m

| Exit MATLAB

Ctrl+Q)

Window

b|aa|aex

an tong tro nut -

a)
ata(:,21; R = lined
3 = max(maxi{nl), ma -

£

999999;

i den nut chuan 0

= nr(I);
= nl(I);

) == Zbus(n,n)

24| -

25— end

else Zbus(n,n)

it M,I

= Zbus (n:n] *ZB (I) / (z

‘v

Ready

Mat khéc, ban ciing c¢6 thé nhdp vao bidu tugng Save

®| ;ren thanh céng cu

clia ctta s6 man hinh nén cia MATLAB va két qué sé tuong tu nhu trén dé€ luu

chuong trinh lai 14n cudi.

Ti€p tuc thyc hién lai bude thit 7 cho céc doan mé chuong trinh khéc:
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- M4 doan chuong trinh symfault.m

CHUONG TRINH symfault DUOC VIET NHAM MUC DICH CHO
VIEC PHAN TICH SU CO NGAN MACH CAN BANG BA PHA
CUA MOT SO DO HE THONG DIEN

DAU VAO CUA CHUONG TRINH LA:

-Mot ma tran tong tro Zbus

-Vi tri nut bi su co

-Va tong tro su co Zf

-Dien ap nut truoc su co la ket qua cua bai toan phan bo cong suat

(Neu gia tri nay khong duoc khai bao, chuong trinh tu dong gan cho no gia tri la 1 (dvtd))

DAU RA CUA CHUONG TRINH LA:

-Gia tri tong cuong do dong dien su co ngan mach(ba pha doi xung)
-Gia tri dien ap nut sau khi xay ra su co
-Gia tri cuong do dong dien tren cac nhanh

function symfaul(zdata, Zbus, V)

nl = zdata(;,1); nr = zdata(;,2); R = zdata(;,3);
X =zdata(:,4);
nc = length(zdata(1,:));
ifne > 4
BC = zdata(:,5);
elseif nc = =4, BC = zeros(length(zdata(;, 1)), 1); -
end
ZB =R +j*X;
nbr = length(zdata(:,1)); nbus = max(max(al), max(nr));
ifexist('V) ==
if length(V) = = nbus
Vo=V,
else, end
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else, VO = ones(nbus, 1) + j*zeros(nbus, 1);

end

fprintf(\PHAN TICH NGAN MACH DOI XUNG CAN BANG BA PHA\n')

ff =999,

while ff> 0

of = input(NHAP VAO VI TRINUT BI SU CO, SAU DO NHAN ENTER DE TIEP TUC->");
while nf < =0 nf> nbus _ '
fprintf(NUT NHAP VI TRI BI SU CO PHAI GIUA 1 VA & %g \n', nbus)
nf = input(NHAP VAO VITRINUT BI SU CO->");
end

fprintf("\nNHAP VAO TONG TRO SU CONGAN MACH Zf=R + *X 0)

Zf = input(DANG SO PHUC. Zf =),

fprintf(' \n')

fprintf('SU CO NGAN MACH DOI XUNG TAINUT %g\n', nf)

If = VO(uf)/(Zf + Zbus(nf, nf));

Ifm = abs(If); Ifmang = angle(If)* 180/pi;

fprintf('TONG CUONG DO DONG NGAN MACH = %8.4f dvtd \n\n', Ifm)
%fprintf(’ p.u. \n\n', [fm)

fprintf(GIA TRI DIEN AP NUT KHI XAY RA NGAN MACH TRONG (dvtd)\n\n)
fprintf( Nut Bien do Goc\n') '
fprintf(' So Dieriap Doln')

forn = L:nbus
ifn==nf
Vf(uf) = VO@I)*Z/(ZE + Zbus(nf,nf)); Vfm = abs(V1(nf)); angv = angle(V{(nf))*180/pi;
else, Vi(n) = VO(n) - VO(n)*Zbus(n,nf)/(Zf + Zbus(af,nf));
Vim = abs(Vf(n)); angv = angle(Vf(n))*180/pi;
end
fprintf(' %4g', n), fprintf('%13.4f, Vim),fprintf('%13.4f\n', angv)

end
fprintf(’ \n')

fprintf(GIA TRI CUONG DO DONG DIEN NHANH CHO VI TRI XAY RA SU CO NGAN MACH TAI NUT
%g\n\n', nf)
fprintf(' Tu To Biendo Goc\n')
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fprintf(' Nut Nut Dong dien Do\n')

for n = 1:nbus
%lgn =0;
for I=1:nbr
ifall)==nlnr()==n
ifnl(I)==n k =nr(l);
elseif nr(I) = = n k = nl(I);
end
ifk==0
Ink = (VO(n) - V(n)y/ZB(I);
Inkm = abs(Ink); th = angle(Ink);
%ifth<=0
if real(Ink) > 0
fprintf( G "), fprintf('%7g",n), fprintf('%12.4f, Inkm)
fprintf('%12.4f\n', th*180/pi)
elseif real(Ink) = = 0 & imag(Ink) < 0
fprintf(" G '), fprintf('%7g',n), fprintf('%12.4f, Inkm)
fprintf('%12.4f0\n’, th*180/pi)
. else,end
Ign = Ink;
elseifk~=0
Ink = (Vf(n) - VE(k))/ZB(1)+BCI)*Vf(n);
%Ink = (Vi(n) - V(k))/ZB(D);
Inkm = abs(Ink); th = angle(Ink);
%Ign = Ign+ink;
%if th< =0
if real(Ink) > 0
fprintf('%7g', n), fprintf('%10g", k),
fprintf('%12.4f, Inkm), fprintf('%12.4f\’, th*180/pi)
elseif real(Ink) = = 0 & imag(Ink) < 0
fprintf('%7g’, n), fprintf('% 10¢g', k),
fprintf('%12.4f, Inkm), fprintf('%12.40\n’, th* 180/pi)
else, end '
else, end ' -
else, end
end
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ifn==nf

fprintf(‘%7g',n), fprintf(" F'), fprintf('%12.4f, Ifm)
fprintf('%12.4f\n', Ifmang)

else, end

end

resp = 0;

while stremp(resp, 'n')~ = | & stremp(resp, 'N')~ =1 & stremp(resp, 'y')~ = | & stremp(resp, 'Y')~ =1
resp = input(Nhap vao mot vi tri xay ra ngan mach moi? Nhan "y" or "n" tuong ung voi dong y va khong dong y ->);

if stremp(resp, ‘')~ = | & stremp(resp, 'N')~ = 1 & stremp(resp, 'y')~ = 1 & stremp(resp, 'Y')~ = 1
fprintf(\n Nhap vao khong dung, vui long nhap lai\n\n"), end

end

ifresp=="y'lresp=="Y'

of = 999;

else ff = 0; end
end % end for while

M3 doan chuong trinh dlgfault.m

CHUONG TRINH dlgfault DUOC VIET NHAM MUC DICH CHO
VIEC PHAN TICH SU CO HAI PHA CHAM DAT TRONG
MOT SO DO HE THONG DIEN

DAU VAO CUA CHUONG TRINH LA:

-Cac ma tran tong tro thu tu thuan nghich va khong Zbus!, Zbus2 va Zbus0

-Vi tri nut bi su co

-Va tong tro su co Zf

-Dien ap nut truoc su co la ket qua cua bai toan phan bo cong suat

(Neu gia tri nay khong duoc khai bao, chuong trinh tu dong gan chono gia trila 1 (dvtd))

DAU RA CUA CHUONG TRINH LA:
-Gia tri tong cuorig do dong dien su co hai pha cham dat
-Gia tri dien ap nut sau khi xay ra su co

-Gia tri cuong do dong dien tren cac nhanh

function dlgfault(zdata0, Zbus0, zdatal, Zbusl, zdataZ, Zbus2, V)



338

if exist('zdata2’) ~ =1
zdata2 = zdatal;
else, end

if exist('Zbus2) ~=1
Zbus? = Zbusl;

else, end

ol = zdatal(:,1); or = 2datal(:,2);

0l0'= zdata0(;, 1); nr0 = zdata0(:,2);

nbr = length(zdatal(;,1)); nbus = max(max(nl), max(ar));
nbr0 = length(zdatal(;,1));

RO = zdata0(;,3); X0 = zdata0(:,4);

R1 =zdatal(;,3); X1 = zdatal(:,4);

R2 =zdata2(;,3); X2 = zdata2(: 4);

for k = Linbr0
if RO(k) = = inf | XO(k) = = inf .
RO(K) = 99999999; X0(k) = 999999999;
~ else, end
end
7ZB1 =R1+{¥X1; ZB0 =R0 + j*X0;
ZB2=R2 +*X2;

ifexist('V)==1

if length(V) = = nbus

Vo=V, '

else, end
else, VO = ones(nbus, 1) + j*zeros(nbus, 1);
end

fprintf(\uPHAN TICH SU CO HAI PHA CHAM DAT \n')

ff =999, '

while ff>0

of = input(NHAP VAO VI TRINUT BL SU CO. ->);

while nf < = 01nf > nbus _
fprintf('VI TRINUT BI SU CO PHAI GIUA 1 & %g \n', nbus)
of = input(NHAP VAO VITRINUT BI SU CO. -> %
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end
fprintf(\nNHAP VAO TONG TROSU COZf=R +*X 0')
Zf = input(DANG SO PHUC. Zf =), '
fprintf(' \n')
fprintf('SU CO HAI PHA CHAM DAT TAINUT. %g\n, nf)
a = cos(2*pi/3)+j*sin(2*pif3);
sctm=[111;1a"2 a; 1aa’?];

Z11= Zbus2(nf nf)*(ZbusO(nf, nf)+ 3*Z)/(Zbus2(nf, nf)}+ZbusO(nf, n0+3*ZD
Ial = VO(nf)/(Zbus1(nf,nf)+Z11);

Ta2 = -(VO(nf) - Zbus1(nf, nf)*Ial)/Zbus2(nf,nf);

1a0 = -(VO(nf) - Zbusl(nf, nf)*Ia!)/(ZbusO(nf,nf)+3*Zf);

1012 = [Ia0; Ial; [a2];

Ifabc = sctm*1012; Ifabem = abs(Ifabe);

Ift = Ifabe(2)+Ifabe(3);

Iftm = abs(Ift);

fprintf(TONG CUONG DO DONG DIEN SU CO = %9.4f dvid \n\n', Iftm)
fprmtf('GIA TRI DIEN AP NUT KHI XAY RA SU CO TRONG dvtd \n\n')
fprintf(' So ----—- -Bien do dien ap------- \n')

fprintf(’ Nut Phaa Phab Phac\n’

for n = 1:nbus :
Vi0(n) = 0 - ZbusO(n, nf)*1al;
Vfl(n) = VO(n) - Zbus1(n, nf)*Ial;
V£2(n) =0 - Zbus2(n, nf)*a2;
Vabe = sctm*[Vi0(n); VEl(n); VE2(n)];
Va(n) = Vabe(1); Vb(n) = Vabe(2); Ve(n) = Vabe(3);
fprintf(’ %5g',n)
fprintf( %11.4f, abs(Va(n))), fpnntf( %11.4f, abs(Vb(n)))
fprintf(’ %11.4f\’, abs(Vc(n))
end
fprmtf( \n')
fprintf('GIA TRI CUONG DO DONG DEN NHANH CHO SU CO TAINUT %g\n\n' of)
fprintf Tu Den -----Bien do dong dien nhanh---\n')
fprintf( mut nut Phaa Phab Phac\n)
for n = 1:nbus
for [ = L:nbr
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ifpl)==nlnr(l)==n
~ifnl(l)==n k=nr(l);
elseif nr(I) = =n k = nl(I);
end
ifk~=0
Ink1(n, k) = (Vf1(n) - VEL(k)VZB1(I);
Ink2(n, k) = (VE2(n) - V2(K))/ZB2(I);
else, end :
else, end
end
for I = 1:nbr()
ifnl0(l) ==nln0(I)==n
if nl0(I) ==n k =nr0(I);
elseif nr0(I) = = n k = nl0(I);

end
ifk~=0
InkO(n, k) = (V0(n) - VIO(k))/ZB((I);
else, end ‘
else, end
end
for I = L:nbr

ifal)==nlnr(I)==n
if nlI)==n k=nr(l),
elseif nr(l) = = n k = nl(I);
end
ifk~=0
Inkabe = sctm*[InkO(n, k); Ink1(n, k); Ink2(n, k)};
Inkabcm = abs(Inkabc); th = angle(Inkabc);
if real(Inkabc(2)) < 0
fprintf('%7¢', n), fprintf('%10g', k),
fprintf(’ %11.4f, abs(Inkabe(1))),fprintf(' %11.4f, abs(Inkabc(2)))
fprintf(’' %11.4f\n’, abs(Inkabc(3)))
elseif real(Inkabe(2)) = = 0 & imag(Inkabe(2)) > 0
fprintf(%7g', n), fprintf('%10g', k),
fprintf(’' %11.4f, abs(Inkabe(1))),fprintf(’ %11.4f, abs(Inkabc(2)))
fprintf(’ %11.4f\n’, abs(Inkabc(3))) ‘
else, end -

s

else, end
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else, end
end
ifn==nf
fprintf('%7¢',n), {printf(’ F'),
fprintf(' %11.4f, Ifabem(1)),fprintf(' %11.4f, Ifabcm(Z))
fprintf(’ %11.4f\n', Ifabcm(3))
“else, end
end
resp = 0;
while stremp(resp, 'n')~ = 1 & stremp(resp, N')~=1& strcmp(resp, »=1& strcmp(resp, Y)~=1
resp = input(NHAP VAO NUT SU CO KHAC? NHAP "y" HOAC "n" -> ),
if stremp(resp, 'n')~ = 1 & stremp(resp, N')~ = 1 & stremp(resp, 'y')~ =1 & stremp(resp, 'Y')~ = 1
fprintf('\n NHAP SAL, VUI LONG NHAP LAI \n\n'), end
end
ifresp=="y'lresp=="Y'
f = 999;
else ff = 0; end
~end % end for while
M43 doan chuong trinh llfault.m

CHUONG TRINH lifault DUOC VIET NHAM MUC DICH CHO VIEC
PHAN TICH SU CO NGAN MACH HAI PHA TRONG MOT S0 DO HE THONG DIEN

DAU VAO CUA CHUONG TRNHLA:

-Cac ma tran tong tro thu tu thuan, nghlch va khong Zbus1, Zbus2 va ZbusO

-Vitri nut bisuco

-Va tong tro su co Zf

-Dien ap nut truoc su co la ket qua cua ba1 toan phan bo cong suat
(Neu gia tri nay khong duoc khai bao, chuong trinh tu dong gan cho no gia tri la 1 (dvtd))
* DAU RA CUA CHUONG TRINH LA:

-Gia tri tong cuong do dong dien su co ngan mach hai pha
_-Gia tri dien ap nut sau khi xay ra su co
* -Gia tri cuong do dong dien tren cac nhanh

function llfault(zdatal, Zbus!, zdata2, Zbus2, V)
if exist('zdata2') ~ = 1
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zdata2 = zdatal;
else, end

if exist("Zbus2") ~ =1
Zbus2 = Zbusl,

else, end

nl = zdatal(;,1); nr = zdatal(:,2);
R1 =zdatal(:;,3); X1 = zdatal(:,4);
R2 =zdata2(:,3); X2 = zdata2(: 4);
ZB1 =R1+j*X1;ZB2=R2 +j*X2;
nbr = length(zdatal(;,1)); nbus = max(max(nl), max(nr));
ifexist('V')==1
if length(V) = = nbus
Vo=V, '
else, end
else, VO = ones(nbus, 1) + j*zeros(nbus, 1);
end _
fprintf("\nPHAN TICH SU CO NGAN MACH HAIPHA \n')
ff =999;
while ff >0
nf = input(NHAP VAO VI TRINUT BI SU CO. ->);
while nf < =0 nf > nbus
fprintf('VI TRINUT BI SU CO PHAI GIUA 1 & %g \n', nbus)
of = input(NHAP VAO VI TRINUT BISU CO. ->);
end
fprintf"\aNHAP VAO TONG TRO SUCO Zf =R + j*X 0 )
Zf = input(DANG SO PHUC. Zf =");
fprintf(’ \n")
fprintf('SU CO NGAN MACH 2 TAI NUT. %g\n’, nf)
a = cos(2*pi/3)+j*sin(2*pi/3); |
scem=[111;1a*2a;1aa’l);
1a0=0; _
Ia1 = VO(nf)/(Zbus1(nf,nf)}+Zbus2(nf, nf)}+Zf); Ia2 = -lal;
1012 = (1a0; Tal; Ia2]; |
Ifabc = sctm*1012;
Ifabcm = abs(Ifabc); .
fprintf('TONG CUONG DO DONG DIEN SU CO = %9.4f dvtd\n\n', Ifabem(2))
fprintf('GIA TRI DIEN AP NUT KHI XAY RA SU CO TRONG dvtd \n\n')




fprintf( So ---—---- Bien do dien ap------- \n')
fprintf(' NutPhaa Phab Phac\n')

~ forn =1:bus

V{O(n) = 0;
Vfl(n) = VO(n) - Zbus1(n, nf)*al;
Vf2(n) =0 - Zbus2(n, nf)*[a2;
Vabe = sctm*[VO(n); V{1(n); VI2(n)];
Va(n) = Vabe(1); Vb(n) = Vabe(2); Ve(n) = Vabe(3);
fprintf(’ %5¢g'.n)
fprintf(’ %11.4f, abs(Va(n))),fprintf{’ %11.4f, abs(Vb(n)))
fprintf(' %11.4f\’", abs(Ve(n)))
end '
fprintf(’ \n’)
fprintf(GIA TRI CUONG DO DONG DEN NHANH CHO SU CO TAINUT. %g\n\n', f)
fprintf(' Tu Den -----Bien do dong dien---- \n')
fprintf(' Nut Nut Phaa Phab Phacn’)
for n = 1:nbus

for I = l:nbr

ifnl(I)==nlnr(I)==n
ifnl(l)==n k=nr(l;

elseif nr(I) = = n k = nl(I);
end - '

ifk~=0

InkO(n, k) = 0;

Ink1(n, k) = (Vfl(n) - VE1(k))/ZBI(I);

Ink2(n, k) = (Vf2(n) - V2(k))/ZB2(1);

Inkabe = sctm*[InkO(n, k); Ink1(n, k); Ink2(n, k)};
Inkabem = abs(Inkabc); th = angle(Inkabc);
if real(Inkabe(2)) < 0

fprintf('%7g', n), fprintf(%10g’, k), '
fprintf(’ %11.4f, abs(Inkabe(1))),fprintf(’ %11.4f, abs(Inkabc(2)))
fprintf(’ %11.4f\n’, abs(Inkabe(3)))

- elseif real(Inkabc(2)) = = 0 & imag(Inkabe(2)) > 0
fprintf('%7g’, n), fprintf('%10g’, k),
fprintf(’ %11.4f, abs(Inkabe(1))),fprintf( %11.4f, abs(Inkabc(2)))
fprintf(’ %11.4f\n’, abs(Inkabe(3)))
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else, end
else, end
else, end
end
ifn==nf
fprintf('%7g',n), fprintf(’ F'),
fprintf(’' %11.4f, Ifabcm(1)),fprintf(’ %11.4f, Ifabcm(2))
fprintf(’ %11.4f\n', Ifabem(3))
else, end
. end
resp = 0; .
while stremp(resp, 'n')~ = 1 & stremp(resp, 'N')~ = 1 & stremp(resp, 'y')~ = 1 & stremp(resp, 'Y')~ = 1
resp = input(NHAP VAO NUT SU CO KHAC? NHAP "y" HOAC "n" ->");
if stremp(resp, n')~ = 1 & stremp(resp, 'N')~ = 1 & stremp(resp, 'y')~ = 1 & stremp(resp, 'Y')~ =1
fprintf(\n NHAP SAI VUILONG NHAP LAI \n\n'), end
end
ifresp=="y'lresp=="Y"
nf = 999,
else ff =0; end
end % end for while

M4 doan chuong trinh lgfault.m

CHUONG TRINH Igfault DUOC VIET NHAM MUC DICH CHO VIEC
PHAN TICH SU CO MOT PHA CHAM DAT TRONG MOT SO DO HE THONG DIEN

[

DAU VAO CUA CHUONG TRNH LA:

-Cac ma tran tong tro thu tu thuan, nghich va khong Zbus1, Zbus2 va Zbus0

-Vi tri nut bi su co

-Va tong tro su co Zf ’

-Dien ap nut truoc su co la ket qua cua bai toan phan bo cong suat

(Neu gia tri nay khong duoc khai bao, chuong trinh tu dong gan cho no gia tri la 1 (dvtd))
* DAU RA CUA CHUONG TRINH LA:

-Gia tri tong cuong do dong dien su co 1 cham dat

-Gia tri dien ap nut sau khi xay ra su co |

-Gia tri cuong do dong dien tren cac nhanh




function Igfault(zdata0, Zbus0, zdatal, Zbus1, zdata2, Zbus2, V)
if exist('zdata2') ~ = 1
zdata2 = zdatal;
else, end v
if exist("Zbus2') ~ =1
Zbus2 = Zbus|;
else, end
nl = zdatal(;,1); nr = zdatal(:,2); 1
nl0 = zdata0(;,1); ni0 = idataO(:,Z); ,
nbr = length(zdata1(;,1)); nbus = max(max(nl), max(nr));
nbr0 = length(zdata0(:,1));
RO = zdata0(:,3); X0 = zdata0(: 4);
Rl =zdatal(:,3); X1 =zdatal(;,4);
R2 =zdatal(:,3); X2 = zdatal(: 4);
“for k = I:nbr0)
if RO(k) = = inf I X0(K) = = inf
RO(k) = 99999999; X0(k) = 99999999;
else, end
end _
ZB1 =RI +*X1; ZB0 = R0 + j*X0,
ZB2=R2 +j*X2;
if exist('V) ==
if length(V) = = nbus
Vo=V,
-else, end
else, VO = ones(nbus, 1) + j*zeros(nbus, 1);
end
fprintf(\nPHAN TICH SU CO MOT PHA CHAM DAT \n')
ff =999,
while ff> 0 ,
of = input(NHAP VAO VI TRINUT BI SU CO. > );
whilenf <=01of>nbus |
fprintf('VI TRINUT BI SU CO PHAI GIUA 1 & %g \n', nbus)
nf = input(NHAP VAO VITRINUT BISU CO. ->);
end _
fprintf(\uNHAP VAO TONG TRO SU CO Zf =R +j*X 0)
Zf = input(DANG SO PHUC. Zf =),
fprintf( \n') -

B
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fprintf('SU CO MOT PHA CHAM DAT TAI NUT. %g\n’, nf)

a= Cos(2*pi/3)+j*sin(2*pi/3);

sctm=[111;1a*"2a;1aa"];

[a0 = VO(nf)/(Zbus1(nf nf)+Zbus2(nf, nf)+ ZbusO(nf, nf)+3*Zf); Ia1 = [a0; Ia2 = [a0:
1012 = [[a0; [al; [a2]; '

[fabe = sctm*[012;

[fabem = abs(Ifabe);

fprihtf('TONG CUONG DO DONG DIEN SU CO = %9.4f dvtd\n\n', Ifabem(1))
fprintf(GIA TRI DIEN AP NUT KHI XAY RA SU CO TRONG dvtd \n\n')
fprintf(’ So ------- Bien do dien ap------- \n")

fprintf(’ Nut. Phaa Phab Phac\n))

for n = I:nbus
Vi0(n) = 0 - ZbusO(n, nf)*1a0;
V{l(n) = VO(n) - Zbus1(n, nf)*lal;
V{2(n) = 0 - Zbus2(n, nf)*a2;
Vabc = sctm*[V{O(n); Vfl(n); V{2(n)];
Va(n) = Vabe(1); Vb(n) = Vabe(2); Ve(n) = Vabe(3):;
fprintf(' %5g'n)
fprintf(’ %1 1.4, abs(Va(n))),fprintf(' %11.4f, abs(Vb(n)))
fprintf(' %11.40\n', abs(Vc(n)))
end
‘fprintf( \n') .
fprintf('GIA TRI CUONG DO DONG DEN NHANH CHO SU CO TAINUT. % g\n\n', nf)
fprintf(' Tu Den ----- Bien do dong dien nhanh---- \n')
© fprintf(’ Nut Nut Phaa Phab Phac\n)
for n = I:nbus
for I= I:nbr
ifnlH)==nlnrl)==n
ifnl(l)==n k=nx(0),
~elseif nr(I) == nk = nl(I);
end
ifk~=0
InK1(n, k) = (VEI(n) - VEi (LY Z1101)
Ink2(n, k) = (VR2(n) - V2 k y7B2(1);
else,end -
else, end
end
for I = I:nbr)




ifol0(l)==nlnd(I)==n
if nl0(I) ==n k =nrO(l);
elseif nr((I) == nk = nl0(]);
end |
ifk~=0
InkO(n, k) = (VfO(n) - VIO(k))/ZBO(D),
else, end
else, end
end
for I = 1mmbr ‘
ifol(D)==nlnr(I)==n
ifnl(I)==n k=nr(l);
“elseif nr(1) = =n k = ni(]);
end
ifk~=0
Inkabc = sctm*[Ink0(n, k); Ink1(n, k); Ink2(n, K)];
Inkabem = abs(Inkabe); th = angle(Inkabc);
if real(Inkabc(1)) > 0
fprintf('%7g', n), fprintf('%10g, k),
fprintf(’ %11.4f, abs(Inkabe(1))).fprintf(' %11.4f, abs(Inkabc(2))
fprintf(’ %11.4f\n', abs(Inkabc(3)))
elseif real(Inkabe(1)) == 0 & imag(Inkabc(1)) < 0
fprintf('%7g', n), fprintf('%10g', k),
fprintf(' %11.4f, abs(Inkabe(1))),fprintf(’ %11.4f, abs(Inkabc(2)))
fprintf(' %11.4f\n’, abs(Inkabc(3)))
else, end .
else, end
else, end
end
ifn==nf
fprintf('%7g',n), fprintf(’ F),
fprintf(’ %11.4f, Ifabem(1)),fprintf(’ %11.4f, [fabem(2))
fprintf(’ %11.4f\n', Ifabcm(3))
 else, end |
end
resp = 0;

resp = input(NHAP VAO NUT SU CO KHAC? NHAP "y" HOAC "n" > );

while stremp(resp, 'n')~ = 1 & stremp(resp, N')~=1 & strcrflp(resp, V)~=1& strcmb(resp, V)~ =1
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if stremp(resp, 'n')~ = 1 & stremp(resp, N)~=1& stremp(resp, 'y')~ = 1 & stremp(resp, 'Y')~ =1

fprintf("\n NHAP SAI, VUI LONG NHAP LAI \n\n'), end

end

ifresp=="y'lresp=="Y'

nf = 999;

else ff = 0: end
end % end for while .

~ Buée 9. Chuyén sang ciia s§ Command Window ciia MATLAB d& thue thi

chuong trinh.

Chii y: Céc dong 1énh va cdc ky tu dugc in d4m va nghiéng 1a cdc dong va ky
tu do ngudi thue thi chuong trinh nhép vao.

Chu y: Trong dif liéu dua vao, zdata 12 mét ma tran n x 4 bao gbém:

- n 1a sé phan t& cda so d6.

+ 4 c6t tuong Ung nhu sau:

C4t 1 va 2: 14 s6 nat cda cdc phan ti

Cot 3 va 4: 1 dién tré va dién khang trong don vi tuong doi tuong ung cia céc
phan t& ' '

Bude 10. Cudi cung, két qua tinh todn duge la:

Trudng hop ngin mach ba pha can biing:

>>71=[0100337
060 0.09475
01100.013
120.1100.029
130.0730.192
160.146 0.385 .
2400.065 :
3500.139
360.088 0.231
6700.104
680.0130.071
6 100.022 0058
8900.069
8100.019 0,107
101100.063];
>>20=[0100.101
0200.166
0300.139




0600.034
0800.069
01000.122
01100.013
120.2800.072
130.1830.481
160.3060.961
24 inf inf
35infinf -
360.2200.577
6 7 inf inf
680.0310.178
6 100.0550.145
8 9inf inf

8 10 0.048 0.268
101100.071];

>12=1l;

>> 71 = zbuild(z1);
>> 70 = zbuild(z0);
> 72=11;

>> symfault(z1,Z1)

NHAP VAO VITRINUT BI SU CO, SAU DO NHAN ENTER DE TIEP TUC-> 1
NHAP VAO TONG TRO SU CONGAN MACH Zf =R + j*X O DANG SO PHUC. Zf = j*0.1

SU CO NGAN MACH DOI XUNG TAINUT 1
TONG CUONG DO DONG NGAN MACH =4.0042 dvtd

GIA TRIDIEN AP NUT KHI XAY RA NGAN MACH TRONG (dvtd)

Nut
So

1
2
3
4
5
6

Bien do GQc

Dienap Do
04004 - 58112
04004 58112

0.6179 1.1425
04004  5.8112
0.6179 1.1425
08820 -14174
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T 08820  -14174
8§ 09004  -14085
9 09004  -1.4085
10 09281  -1.3865
11 09877 -0.2228

GIA TRI CUONG DO DONG DIEN NHANH CHO VI TRI XAY RA SU CO NGAN MACH TAINUT |

Tu To Biendo Goc
Nut Nut Dongdien Do
I F 40042  -84.1888
2 1 0.0000 75.2308
31 L0768 -765139
G 6 12695  -79.5504
6 1 LI836  -76.5837
6 3 10768  -76.5139
§ 6 02549  -80.6051
10 6 07432 -70.0244
108 02549  -80.6051
G 11 09948 727211
1110 09948  -72.7211
Nhap vao mot vi tri xay ra ngan mach moi? Nhan 'y' or 'n' tuong ung voi dong y va khong dong y -> 'y’
NHAP VAO VITRINUT BI SU CO, SAU DO NHAN ENTER DE TIEP TUC-> 6

- NHAP VAO TONG TRO SU CONGAN MACH Zf =R + j*X O DANG SO PHUC. Zf =j*0.1

SU CO NGAN MACH DOI XUNG TAINUT 6
TONG CUONG DO DONG NGAN MACH = 6.7372 dvtd

GIA TRIDIEN AP NUT KHI XAY RA NGAN MACH TRONG (dvtd)

Nut Bien do Goc

So Dienap Do
0.7989  -1.4583
0.7989  -1.4583
0.7419  -0.3945
0.7989  -1.4583
0.7419  -0.3945

L B~ S OO




6 0.6737
7 06737
8 0.7221
9 07221
10 0.7955
1T 0.9650

GIA TRI CUONG DO DONG DIEN NHANH CHO VI TRI XAY RA SU CO NGAN MACH TAINUT 6

1.1275
L1275
0.1091
0.1091

-1.1614
-0.1638

Tu To. Biendo  Goc
Nut Nut  Dong dien Do

0.6005
0.286]
03145
0.2861
0.0000
06923
67372
10 06923
20183

OOC\O\O\U.)»—-»—‘Q
T 00 -0 N N WY e

—
Q=
—_
et N

NHAP VAO TONG TRO SU CONGAN MACH Zf =R + j*X O DANG SO PHUC. Zf = j*0.1

SU CO NGAN MACH DOI XUNG TAI NUT10
TONG CUONG DO DONG NGAN MACH = 6.7824 dvtd

GIA TRIDIEN AP NUT KHI XAY RA NGAN MACH TRONG (dvtd)

27018

11 10 27018 -
Nhap vao mot vi tri xay ra ngan mach moi* Nhan 'y’ or 'n’ tuong ung voi dong y va khong dong y -> 'y’
NHAP VAO VITRINUT BI SU CO, SAU DO NHAN ENTER DE TIEP TUC-> 10

-84.2342
-84.1976
- -84.2674
-84.1976
-90.1000
86.6195
-88.8725
86.6195
-82.7997
-85.4964
-85.4964

Nut - Biendo Goc
So Dienap Do

08753 -

1.7941

08753  -1.7941 -

1
2
3 0838  -1.5007
4

08753 -

1.7941
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5 08384  -1.5007
6 07940  -1.1093
7 07940  -1.1093
8§ 07477  -0.3748
9 07477  -03748
10 0.6782 0.8885
11 09450  0.1091

GIA TRICUONG DO DONG DIEN NHANH CHO VI TRI XAY RA SU CO NGAN MACH TAINUT 10

- Tu To Biendo Goc
Nut Nut Dongdien Do
0.3800  -77.6438
0.1810  -77.6072
0.1990  -77.6770
0.1810  -77.6072 .
2.1817  -85.7354
10 19112 -81.8408
0.6556 87.5785
10 8 0.6556 87.5785
10 11 42370 88.1283
10 F 67824  -89.1115

Nhap vao mot vi tri xay ra ngan mach moi? Nhan 'y' or 'n’ tuong ung voi dong y va khong dong y -> 'y’

D QW — =
AN D N

NHAP VAO VITRINUT BI SU CO, SAU DO NHAN ENTER DE TIEP TUC-> 3
NHAP VAO TONG TRO SU CO NGAN MACH Zf =R +j*X O DANG SO PHUC. Zf = j*0.1

SU CONGAN MACH DOI XUNG TAINUT 3 4
TONG CUONG DO DONG NGAN MACH = 3.5982 dvtd -

GIA TRIDIEN AP NUT KHI XAY RA NGAN MACH TRONG (dvtd)

Nut Biendo - Goc
So Dienap Do

b 0657  -1.0725
206567  -1.0725
3 03598 97067




0.6567

0.3598

4

5

6 08644
7 08644
8 08855
9 0.8855
10 09173
11 09858

GIA TRI CUONG DO DONG DIEN NHANH CHO VI TRI XAY RA SU CO NGAN MACH TAINUT 3

Tu To
Nut

10
10
G 1l
11 10

G 1
1 3
35
3 F
G 6
6 1
6 3
8§ 6

6

8

Nhap vao mot vi tri xay ra ngan mach moi? Nhan 'y' or ‘n’ tuong ung voi dong y va khong dong y -> 'y’
NHAP VAOQ VITRINUT BI SU CO, SAU DO NHAN ENTER DE TIEP TUC-> 4

NHAP VAO TONG TRO SU CO NGAN MACH Zf =R + j*X O DANG SO PHUC. Zf =0
SU CONGAN MACH DOI XUNG TAINUT 4
TONG CUONG DO DONG NGAN MACH =3.6017 dvtd

GIA TRIDIEN AP NUT KHI XAY RA NGAN MACH TRONG (dvtd)

Nut

So Dienap
1 035211
2 02341

-1.0725

9.7067

-1.5421
-1.5421
-1.5463
-1.5463
-1.5416
-0.2453

Biendo  Goc

Nut Dongdien Do
1.0198  -87.9504
15120 -82.7695
0.0000  75.9638
35982 -80.2933
14552 -80.2870
0.5048  -72.2579
2.0886  -78.5010
0.2922  -81.3417
0.8519  -70.7610
02922  -81.3417
1.1403  -73.4576
1.1403  -73.4576

Biendo Goc
Do

203236

29.1610
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3 06915  -10.5072
4 00000  0.0000
5 06915  -10.5072
6 09121  -3.7837
709121 -3.7837
§ 09270  -3.3328
9 092710 -3.3328
10 09494  -26734
11 09912 -04379

GIA TRI CUONG DO DONG DIEN NHANH CHO VI TRI XAY RA SU CO NGAN MACH TAI NUT 4

Tu To Biendo Goc
Nut Nut Dongdien Do

G 1 16095  -70.5054
12 36017  -60.8390
2 4 36017 -60.8390
3 1 09685  -53.1641
4 F 36017  -60.8390
G 6 11419  -56.2006
6 1 10646  -53.2339
6 3 09685  -53.1641
§ 6 02293  -57.2553
10 6 06685  -46.6746
10 8§ 02293  -57.2553
G 11 08948 493712

11 10 08%8  -49.3712

Nhap vao mot vi tri xay ra ngan mach moi? Nhan 'y’ or 'n’ tuong ung voi dong y va khong dong y -> 'n’
>>

Trudng hop ngin mach mét pha cham dat:
>> lgfaul(20,20,21,21,22,72)

PHAN TICH SU CO MOT PHA CHAM DAT
NHAP VAO VITRINUT BI SU CO. > I

NHAP VAO TONG TROSU CO Zf =R + 7*X 0 DANG SO PHUC. Zf = j*0.1




Nut. Phaa
0.4490
0.5165
0.6950
0.5165
0.6950
0.9084
0.9084
0.9246
0.9246
0.9454
0.9906

O OO0 -1 N W B L) B

_—

So -—-Bien do dien ap
Pha b

0.9504
0.9657
0.9519
0.9657
0.9519
0.9737
0.9737
0.9754
0.9754
0.9802
0.9966

Nut Nut Phaa
1 F 44899
2 1 02832
31 09705
6 1 09848
6 3 08303
8 6 02037
10 6 05715
10 8  0.1909
11 10 07533

* SUCOMOTPHA CHAM DAT TAINUT.
- TONG CUONG DO DONG DIEN SU CO = 44899 dvid

- GA TRIDIEN AP NUT KHI XAY RA SU CO TRONG dvid

Phac
0.9400
0.8737
0.9368
0.8737
0.9368
0.9865
0.9865
0.9891
0.9891
0.9940
0.9989

GIA TRI CUONG DO DONG DEN NHANH CHO SU CO TAI NUT. | .

Tu Den ----Bien do dong dien nhanh----
Phab  Phac
0.0000  0.0000
02832  0.2832
0.2369  0.2369
03424 03424
03711 03771
0.0822  0.0822.
02618  0.2618
0.0949  0.0949
03622 03622
NHAP VAO NUT SU CO KHAC? NHAP 'y HOAC o' -> 'y’

NHAP VAO VITRINUT BI SU CO. -> 6

NHAP VAO TONG TRO SU CO Zf =R + J*X ODANG SO PHUC. Zf = j*0.1

SU CO MOT PHA CHAM DAT TAINUT. 6
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TONG CUONG DO DONG DIEN SU CO =7.1162 dvtd

GIA TRIDIEN AP NUT KHI XAY RA SU CO TRONG dvtd

So  -eeem- Bien do dien ap-------

Nut. Phaa Phab Phac
0.8531 09632  0.9745
0.8571 09626  0.9716
08086  0.9624  0.9615
0.8571 09626  0.9716
0.8086 09624  0.9615
07116 ~ 09751 09711
07116 09751  0.9711 -
0.7884 09637  0.9596
0.7884 09637  0.959%
0.8417 09702  0.9745
11 09731 09946  0.9954

O 00 ~1 ON W B LD D)

ot
o)

GIA TRI CUONG DO DONG DEN NHANH CHO SU CO TAINUT. 6

Tu Den ----Bien do dong dien nhanh----
Nut Nut Phaa Pha b Pha ¢
302093 00931  0.0931
6 02741 00587  0.0587
1 00142 00142  0.0142
6 02803 00259 00259
8§ 07238 00333  0.0333
F 71162 0.0000  0.0000
10 04945 02367  0.2367

10 6 1.7082 04251 04251

1T 10 20752 07791 07791
NHAP VAO NUT SU CO KHAC? NHAP 'y’ HOAC 'n' -> 'y’
NHAP VAO VITRINUT BI SU CO. -> 10

OO N O W N e

NHAP VAO TONG TRO SU COZf =R + j*X 0 DANG SO PHUC. Zf = j*0.1

SU COMOT PHA CHAM DAT TAINUT. 10
TONG CUONG DO DONG DIEN SU CO = 6.9731 dvtd




GIA TRIDIEN AP NUT KHI XAY RA SU CO TRONG dvtd

O 00 =3 ON Wb B W b e

—_ O

GIA TRI CUONG DO DONG DEN NHANH CHO SU CO TAINUT. 10

Tu Den

Nut
1
1
2
3
6
8
8

10
10

NHAP VAO NUT SU CO KHAC? NHAP 'y’ HOAC 'n' -> 'y’

Phaa Pha b Phac
09133 09719 09877
09143 09715 09872
08871 09687  0.9802
09143 09715 09872
0.8871  0.9687 - 0.9802
08448 09709  0.9750
08448 09709  0.9750
0.8111 - 09667  0.9667
08111 09667  0.9667
0.6973 09853 09872
09495 0998  0.9970

3
6
1
6

10

6
10
11
F

----- Bien do dong dien nhanh----
Phac

Nut Phaa Phab

0.1258 00604  0.0604
0.1489 00559  0.0559
0.0035 00035  0.0035
0.1427 00439  0.0439
17504 02205 02205
04615 02126 02126
06924 00350  0.0350
38838 04729 04729
6.9731  0.0000  0.0000

NHAP VAO VITRINUT BISU CO. >3

NHAP VAO TONG TRO SU CO Zf = R +j*X O DANG SO PHUC. Zf = J¥0.1 -

SU COMOT PHA CHAM DAT TAINUT. 3
TONG CUONG DO DONG DIEN SU CO = 3.9912 dvtd
GIA TRI DIEN AP NUT KHI XAY RA SU CO TRONG dvtd
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Nut. Pha a Phab Phac -
0.7288 09522  0.9474
- 07421 09501 0.9388
03991 09813  0.9195
0.7421 09501  0.9388
03991 09813  0.9195
0.8939 09735  (.9828
0.8939 09735  0.9828
09134 09739  0.9860
09134 09739  0.9860
10 09370 09789  0.9919
11 0.9892 0.9963 0.9986

O OO0 1 N W AW N

GIA TRICUONG DO DONG DEN NHANH CHO SU CO TAINUT. 3

Tu Den ---- Bien do dong dien nhanh----
Nut Nut Phaa Phab Phac

1 3 13289 03546  0.3546
2 1 00473 00473  0.0473
3 F 39912 0.0000  0.0000
6 1 0380 01750  0.1750
6 3 17411 05778, 05778
8 6 02374 00871 00871
10 6 06560 02891  0.2891
10 8 02168 01073  0.1073

11 10 08589 04061 04061
NHAP VAO NUT SU CO KHAC? NHAP 'y’ HOAC'n' -> 'y’
NHAP VAO VITRINUT BI SU CO. -> 4

NHAP VAO TONG TRO SUCOZf =R +j*X ODANG SOPHUC. Zf=0

SU CO MOT PHA CHAM DAT TAINUT. 4
TONG CUONG DO DONG DIEN SU CO = 0.0000 dvtd

GIA TRIDIEN AP NUT KHI XAY RA SU CO TRONG dvtd
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Nut. Pha a Phab Phac

110000 10000 10000
210000 10000  1.0000
310000 10000 10000
4 00000 17321 17321
510000  1.0000  1.0000
6 10000 10000 10000
710000 10000 10000
8 10000 10000 10000
9 10000 10000 10000
10 10000 10000 1.0000
1110000 10000 10000

GIA TRI CUONG DO DONG DEN NHANH CHO SU CO TAINUT. 4

Tu Den ---- Bien do dong dien nhanh----
Nut Nut Phaa Pha b Pha ¢

1 2 00000 00000  0.0000
2 4 00000 00000  0.0000
31 00000 00000  0.0000
4 F 00000 00000  0.0000
6. 1 00000 00000  0.0000
6 3 00000 00000  0.0000
§ 6 00000 00000 - 0.0000
10 6 00000 00000  0.0000
10 8 00000 00000  0.0000

11 10 00000 00000  0.0000
NHAP VAO NUT SU CO KHAC? NHAP 'y HOAC 'n' -> 'n’

Truong hop ngin mach hai pha:

>> llfault(z1,21,22,22)

PHAN TICH SU CO NGAN MACH HAT PHA
NHAP VAO VITRINUT BISU CO. -> 1

NHAP VAO TONG TRO SU CO Zf =R + j*X 0 DANG SO PHUC. Zf = j*0.1
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SU CONGAN MACH 2 TAINUT. 1
TONG CUONG DO DONG DIEN SU CO =4.3289 dvtd

GIA TRIDIEN AP NUT KHI XAY RA SU CO TRONG dvid

So --ee- Bien do dien ap-------
Nut Pha a Pha b Phac -

1 10000 05191  0.5694
210000 05191 05694
310000 06723 0.6765
4 10000 05191  0.56%
5 10000 06723 06765
6 10000 09074 08773
7 10000 09074 08773
8 10000 09235  0.8942
9 1.0000 09235  0.8942
10 1.0000 09481  0.9200
11 10000 0998  0.9863

GIA TRICUONG DO DONG DEN NHANH CHO SU CO TAINUT. 1

- Tu Den - Bien do dong dien----
Nut Nut Phaa Pha b Phac
1 F 00000 43280 43289
3 1 00000 11641 1.1641
6 1 00000 1279 1279
6 3 00000 1164l 11641
8 6 00000 02756 02756
10 6 00000 08034 08034
10 8 00000 02756  0.2756
11 100 00000 10755 10755
NHAP VAO NUT SU CO KHAC? NHAP 'y' HOAC > 'y
NHAP VAO VITRINUT BISUCO. -> 6

NHAP VAO TONG TRO SUCO Zf =R + J*X O DANG SO PHUC. Zf = j*0.1

SU CO NGAN MACH 2 TAINUT. 6
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TONG CUONG DO DONG DIEN SU CO =8.7972 dvid
GIA TRIDIEN AP NUT KHI XAY RA SU CO TRONG dvid

So - Bien do dien ap-------
Nut Phaa Pha b Phac

1 10000 08026  0.7653
2 10000 08026  0.7653
310000 07349 07211
4 10000 08026  0.7653
5 10000 07349 07211
6 10000 06561  0.6757
7 10000 0.6561 06757
8§ 10000 07107  0.7081
9 10000 07107  0.7081
10 10000 07956  0.7652
10000 09628  0.9386

—_—
—_—

GIA TRI CUONG DO DONG DEN NHANH CHO SU CO TAINUT. 6

Tu Den - Bien do dong dien----
Nut Nut Phaa Pha b Phac

1 3 00000 03736 03736
1 6 00000 04106 04106
3 6 00000 0373 03736
6 F 00000 87972 87972
% 6 00000 09039 09039
10 6 00000 26354 26354
10 8 00000 09039 09039

1110 00000 35279 35279
NHAP VAO NUT SU CO KHAC? NHAP 'y HOAC 'n' -> " -
NHAP VAO VI TRINUT BI SU CO. -> 10

NHAP VAO TONG TRO SU CO Zf =R + j*X 0 DANG SO PHUC. Zf = j*0.1

SU CONGAN MACH 2 TAINUT. 10
TONG CUONG DO DONG DIEN SU CO = 8.8869 dvtd
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GIA TRIDIEN AP NUT KHI XAY RA SU CO TRONG dvtd

So -oee- Bien do dien ap-------
Nut Phaa  Phab Pha c
1 10000 08843  0.8412
2 10000 08843  0.8412
310000 08422 0.8052
4 10000 08843  0.8412
5. 10000 08422  0.8052
6 10000 07925  0.7639
710000 07925  0.7639
8 L0000 07389  0.7265
9 10000 07389  0.7265

—
<

1.0000  0.6611  0.6767
1.0000 09373  0.9392

—
[

GIA TRICUONG DO DONG DEN NHANH CHO SU CO TAINUT. 10

Tu Den ---- Bien do dong dien----
Nut Nut Phaa Pha b Phac
00000 02372 02372
0.0000  0.2607  0.2607
00000 02372 02372
0.0000 08590  0.85%
1000000  2.5043 25043
10 00000 0859  0.85%0

10 F 00000 88869 88869

11 10 00000 55517 55517
NHAP VAO NUT SU CO KHAC? NHAP 'y’ HOAC 'n' -> 'y’
NHAP VAO VI TRINUT-BI SU CO. -> 3

3
6
6
8

0 AN ON W = e

NHAP VAO TONG TRO SU CO Zf =R + j*X O DANG SO PHUC. Zf = j*0.1

SU CONGAN MACH 2 TAINUT. 3
TONG CUONG DO DONG DIEN SU CO = 3.7852 dvtd

GIA TRIDIEN AP NUT KHI XAY RA SU CO TRONG dvtd
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80 ~—--Bien do dien ap----
Nut Phaa Phab Phac
L0000 0729 06928

.

O 00 ~1 O Lh i d W

10000 0729 06928
10000 04970  0.5697

10000 07296 06928
10000 04970 0.5697
10000 08971  0.8634
10000 08971 = 0.8634
10000 09151  0.8821
10000 09151 08821
10 10000 © 09423 09108

11710000  0.9898 09847
GIA TRI CUONG DO DONG DEN NHANH CHO SU CO TAINUT. 3

Tu Den -----Biendo dong dien--
Nut ‘Nut Phaa Phab Phac

1 3 00000 1596 15906
3 F 00000 37852 37852
6 1 00000 05310 05310
6 3 00000 21972 21972
§ 6 00000 - 03074 03074
10 6 00000 08962 08962
10 8 00000 03074 03074

11 10 00000 1199  1.19%
NHAP VAO NUT SU CO KHAC? NHAP 'y’ HOAC 'n’ -> 'y’
NHAP VAO VITRINUT BISU CO. > 4
NHAP VAO TONG TRO SU CO Zf =R +j*X O DANG SO PHUC. Zf = 0

' SUCONGANMACH2TAINUT.4
TONG CUONG DO DONG DIEN SU CO = 3.1192 dvid

GIA TRIDIEN AP NUT KHI XAY RA SU CO TRONG dvtd

S0 ---ee- Bien do dien ap----—-
Nut Pha a Phab  Phac
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110000 07813  0.5449
2 1.0000 04385  0.6244
3 10000 0.8473  0.7067
4 1.0000 05000  0.5000
5 10000 0.8473  0.7067
6 10000 09623  0.9065
7 10000 09623  0.9065
"8 10000 09701  0.9207
9 10000 09701  0.9207
10 1.0000 09820  0.9422

11 10000  0.9967  0.9901
GIA TRI CUONG DO DONG DEN NHANH CHO SU CO TAI NUT. 4

Tu Den ----- Bien do dong dien----
Nut Nut Phaa Phab Pha ¢

I 2 00000 3.1192 31192
2 4 00000 31192 31192
3 1 00000 08388  0.8388
4 F 00000 31192 31192
6 1 00000 09220 09220
6 3 00000 08388  0.8388
§ 6 00000 01986  0.1986
10 6 00000 05789 05789
10 8 00000 0198  0.1986

11 10 00000 07750  0.7750
NHAP VAO NUT SU CO KHAC? NHAP 'y’ HOAC 'n’ -> 'n’

Trudng hgp ngin mach hai pha cham dat:
>> dlgfault(z0,20,21,21,22,72)

PHAN TICH SU CO HAI PHA CHAM DAT
NHAP VAO VI TRINUT BI SU CO. -> I

NHAP VAO TONG TRO SU CO Zf =R +j*X O DANG SO PHUC. Zf =j*0.1

SU CO HAI PHA CHAM DAT TAINUT. 1
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TONG CUONG DO DONG DIEN SU CO = 3.3347 dvtd
GIA TRIDIEN AP NUT KHI XAY RA SU CO TRONG dvtd

AR Bien do dien ap------- _
Nut Phaa Phab Phac

1 09088 03385 03385
2 08586 03804 03894
3 09072 05526 05187
4 08586 03804 03894
5 09072 05526 05187
6 09689 08707 - 08270
709689 08707 08270
§ 09723 08938 08524
9 09723 08938 0854
10 09800 09270  0.8899

11 09%6 09871 09812
GIA TRI CUONG DO DONG DEN NHANH CHO SU CO TAINUT 1

Tu Den --—--- Bien do dong dien nhanh----
nut nut Phaa Phab Pha ¢

I F. 00000 58150  6.1691
21 02135 02135 02135 ’
31 0178 15378 16035
6 1 02581 16882 17454
6 3 02843 15426 15691
§ 6 0060 03657 0372
0 6 01974 10627  1.0845
08 00715 03638 03719

11 10 02731 14215 14510
NHAP VAO NUT SU CO KHAC? NHAP'y' HOAC o' -> 'y’
NHAP VAO VITRINUTBISUCO. >6 -

NHAP VAO TONG TRO SUCO Zf =R +j*X 0 DANG SO PHUC. Zf =j*0.1

SU CO HAI PHA CHAM DAT TAINUT. 6
TONG CUONG DO DONG DIEN SU CO =4.2990 dvtd
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GIA TRIDIEN AP NUT KHI XAY RA SU CC TRONG dvtd
S0 -eeeem- Bien do dien ap-------
Nut Phaa  Phab  Phac

I 09603 06435 05231
2 09579 06451 05254
309510 05394 04636
4 095719 06451 05254
5 09510 05394 04636
6 09660 04299 04299
7 09660 04299 04299
8§ 09505 05040 04537
9 09505 05040 04537
10 09651 ~ 0.6240 . 0.5215

1109939 09239 09129
GIA TRI CUONG DO DONG DEN NHANH CHO SU CO TAINUT 6
Tu Den -----Bien do dong dien nhanh---- ‘
nut nut Phaa Pha b Phac
13 00562 0.7604 0.7580
16 00354 0.8376 0.8348

21 00086  0.008  0.0086
36 00156 07664 - 07584
6 F 00000 178788  18.0992
8 6 00201 1853 18397
106 0258 53638 53655
108 01430 18303 18434

11 10 04707 71674  7.1791
NHAP VAO NUT SU CO KHAC? NHAP 'y HOAC 'n' -> 'y’
NHAP VAO VI TRINUT BI SU CO. -> 10

NHAP VAO TONG TRO SU CO Zf =R +j*X O DANG SO PHUC. Zf = J¥0.1

SU CO HAI PHA CHAM DAT TAI NUT. 10
TONG CUONG DO DONG DIEN SUCO = 41777 dvid

GIA TRIDIEN AP NUT KHI XAY RA SU CO TRONG dvid
So —eme- Bien do dien ap--—----
Nut Pha a Phab Phac
109750 . 07785  0.6692
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O OO0 =~ ON W B LN

09744 07790  0.66%
09680  0.7023 05974
09744 07790  0.66%
09680 07023 0.5974
09661 06139 05187
09661 06139  0.5187
09578  0.5337  0.4693
09578  0.5337  0.4693

10 09832 04178 04178

11 09963 08679  0.8668
GIA TRI CUONG DO DONG DEN NHANH CHO SU CO TAINUT 10
Tu Den ---- Bien do dong dien nhanh----
nut nut Phaa Phab Phac
300362 - 04874 - 04871
00335 05370 0.5347
00021 00021  0.0021
00263 - 04902 04854
0.1274 17590 L7702
1001321 51719 5.14%
10 00209 17858  1.7660
10 F - 00000  18.2812  18.4384
11 10 02833 113882 114932
NHAP VAO NUT SU CO KHAC? NHAP 'y HOAC 'n' > 'y’
NHAP VAO VI TRINUT BI SU CO. -> 3

00 N = O\

1
1
2
3
6
6
8

NHAP VAO TONG TRO SU CO Zf=R + j*X ODANG SO PHUC. Zf = j¥0.1

SUCO HAIPHA CHAM DAT TAINUT. 3
TONG CUONG DO DONG DIEN SU CO =3.0948 dvtd

GIA TRIDIEN AP NUT KHI XAY RA SU CO TRONG dvtd
So -ee- Bien do dien ap----—-
“Nut Phaa~ Phab Phac
1 09151 06455 05572
209051 06511  0.5665
309183 03095  0.3095 -
4 09051 06511  0.5665
509183 03095 0309
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6 09647 08630 08126

7 09647 08630 08126

8 09676  0.8883  0.8405

9 09676  0.8883  0.8405

10 09765 09231 08813

110990 09863  0.9797

GIA TRI CUONG DO DONG DEN NHANH CHO SU CO TAINUT 3

Tu Den ----- Bien do dong dien nhanh----
mut nut  Phaa Phab Phac

13 02749 20284 20830
2 1 0037 00367 00367
3 F 00000 47587 53260
6 1 01357 06650 0.6934
6 3 04480 27727 28804
§ 6 00675 03892 04002
10 6 02242 11260 11677
10 8 00832 03843 04009

10 03149 15040  1.5628
NHAP VAO NUT SU CO KHAC? NHAP y'HOAC 0’ -> 'y’
NHAP VAO VITRINUT BISU CO. -> 4
NHAP VAO TONG TRO SU CO Zf =R +j*X ODANG SO PHUC. Zf = ¢

SU CO HAI PHA CHAM DAT TAI NUT. 4
TONG CUONG DO DONG DIEN SU CO = 0.0000 dvid

GIA TRIDIEN AP NUT KHI XAY RA SU CO TRONG dvid
N\ J— Bien do dien ap-------
Nut Phaa - Phab Pha ¢

1.0000 07813 05449

1.0000 04385  0.6244

10000 08473  0.7067

L5000 0.0000  0.0000

10000 08473 07067

10000 09623  0.9065

L0000 09623  0.9065

10000 09701  0.9207

L0000 09701 09207

\OOO\]O\\J\-BWI\)-—-




10 1.0000
11 10000 A
GIA TRI CUONG DO DONG DEN NHANH CHO SU CO TAINUT 4

0.9820
0.9967

0.9422
0.9901

369

T4t ca cdc két qua nay duge hién thi trong clta s6 Command Window cla

Tu Den ----Bien do dong dien nhanh----

nut nut Phaa Pha b Phac

1 2 00000 31192 31192

2 4 00000 31192 31192

3 1 00000 08388  0.8388

4 F 00000 31192 31192

6 1 00000 09220 09220

6 3 00000 08388  0.8388

8§ 6 00000 0198  0.1986

10 6 00000 05789  0.5789

10 8 00000 0198  0.1986

11 10 00000 07750  0.7750
NHAP VAO NUT SU CO KHAC? NHAP 'y HOAC'n' > 'n"
>>
MATLAB.
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