Chuong 1: Tram bién dp

TRAM BIEN AP

1.1. Gidi thiéu cung

Tram bi€n 4p 14 noi bi€n d6i dién ning tir cAp dién 4p nay sang cAp dién
4p khdc. N6 déng vai trd rit quan trong trong hé thong cung cip dién.

Trong tram bi€n 4p, cdc khi cu dién dugc ndi lai v6i nhau thanh s6 d6 ndi
dién. Yéu cdu clia s d0 ndi dién 1a lam viéc ddm bdo, tin ciy, ciu tao don
gidn, van hanh linh hoat, kinh t€ va an toan cho con ngudi.

Tinh ddm bdo ctia s dd phu thudc vao vai trd quan trong cda hd tiéu
thu, vi du nhu véi hd tiéu thu loai mdt phdi dugc cung cAp bing hai dudng
day tir hai nguén doc 1ap. M&i ngudn phdi cung cip day di cong sudt khi
ngudn kia ngirng 1am viéc.

Tinh linh hoat clia so @6 thé hién bdi kha ning thich tng vé6i nhiéu trang
thdi van hanh kh4c nhau. Do d6 sd d0 phdi cé nhiéu thi€t bi. Nhung sd dd c6
nhi€u thi€t bi thi xdc sudt sy c6 lai ting va do d6 tinh didm bdo lai gidm
xudéng. Vi vay, tuy theo tirng trudng hgp cu thé ma chon sd d@d c6 tinh ddm bio
va linh hoat nhA't dinh.

Ngoaira, cidch bd tri thi€t bi trong so d0 phdi ddm bdo an todn cho nhin
vién van hanh. S6 d6 ndi dién chinh cdu tram bi€n 4p ¢6 nhi€u dang khdc nhau
do su khic nhau vé& phan co nhiét, ch&€ @6 lam viéc, cong suat, vi tri tram bién dp
trong hé thong dién va nhiéu dién kién khdc.

Khi lya chon so @6 d4u dién cin chd y dén dic diém qud trinh tiéu thu
dién ning va ch€ do lam viéc clia tram , vi tri tram trong hé thong dién va so do
phin phdi cong sudt , yéu cau doi v6i may bi€n dp ting 4p hay gidm 4p , cdc
phuong phdp han ch&€ dong dién ngin mach , so d6 thi€t bi phan phdi va nhitng
van dé vé do tin cay.
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Khi phin loai tram bié€n 4p trong cung cip dién ngudi ta c6 nhiéu tiéu chi
khédc nhau: Néu dya vao nhiém vu ngudi ta chia tram bi€n 4p thanh hai loai:

a) Tram bi€n 4p chinh hay con goi 1a tram bi€n 4p trung gian. Loai tram
ndy nhin dién tir hé thdng c6 cip dién 4p tr 35+220kV va dua xudng cip
15+22kV

b) Tram bi€n 4p phan xudng: nhin dién tr cdc tuyén ra clia tram trung
gian va chuyén xudng cAp dién 4p phu hdp véi phu tai.

Xét vé phuong dién ciu tric ngudi ta chia tram bi€n 4p thanh:

a) Tram bi€n 4p ngoai troi: o] tram nay, cdc thi€t bi phia dién 4p cao déu
dit & ngoai trdi, con phin phan phdi dién 4p thap thi dit trong nha hoic dit
trong cdc ti ché tao sin chuyén diing dé€ phan phdi phin ha th€. Xiy dung tram
ngoai trdi s€ ti€t kiém dudc kinh phi xdy dung hon so v6i xdy dung tram trong
nha.

b) Tram bién 4p trong nha: O tram nay, tit c& cdc thi€t bi dién déu duge
dit & trong nha.

1.2. Chon vi tri, so lwgng va dung lugng tram bién ap

Viéc chon vi tri, s6 lugng may bi€n 4p trong tram bi€n 4p cin phdi xem
xét d&n cdc tiéu chi vé kinh t& — k¥ thuit.

Pau tién, vi tri cda tram bi€n 4p can phdi thda cdc yéu ciu co bin sau
day:

+ Gan trung tAm phu tdi, thuin tién cho ngudn cung cip dién dua dén.
+ An toan, d tin cdy cung cip dién cao.

+ DPon gian trong van hanh.

+ Ti€t kiém von dau tu va chi phi vin hanh nhd.

Ngay nay ngodi cdc tiéu chi trén ching ta can phdi quan tim thém dén
y&u t6 van dé ti€t kiém dién ning tiéu thu, cidc yéu cau dic biét nhu c6 khi dn
mon, bui bim nhiéu, moi trudng dé chdy....

Thit hai 12 viéc xdc dinh s6 lugng va cong sudt mdy bi€n 4p trong mot
tram bi&€n 4p chiing ta cAn chd y d&€n mirc dd tip trung hay phin tdn cla phu tdi
trong xi nghiép va tAm quan trong clia phu tdi vé phuong dién cung cip dién.
Bdi 18 s6 lugng may bi€n dp trong tram s& dnh hudng tryc ti€p dén do tin ciy
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cung ciAp dién. Ngoai ra chiing ta can phdi ti€n hanh so sdnh kinh t&- k§ thuat
ngay khi x4c dinh c4dc phuong 4n cung cip dién.

S6 lugng va cong suit clia may bién 4p dudc xdc dinh theo cédc tiéu chi
sau day:

+ An toan, dd tin cdy cao.
+ Hiéu qué vé mitkinh t€&.

Ngoai ra cin luu y dé€n viéc chon lua cdc thiét bi va khi cu dién phai phd
bi€n trén thi trudng, dung lugng clia mdy bi€n 4p trong mot xi nghiép nén dong
nh4t, it chiing loai d€ gidm s6 lugng va dung lugng mdy du phong. Sd db ndi day
cia tram nén don gidn, chi y d&€n viéc phét tri€n clia phu tdi sau nay. Vavan dé
cudi cling 12 ton that dién ning trong qué trinh vin hanh cda tram. Sau day
chiing ta 1an lugt xét cac tiéu chudn dién hinh.

1. Do tin cay cung cip dién

Do tin ciy cung cAp dién (reliability) 12 mdt chi tiéu phu thudc vao nhiéu
y&u t& khdc nhau. Trong gido trinh nay chi d€ cAp mot s6 bién phap ning cao dd
tin cAy ma khong di vé 1y thuyét do tin cay. P& ning cao do tin ciy trong cung
cAp dién chiing ta c6 thé thi€t k& du phong thém mot dudng day phu ndi tir thanh
cdi dién 4p thap nhat clia mot tram dién khic clia xi nghiép né€u xi nghiép c6 tir
2 hai tram tr§ 1én, hodc v€ s6 lugng mdy bi€n 4p trong mdt tram, chiing ta nén
xdy dung thém mdy bi€n 4p du phong, ting cudng mdy bi€n dp lam viéc song
song... V& cong suit, tram bi€n 4p cung cip cho phu tdi loai 1 nén ding it nhit
hai mdy. Trong trudng hdp dung hai mdy khi phu tdi loai 1 ¢6 cong sudt bé hon
hoic bing 50% t6ng cong sudt ciia phu t3i tdng thi chon cong suit mdt may bi€n
ap bing 50% codng suat tdng clia phu tdi. Khi phu tdi loai 1 ¢6 cong sud't 16n hgn
50% tong cong suat phu tdi thi mdi mdy bi€n 4p phdi c6 dung lugng biing 100%
cong sui't tdng clia phu tai. O ch€ do binh thudng ci hai mdy bi€n 4p 1am viéc,
con trong trudng hop su ¢cd mot mdy thi ta s& chuyén tdoan bo phu tii vio mdy
khong su ¢0; khi d6 ta phai st dung kha ning qud tdi clia mdy bié€n 4p hoic ta sé&
ngit cdac ho tiéu thu khong quan trong.

2. Hi¢u qua vé mit kinh t&

Nhan thdy ring tiéu chi ndy trdi ngugc vé6i tiéu chi do tin cdy & trén.
Trong trudng hgp nay ching ta can xem xét vé gid dau tu cho mot KVA, khi d6
trong di€u kién k§ thuat tuong duong nhau thi nén chon loai mdy c6 gid dau tu
cho mot KVA 1a bé nhat. K&t qua cla viéc gidm sd lugng mdy trong tram s€ dua
dé&n don gidn héa ho so dién, tiét kiém dugc thiét bi déng cit, dung cu do ludng
va thi€t bi bio vé.
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Viéc stt dung hgp 1y dung lugng quéd tdi cia mdy bi€n dp cho phép ta
gidm dugc cong sud't dit va do d6 ti€t kiém von dau tu.

Cong suit dinh mitc clia may bién 4p thay d6i theo nhiét d6 mdi trudng
xung quanh. Trong tru6ng hgp nhiét d60 cua moi trudng lam mat khdc véi gia tri
dinh muc, thi gid tri cda cong suit dinh mic can phdi hiéu chinh. T4t cd cdc mady
bi€n 4p lam viéc & nhiét do trung binh hiing nim 16n hon 5 d6 C déu phai hiéu
dinh theo biéu thic sau:
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Hinh 1.1: Mdi quan hé giita o va thdi gian qua tdi

Khi moi trudng dit may c6 nhiét do cuc dai 16n hon 35 d6 C thi ta phdi
hiéu dinh thém mot 1dn nita, khi d6 ta dugc dung lugng da hiéu dinh hai 1an la:
5 6., -35

, 0., —
S m c=S m 1' tb 1_ od 12
dmhc=Sdm( 100 ) 100 ) (1.2)

(G day:0cq1a nhiét d6 cuc dai clia moi trudng dit may vdéi :

35°C <Bcq <45°C (1.3)
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Nhitng cong thitc néu trén:(1.1) va (1.2) ¢6 gi tri d6i véi cdc may bi€n dp cé
cudn day dudgc lam mat ty nhién trong dau hoic dudc lam mat ty nhién trong
diu c6 thém thdng gié cudng bic.

Thuc t€, mdt s6 phu tdi c6 sy chénh 1éch cong suit giita cdc mua dic biét
12 gitta mia dong va mua heé. Bén canh dé cdc mdy bi€n 4p déu c6 kha ning
cho phép qud tdi trong thdi gian nhat dinh. Vi vdy khi chon mdy bi€n 4p cho
tram chiing ta can lvu ¥ dén vdn dé nay. Theo tiéu chuidn ctia Nga thi c6 cédc
cach chon dung lugng theo qua tai nhu sau:

a) Qui tic 3%

Pay 13 qui tic qué tdi cho phép dua trén cd sd thay d6i phu tii hing ngay:
khi dudng cong dd thi phu tdi hiing ngay clia mdy bi€n dp c6 hé s& dién kin (kax)
bé hon 100%. Theo qui tdc nay thi khi gidm 10% ctia hé s& dién kin sé& cho phép
qud tai 3% so v6i cong sudt dinh mic. Lugng qud tdi % cho phép (m3%) trong
trudng hgp nay dugc xdc dinh theo cdng thirc:

100—k,, %

m3%=3
10

(1.4)
Qui tic nay chi 4p dung khi nhiét d moi trudng xung quanh mdy bié€n 4p
khong qud 35°C.

b) Qui tic 1%

Pay 1a qui tic dya trén co s non tdi trong thdi gian miia he. N&€u phu tai
trung binh cyc dai hing ngay trong cdc thiang 6,7,8, ctia mua he nhd hon cong
sud't dinh mitc cia mdy bi&n 4p, thi khi can thi€t trong nhitng ngay mia dong cé
thé cho phép qud tdi 1% d6i véi mdi phin trim non tii clia muia he. Nhung mic
qué tdi toi da khong qua 15%. Téng quét cong thifc xdc dinh lugng qud tdi cho
phép (m1%) trong trudng hdp nay dudc xdc dinh:

P

m1%= 100 "tn ~ Prowxnn (1.5)

dm
0] day Pmaxmn 12 cOng suat cuc dai clia nhitng ngdy mua he.

K&t hop ca hai qui tic nay lugng cho phép qud tdi tdng m% =m3% +m;%
khong dugc phép vugt qua 30% doi véi cdc mdy bi€n dp dit ngoai trdi va 20%
ddi v6i cdc mdy bi€n 4p dit trong nha. Hinh 1.1 trinh bay quan hé giita hé s6

o I s (o o- 4
qud tal o =" va thdi gian qua tai cho phép tqecp.

dm
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Bdng 1.1: M&i lién hé giita tqcp va hé s6 qué tai o

Hé s6 qu tai Thai gian qua tai cho phép (phiit) cia MBA
@ Lip dit trong nha Lip diit ngoai troi
1.3 60 120
1,6 15 30
1,75 8 15
2,0 4 7.5
2,4 2 35
3,0 1 1,5

Mitic d6 qua tai va thoi gian qud tdi n6i trén l1a &ng vdi trang thdi lam viéc binh
thudng clia may bi€n 4p. Trong trang thidi mang dién bi sy c6 mdy bi€n 4p cho
phép qud tdi I6n hon. Bdng 1.1 dwa ra mot s6 gid tri khd ning qud tdi lic sy cd
clia mdy bi€n 4p diu 1am madt ty nhién hoic bing quat.

¢) Qu4 tai cho phép trong trudng hgp phu tdi khong déi xitng:

Trong mot sd trudng hdp cdc xi nghiép c¢é phu tdi mot pha, may bién dp
cia xi nghi€p d6 c6 khd ning lam viéc vdi phu tai khong cian bing gifta cdc pha.
Trudng hgp nay ching ta khong chon dung lugng mdy bi€n dp theo pha cé phu
tdi 16n nhat ma chon theo mot phu tdi tinh todn nhé hon dé may bi€n dp dugc
van hanh qud tdi trong pham vi cho phép. Khi dé, ti s6 giua dong dién pha A c6
phu tdi 16n nhat cho phép va dong dién pha dinh mic clia mdy bi€n dp dugc x4c
dinh theo biéu thic:

l, _ 1525 (1.6)

Idm | 2 | 2
1+ 0,45{1+(|bj J{IC) }
& day Ip, Ic 1a dong dién pha b va ¢ cia mdy bié€n 4p trong trudng hop tai khong
déi xitng.
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3. X4c dinh dung lugng t6i vu ctia m4 bién 4p phan xudng

Tén tha't dién ning trong may bi€n 4p dudc tinh theo cong thic :

S 2
AABA=APozt+APNz(S—mJ - (1.7)

dm

Trong d6: APy 13 téng ton that cong sudt tic dung khong tii k€ cd phin do
cong sudt phan khang giy ra, (kw). APxy 14 tong tdn thit cong suit ngdn mach
k& ca phin do cong suat phdn khiang giy ra, (kw ) dudc xdc dinh nhu sau:

APoy=APo+kikiAQo (1.8)
APNy=APN+kiAQN (1.9)

Trong d6 ki 12 duong lugng kinh k€t ctia cong sudt phdn khdng, diy chinh la
lugng cdng sudt tdic dung mat trong luGi d€ truyén tai cong suat phan khang. Gid
tri cda ki thudng nim trong khodng 0,02 dén 0,15 va dugc 14y trung binh 1a 0,1.
Trong cong thitc (1.7), t 1a thdi gian van hanh mdy bién 4p (thudng 14y bing
8760 gid ), T 1a thdi gian chiu ton thdt cong sudt 16n nhat tinh bing gid va Sy,
Sam 12 cOng sud't phu tdi va dung lugng dinh mic cia mdy bi€n 4p tinh bing
KVA. Tir biéu thifc trén ta thi'y ton thit dién ning trong may bi€n dp khdng chi
phu thudc vao tham s cila m4ay bi€n 4p ma con phu thudc vao ch& d6 van hanh
ctia né. Hinh 1.2 trinh bay quan hé AApa va Sgm. Khi Sy ,t khong d6i va t
=8760(h) thi dudng cong AApa c6 mot cuc ti€u, tir day ta tim dugc dung lugng t61
wu cia may bi€n 4p wng véi di€m cuc ti€u clia dudng cong AApa=f(Sdm).

A AABA
AABA
APos.t
S 2
APNz(—th T
Sdm
Sti wu SVdm

Hinh 1.2: Mdi quan hé giita ton th't dién ning va
cong suit clia may bién 4p
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Hinh 1.3 trinh bay quan hé giita ton that dién ning ciia may bién dp véi
ch&€ @6 van hanh clia clia may bi€n 4p dugc thé hién & thdi gian t. Thdi gian T 12
thdi gian chiu tdn that cong suit 16n nha't phu thudc vao thdi gian sit dung cong
sut 16n nhat Tmax v cos@ clia phu tai.

Hinh 1.3 cho thAy mdy bi€n 4p cang van hanh day tdi tifc 1A T cang ting,
thi dung lugng t6i vu clia may bi€n 4p cang ting. Dung lugng t6i vu clia may
bi€n 4p 12 dung lugng thda man diéu kién phat néng va diéu kién tdn that dién
niing trong mdy bi€n 4p 1a nhd nhat.

Tém lai: Khi chon s6 lugng va cong suit clia mdy bi€n dp trong tram bién
ap phan xudng, ta phai thyc hién nhu sau:

AABA A

T1 < T2 <T3 T1

\ T2

Stéi vu 1 Stéi wu 3
Sti w2
Hinh 1.3: M&i quan hé giita ton thit dién ning
va ch& dd van hanh

-X4c dinh s6 lugng mdy bi€n 4p (modt hay hai ), thy thudc vao mitc do
quan trong va yéu cau clia hd tiéu thu.

-X4c dinh cong suit, dién 4p theo diéu kién van hanh t3i wu (chi phi vin
hanh bé nhi't ) ddng thdi ciing can lvu ¥ dé€n viéc han ché& ching loai miy bién
ap.

-Ki€m tra cong suat cia mdy bi€n 4p dudc cho, theo quan di€m kha ning

qud tdi cia may bi€n 4p con lai khi c6 mdt mdy bi sy c6 trong tram.

-Ki€m tra kha ning ddm nhan khi phu tdi ting 1én theo yéu ciu phat tri€n
trong tuong lai.

-Kiém tra xem tri s6 dong dién ngdn mach & phan dién 4p thiap c6 thich
ng v&i nhitng dic di€m clia khi cu dién dudc b tri hay khong.

12
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1.3. So do ndi day ciia tram bién ap
S0 dd ndi diy clia tram bi€n dp thda min cdc diéu kién sau day :
+P34m bdo dd tin cdy cung cAp dién theo yéu cau clia phu ti.
+ R0 rang, thuin tién trong van hanh va x{ Iy lic c6 sy ¢d xdy ra .
+ An toan trong van hanh va khi sita chita .
+ Hop 1y vé kinh t&, trén co s ddm bdo cdc yéu ciu ky thuat.

Trong thyc t& khé cé thé thuc hién déng thdi cdc yéu cau trén, ching ta
cAn phai so sianh toan dién trén quan di€m 1¢i ich 1au dai cda phu tdi va Idi ich
chung clia cd nén kinh t&.

1.3.1. Tram bié€n 4p ha 4p trung gian hay tram bi&n 4p ha 4ap chinh

So db noi diy phia so cap trong tram ndy phu thudc vao nhiéu thong so:
dién 4p cung c4Ap dua dén, cdng suit va sd lugng may bi€n dp, ch& do lam viéc
va mifc do bdo dim yéu ciu cda hd tiéu thu, c6 tram phat dién riéng khdng, so
dd phan phdi & bén trong xi nghiép, chuong trinh phdt trién clia xi nghiép v.v...
Do vay, c6 rit nhiéu phuong dn d€ gidi quyét va ciing rit khé dé chon dudgc
phuong 4n thda man ddy di cdc yéu cau néu trén .

Thong thudng cdc tram nay dudc thuc hi€én theo cdc dang sau :

+ NOi dén hé thong 16n bing mdt hay hai 16 véi dién 4p dinh mitc nhu
35kV, 110kV va 220k V.

+ Phia dién 4p tir hé thong dua dén , ngudi ta ¢ thé diing so dd khong c6
thanh cdi (khdi don hay hai khdi , ¢6 hay khong c¢6 mdy cit phan doan).

+ Phia thit cAp (phia dién d4p phan phdi ) ngudi ta dung sd d6 vdi thanh
cdi don hay thanh cdi kép.

+ SO lugng mdy bién 4p dugc bi€n thién gifta mot va ba va thong dung
nh4t 1a tram v6i hai may bién 4p.

C4c tram tudng Gng nhitng diéu kién bdo ddm yéu cau tot nhi't cia hd tiéu thu
loai 1. Hay gidp nh4t 1a tram ha 4p vd&i hai mdy bi€n dp. Nhitng tram nay dugc
n6i d€n hé thdng ning lugng bing hai 1.

13
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Trén phan dién 4p phia sd cAp, ngudi ta diing s6 dd ¢c6 mot thanh cdi , khi
tram cé hai mdy bi€n 4p va hai 10 dua dén ngudi ta thich ding s6 d6 hinh H
kinh t&€ hon so véi s6 d6 khong thanh c4i.

Trén phin dién 4p phia thit cap, thong thudng ngudi ta dung sd dd thanh

Lo
— =
1

|
o
i

=]

(a) (b)

Hinh 1.5: S6 d6 tram phan phdi chinh

cdi don hay thanh cdi kép ( c¢6 phin doan hay khong phin doan tly theo s&
lugng dudng day tir cac hd tiéu thu ndi dén thanh céi hoic tly theo c6 can thiét
han ch&€ dong ngdn mach hay khong v.v ..) vi trong nhiéu trudng hgp tir thanh cdi
nay ngudi ta ti€n hanh phan phdi dién ning dén cdc phan xudng cla xi nghiép.
Hinh 1.4 gi6i thiéu so dd mdt sd tram ha dp v6i hai mdy bi€n 4p. Hinh 1.4d gidi
thiéu sd dd cia mdt tram bi€n 4p c6 phia dién 4p thit cAp 12 hé thong thanh hai
cai. Phuong 4n tram bi€n d4p v6i s6 lugng mdy bi€n dp 1a 3 hay 4 rt it gép.

1.3.2. Tram phan phéi

i

4@%@4@&
c

o) o
®
e-(D-=

Fiig e T 1
A A s
it =
g 0 @ @

g 0
@ @ I
L] L]
g 0 T @

—— (b) Y IO T
g g Jdudu & & & %
cr Rk "

Hinh 1.4: SO d0 mot s6 tram bi€n 4p chinh thudng gip
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Trong thuc t€ ngoai cdc tram bi€n 4p c6 chic ning thay ddi dién 4p va
phan phdi thi ¢6 mdt loai chi gitt vai trd phan phdi ning lugng dién ma ngudi ta
goi chung 1a tram phan ph6i. Tram phan phdi dudc chia 1am hai loai 12 tram
phan phdi chinh va tram phan phdi trung gian hay con goi 1a tram phan phdi.
Trong tram phan phdi chinh ngudi ta thudng diing s d6 mot hay hai thanh cdi c6
mdy cit phan doan. Khi s& lugng cdc tuyén ndi dén thanh cdi qud nhiéu thi
chiing ta phdi tim cdc phuong 4n dé han ch& dong dién ngin mach, mot trong
nhitng bién phdp thudng hay thyc hién 12 dung khiang dién. Sd d6 dié€n hinh cda
tram nay dugc minh hoa & hinh 1.5.

D6i v6i cdc xi nghiép cong nghiép cé phu tai phan tdn rdi rdc do mot s6
nguyén nhin nao dé thi cdc tram bi€n 4p phan xudng khdng cung cip truc tiép
ma phdi qua cdc tram trung gian. Vi nhu viy s€ gidm lugng kim loai mau tiéu
ton doi v6i day din va 1am don gidn héa sd dd dién tram phan phdi chinh. Tram
phan phdi trung gian nhan dién ti cdc 10 ra clia tram phan phdi chinh. Hinh 1.6
mo t4 mot tram phan phdi trung gian dié€n hinh.

4[:19%
T

Hinh 1.6: S6 d6 tram phan phoi trung gian

1.3.3. Tram bién 4p phan xuéng

Tram bi€n d4p phdn xudng nhan dién tr 10 ra cla cdc tram bi€n 4p ha dp
trung gian. Thong thudng dién dp ngd ra cla tram bién 4p phin xudng & Viét
Nam 12 0,4kV. Ngoai ra mdt sO trudng hgp dic biét c6 thé ¢6 3,3kV; 6,6kV.... So
dd k€t cau cla tram loai nay khd don gidn, khong st dung thanh cdi (ngoai trir
trudng hgp s6 lugng mdy bi€n 4p 16n hon ba). Tram bi€n d4p phan xudng c6 mot
mdy bi€n 4p thudng ding dé cung cip cho phu tdi loai hai hoic ba ngoai trir
trudng hgp c6 dudng day dua dién dp thap tir noi khdc d€n va x4y dung hé thong
tu ddong déng ngudn dy phong. Theo quan di€m k§ thuit thi phia so cAp clia mdy
bi€n 4p trong tram loai nay dugc ndi d€n dudng diy cao th€ thong qua may cit
va dao céch ly. Tuy nhién trong thuc t€ do van dé kinh t& va mot s6 yéu cau ky
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thuat nén ngudi ta c6 thé k&t ndi thong qua dao cdch ly va cau chi (hay ding cho
ho tiéu thu loai 3) hodc dung t§ hdp dao cich ly, cAu chi va mdy cit phu tdi
(mdy cit phu tdila loai mdy cit chi c6 kha ning cit & di€u kién dong dién binh
thudng ma khdng c¢6 khd niing cit § trang théi sy ¢d). Trong trudng hgp ndy may
cit phu tdi c6 ciu tao don gidn, viéc cit su co do cau chi ddm nhan.

Trudng hgp tram bi€n 4p c6 nhiéu mdy bi€n 4p. Pay 1a tram c6 thé phuc
vu cho ti't cd cdc loai phu t3i. So do diu day trong trudng hdp nay phu thudc vao
s0 luong mdy bi€n dp, mitc do an toan va do tin cay cung cip dién.

1.4. Van hanh tram bién 4p

Tiéu chi dit ra trong qué trinh van hanh tram bi€n 4p 12 ddm bio cuc ti€u
ton that cong sud't trong tram & céc trang thdi tdi khac nhau. Tuy nhién ching ta
can phdi quan tim dé&n tin sudt dong cit clia thiét bi trong tram do qud trinh van
hanh, bdi 1& diéu nay sé dnh hudng truc ti€p d€n tudi tho cia ching. Tén that
cong sudt tic dung trong may bi€n 4p dugc xdc dinh theo bi€u thifc:

S 2
APBA=APo3z+APNy (S_pt] ( 1.1 0)

dm

2
dm

Né&u dit a=APoy va b=% phuong trinh (1.10) dudc viét lai nhu sau:

APpa=a+b.S% (1.11)

& day a>0, b>0 1a cdc tham s6 phu thudc vao cic thdong s6 cia mdy bién 4p.
Nhu vay, tdn thit cong suit trong may bi€n 4p 12 ham bac hai theo cong suit
phu tdi qua né. Bai todn van hanh tram bi&€n 4p chi dit ra khi tram bié€n 4p c6 it
nha't hai mdy lam viéc song song. Khi d6 mdi mdy bi€n dp s& c6 mot aj, b va v6i
gia tri phu tai Sichiing ta s& c6 mot tdn that AP; tuong ng. Pudng cong ton thi't
cong suit theo cong sudt tdi trong trudng hop nay 1a parabol. Viéc van hanh
song song cdc mdy bi€n 4p trong tram s& c6 1di bit dau tir di€m giao nhau clia
cdc dudng AP;. Trong trudng hop tdng quit c6 n mdy c6 cling thong sd trang thai
va cong sudt lam viéc song thi bi€u thifc ton tha't dugc xdc dinh nhu sau:

APpa=n.a + b.S% (1.12)
n

Nhu vay, trong trudng hdp tdng quét tir trang thdi n may dang lam viéc
song song néu cdng suit phu tdi thay ddi thi viéc déng thém mdy thi n+1 (hay
cit bdt may thi n-1) s& hiéu qua nhat khi cong sudt phu tdi bit diu giao diém
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clia hai dudng cong ton tha't tng v6i hai trudng hop n va n+1 (hay n-1) mdy 1am
viéc song song G trén, nghia la:

na+ 2bS% = (n+1)a +——bS%y (1.13)
n n+1

Gidi phuong trinh (1.13) theo Sy ching ta tim dudc gid tri phu tdi toi vu:

Spitw = sdmw/%n(n 1) (1.14)

Mot thuc t€ can quan tdm 13 cong suidt clia phu tii thay d6i lién tuc theo
thdi gian va do d6 n€u van hanh hoan toan theo tiéu chi vira néi § trén s& din
dé&n viéc déng cdt nhi€u lan cdc thi€t bi d6ng cit trong tram ciing nhu giy phic
tap cho nhan vién van hanh. Chinh vi vay, trong thyc tién van hanh ching ta
phdi vin hanh theo phu tdi trung binh. Viéc xdc dinh cdc khodng thsi gian dé
tinh cong sui't phu tdi trung binh phu thudc vio dic di€m ciia dd thi phu tai.

1.5. Mot so vi du
Vidu 1.1

Mot tram bi€n 4p cung cAp cho mot phu tdi xi nghiép dit hai mdy bi€n 4p
400KVA —15/0,4KV véi céc thong s6 tra dugc nhu sau APo=2kW, APx=8kW,
i0%=10%, Un%=5% (Sinh vién c6 tu tra trong catalogue mdy bié€n 4p ). Khi cong
sudt phu tdi thap chi c6 mot mdy bi€n 4p 1am viéc. Hay xdc dinh ldc bit dau tir
mot gid tri phu tdi t6i vu theo quan di€m tdn tha' thi ta d6ng may bi€n dp thit hai
(I&y ki =0,1).

Giai:
1 0
Ta ¢6: AQu="2s. =% 400=40kVAr
100 100
U, % 5
AQn=-1"5 =2 400=20kVAr
Av=T00 > = 700
Suy ra: a=APoz=APo+kxAQo =2+0,1.40=6kW

b= APny=APn+kiiAQn  =8+0,1.20=10kW
Tu cong thitc (1.14) v6i n=1 ta dudc:

Spiu=438kVA
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Vi du 1.2:

Mot may bi€n 4p ba pha lam viéc véi tai khong doi xitng vdi ty s6 dong
dién trén cdc pha nhu sau: Ip=I=0,75I,. Hiy xdc dinh dong dién qua tai cho phép
16n nhat & pha A.

Giai:
Ap dung cong thirc (1.6) ta c6:

l, _ 1525 109

" feosdu (o] (1]

nhu vdy dong dién qué tdi 16n nhat trén pha A 1a I,=1,09I4m

Vidu 1.3:

Mot phu tdi bao gdm loai 1 12 S00KVA va loai hai dudc 14y dién tir thanh

+ S(kVA)
1500} =< <mommmm
110070 PR I .
800 }--oomno- . i
500 . |
760 1260 1760 8760y

cdiha 4p (0,4KV) cia mot tram bi€n dp. P thi phu tdi nim nhu sau:

Tram bi€n 4p clia phu tdi gdm hai mdy bi€n 4p 750kVA — 15/0,4kV dudc tra
céc thong s6 nhu sau: APo=3,2kW, APx=12kW, ic% = 5,5%, Un% =5,5%; 14y ki
= 0,12. Hiy xdc dinh cong sudt t6i vu d€ van hanh hai mdy song song. V&
dudng cong ton thit cong sudt cho mdi mdy va hai mdy van hanh song song va
xdc dinh cdc gi4 tri ton that tuong Gng.

Huéng din:
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Tinh todn twong tv vi du 1.1 ta dudc Spw=735kVA. TUr cdc két qua clia gia
thiét ta c6 a, b tng vdi cdc gid tri khdc nhau tir d6 vé cédc parabol tuong tng theo
bi&n Sy tir d6 tly theo cdc gia tri phu tdi ma xdc dinh tdn thi't theo dd thi.

1.6. Bai tap

Bai tap 1.1: Mot mdy bi€n 4p 3 pha 400kVA, dién 4p dinh mic 15/0,4kV
cung cap cho céc phu tdi mot pha 230V nhu sau: pha A P=80kW, cosp=0,75; pha
B P=80kW, cosp=0,75; pha C P=160kW, cosp=0,75. Do dic diém riéng ma pha
C hay bi qu4 tdi. Hay xdc dinh lugng cong suit qué tdi 16n nhat trén pha C trong
khodng thdi gian cho phép clia may bién 4p.

Bai tap 1.2: Mot tram bi€n 4p cung cAp cho mdt phu tdi xi nghiép dit hai may
bi€n 4p 630KVA —15/0,4KV v6i cdc thong s6 tra dudc nhu sau AP¢=2,5kW,
APN=11kW, ic%=9%, Un%=5.5%. Khi cong suit phu tdi thdp chi c6 mdt may
bi€n 4p lam viéc. Hay xdc dinh lic bit dau tir mot gid tri phu tdi tdi vu theo
quan diém ton thi't thi ta d6ng mdy bié€n 4p thit hai (1dy ki =0,11).

Bai tap 1.3: Mot mdy bié€n 4p ba pha lam viéc vdi tdi khdong doi xitng véi ty s6
dong dién trén cac pha nhu sau: [,=I.=0,6I,. Hay xdc dinh dong dién qua tai cho
phép 16n nhi't & pha B.

Bai tap 1.4: Mot phu tdi bao gdm loai 1 1a 750KVA va loai hai dugc 14y dién

+ S(kVA)
1750} =< mcmmmme-

1200} -----
1000--;r____=

700 [oo.__ g I

500 1000 8000 8760

tif thanh cdi ha 4p (0,4KV) clia mot tram bién 4p. P thi phu tdi nim nhu sau:
Tram bi€n 4p cda phu tdi gom hai mdy bi€n 4p 1000kVA — 15/0,4kV dudc tra
ciac thong s6 nhu sau: APo=4kW, APx=15kW, 0% = 5%, Ux% =5,5%; 14y ki =
0,12. Hiy xdc dinh cong suat tdi vu d€ van hanh hai mdy song song. V& dudng
cong ton thit cong sudt cho mdi may va hai mdy van hanh song song tir d6 xdc
dinh cdc gid tri ton thi't tuong @ng.
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TINH TOAN TON THAT O
CHE PO XAC LAP TRONG
CUNG CAP PIEN

2.1. Gidi thi€u chung

Tinh todn ton thit trong cung cip dién bao gdm tdn thit dién 4p, ton that
cong sudt va ton thit dién ning d€ phuc vu cho viéc quy hoach, thi€t k€ va
van hanh ludi dién. Trong quy hoach thi€t k&€ 1a viéc lwa chon cdc phuong 4n
phét trién ludi dién, chon cic thi€t bi cho 1u6i nhu day din, thi€t bi bu, thi€t bi
déng cit va bdo vé.... Ludi dién thi€t k€ phdi thod min cdc diéu kién k§ thuat
nhu kha ning tdi theo dién 4p va phdt néng thod min cdc yéu cau cda phu ti
trong ch€ dd lam viéc binh thudng va su c6. Tn that cong suat va ton that dién
ning 12 hai chi ti€éu kinh t&€ quan trong tham gia ham muc tiéu kinh t€ dé lya
chon phuong 4n t6i wu.

Trong van hanh luéi dién ching ta phai ki€m tra tinh trang k¥ thuit va kinh
t&. Vé k¥ thuat, ki€ém tra cdc phan t¥ nhu day din, mdy bié€n 4p, ..., theo diéu
kién phatnéng. Ki€m tra lu6i dién theo di€u kién ton thi't dién 4p. V& kinh t&
ton tha't cong sud't va tdn that dién ning néu qua 16n vugt qua gid tri cho phép thi
phai c6 bién phdp cdi tao.

20



Chuong 2: Tinh todn ton thit trong cung cdp di¢n

Viéc tinh todn ding tinh trang cida lugi dién rat khé khin do thi€u cdc
cd s§ sO liéu cung vdi sy bi€n thién lién tuc cdc thong sd clia phu tdi, cho nén
trong cung cAp dién ngudi ta chi yéu cdu tinh gin ddng nhit né€u c6 thé. Né&u
tinh khong ding s& din dén ddnh gid sai vé tinh trang 1uGi dién, tir d6 din dén
ton that kinh t&€ trong van hanh ciing nhu quy hoach, thiét k€. Vi du: néu tén
that dién 4p thyc clia ludi dién 1a 5,5% ma tinh sai thanh 6,5% thi sé din dén
cditao Iu6i sém 1 ndm, hay la n€u dong dién thyc trén 1 dudng day la 200 A
ma tinh ra 12 300 A s& din dé€n ddy din dugc chon 16n hon 30% so v6i can
thiét.

Trong lu6i phan phdi hién dai cdc tram trung gian déu trang bi thiét
bi di€u chinh dién 4p duéi tdi, di€u nay cho phép tdch lu6i phan phdi ra
khéi lu6i truyén tdi, ludi phan phdi dugc tinh todn ddc 1dc 1dy tir dau ra
clia mdy bi€n 4p trung gian, tai trong ludi phan phdi dugc thay bing cong
suat yéu cau khong d6i hoic bién ddi theo dic tinh tinh (dd thi phu tai
qui ddi). N€u mdy bi€n 4p trung gian khdng c6 kha ning di€u chinh dién 4p
du6i tdi thi phdi tinh lu6i phan phdi cing véi 1udi tuyén tdi d€n tram khu
vuc c6 diéu dp dudi ti.

Trong mot s6 bai todn can xét d&€n tdn that cong sudt va tdn that dién
ning trong mdy bi€n 4p ngudn nhu bai todn bl, baitodn gidi tich c6 xét dén kha
ning tdicda mdy bi€n 4p ngudn thi phdi tinh d&€n so d6 may bi&n 4p trung gian,
dién 4p ngudn dugc chuyén vé phia tru6c thong s mdy bi€n 4p trung gian.
Viéc ndy lam phifc tap bai todn rdt nhi€éu cho nén néu that can thi€t méi 4p
dung.

Tém lai, néu khong xét d&€n mdy bi€n 4p ngudn va mdy bi€n 4p ngudn c6
diéu 4p dudi tai thi don vi lu6i phdn bd doc 1ap d€ tinh todn 13 mot xuit tuyén
clia tram trung gian (con goi la mot truc 10, mot 15, mot dudng day) vi sy bién
ddi dong, 4p clia cic xudt tuyén doc 1ap v6i nhau. Trén mot xud't tuyén cé thé
c6 nhiéu thi€t bi phan phdi khidc nhau: diy din cdc loai, MBA phan phdi, may
cit, dao cdch ly, tu bu,..., goi chung 1a cdc phﬁn td 1udi, trong d6 doan dudng
day gifta hai di€ém diu phu tdi hodc nhdnh ré k& ti€p goi Ia doan ludi hay
nhanh Iudi, trén d6 dong dién c6 gid tri khong ddi. Poan 1u6i 1a phan tif cd s&
trong gidi tich Iudi phan phdi.

Né&u ché @6 can giai tich 1a ba pha ddi xt@ng thi ding sd dd mot sdi, con

néu ché& dd can giai tich 1a khong ddi xing thi phdi ding so d6 ba pha.

Trong tinh todn lu6i phan phdi d€ d4nh gia 4nh hudng clia n6 d€n kha
ning ctia ngudn dién thi chiing ta phai tinh ton thit cong suit § thdi di€m max
cia nim cla hé thong dién.
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Cudi cling, ching ta cAn tinh tdn thit cong suidt & ch€ 46 max chung cida
1u6i phan phdi @€ danh gid 4dnh hudng clia ludi phan phdi dén kha ning phat
clia ngudn, kha ning tai cia ludi truyén tai,..., bdi vi chi trong ché d6 max cda
hé thong ton thit cong suit clia ludi phan phdi mdi c6 y nghia. Viéc tinh tén
thdt dién ning nhim dinh gid kinh t& ludi phan phdi. Ton thit cong suit cia
toan 1u6i 13 tong tdn that cong suit cla cdc phan ti 1uGi.

Thdi di€m x4y ra ch€ dd max clia toan Iu6i phan phdi va thdi diém x3y
ra ch€ d0 max riéng cla tirng phan t& 1u6i n6i chung khong tring nhau vi déu
phu thudc vao ch€ do max clia phu tdi ma ché do lam viéc max clia cdc phu tai
khong tring nhau. Nhu viy, bai todn tinh ton thit dién 4p tdn thdt cong suit
chung va bai todn tinh ton thit dién ning khic nhau va phai thyc hién riéng.
Tuy nhién néu tinh nhu vy sé& ra't phic tap, do d6 phdi gidn u6c bai todn dé
viéc tinh todn ludi phan phdi dugc dé dang hon ma két qud vAn chdp nhan
dudc.

2.2. S¢ d6 tuong duong cia cic phan tif trong luéi dién

Pé€ truc quan ta xét so dd thuc cda day ha 4p gdbm 3 diy pha va 1 day
trung tinh (hinh 2.1)

: ! A ! :
Ngudn : B . iTal

| i C i i

| : LT ____ -1 (a)

N
Day pha
Nguon Day trung tinh Ta (b)
Ngudn Tai
(c)

Hinh 2.1: M6 hinh trong tinh todn dudng day

Trong ché do doi xting dién 4p ba pha & ddu ngudn nhu nhau va bing
Usn. Vi phu tdi d6i xiing nén dong dién trong day trung tinh biang 0. Dong dién I
trén ba pha biing nhau, va dién 4p trén phu tdi ciing bing nhau va bing Uy.

Cong suat tiéu thu trén mot pha la
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Ppha = Ut.L.cos ¢ (2.1)
Cong suit clia 3 pha la

P = 3.Ppha =3.Ur.I.cos ¢ (2.2)
Néu viét theo dién dp day thi

P=\/§UIcosq) (2.3)

TU cdc cong thific trén ta thi'y khi tinh todn 1udi dién d6i xitng, chi cin tinh
cho pha 1 pha 13 dd. Do d6 so db thay thé cho luéi dién d€ tinh todn ciing chi
cin v& cho 1 pha (hinh 2.1-b), sd @6 d4u ddy va ngudn ciing khdng cin quan
tdm (ddu sao hay tam gidc) va khong vé. Trén diy trung tinh khdng cé dong
dién chay qua do d6 khong cé tdn that dién 4p va tdn thit cong suit nén ciing
c6 thé bé qua (hinh 2.1-c).

Né&u phu t3i khong d6i xitng thi sd dd tinh todn phdi diy di 3 diy hoic
4 day tuy loai luéi dién.

2.2.1. Thong sé day dan

Thong s6 ctia ddy dAn dic trung cho qué trinh vatly xdy ra trong day
din khi c6 dién 4p xoay chiéu dit trén didy din hodc khi c6 dong dién xoay
chiéu di qua. Khi c6 dién 4p hodc dong dién xoay chiéu di qua day din cé 4
qud trinh vatly xay ra:

1/ Day dan bi phdt néng do hiéu tng Joule. Mot phan cong suat tdi qua
lu6i bi mat d€ 1am néng diy din vd mot phan dién dp ciing bi tdn hao do
hién tugng nay. Quéd trinh ndy dugc dic trung bdi dién tr§ trén mot km chidu
dai clia diy dan r, [Q/km].

2/ Dong dién xoay chi€u gy ra tif trudng tu cdm cda tirng diy din va ho
cdm gitta cdc diy din vdinhau. T trudng gy ra ton thit cdng suit phan khang
va ton that dién 4p va dudc dic trung bdi dién khdng trén modt km chiéu dai xo
[Q/km]

3/ Pién 4p xoay chiéu giy ra dién trudng gilta cdc diy din vdi di't vi giita
cdc diy dAn vé6inhau va gilta cdc didy din vdi dat dugc xem nhu cdc bdn cia 1
tu dién. Bi€én trudng gy ra dong dién di€n dung c6 tic dung lam triét ti€u
mdt phan dong dién cdm (clia phu tdi) chay trong diy din. Qu4 trinh nay dudc
dic trung bdi dung din B. [Q'km] hoic 13 cdng suidt phdn khdng dung tinh Q..
Tuy nhién trong gido trinh nay chi dé cap d€n cic dudng diy cung cAp c6 dién ap
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thap khodng cdch ngin nén dnh hudng clia dung din 1 khong ding ké va duoc
bd qua.

4/ Pién 4p cao giy trén bé mit diy din cudng dd dién trudng, néu
cudng do nay 16n hon 1 mifc nao d6 sé giy ion hod khong khi quanh day din,
goi 12 hién tugng “vang quang” (corona). Ving quang dién lam t6n thdt mot
phin dién ning goi 1a t6n thit vAng quang. Ciing nhu dung din, trong lugi
trung, ha 4p diéu nay dugc bd qua.

2.2.1.1. Dién tré cta day dan

Khi dong dién mot chiéu di qua diy din, thi dong dién dudc phan bd diéu
trén toan ti€t dién &y. Do d6 dién tr§ tdc dung clia 1km ddy din & nhiét do ti€u
chuidn 20° dudc xdc dinh theo biéu thic.

_p 1000
Iy = F- F [Q/km] 2.4)

trong d6 p 1a dién tr§ suat [Q.mm?*km] v6i dong 12 18,84[Q2.mm?*/km], nhom
1a 31,5[Q.mm?*km], almelec (Al + 0,5+0,6%Mn + 0,5%Si) 12 33[Q.mm?*/km]
y1a dién din suidt: dongla 53[m/Q.mm?], nhom 1a 31,7[m/Q.mm?]
F1a ti€t dién day din tinh bing mm?.

Dién trd thay ddi theo nhiét do, khi nhiét moi trusng khac 20°C thi dién c6
gi4 tri.

=10 [1 + a (t-20)] [Q/km] 2.5)

trong d6 a- hé s6 nhiét clia dién trd, véi ddong va nhom = 0,004°C!

Su phan bd clia dong dién xoay chiéu trong diy dan khdng déu do c6 hiéu
ing bé miit (face skin) 1am cho mat d6 dong diénbi ddy ra phia ngoai day din.
Do d6 dién trd dodi véi dong dién xoay chiéu 16n hon vdi dong dién 1 chiéu.
Tuy nhién, v6i tan s6 f = 50Hz va vSi dong din 13 kim loai mau tiét dién
khong 16n, sy khdc nhau d6 khong ding k€ (cd 1%), do d6 c6 thé 14y dién trd 1
chiéu tinh theo cong thic (2.5) dé tinh todn lu6i dién. Nhung khi ti€t dién rat
16n (c8 570mm?) thi phdi tinh dé&n hiéu ¥ng bé mit.

2.2.1.2. Tinh to4n dién khang cua diay din

Pién khiang cla diay din xo dudc tinh theo dd tir cdm L ctia diy din
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xo = 2nfL. = oL [QQ/km] (2.6)

L —do tircdm clia day din [H], f-tAn s6 = 50Hz, o - tdc dd gbc clia dién
ap [rad/s].

Do tir cdm L gdm hai phan:

-Do tr cdm phuy thudc do dai va ban kinh diy din, c¢6 gid tri nhu nhau
cho cd 3 day dan.

-HO cdm giita cdc day din phu thudc dod dai, badn kinh va khodng cédch
gitta cdc ddy din. Do d6 hd cdm cla cdc day din khdc nhau sé khdc nhau. Diéu
nay sé& giy ra tinh khong ddi xing vé dong va dp trong ludi dién. PE khic phuc
hién twgng nay ngudi ta hodn vi diy din sao cho mdi pha ctia modt dudng day
lan lugt & 3 vi tri khdc nau, khi dé c6 thé xem dd tw cdm va dién khdng trung
binh ciia cic pha 13 biing nhau. Mdi dudng diy dai qua 30km thi phdi ddo pha 2
lan. Néu dudng ddy dai hon thi c6 thé ddo pha nhiéu 1an (hinh 2.2)

A

B

C
Hinh 2.2: SJ d6 hoén vi pha
DP6i vdi dudng day ddo pha, do tw cAm trung binh cho 1 km d6 dai la:
L =0,46log(21/r) — 0.15[mH/km)] (2.7)
P06 hd cdm cho 1 km do6 dai cé gid tri trung binh 1a:
M = 0,46log (21/D)- 0,2[mH/km] (2.8)
trong d6: 1[km] — dd dai dudng diy; rfmm] — ban kinh day din
D[mm] khodng cdch trung binh hinh hoc giita cdc ddy din:
D =/D,sDgcDac (2.9)

Das, Dic, Dac, 12 khodng cdch hinh hoc giita cdc day dan (hinh 2.3)

Khoédng cdch trung binh D phu thudc cap dién 4p nhu bdng 2.1:

A Dae B Dec C
O€------ PO €------ » O
A >
Dac
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Chuong 2: Tinh todn ton thit trong cung cdp di¢n

Uam [kV] | 0,38 | 6-10 20 35 110 | 220 |500

D[mm] 500 | 1000-1500 | 2500 |[3500 |5000 |8000 | 14000

Bédng 2.1: Khodng cdch hinh hoc clia mot s6 c4p dién 4p
D6 ty cdm tdng L 14 hiéu clia tw cAm L™ va hd cdm M:
L = 0,46log(21/r) —0,15 — (0,46l0g(2L/D)-0,2) (2.10)
= 0,46log(D/r) — 0,05 [mH/km]

Ta thdy, do tuong tic giita tw cdm va hd cdm ma do ty cdm tdng L chi phu
thudc vao khodng cidch trung binh giita cic diy din D va bdn kinh r ctia né.

bién khang xo dugc tinh theo (2.6)
xo = 2nfL = 2.3,14.50{0,46log(D/r) + 0,05} 107
= 0,145log (D/r) + 0,0157 [Q/km] (2.11)

2.2.1.3. S¢ do thay thé ctiia dudng day

Céc thong s6 clia ddy din rdi déu trén toan chiéu dai dudng diy. Piéu nay
s€ rat khé khiin trong tinh todn. Vi vay, vdi cdc dudng day cao 4p khong qud dai
<300 km va dudng day trung, ha 4p ngudi ta thay cdc thong s6 rdi nay bing cdc
thong s6 tap trung R,X,G,B. Riéng vdi dudng diy trung va ha dp do dnh hudng
khong ddng k€ nén chiing ta chi xét thanh phan dién tr§ R va dién khdng X tong
trd cia dudng day dudc tinh nhu sau:

R = rol X = xol Téng tr§ Z =R +jX (2.12)
11a d6 dai duong day [km].

SJ d6 thay thé hinh (2.4)

R iX
1 YYY Y

Hinh 2.4: SJ d6 thay th& dudng day

Bing 2.2 12 s6 liéu dinh huéng vé thong sd Xo clia cdc loai 1ugi dién, s6
liéu chi ti€t xem phu luc.

bién dp [kV] Loai dudng day Xo[€2/km]
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Chuong 2: Tinh todn ton thit trong cung cdp di¢n

0,4 Trén khong 0,31
Cép 0,06
6 Trén khong 0,38
Cép 0,08
10 Trén khong 0,38
Cép 0,08
20 Trén khong 0,40
Céap 0,11
35 Trén khong 0,40
Cép 0,125
110 Trén khong 0,40
Cép 0,17
220 Trén khong 0,40 1 sg1
0,32 2 sgi
Céap 0,14
500 Trén khong 0,29

Bdng 2.2. S8 liéu dinh huéng X, clia cdc loai dudng day.

2.2.2. Thong s6 may bi€n ap

Cdc mdy bién 4p thudng st dung trong cdc tram bién 4p. Mdy bi€n dp c6 3
loai: mdy bi€n 4p 3 pha hai cudn ddy, ba cudn diy va mdy bi€n dp tw ngiu. Doi

khi trong mang dién con c6 mdy bi€n dp di€u chinh phu va mdy bi€n 4p 1:1.
M4y bi&€n 4p 1a phan ti trung gian giita cdc ludi dién dp khdc nhau, cho nén cic
thong s6 clia ching c6 thé tinh quy d6i vé bAat cit phia ndo, néu yéu ciu tinh

todn doi héi. Mudn tinh thdng s6 clia may bi€n 4p v€ phia nao thi chi can st
dung Ugm ctia pha 1u6i dién d6 dé€ tinh todn, trong cdc cong thic din ra duéi
day s& dung ki hiéu Uam khi dp dung cu thé s& thay bing gia tri dién 4p dinh
mic clia phia cin tinh. Trong pham vi cia mon hoc chiing ta chi dé cip dé€n may

bi€n 4p 3 pha hai cudn day.

27



Chuong 2: Tinh todn ton thit trong cung cdp di¢n

Ngoai cong sudt dinh mic Sam di€n dp dinh mic clia 2 cudn day Ujam va
Uzdm, nha ch& tao con cho cdc tham s6 sau: T6n that cong sudt tic dung khi
khong tdi APy, ton thit cong suit tic dung khi ngin mach APy, dong dién khong
tdi phan trim so v6i dong dién dinh muc i0%, dién 4p ngdn mach phan trim so
v6i dién 4p dinh mitc Un%.

M4y bi€n 4p dugc thay th€ bing sd @& hinh T v6i cdc tham s Rpa, Xga,
Gga, Bga.

Za = Rea + JXBaA (2.13)
Yga = Gpa + JBBa (2.14)

Sau ddy ti€n hanh x4c dinh c4c tham s6 clia mdy bién 4p.

2.2.2.1. Pién tré may bi€n ap Rsa

T&n that cong sut tic dung trong cdc cudn diy clia MBA dugc xdc dinh
tr thi nghiém ngdn mach.

APy = 31am? Rpa (2.15)

trong d6 Rpa 12 tdng dién trd tdc dung clia cudn ddy sd cAp va cudn thi cip
da quy ddi vé phia sd cAp clia mdy bién 4p (Rea=ri+12) .

Cong suit dinh mifc cda mady bié€n 4p

Sam = V3 Udmlam (2.16)
Do 3dé:
S
I m = dm 2.17
‘ J3u, .17)

Sau khi thay (2.15) vao (2.15) tim dudc

2
Rga =%1o3[g] (2.18)

dm

2.2.2.2. Pié¢n khdng mdy bi€n 4p Xga

Dién khiang mdy bi€n 4p Xga 12 tdng dién khdng clia bén so cAp va bén
th cAp di quy ddi vé phia dién dp cao (Xsa=xX1+X2)
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Chuong 2: Tinh todn ton thit trong cung cdp di¢n

Dién 4p rdi trén dién khdng mdy bi€n 4p tinh theo phin trim dién 4p dinh
muc.
IdeBA
Ux= U—lOO% (2.19)

f
Vi Uy 1a dién 4p pha dinh mic phia cao dp.
Sau khi thay (2.17) vao (2.19) ta c6:

2
Xpa = Uéﬁlom] (2.20)

dm

Trong cong thic (2.20), Sam tinh bing kVA va Uam tinh bing kV. Chiing ta
bi€t ring, dién 4p ngin mach phin trim so v6i dién 4p dinh mitc duge x4c dinh
tr cong thic:

Un= U} +U; 2.21)

Rpa JxBa
—_w

Gga Bsa

Hinh 2.5: So @6 thay th€ may bi&n 4p hai cuon day

Vi U, 1a dién 4p roi trén thinh phan dién trd cda mdy bi€n dp. Tuy nhién,
ddi vi cdc mdy bi€n dp cong sudt cdng suit, thanh phan dp gidng trén dién trd
rAt nhd so voi thanh phan dién dp gidng trén dién khdng (U << Uy), do d6 véi
sai s& chip nhan dugc, chiing ta c6 thé bd qua U va 18y Ux = Un. Vi vay dién
khing ctia mdy bi€n dp hai cudn day dudc x4c dinh:

2
XBA = U;&N[Q] (2.22)

dm
Trong trudng hgp cdc mdy bi€n 4p c6 cong sudt nhd, dién 4p < 1000V thi
viéc tinh dién khdng phadi dugc tinh day dd theo cic cong thic (2.17), (2.18),
(2.19), (2.20) va (2.21)

2.2.2.3. Pién din tidc dung ciia may bi€n 4p Gga
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Chuong 2: Tinh todn ton thit trong cung cdp di¢n

Tén that cong suit tic dung khi khong t3i trong may bién dp dugc xdc dinh
theo bi€u thic:

APy = U2 G, (2.23)

Vi vdy, dién dan tic dung clia may bi€n dp cho bdi:

AP,

2
dm

Gea =~ 210°[Q7] (2.24)

2.2.2.4. Dién din phan khang ciia may bién 4p Bpa

Ching ta bi€t ring dién din tic dung Gga rdt nhd so vdi dién din phdn
khdng Bga, nén c6 thé gia thi€t & diéu kién khong tdi, dong dién khong tdi Io chi
chay qua dién dan phan khdng Bga, khi d6 cong sudt tir hod mach tir may bi€n 4p
(cOng sudt phan khdng cta cudn diy sd cdp, khi cudn diay tht cAp hd mach)
bing:

AQ =@[kVAI’] (2.25)
° 100
trong d6 Ip 1a dong dién khong tdi phan trim. Mit khdc, cong suat tir hod dugc
x4c dinh theo biéu thic:

AQ, =U} B, (2.26)
Tir bi€u thiic (2.25) va (2.26) ta c6:
B, =1,S,,10°[Q™] (2.27)

Khi diéndp mang dién dudc giit cd dinh, chiing ta c6 thé coi phan mach tir
clia mdy bi€n dp nhu mot tdi ASo=APo+jAQ,. Trong d6 AS, la phu tdi dic trung
cho t6n that khong tai (hay tdn that trong 16i thép) mdy bi€n 4p.

2.3. Ton that dién ap

Khi ¢6 dong dién trong chay qua dudng dudng diy hay mdy bi€n dp s& sinh
ra mot dién 4p roi trén ching. Piéu ndy 1am cho dién 4p & ddu ngudn (dau
dudng day hay mdy bi€n dp) va phu tdi (cudi dudng diy hay mdy bi€n 4p) chénh
l1éch nhau. N6i chung, dién 4p & phu tdi thdp hon dau ngudn, trir trudng hop
dudng day dai siéu cao dp trong ch€ dd khong tdi hay non tdi dién cdp cudi c6
thé cao hon dau ngudn. Trong ndi dung clia mon hoc chiing ta chi xét d&n tdn that
dién 4p trén dudng day.
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Chuong 2: Tinh todn ton thit trong cung cdp di¢n

Xét dudng diy c6é chiéu dai 1[km], dién trd trén mot km chiéu dai
ro[Q/km], dién khang trén mot km chiéu dai xo[Q/km] (cdc gid tri ndy dudc tra
trong catalogue) c4Ap dién cho phu tdi cong sudt S2 = P, + jQu. Liic nay gia tri
dién trd, dién khdng va tdng trd clia dudng diy dudc cho bdi:

R=ro.l (2.28)
X=Xo.l (2.29)
7 =R+jX (2.30)

Pién dp & cudi dudng day la U, , dién 4p & ddu dudng day la U, la cdc
vectd phiic dién 4p day, cong sudt ciia ngudn cung cip (diu dudng day) 1a Si= P,
+jQ1 hinh 2.6.

—

1, 1o, X
- | 5> 10y AO |
U= I

Si=P1+jQi S>=P>+jQ>
Hinh 2.6: Sd d6 dudng day va cdc phu tii

2.3.1. Tinh ton that dién ap theo dong dién va vecto dién ap.

HAau hét cdc tdi trong thyc t& déu mang tinh cdm khang nén trong cdc cong
thiic dudi day ching ta gid thi€t dong dién trén dudng diy | chim pha so véi

dién 4p U, n€u ldy dién 4p 4p U lam gOc tinh todn thi quan hé giita hai vectd

oU;

Hinh 2.7: Gidn do vectd dién 4p

U, va I dugc minh hoa bing hinh vé& 2.7.
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Chuong 2: Tinh todn ton thit trong cung cdp di¢n

Dong di€n I c6 thé phin tich thinh 2 thanh phan Ig (trung véi Usz) va Ix
(vudng géc v6i Usz). Phan thyc Ir clia dong dién 1a do cong sudt tic dung giy ra
con phan 4o Ix cda né 1a do cdng sudt phdn khdng giy ra.

| = Ir —j Ix = Icos @ -jl sin @ (2.31)
V6i Z =R +j X 1a téng trd cla dudng day.

Theo dinh luiat Ohm ta c6 ton tha't dién dp trén dudng day tinh cho 1 pha.

AU, = | Z=(Ir - jIx) (R +jX) = (Icos -jIsing (R +jX)
=(L.R. cosp + L.X.sin@)+j (I.X. cosp - 1.R.sin@ )
=AUjp + joUp (2.32)

Trong thuc t€ d6i v6i dién dp cao ta thudng quan tAim dén ton that
dién 4p diy, do d6 ching ta c6 thé biéu dién ton that theo dién 4p diy nhu
sau:

AU, =31 2= 3 (Ir - jIx) (R +X)
=/3 (Icos - jIsing)(R + jX)
=3 (I.R.cos@ + L. X.sing)+ J3 (I.X.cose -I.R.sing)

= AUia + joU1qa (2.33)

Ta thdy t6n thit dién 4p gom 2 thanh phin: AUjq4 triing pha vdi Ua va 8Ujq
vudng gbéc vbi Us.

AU1g=~/3 (I cos@.R +Ising.X)
8U1a = /3 (I cosq.X- Ising.R) (2.34)
Ta c6 thé tinh duge dién 4p dau ngudn le thong qua biéu thifc:
U,= U, +AU, = U, +AU; +jU;
=Us+ 3 (I.R.coso + [.X.sino) +j V3 (I.X.coso - I.R.sin@) (2.35)

Tir hinh 2.7 ta c6 thé tinh dude modul va géc pha cda dién 4p U.l (lvu y 18y

Uz lam goc)

Ui =/(U, +AU,)? +8U,2
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Chuong 2: Tinh todn ton thit trong cung cdp di¢n

ted = 5U/(Uz + AU)) (2.36)

Tuong tw, néu 14y U; 1am gdc tinh todn (tring v6i truc thuc) thi cé thé tinh
Uz nhu sau:

- - -

U,=U,- AU

Uz =/(U, —AU,)? +8U,’
tgd =5U1/(U1-AUY) (2.37)

D6 thi vecto trong cic bi€u thifc clia cong thiic (2.37) dugc minh hoa & hinh
2.8

Mot khdi niém hay diung dén trong cung cap dién 1a dd sut 4p. N6 chinh 1a
hiéu gitta modul cua dién ap U; va Uz

AUs=U; - Uz (2.38)

N6i cdach khdc dd sut 4p 12 lugng dién 4p bi mat di khi dudng diy truyén tai
cong suat.

Né&u quay vectd Jl xudng U_; ta dugc AUs. Ta nhan thdy AUs >AUj, tuy
nhién trong thuc t€ géc truyén tai & rat nhd ( ¢d 3-5°) cho nén sy khic gitta AU
va AUj rat nhé nén c6 thé bd qua. Nhu vay trong thuc t& c6 thé 14y thanh phan
ton thi't dién 4p dong truc véi dién dp gdc AU, 1a gid tri do sut 4p, gid thi€t nay
s€ lam cho viéc tinh do sut 4p dé dang hon so vdi tryc ti€p AUs. Do d6 cum tir
ton thit dién 4p dugc dung thay cho tir cum tir dd sut 4p d€ chi sy mat dién dp
do tai dién trén dudng day.

D6i véi 1u6i dién siéu cao thé hay cdc dudng day dai géc & c6 gid tri khd
16n, trong trudng hgp nay viéc tinh todn lugi dién phai dwa vao mdy tinh va khi
-

Ul
AU

Hinh 2.8: Gidn dd vecto dién 4p khi chon U 1am gdc

d6 c6 thé tinh dd sut 4p theo (2.38)
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Chuong 2: Tinh todn ton thit trong cung cdp di¢n

2.3.2. Tinh ton that dién 4p theo cong sui't truyén tai trén dudng day

Thong thudng dit liéu clia cdc bai todn vé cung cip dién cé thé biét dudc 1a
cong suat tic dung va cdng suit phdn khang hay cong sudt toan phan. Cong suat
& phu tdi dudce ky hiéu 1an ludc 13 P2, Q2 va Sz, & dau ngudn 1a Py, Qi va S; U la
dién 4p dinh mic dudng diy (ludn hiéu la dién dp day).

Ching ta cAn luu y bi€u tdc tinh todn cdc dai luong vi mdi quan hé giita
ching nhu sau:

P, = /3 U,lcosps
Q2= ,/3U, I sing,
S2=P2+)Q2

P, = \/_SUlI Cosg,
Qi = /3U,lsing,
S1=P1+jQq

5= P?+Q

¢ = atcrg(Q/P)

Q=Ptge
P=Scosop

Néu gid thi€t dudng ddy ddng nhat thi @1 = @2 = @. Tir cdc cong thifc trén
tinh dudgc:

Icosp = R _ R
Jau, Jau,
Isinp= 2 - S 2.39
*= U, Vau, (239
Thay (2.39) vao (2.34) ta dugc
AU, = PREQX 0501007 (2.40)
SU; = PX=QRyg [kV] (2.41)
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Chuong 2: Tinh todn ton thit trong cung cdp di¢n

Trong hai cong thuc trén P[kW], Q[kVAr], U[kV] va R,X[€2].

Thanh phan AU; dudc st dung nhu do sup 4p va ddy la thanh phan c6 y
nghia thyc tién, con thanh phan dU; chi th€ hién thanh phan 4o cida ton that dién
ap. Vi vy, tir day vé sau trong gido trinh nay d€ don gidn trong cdch hanh vin
chiing ta thong nhit 14y dd 16n cda tdn that dién 4p hay do sut 4p 1a AU=AU,.
Mit khdc gid tri clia ton that dién 4p sé& thay ddi lién tuc theo phu t3i cudi dudng
day nén trong thuc tién chiing ta hay diing ton thi't phan trim so v&i dién 4p dinh
muc cia dudng diy nhu sau:

AU% = AU 100 ~ PR+ QX

Udm 10U

dm

[%] (2.42)

Céc cong thit (2.40), (2.41) dugc viét tdng quat, trong d6 gid tri clia cong
sudt va dién 4p phdi dudc 14y tai cling mot di€m trén dudng ddy (ciing & diém
1 hoic & di€m 2 & hinh 2.6). Tuy nhién, vdi sai s6 chdp nhan dugc, d€ don gidn
trong tinh toin & mang cung cip chiing ta cé thé 18y gia tri dién 4p U & hai cong
thitc nay biing dién dp dinh mic clia 1u6i dién dang tinh todn (néu c6 thé chung ta
13y biing dién 4p trung binh clia dudng diy cin tinh) va lic d6 chiing ta s& co v&
cudi cla cong thic (2.42). O céc dudng ddy cao thé va dai, viéc tinh todn phai
tinh cu thé hon.

2.4. Ton that cong suat trén duong day truyén tai.

Nguyén nhin clia ton thi't cong suit 12 do tong trd clia dudng ddy. Tdn that
cong suit trén dudng diy gdm tdn thit cong suit tic dung AP va t6n thit cong
sudt phan AQ, va dugc xdc dinh don gidn nhu sau (tinh trén c 3 pha):

AP = 3I°R
AQ = 31X (2.43)
N€&u thay I theo cong suit theo (2.39) ta c6:

B P2+Q2 SZ

AP= o R107 =2 R10° W] (2.44)
2 2 2
AQ=F JZQ X.10° = 2 X.10 kYA (2.45)

Luu y: trong cdc cong thic trén, P[kW], Q[kVAr], UkV]; P, Q Ia cOng suit
thyc sy truyén qua dudng ddy (cong suit cudi dudng diy). Trong tinh todn gin
ding c6 thé 18y U=Ugm clia mang.
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Chuong 2: Tinh todn ton thit trong cung cdp di¢n

Tdn thdt cdng suit dugc tinh cho ché dd max nim cda dudng diy d€ tinh
ton thit dién ning va tinh yéu cAdu cdng sudt ddi vdi ngudn dién. Tdn that
cong suat 12 khong tranh khdi. N6 ¢6 tdc hai 13 doi hdi khd ning phdt cua
ngudén va khd ning tdi cda Iu6i cao hon cong sudt yéu cau cla phu tdi. Do d6
phdi giif ton thit cong sudt & mic hop ly. Tuong ty nhu ton tha't dién dp, gid tri
ton tha't cong suit ludn thay d6i theo cong suit phu tdi nén trong thuc tién chiing
ta hay dung ton thit phan trim nhu sau:

AP%="2 100
p
AQ%z%lOO (2.46)

Né&u géc ¢ nhd chiing ta xem sing=0 thi chiing ta c6 mdi quan hé giita ton
that cong sud't phan trim va ton that dién 4p phin trim nhu sau:

v/3IR.100
AP% U, cosp 1
AU%  [3IRc0sp.100 cOS* @
Udm
AP%= LU % (2.47)
cos? ¢

TAt cd cdc cong thiic vira trinh bay & muc 2.2 va 2.3 clia ton thi't dién 4p
va ton that cong suit dugc st dung trong trudng hdp phu tdi tap trung. Khi xét
mot chiéu dai dudng day dd 16n thi chiing ta xem cdc phu tdi phan bd déu trén
toan chiéu dai dudng diy. Trong trudng hop ndy, viéc tinh todn tn that dién dp
ca cong suit sé phifc tap hon nhu sau:

1, ro, Xo

R
| 1<

dx
Hinh 2.9: M6 hinh dudng diy c6 tai phadn bd déu

X

Xét dudng day chiéu dailcé phu tdi phan bd déu trén hinh 2.9.

Goi po[kW/km], qo[kVAr/km] 1a mat d6 phu tai, dién trd don vi 1a ro
[Q/km], dién khdng don vi xo[€¥/km]. Trén chi€¢u dai dudng day 14y mot phan o
dx rit bé nim cdch ddu cudi clia dudng diy mot doan x c6 tdn that dién dp 1a
dAU nhu sau:
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Chuong 2: Tinh todn ton thit trong cung cdp di¢n

JAU= (Pg-X.Iy +0,-X.X, )dX (2.48)

dm

Trong d6 po.X, gox 12 cong sudt yéu cau trén doan x, cong suidt nay di qua
doan dx va giy ra ton that dién 4p dAU, ro.dx, Xodx 12 dién tr§ va dién khing cia
doan dx. T6n thit dién 4p trén toan dudng day la:

I 2 2
AU:J’ (po-x-ro + qo'X-Xo) dx = pO'ro'I + qo'XO'I — PR+Q.X (2.49)
0 U 2Udm 2U dm 2U

dm dm

trong d6 P = po.], Q=qo.1 12 cdng sudt yéu cau, R =191, X=Xo.1 12 dién trd va dién
khdng ctiia dudng day.

Nhin thiy riing, tdn thit dién 4p trong trong dudng diy c6 tii phin bd
déu bing 1/2 trudng hdp tat cd cdng suit yéu cau dit & cudi dudng diy. Diéu
ndy cho phép thay thé dudng diy c6 phu tdi phadn bd déu bing dudng diy cé
phu tdi tp trung tai mot di€m cling cong sudt nhung dit & giita dudng day.

Biy gid chiing ta xét ton that cong sudt trén dudng diy cé tii phan bd
déu. Phan tich tuong ty ta c6: tdn that cong suit tic dung trén doan dx 1a:

dAP: (( pO'X)2 _L(go'x)z)'rO'dX (250)

Tén that cong suit tic dung trén toan dudng diy la

AP = If(( PoX)* +(A)" s oo _ ((Po)* +(qo)*) 11y _ (P*+Q°)R (2.51)
0 U(fm 3U§m 3U§m

Tinh tuong tu cho ton thit cong sui't phan khdng ta col:

_(P?+Q?%)
2= x (2.52)

Nhu viy, trong trudng hop phu tdi phan bd déu trén dudng diy, tdn that
cong suit chi bing 1/3 ton that khi phu tdi tip trung & cudi dudng day. N6i
cich khéc, tdn thit cong suit trong trudng hdp phu tii phan bd déu trén dudng
chi bing 1/3 trong trudng hgp ciing dudng diy d6 nhung phu tdi tp trung cudi
dudng diy va tong cdng suit cia phu tai phan bo déu bing cong suit phu tdi tip
trung.

Luu ¥ ring trong cdc cong thic tr (2.48) dén (2.52) tit cd cdc dai lugng
déu thé hién & gid tri pha.

Trong trudng hgp vira ¢6 phu tdi phadn bo déu va phu tdi tAp trung cudi
dudng diy chiing ta xdc dinh theo nguyén 1y x&p chdng.
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2.5. Ton tha't cong suadt trong may bién ap.

Trong khuon khd ciia gido trinh ching ta chi xét ton thit cong sudt trong
mdy bi€n 4p 3 pha hai cuon diy. Ton thit cong suit trong mdy bi€n dp c6 thé
phin thanh hai phan phu thudc va khong phu thudc vao cdng suit phu tdi di qua
mdy bi€n 4p.

Thanh phan khong phu thudc vao phu tdi chinh 13 tdn thit trong 16i thép
clia mdy bi€n dp hay con goila tdn that khong tdi ( hay tdn thit phu thudc dién
ap). Ton that khong tii khong phu thudc vao cong suit tdi truyén qua mdy
bi€n 4p, n6 chi phu thudc vao ciu tao clia mdy bi€n dp. T6n that khong tii
dudc xdc dinh theo cdc s6 liéu ky thuit cla bién 4p.

ASo = APo + jJAQo (2.53)
1,S
di: AQp = —2m
v Q 100

Trong d6 Ip 13 dong dién khong tii tinh theo phan trim APy I3 tdn that
cong sudt tic dung khong tdi ( cho trong bang 1y lich mdy bi€n dp ). AQo 12 tén
that cong suat phan khdng khong tai.

Thanh phan tdn that thd hai phu thudc vio cdng suit truyén qua may bi€n

ap va dudc xdc dinh nhu sau:

2 2 2
APcy = 3IZRBA =PUL2Q Rea = AR [ij

dm

P2+Q*,  _U\S~

AQeu =3I Xga = —— < =
Q PAT UM T 100,

(2.54)

trong dé S¢ 12 tong cong suit tii clia may bi€n dp, Sim 12 cong suit dinh
mic clia may bi€n 4p, AP 12 ton thdt ngdn mach.

Trong cong thifc (2.54) Rga va Xpa phai tuong thich véi U; nghia la khi
tinh Rpa va Xpa theo dién dp nao thi phdi st dung dién dp do trong (2.54).
Trong gido trinh nay ching ta thong nhat tinh theo dién 4p qui vé phia cao 4p.

Nhu vay tong ton th't cong sud't trong mdy bi€n 4p cho bdi:

2
APBA = APO+APCU = APO+ APN (SS_tJ

dm
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Uy~

A —A 0+A cu — A O+
Qpa=AQu+AQu=AQ 1008,

(2.55)

Trong trudng hgp cé n bién 4p gidng nhau lam viéc song song, ton that
cong sudt trong n mdy bing:

2
APga =n.AP, + 1 APy (i]
n Sy

d

1(U,S%
AQga =N.AQ, +_[1oos j (2.56)

2.6. Ton that dién ning

2.6.1. Ton tha't dién néing trén dudng day

Nguyén nhin clia tdn thit dién ning 13 do ton thi't cong suit tic dung trén
thanh phan dién trd gdy ra. Chiing ta bi€t riing cong suit tiéu thu cda phu tdi thay
ddi lién tuc theo thdi gian, nén din dé&n ton thi't cong sut ciing 1a dai lugng ludn
thay ddi. Vi vdy, ton tha't dién ning phai 12 ham tich phan cla tdn thit cong suat
tic dung.

AA = jAP(t)dt—st | 2dt = Rj tdt (2.57)

Tich phan clia phuong trinh (2.57) s& khé tinh to4n theo phu tdi thuc t& (thay
ddi phi tuyé&n phtc tap). Do d6, trong cdc bai todn ching ta dung phu tii da dugc
tuyén tinh héa (cho duéi dang dd thi phu tdi hinh bic thang). Va khi d6 néu dd thi
phu tdi c6 c6 hinh bac thang vdin bac, mdi bic tng v6i khodng thdi gian At , va
c6 cong suit ddi thi:

AA RZ—At = {Z—At +z Q At} (2.58)

Véi gid thi€t & cdc muc trén ta ¢6 thé xem U; khdng ddi tinh gan ding bing
Udm

_ R (z p? +Zn:Qi2]Ati (2.59)

Né&u @6 thi phu tdi nim (T=8760h) va cdc khodng chia Ati =1h thi ton that
di€én ndng trong ndm nhu sau:
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8760 8760
AA=TT (ZPZ ZQ) (P27, + Q) (2.60)

Trong d6: 1, 12 thdi gian chiu tdn thit cong sudt 16n nhit do cong suit tic
dung giy ra, 1q 12 thdi gian tdn th't cong sudt 16n nhat do cong suit phdn khing
giy ra, ching phu thudc vao vao dd thi phu tdi, cong suidt tic dung va cong
sudt phdn khdng cla phu tai.

7860 8760
2R R
W= pr = pe (6D
7860 8760
2.0 j QCdt
Tq =- (2.62)

2 2
Qmax Qmax

Khi tinh todn thuc t€&, chiing ta thudng gid thi€t dang clia d6 thi cdng suat
phdn khdng va cong sudt tic dung gan gidng nhau, c6 nghia 13 cos clia phu tai
khong d6i trong nim. Vi gid thi€t nay 1,=14=1 va (2.60) c6 thé viét:

2
( max + Qmax)r Sma>2(RT - AI:)maxT (263)
dm U max
8760 8760 8760 )
2.S7AG 2 RIAL jlt dt
vOi: T =12 = = (2.64)
S max Pn?ax | -

Ta thdy y nghia ctia t rat rd rang, n€u dong dién 1ué6i I; khong d6i va bing
Imax thi trong thdi gian T (gid) n6 giy ra ton that ding bing ton thit dién ning do
dong dién thuc t€ giy ra trong cd nim.

Chiing ta c6 thé tinh tn tha't dién ning thong qua tén thit cong suit trung
binh APy nhu sau:

AA=T. APy, (2.65)

véi APy=Y = 3 ARY (2.66)

Chiing ta ciing c6 thé x4c dinh ton that dién ning thong qua hé s& tdn that
K va ton that cdng suit I6n nhat:

AAZT.Ktt . APmax (2.67)

P At
i K= Z AR, (2.68)

P max T AF)malx
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Hé s6 ton that ciing c6 thé xdc dinh theo hé s& phu tai theo cic cong thifc
thuc nghi€ém nhu sau:

Ktt=a.kpt+(1-a)k2pt (2.69)
Véi a dugc 14y bing 0,3 hoic 0,2.

Trong hau hét cdc bai todn ching ta ding t d€ tinh ton thit dién ning, riéng
trong c4c bai toan bu phdi ding tq phu thudc vao dung lugng Q bu. NEu diung t
= const thi s& k€t qua sé& khong chinh x4c.

t[h]
Tmax[h] Hé s6 cong sudt trung binh clia tdi cosquw
0,6 0,8 1

2000 - - 800
2500 - - 1000
3000 2700 2000 1300
3500 3000 2150 1600
4000 3400 2750 2000
4500 3750 3300 2500
5000 4150 3650 2900
5500 4600 4150 3500
6000 5000 4600 4200
6500 5500 5300 5000
7000 6100 5900 5700
7500 6700 6050 6600
8000 7400 7400 7900
8760 8760 8760 8760

Béng 2.3: M&i quan hé giita T theo Tmax va hé s6 cong suit

Trong cung cAp dién ching ta chi xét dudng diy c4p dién cho phu tdi nén
dd thi phu t3i clia dudng day trang vdi do thi phu tdi clia phu tdi, do d6 ma
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dudc ddnh gid thong ké nhu mot ham s6 cida thdi gian st dung cong sudt 16n
nhi't Tmax clia phu tdi. T dugc tinh todn thong ké theo Tmax cla db thi phu tdi
dugc cho dudi dang bang, dudng cong hodc theo cong thic kinh nghiém.

C6 thé xdc dinh 1 theo cong thiic kinh nghiém nhu sau:

1= (0.124 + Tmax. 1028760 [gids] (2.70)
2

hoic 0= 0.3 Tos + O Tmax 2.71)
8760

trong d6 Tmax 12 thoi gian st dung cong suit 16n nhat.
T ciling c6 thé tra tra bing 2.3

Mot diéu cin lvu ¥ 12 cdc cong thiic trén day dudc sit dung tdt trong qué
quy quach, trong d6 Tmax dudc chon theo loai phu tai. Trong van hanh phéi xdc
dinh chinh x4c db thi phu tdi clia 1u6i dién dang van hanh, n€u van hanh ding
Tmax nhu trén thi sai s& rat 16n vi Tmax bi€n thién trog mién rit rong, néu ti€n
hanh do trén Iu6i thi rdt khé khin va ton kém vi do dat trén tit cA doan dudng
day va trong sudt cd nim. Vi vdy, trong vin hanh, dé ddnh gid tdn thit dién
ning ngudi ta c6 thé 1am theo 2 céch sau:

-Po dat 16 truc 10 dic trung trong khodng thdi gian nhat dinh, phan tich
AA rdi nhan rong cho céc truc 1o ciing loai.

-Lap cdc cong thitc kinh nghiém thé hién sy phu thudc ctia P va AA vao
dién 4p va cdc thong s6 cau triic khdc, rdi do dién 4p d€ ddnh gid ton that.

-Lap bang quan hé T = f(Tmax, cos) cho tirng mién cu thé cla mang di€n
dé tinh todn. Tuy nhién nhitng cdng viéc van hanh trén thudng 4p dung trong ludi
dién cong suit 16n dién 4p cao, trong ludi phan phdi & Viét Nam thi viéc van
hanh don gian hon.

2.6.2. Ton that dién ning trong may bién ap

Ton thit dién ning trong may bi€n 4p bao gdm hai phan: Phin thi nhit
khong phu thudc vao phu tdi qua mdy bi€n dp va dugc xdc dinh theo thdi gian
lam viéc cla mdy bién 4p (k€ cd 1am viéc khong tii). Phadn thit hai phu thudc
vao cong suat tdi di qua mdy bi€n 4p va dudc xdc dinh theo d6 thi phu tdi. Trong
cung cip dién chiing ta xem d6 thi phu tdi clia mdy bi€n 4p ciing 1a do thi nhu
phu tdi cia tdi va lic nay ching ta ding Tmax d€ tinh t. Tn that dién ning cda
mdy bi€n 4p trong mdt ndm dudc x4c dinh nhu sau:

42



Chuong 2: Tinh todn ton thit trong cung cdp di¢n

2

AAga = APo.Tvh + APmax T = APo.Tvh + APN% T (2.72)

dm

trong d6 Tv, 12 thdi gian vAn hanh trong mot ndm ctia mdy bi€n 4p, trong
thuc t€ né nim trong khodng 8500-8760 h.

Smax 12 cOng suit phu tdi cyc dai trong nim clia mdy bién 4p.

Trong trudng hop c6 n mdy bi€n 4p nhu nhau lam viéc song song thi ton that
dién nidng trong n may:

2
AAgsa =n. APo.Tyn +APN. %M (2.73)

2
*~dm

Muén tinh tdn that dién ning cho cdc khodng thdi gian T bat ky thi cdc gid
tri trong bi€u thic (2.72) va (2.73) phai dudc tinh theo khodng thdi gian nay,
khong thé diing ciac cdng thiic cho ¢4 nim & trén d€ tinh dudc.

Né&u bi€t dd thi phu tai cu thé thi phai tinh theo dd thi phu tii nhu d6i vdi
dudng day.

2.7. Mot so vi du
Vi du 2.1:

Pudng diy trén khong dién 4p 15kV, dai 5 km, day din AC-70 (tra bdng c6
1,=0,46[Q/km], x,=0,34[Q/km]), cung cAp dién cho mot phu tdi cong suat ( 500 +
i400) KVA dit & cudi v6i Taax = 3000 h.

a) Xdc dinh t6n thit dién 4p trén dudng day.

b) Tim tong thi't cdng suit tic dung, phdn khdng va tdn thit cong suit toan phan
trén dudng day.

c¢) Tim tdn thit dién ning clia dudng diy trong mot nim.
Giai
Ta co: R =ro.]1 =0,46.5 =2,3Q.
X =x0.1=0,34.5 =1,7Q.
a) Ton that dién dp trén dudng day:

PR+Q.X 500.2,3+400.17
U, 15

m

AU = =120V =0,12kV
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b) Tén that cong suit tic dung

2 2 2 2
A= PPxQp_500°+400
Uz 15

2,3.107° =5,02kw

T6n tha't cong sudt phan khing.

P?+Q? X = 5007 + 4007
. =

AQ = = .1,7.107° = 3,69kVAr

dm

T6n tha't cong sud't toan phan.

AS =AP + JAQ = 5,02+j3,69(kVA).
c¢) Tén that dién ning trong mot nim
Dung cong thue thyc nghiém (2.70) ta co6:
7= (0,124 +3000.10*)8760 =1574 (h)
Suy ra: AA1 nam = AP.1=5,02.1574=7901,5kWh.

Vidu 2.2:

Mot mdy bi€n dp 3 pha hai cudn diy c6 Sam = 10MVA, Uam = 110/15kV, Un
= 10,5%, APx = 60kW, APy = 14kW, Ip = 0,9%. Cung cﬁ’p cho mdt phu tai c6 cong
suidt 8 MVA, hé s cos@ = 0,8, Tmax = 5000 h.

a) Xdc dinh t6n thdt cong sud't trong may bié€n 4p.
b) Tim t6n that dién ning trong mdy bi€n dp trong mdt nim(8760h).
Giai:
Ap dung cOng thuc (2.55) ta co:
Tdn thd't cong suit tic dung trong mdy bi€n dp

2 2
APpa = AP, + AP S—tz =14+ 60% =52,4kW
dm

Tdn thdt cong sudt phin khing trong may bi€n 4p:

1,S,, U,S2 09.10000 10,5.80002
+ =

+ = 762KVAr
100 100.S,, 100  100.10000

AQgpa =

b) Tén that dién nang cla tram trong mot nim
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Thdi gian ton tha't cuc dai (Cong thic (2.70)
7 =(0,124 + Timax.10%)? x 8760 = (0.124 + 5000.10%)? x 8760 = 3410 h.
Nhu vay ton thit dién ning trong mdy bi€n 4p (cong thic (2.72)

2 2
AAsA= ART,, AR, 7 = +14.8760 + 60.1%%0%2 |

dm

3410 =301324kWh

Vi du 2.3:

Cho mot dudng diy mdt pha hai diy c6 phu tdi phan bd déu nhu hinh 2.10:

1=0,25km
A 1,=0,2Q/km B

RN

Hinh 2.10: Pudng day mot pha c6 phu tdi phan bd
déu

Mait do phu tdi clia dudng day 1a Io=1600A/km, gid thi€t phu tdi trén dudng
day c6 hé s6 cong sudt bing 1 va bd qua cdm khdng dudng day.

a) Xac dinh d6 sut 4p trén dudng ddy. Tim dién 4p ddu dudng diy dé dién dp
cudi dudng day 1a 220(V).

b) Xéc dinh t6n tha't cong suit tic dung trén toin bo dudng day.

¢) Tim dién 4p dau dudng day d€ dién 4p giita dudng day Ug 1a 220(V).
Giai :

a) Vi gid thi€t clia bai todn thi cong thic (2.49) dudc viét lai:

AU=PR/(2U) = %

véi I =1,.1=1600.0,25 = 400(A); R =1,.1=0,2.0,25.2 = 0,1(€2) (vi c6 hai day).
Thay vao ta c6: AUag =20(V)
Tu do suy ra: Ua =Up + AUag = 240(V)

12.R

b) Tu cOng thic (2.51) chiang ta c6: AP = 3

thay vao ta dugc AP = (4002.0,1)/3 = 5,333(kW).
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¢) Trong trudng hop nay chiing ta st dung nguyén 1y x&p chdng nhu sau:

Goi AU, AU, 13 dd sut 4p tir dau dén gitta dudng diy do thanh phin phu tdi
phin bd déu va phu tdi tip trung (tuong duong cho phu tii phin bd déu nira
dudng day con lai) ddt tai gitta dudng day.

Khi do:

AU, = %,(%R).(%I) (Vi gita dudng day)
1.1
2 (2 )(2)

thay s6 vao ta dugc: AUy = 5(V), AUz =10(V). Tir d6 ta c6:
Ua=Ug+ AU1 + AU2 =220+ 5 + 10 = 235(V).

2.8. Bai tap
Bai tap 2.1:

Pudng day trén khong dién dp 22kV, dai 7 km, diy din c6 r,=0,40[¥/km],
Xo=0,36[Q/km], cung cAp dién cho mot phu tdi cong sudt 2MW, hé s& cong suit
clia tdila 0,8 dit & cudi dudng day véi Tmax = 5000(h).

a) Ngudi ta phdi duy tri, dién 4p tai ddu dudng diy bing bao nhiéu dé€ dién dp
cudi dudng day la 22kV.

b) Tinh % sut 4p tai di€m cudi dudng diy khi dién 4p diu dudng day la 22kV

c¢) Tim tong tha't cong suit tic dung, phin khang va tdn that cong sudt toan phin
trén dudng day.

d) Tim tSn that dién ning clia dudng diy trong mot nim.
Bai 2.2:

Mot may bién 4p 3 pha hai cudn diy c6 Sam = SMVA, Uam = 110/15kV, Ux
= 9,5%, APx = 80kW, APy = 24kW, Iy = 1%. Cung c4Ap cho mdt phy tdi c6 cong
sudt4 MVA, hé s cos@ = 0,75, Tmax = 6000 h.

a) Xdc dinh t6n tha't cong sui't trong mdy bién 4p.
b) Tim tdn that dién ning trong mdy bi€n 4p trong mdt nim(8760h).

Bai 2.3:
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Cho mdt dudng diy ba pha c6 phu tdi phin bd déu nhu hinh vé 2.11. Mat
do phu tdi trén dudng day po= 1(kW/m), qo = 0,2(kVAr/m). Chiéu dai dudng day 1
= 10km, dién tr§ va dién khdng trén mdi km dudng diy 13 r1,=0,46(C/km),
X0=0,42(€Y/km). Dién 4p dinh mic cia dudng day la 15kV.

a) Tim do sut 4p trén toan dudng day.

TTTT I I T TTTT

Hinh 2.11: Pudng day mot pha c6 phu t3i phan bd déu
b) Khi dién dp diu dudng day 12 15kV, hiy x4c dinh dién 4p giita dudng diy.
c¢) Tim tdn that cong sud't tic dung va phan khang trén toan dudng diy
Bai 2.4:
Cho hé thong cung cip dién nhu hinh vé 2.12:
’ —(O0— A I=4km g (Ij

10=0,4200/km 1 1o=0,46Q/km |1

_@_ j X0=0,36Q/km X0o=0,4Q/km MW

3MVA cosp=0,85
4AMVA cosp=0,8 Twax=3500h
cosp=0,75 Tmax=3000h
Tmax=5000h

Hinh 2.12: Sd d6 hé thdng cung cap dién cho bai tap 2.4

Hai mdy bién 4p lam viéc song song mdi mdy c6 Sam = 6MVA,
Uam=110/15(kV), ton thit sit APre=60kW, tdn thit ngin mach APn=100kW,
Un%=10%, 1,%=0,8%.

a) Xdc dinh phan trim sut 4p tai cdc di€m B, C khi dién 4p tai A bing dién dp
dinh mitc phia thit cAp clia mdy bi€n 4p.

b) Tim tdn thi't cong suat tic dung, phdn khdng va toan phan trén toan bd dudng
didy va mdy bi€n 4p. Phan trim tdn thit cong suit tic dung.

c) Tinh tdn thdt dién ning trong mdt nim clia toan hé thdng.
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TINH TOAN NGAN MACH

3.1. Giéi thiéu

Phan tich ngdn mach 12 mot phan quan trong trong gidi tich hé thdng dién.
Bai todn ngidn mach bao gom viéc xdc dinh dién 4p tai cdc nit va dong dién
chay trén cdc nhdnh trong qud trinh xdy ra ngin mach. Ngin mach trong hé
thong dién dugc chia thanh ngdn mach 3 pha d6i xitng (balanced faults) va ngin
mach khong ddi xitng (unbalanced faults). Ngan mach khong ddi xiing gdm ngin
mach mdt diy cham dat, ngdn mach hai diy khong cham dat, ngdn mach hai
day cham dat. Céc thong tin ¢6 dudc tif bai todn ngdn mach s& phuc vu cho cong
viéc chinh dinh rdle va chon lya thi€t bi bdo vé .

Bién dd ciia dong dién ngin mach phu thudc vio tdng tr§ clia khép kin
qua di€m x4y ra ngin mach va dién dp ciia mang dién. Tdng tr trong bai todn
ngin mach bao gébm ca téng tr§ qua dd clia cic mdy phat trong ludi (bao gom
thanh phin siéu qui d9, qud dd va & trang thdi tinh). Chinh vi vdy mdt trong
nhitng vin dé€ kho ctia bai todn ngdn mach 12 thanh 14p ma trin tdng tr hay tong
dan.

Ai

SEAVANANARAT
e

Hinh 3.1: Dang s6ng dong dién ngidn mach

Trong cung cap dién ngdn mach mot pha cham dat 1a ngdn mach c6 xdc
sudt xay ra 16n nhat (khodng 65%) va ngdn mach ba pha c6 xdc sudt thAp nhat
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(khodng 5%). Tuy nhién, chiing ta cin phan tich hai dang ndy bdi cdc 4nh hudng
cia n6 1a ddng k€ d&n tinh trang 1am viéc ctia hé thong dién. Mic khdc viéc tinh
todn ngdn mach mot pha twong d6i phitc tap hon so v6i ngdn mach ba pha, nén
trong thuc t€ thi€t k€ ngudi ta hay dung k&t qua clia bai todn ngdn mach ba pha
déi xing. Dang séng dong dién ngdn mach x4y ra trong hé thong dién c¢é dang
nhu hinh 3.1.

Tir dang séng hinh 3.1 chiing ta thy ring dong dién ngin mach bao gdbm
hai thanh phin la thanh phan khong chu ky ¢6 dang haim mii gidm dan va thanh
phin c6 chu ky khong ddi (trong tinh todn ching dugc xem nhu cé bién do
khong d6i).

Vi tinh todn ngdn mach chiing ta phdi k& d&€n cd mdy bi€n d4p va mdy phat
trong ludi, nghia 13 chiing ta phdi tinh todn vd&i nhiéu cAp dién 4p khdc nhau.
Diéu nay sé phifc tap khi tinh trong hé don vi ¢6 tén thong thudng, do d6 khi tinh
ngin mach ngudi ta thudng qui d6i vé ciing mdt cap dién 4p thong qua viéc st
dung hé don vi tuong doi (hé don vi khong tén).

3.2. H¢ don vi tuong doi

Khi tinh todn qui d8i vé hé don vi tuong ddi ching ta phdi chon cic dai
lugng cod ban nhu dién dp co badn Uep, cOng sudt cd bdn Scy. T hai gid tri co ban
nay chiing ta tinh cdc gid tri dong dién va dién khdng cd bdan nhu sau:

| = Scb
cb_\/_
3U
@ (3.1)
X = S
cb \/§|Cb

Trong tinh todn ching ta thudng chon gid tri clia cong suat cd ban 1a céc
gia tri don gian cho viéc tinh todn (10MVA, 100MVA, 1000MVA,..), con dién
dp cd bdn thudng dugc chon bang gid tri dién dp dinh mic trung binh cia mang
c6 cAp dién 4p phd bi€n. Tir day chiing ta qui ddi cdc dai lugng vé hé don vi
tuong ddi nhu sau: (trong gido trinh nay ching ta qui udc cdc dai lugng trong hé
don vi tuong doi déu c6 dau * & trén géc phdi clia ky hiéu dai lugng)

=Y oo B ol el S s X lSe y (3
Ucb Ucb ch Scb ch U

cb

Trong mdt s trudng hop cu thé cdc gid tri dién khang trong hé don vi
twong d6i dugc tinh nhu sau:

May phdt dién:
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Xs =X, Se (3.3)
Sdm
Trong d6 X 412 dién khing siéu qua do doc truc
Mady bién dp :
. U.%S,
- b 34
" 100 S, 4

Un% 12 dién 4p ngdn mach phin trim cda mdy bi€n 4p ba pha hai cudn day.

Duong day:

X's =X, US:2 (3.5)
Xqla dién khdng ctia dudng diy Xa=xXo.1
Khang dién:

Xy = %I:_i (3.6)

trong d6, Xx% va lamk 12 di€n khdng % va dong dién dinh mic clia khing dién.

3.3. Ngian mach ba pha déi xitng

Can chd y ring trong chuong nay tat cd cdc gid tri dua ra dugc hidu 1a &
don vi twong d6i (pu). Ngdn mach ba pha 1a loai ngin mach xdy ra khi ba day
pha clia dudng day dudc chiap chung lai véi nhau, né xay ra véi tin sudt rat thap.
Tuy nhién, diy dugc xem nhu 13 loai ngdn mach nguy hi€m nha't.

Trong trudng hdp nay téng trd mach vong khép kin qua di€m ngin mach
bao gdbm dién khdang mdy phat (day la dai lugng thay d6i theo thdi gian va khi
tinh todn ching ta 18y gan ding bing dién khdng siéu qud do doc truc Xq ), dién
khidng mdy bi€n 4p, dién khdng dudng diy (bao gdbm cd cdc thi€t bi dit trén
dudng diy) va tong trd bd sung tai di€m x3y ra ngdn mach Zg. Khi d6 do 16n cia
dong dién ngin mach ba pha d6i dudc x4c dinh nhu sau:

e Us©)

=_—3v/ 3.7
Ly + 1 G-

Trong d6: Us(0) 1a dién 4p Thévenin hay dién 4p tai di€m ngin mach
trudc khi x4y ra ngdn mach (dién 4p nay thong thudng cé dudc tir bai todn phan
bd cdng suit ). Trong khudn khé ciia gido trinh nay ching ta gid thi€t ring dién
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4p tai thanh cdi m4y phdt biing vdi gid tri danh dinh trong tat cd cdc trudng hdp
ngin mach. Nghia 13 U;(0)=U2(0)=U3(0)=1(pu). Z33 1 tdng trd Thévenin nhin tir
di€m ngin mach.

Trong cdc bai todn don gidn ching ta c6 thé xdc dinh Z3; bing phudng
phdp bién ddi twong duong thong thudng. Tuy nhién, trong mang dién phic tap,
viéc tinh nhu vdy sé& khé khin va chiing ta phdi st dung ma trin tong tré Z hay
tong din Y clia mang (vin dé nay sé& dugc trinh bay & phan sau).

Dong dién chay trén nhdnh ij cia mang dién khi ngin mach dudc xdc
dinh theo biéu thic:

U,(N)-U; (N)

L;(N)= (3.8)

i
Vidu 3.1:

Cho mot hé thdng dién nhu hinh vé 3.2:

2

CI:C 3 |4
! |
O—+O—

Hinh 3.2: So d6 hé théng cho vi du 3.1

V6i cdc gid tri dién khdng tuong duong cho trong hé don vi twong ddi nhu
sau: X$G1=j0,2; X*G2=j0,4; X gai= X*BA2=jO,2; X*d=j0,1 va Zr=j0,16.

Hiy xdc dinh tong trd Thévenin khi ngin mach tai di€m s6 4 (Zas) dién dp tai
cdc ndt va dong dién ngdn mach chay trén cdc nhdnh clia hé thdng.

Giai:
Ta c6 sd @b tong trd tuong duong:

Jo,4 2

Biing cdch bi€n d6i thong thudng ta c6 so dd dudc rit gon nhu sau:
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Véi so d6 tuong dudng nhu trén chiing ta c6:

Zu=j0.34 " J0,16
I—2F .- [
In3 Umn

L Us(N) _ 1
N Z,+Z.  j034+j01

=-j2 (pu)

Khi d6 dong dién chay qua hai m4y phat khi x4y ra ngdn mach nhu sau:

jO,6 .

61 =W|N4='J172(Pu)
j0,4 )

G2 = j04:+ j0,6 I'vs=-J0,8(pu)

Do thay ddi dién 4p tai cdc nit nhu sau:
AU =0 - (j0,2)(-j1,2) = -0,24 (pu)
AUz =0 - (j0,4)(-j0,8) = -0,32 (pu)
AU3 =0 - (j0,4+j0,2)(-j0,8) = -0,48 (pu)
AU4 =0 - (j0,16)(-j2) — 1 =-0,68 (pu)
Do d6 dién ap tai cdc nit cho bdi:
U1 =U1(0) + AU =1 -0,24 = 0,76 (pu)
U, =U2(0) + AU2=1-0,32 = 0,68 (pu)
Us =U3(0) + AU3; =1 -0,48 = 0,52 (pu)
Us =U4(0) + AU4 =1 -0,68 = 0,32 (pu)

Trong vi du 3.1, ching ta gid thi€t 12 bd qua dnh hudng cia dong tdi va
xem dién 4p tai ti't cd cdc nit trude khi x4y ra ngdn mach déu bing 1(pu). Mudn
k&t qué tinh todn chinh xdc hon thi dién 4p trudc sy ¢d tai cdc nit phdi dugc 14y
tlr bai todn phan bd cong suit.

Viéc tinh todn dong dién ngdn mach ¢6 thé dugc thuc hién thong qua
cong suit ngan mach SCC ( Short Circuit Capacity) tai di€m xdy ra ngin mach.
Cong suat ngdn mach SCC dugc x4c dinh nhu sau:

SCC = 3 ULdi(N).107 (MVA) (3.9)
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O day, Uik [kV] 12 dién 4p day, I«(N)[kA] 1a dong dién ngin mach tai di€m k,
véi mang ba pha ddi xitng thi:

U, (0)

kk

Ix(N) =

[pu] (3.10)

3.4. Ngian mach khong doi xiing

Pay la loai ngin mach phic tap, d€ gidi bai todn trong trudng hop nay
chiing ta phdi ding cdc thanh phin khong ddi xing. Tuy nhién, dé don gidn
ngudi ta thudng bi€n ddi thanh phan khong d6i xing thanh cdc thanh phan ddi
xung.

3.4.1. Bién déi thanh phan khong déi xing thanh cdc thanh phan
doi xitng cd ban.

Ching ta biét ring bat ky mot thanh phan ba pha khong d6i xitng nao
ciing c6 thé bi€n ddi thanh phin ddi xing d6 14 thanh phin thi tu thuin (1),
thanh phin tht ty nghich (2) va thanh phin thit tw khong (0). C4c thanh phan doi
xting dudc bi€u dién nhu sau:

1,0
Icl Ib2 / IbO
/ ¢
Ial Ia2
C
S @ £ o ©

Hinh 3.3: S6 do céc thanh phin ddi xing

N€u goi a 1a todn tf quay thi cidc dai lugng thit ty thuin clia ba pha (hinh
3.3a) dugc biéu dién theo pha a nhu sau:

Ial = IaIZOO = Ial
I' = L' £240° = 221, 3.11)
Ic1 = Ia141200 = a.Ia1
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V@i todn t a dudc cho bdi:
a=1/120°=-0,5 + 0,866
a?=1£240°=-0,5-j0.866 (3.12)
a’=1£360°=1+j0

va l+a+a’=0 (3.13)

Tuong tu, cdc thinh phin thi tv ngich (hinh 3.3b) dudc bi€u dién qua pha
a nhu sau:

L2 =1,2£20° = I,
I* = [,2£120° = al,? (3.14)
1% = [,2£240° = 2L,
Thanh phén thit ty khong thi nhu nhau trong ba pha a, b, c, nghia la:
LY =1 =1 (3.15)

Nhu vay, ba dong dién ba pha bat ky I, I va L. c6 thé dugc xdc dinh
thong qua cdc thanh phan d6i xitng nhu sau:

L=L"+1L"+12
I =L+ I + 12 (3.16)
L =1+ I + I

K&t hgp phuong trinh (3.11), (3.14), (3.15) va (3.16) ta c6:
L=L"+L"+12
Io = [0+ a2, + al,2 (3.17)
L =L+ al,' + a%,

Hay vi€t du6i dang ma tran:

I, [=|1 a* a |1} (3.18)

néu dit A véi:
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11 1
A=|1 a? a (3.19)
1 a a?

La ma tran chuyén d8i cdc thanh phan ddi xting thi (3.18) dudc vi€t gon lai nhu
sau:

I?c = A 1,01 (3.20)
Hay [,012 = Al[abe (3.21)

LAy ngich ddo ma trdn A, phuong trinh (3.21) dugc viét nhu sau:

)’ 11 170,
R =% 1 a a?|l, (3.22)
1,2 1 a® a|l.
Tuong tu cho thanh phan dién 4p ta c6:
Ut = A U, (3.23)
U212 = AU (3.24)

Trong trudng hgp ngudn ba pha cé trung tinh ndi dit qua tdng trd Z, cung
cap cho tdi ba pha ddi xitng nhu hinh 3.4 thi ching ta c6:

1
E* = |a? |E, (3.25)

Ap dung luat mach vong cho mdi pha ta c6:
Ua =Ea— Zsla - Zuls
Ub = Eb — Zsly - Zaln (3.26)
Ue =Ec - Zle - Ziln

Mit khéc ta c6: In=Ia + Iy + Ic va khi d6 (3.26) dugc viét lai:

u,1 [E.] [z.+2, z, zZ, I,
u, |=|E, |-| z, z.,+z, z, |1, (3.27)
U, | [E, Z, Z,  Z.+Z, |1,

hay vié€t dudi dang rit gon 1a:

Uabc — Eabc _ ZabcIabc (328)
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Chuyén phuong trinh (3.28) sang cdc thanh phan d6i xitng ta c6:
AU,? = AE, %12 — Z3%A1,012 (3.29)
Nhan phuong trinh (3.29) cho A™! ta dudc:
U012 = B,012 _ A-lzabep] 012 — | 012 7012] 012 (3.30)

Hinh 3.4: M6t hinh tong trd tuong duong clia
mang 3 pha c6 tdi ddi xding

g day:
11 1][z.+z, z, @z, 11 1
Zm:%l a a’ z, 2.,+Z, Z, 1 a® a (3.31)
1 a? a Z, Z, Z+Z, |1 a a?
Khai tri€n phuong trinh (3.31) ta c6:
Z,+3Z, 0 O z° 0 0
72 =1 o0 z, 0 |=|0 z' o0 (3.32)
0 0 Z 0 z?

Néu sitc dién dong mdy phat la d6i xing thi chi c6 thanh phan thi tu
thudn, nghia la:

0
E?=|E, (3.33)
0
Khi d6 phuong trinh (3.30) dudc viét lai:
U."=0-ZL"
U =B, - Z'I (3.34)
U =0- Z71°
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Vidu 3.2.

Bién d6i cic thanh khong ddi xing cta dong dién trén cdc pha nhu sau:
I.=1,6£25° 1r = 1£180° I. = 0,9132° thanh cdc thanh phan thit tu d0i xng.

Giai:
Ap dung cdng thic(3.22) ta ¢6 dugc thanh phan cdc thi tv & pha a nhu
sau:

0
I

0,4512.296,4529
I' | =|0,9435/-0,055
| 2 0,6024 22,3157

a

3.4.2. Ngin mach mét pha cham dat

Sd db tong tr twong duong cla ngin mach mot pha cham dat trong mang
ba pha nhu hinh 3.5.

Hinh 3.5: Mot hinh tdng tr§ twong duong
trong ngdn mach mot pha cham dat

Trong so dd hinh 3.5, Zr1a tong trd bd xung tai di€m ngidn mach va Z, 1a
tong trd clia hé thong ndi dat trung tinh ngudn. Theo sd dd ta nhan thiy ring:

Ua = ZFIa (3.35)

Ih=1.=0 (3.36)
Khi d6 phuong trinh (3.22) dugc rit gon thanh:

1 |
a a’|o (3.37)
a 0
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giai phuong trinh trén ta dugc:
LO=LI=LZ=§L1 (3.38)

Pién 4p pha a dugc xdc dinh thong qua cdc thanh phan d6i xing nhu sau:
Ua=U + U + U2 (3.39)
TU phudng trinh (3.34)va (3.34) ching ta c6:
Us=E.— (Z'+ 7>+ ZO)1,° (3.40)
O day Z° = Zs+ 3Z,. Khi d6 thay vao phuong trinh (3.35) chiing ta dudc:
E

L0 = 2 3.41
Z'+2%+2°+3Z, (341

Dong dién sy ¢d trén pha a la:
I = 31= 3, (3.42)

Z'+72°+7°+3Z,

3.4.3. Ngian mach hai pha khong cham dat

M5 hinh ciia ngin mach hai pha khdong cham dit dugc minh hoa nhu hinh
3.6:

Tir sd @b hinh 3.6 ta c6 cdc phuong trinh mo t3:
Uy — Uc =Zrly (3.43)
I+ Ic=1,=0 (3.44)

Thay hai phuong trinh trén vao phuong trinh (3.22) ta c6:

1’ 11 170
1! =% 1 a a’|l, (3.45)
1,2 1 a* a|-1,
Giai phuong trinh (3.45) ta dugc:
Iao = 0
11 2
L' = é(a—a ), (3.46)
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Ia2= %(az _a.)lb

Nhan thdy ring I,' = - I,> va tif phuong trinh (3.23) ta c6:

Up— Ue = (a?-a)(Ua! — Us?) = Zgly
Tu phuong trinh (3.34) ta c6:

(@’ - a)[ Ea- (Z'+ZH)L'] = Zely
k€&t hgp véi (3.46) ta dugc:

31,

Ea— Zl'l‘Z2 Ialzz
( ) i (a—a’)(a*-a)

TGZF

Hinh 3.6: M6 hinh ngdn mach hai pha khong
cham dat

Pé ¥ ring (a-a%)(aa) = 3, gidi phuong trinh trén theo I, ta dugc:

Ialzi
Z'+2°+2Z,

Khi d6, dong dién chay trén cic pha cho bdi:

1711 170
I, [=|1 a® a |1}
.| [1 a a?|-1t

dong dién qua vi tri su ¢6 dudc cho bdi:

Ib=— c = (az— a)Ial = ‘j\/§Ial

(3.47)

(3.48)

(3.49)

(3.50)

(3.51)

(3.52)
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3.4.4. Ngan mach hai pha cham dat

Ching ta gid thi€t ngdn mach hai pha b, ¢ va cham dit tai di€ém ngin
mach. Khi d6 so do tdng trd trong trudng hdp gan ding cé thé nhu hinh 3.7:

Luic nay ta c6:

Us = Ue = Z(Ip + L) (3.53)
L=L"+L'+L>=0 (3.54)
Tu phuong trinh (3.22) ta c6:
U = U0 + a%U,! + aU,? (3.55)
Ue=U. + aU,' + a’U,> (3.56)
Do U, = Up nén ta dugc:
2! = U2 (3.57)

Thay thé cdc thanh phan d&i xitng ctia dong dién vao (3.53) ta c6:
Up = Zr(L? + a2L' + al.2 + L° + al.! + a%L?)
= Zr(2L" - I,! - 1.%) = 3Z¢L° (3.58)
th€ (3.58) va (3.57) vao (3.55) ta c6:
3Zel’ = U" + (a> + a)U.' = U" - Ua! (3.59)
k&t hgp phuong trinh (3.34), (3.54) va (3.57) v6i phuong trinh (3.59) ta c6:

=

Hinh 3.7: M6 hinh ngin mach hai pha cham dat
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— 1 1
L= EO# (3.60)
2" +3Z;
, E -7
L.~ = BT (3.61)
E
L!=- 2 (3.62)
71, Z*(2°+3zZ;)
Z°+2°+3Z,
Khi d6 dong di€n chay qua diém su c6 dugc cho bdi:

Vi du 3.3:

Cho mot hé thdng dién nhu hinh 3.8:

Hinh 3.8: So do cho vi du 3.3

Vi cdc thong sd tong trd dugc cho trong hé don vi tuong ddi (pu) nhu sau (giad
thi€t Zr=j0,1(pu)):

Phén t X! X2 X°
M4y phdt G | 0,15 0,15 |0,05
M4y phétGa | 0,15 0,15 |0,05

M4y bign 4p T | 0,1 0,1 0,1
M4y bign 4p T, | 0,1 0,1 0,1
Day 1-2 0,125 [0,125 |03
Day 1-3 0,15 0,15 035
Day 2-3 0,25 025 07125

a) Tim dong dién ngdn mach ba pha doi xitng tai bus sd 3.
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b) Ngidn mach mot pha cham dat tai bus 3.

c) Ngin mach hai pha khdng cham dat tai bus 3.
d) Ngidn mach hai pha cham dat tai bus 3.

Bai giai:

So db tong tr§ tuong dudng clia bai todn cho thanh phan thi tu thuin va
ngich dugc minh hoa & hinh 3.9:

Tir s6 d0 ta co:

Ziy = UOL2UOLS) _ 4 357143
10,525

Zoy = UOL2U025) _ 41 5595938
J0,525

73y = M:J0,0714286
J0,525

JO0,15 . JOo,1 1 Jo,15 Jo,1 1

JO,15 J0,035714

J0,15 J0.1

(a) (b)
Hinh 3.9: So d6 tuong duong cho vi du 3.3
Diing bi€n d6i tam gidc — sao tir hinh 3.9a chiing ta c¢6 dudc so db tuong

duong hinh 3.9b. Biing cdc phép bi€n d6i song song, ndi ti€p thdong thudng ta co:

_(J0,2857143)(j0,3095238)
j0,5952381

Z33' = 733° +j0,0714286= j0,22.

Bi&n ddi tuong tu cho trudng hop tong trd thi tu khong va ching ta dudc:

751 = j0,1830275+ (10,4779642)(j0,256807) —0,35.
]0,7339449
a) Dong dién ngin mach ba pha d6i xting:
Ins* = U; O _ 1 =-j3,125 pu

© Z'w+Z. j0,22+j0a

b) Dong dién ngdn mach mot pha
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Ta co: L'=1'=1%= T U23 ©) 5
Loy +2°+2, +3Z;
1 :
= - - : - =-j0,9174 pu
j0,22+ 0,22+ j0,35+3(j0,1)
vay: I:* = 315° = -j2,7523 pu

c) Dong dién ngin mach hai pha khong cham dat

Thanh phan thit tu khong clia dong dién bing 0, I;° = 0. Hai thanh phin dong
dién thudn va ngich ngugc diu nhau:

U0 1

L'=-1*= — > =- . .
Z, +2,, +Z. ]0,22+)0,22+ )01

=-71,8519 pu
Va khi d6 dong dién ngdn mach trén cidc pha dudc xdc dinh theo cong thirc
(3.52):
I5° = -I;¢ = -j+/315' = 3,2075 pu
d) Dong dién ngdn mach hai pha cham dat:

Ta c6 cdc thanh phan thit ty dugc xdc dinh nhu sau:

U, (0) 1 ,
' = 3 = . . i =-i2,6017 pu
3 1, Zsy (s’ +3Z¢) o094 10:22(10.35+ j03) ] p
© T zivz0vaz,  1022+]035+03
a =1 1 7 s
2 = - U, (0)22 nly 1 (Jo,zg)( j2,6017) ~ 11,9438 pu
L3 j0,22
a =1 1 _(; i
I3o=_U3 (0)-Z'sl; _ 1-(j0,22)(-j2,6017) ~0.6579 pu

Z°3+3Z, j0,35+j0,3
Dong dién ngdn mach trong cdc pha dugc x4c dinh theo cong thitc (3.18)

I 11 1 [jo6579 0
> a | -j2,6017 |=| 4,058.,165,93°
I.| |1 a a?] j19438 4,058.,14,07°

Va tir d6 chiing ta xdc dinh dong dién ngin mach tai bus s6 3 nhu sau:

I3 = I5° + 15 = 1,9732.290° pu
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3.5. Tinh ngiin mach biing m4y tinh

Chiing ta bi€t ring viéc tinh todn dong dién ngin mach thong thudng nhu
da trinh bay sé& rit phic tap khi vda mit nhiéu thdi gian khi s& nit trong mang
16n. Ngay nay v6i su phdt trién nhanh chéng clia mdy tinh dién ti va cong nghé
phin mém di kém, ching ta c6 th€ gidi quyé&t bai todn mot cach don gidn. Trong
gido trinh nay cdc gidi thuit va vi du dugc minh hoa bing phin mém Matlab
phién ban 7.0.

Qué trinh tinh ngdn mach trong hé thong dién bing mdy tinh dugc thuc
hién thong qua ma trin t6ng tr§ Z (hodc ma trin té’ng din Y). Trong khudn khé
clia gido trinh chiing t6i khong trinh bay chi ti€t cdc budc d€ thanh 1dp ma trin
téng tr§ Z. Sinh vién mudn tim hi€u thém xin lién hé truc ti€p tdc gia.

3.5.1. Tinh ngiin mach ba pha déi xifng
Goi U(0) 1a ma tran dién thé€ nit tai cdc nit trong mang dién véi:

U,(0) ]

U(0)=|U,(0) (3.64)

U, (0)

AU la ma tran do thay déi dién 4p tai cdc ndt khi x4y ra sy ¢6 ngdn mach, thi:

AU,

AU (0) =| AU, (3.65)

AU,

Khi d6, dién 4p tai cdac nit lic xay ra ngdn mach U la:
U=U(©)+ AU (3.66)

Dong dién bom vao cdc nut duge xdc dinh theo di€n dp tai cdc nit va tf;ng dan
tai nat do:

I=Y.U (3.67)

O phuong trinh (3.67), Y 1a ma tran tong din nit dugc xdc dinh nhu sau:
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Yi= Dy, VGii#j (3.68)
j=0

Yii 1a cdc thanh phin trén dudng chéo cda ma tran tong din nidt. Thanh phin

ngoai dudng chéo clia ma trdn Y dudc xdc dinh bdi:

Yij = Yji = -yj

O day yj 1a tdng din tuong hd trén day ij.

(3.69)

Duva vao mach phin tich Thévenin ching ta xdc dinh dugc dong dién chay
qua diém sy cd k nhu sau.

0 Y11"'Y1k"'y1n__AU1_
_Ik(N) = Y Y Vi | | AUy (3.70)
_O a _ynl'“ynk'”ynn _AUn_
hay vi€t dudi dang rit gon:
Ibus(N) = YobusAUbus (371)
Do sut 4p tai cdc di€m dugc x4c dinh bdi:
AUpys = Zbuslbus(N) (372)

& 4y Zbus = Y 'bus 12 ma tran téng trd nit. Thay (3.72) vao (3.66) ta dudc dién dp
tai cdc bus trong qud trinh xay ra ngdn mach nhu sau:

Ubus(N) = Ubus(o) + Zbuslbus(N) (373)
Viét rd hon ta cé:
_Ul(N)— _Ul(o)— _le"'zlk "'Zln 110
U, (N) U (0) |+ | ZyyZi " Zyy || — 1 (N) (3.74)
_Un(N)_ _Un(o)_ _an"'znk“'znn_ _0

khai trién phuong trinh trén chiing ta chi ¢6 mot thanh phan khic khong clia

vectd dong & hang thit k. Khi d6 (3.74) vi€t lai cho hang thit k nhu sau:

Uk(N) = Uk(0) - Ziklk(N)

(3.75)

Mic khdc, dién 4dp tai diém k ciing dugc x4c dinh theo Thévenin nhu sau:

Uk(N) = ZrIk(N)

(3.76)
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Ti hai phuong trinh (3.75) va (3.76) ta rit ra gid tri dong dién ngin mach nhu
sau:
U, (0)

Ik(N) = ————
< Ly +Le

(3.77)

Tuong tu, dién 4p tai bus i trong qué trinh xdy ra ngdn mach dudc xdc dinh:

Zik

Ui(N) = Ui(0) - U, (0) (3.78)
kk + F
Dong dién trén ddy dan giita hai bus ij cho bdi:
U,(N)-U.(F
L;(N) = (N)=U; (F) (3.79)

ij

Nhu vay, viéc tinh todn ngdn mach biing mdy tinh thi phin phitc tap nha't
12 chiing ta di xdy dyng chuong trinh thanh 14p ma tran tdng trd nit (hay tong
din). Do gidi han cla gido trinh nén viéc trinh bay chi ti€t gidi thuat xay dung
chuong trinh tinh todn khong dua ra & ddy. Ban doc c6 thé tham khdo mot so tai
liéu hodc tac gia.

Vi du 3.4:
Mot hé thdng c6 so do nhu hinh 3.8 vdi cdc thong s6 nhu sau:
Phan tu X(pu)
M4y phét G, 0,1
M4y phét Go 0,2
M4y bién 4p T 0,1
May bi€n 4p T 0,2
Day 1-2 0,8
Day 1-3 0,4
Day 2-3 0,4

Véi Zr = j0,16, hay x4dc dinh dong dién trén cdc nhdnh va di€n dp tai cdc bus khi
x4y ra ngdn mach ba pha ddi xing tai bus s6 3.

Giai:
Biing cdch chay chuong trinh tinh Zy,s clia sd dd ta dugc:

j016 j0,08 j012
Zous = | j0,08 j0,24 j016
jo12 jo16 0,34

Tu do6 ta ¢6 dudc:
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U,(0) _ 1
Z,+Z. j0,34+j016

I3(N) = =-J2 (pu)

Tir phuong trinh (3.78) va (3.79) ta c6:
Ui(N) = Ui(0) - Zi3I3(N) = 1 — (j0,12)(-j2) = 0,76 (pu)
Ua(N) = Us(0) — Z3I5(N) = 1 — (j0,16)(-j2) = 0,68 (pu)
Us(N) = Us(0) — Zs3I3(N) = 1 — (j0,34)(-j2) = 0,32 (pu)
U,(N)-U,(N) _076-0,68 _

I12(N) = . 08 =-j0,1 (pu)
12 !
Ii3(N) = Ul(N)Z_US(N) = 0'7?82’32 =—j11 (pu)
13 1
U,(N)-U.,(N — )
I3(N) = (N)~U,(N) _0,68-032 —-j0,9 (pu)

Zy, j0,4

3.5.2. Tinh ngin mach khéng déi xitng

Trong trudng hgp ndy viéc tinh todn dong dién ngdn mach ciing dudc thuc
hién thong qua ma trin tdng trd Zpus. Tuy nhién, ma trdn téng tr§ trong trudng
hdp nay phiic tap hon, né bao gdm ca ba thanh phan thit ty. Sau ddy gido trinh
chi dua ra cdc bi€u thifc tinh todn tdng qudt tir cdc k&t qua phan tich & cic muc
trudc.

3.5.2.1. Ngan mach mot day cham dat

Chiing ta van gid thi€t 12 ngin mach & pha a cham dat thong qua tong trd
bd sung Zr tai bus thit k trong mang. Khi d6, cdc thinh phin clia dong dién ngin
mach dudc xdc dinh nhu sau:

U, (0)

I%(N) = I'«(N) = I%(N) = 3.80
HI) {N) HIN) Zh+ 2%+ 2% +3Z, ( )

Viét dudi dang ma trdn ta c6:
L = AL (3.81)

3.5.2.2. Ngian mach hai day khong cham dat
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Chiing ta phan tich trudng hgp ngdn mach giita hai pha b va c. nhu da
phan tich, trong trudng hgp ndy dong dién thit ty khong bing khong, dong thit tu
thuan va ngich ngudc diu nhau. Khi do:

I%N) =0

U, (0)

I'W(N) = - I%(N) =
HI) KN) Zha+ 2%+ Z,

(3.82)

3.5.2.3. Ngian mach hai diy cham dat

Lic nay dong dién ngin mach khdc nhau trong céc thanh phan th tu va
dudc xac dinh nhu sau:

U, (0)
I'k(N) = k 3.83
KN L Z% (2% +3Z}) ( )
Zkk+z2 5
kk +Z kk +3Z¢
U, (0)—Z'wI*
P(N) = - k()zz ol (3.84)
kk
11
I4(N) = - U, (0)—Z I« (3.85)

Z%+3Z,
Khi d6 dong dién ngidn mach tdng chay qua di€ém ngidn mach tai di€m k 1a:
Ik(N) = I"(N) + I%(N) (3.86)

Luu y ring trong trudng hgp ngdn mach khong d6i xing, dién 4p tai cdc
bus va dong dién chay trén cdc nhdnh trong sudt qud trinh xdy ra ngdn mach
ciing dugc xdc dinh tudng tu trong trudng hgp ngdn mach ddi xdng. Nghia Ia:

U%(N) =0 — Z%I,°
U'(N) = Ui'(N) — Zid (3.87)
UA(N) = 0 — Z2%I,?
0 day Ui'(0) = Ui(0). Vi€t dusi dang ma tran tong quat
Uit = AU (3.88)
Dong dién cdc thanh phan thit ty trén cdc nhénh:

o, = YA (N)-U5(N)
Zoij
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_ UN(N)-U'(N)

I : (3.89)
Z7j
2= Y i(N)-U?(N)
ij = 7
YA ij
Hay vi€t dudi dang ma tran:
I = AL%!? (3.90)

Vi du 3.5:

Tuong ty vi du 3.3, nhu trong trudng hop nay ching ta gidi theo ma trdn
Zvus. Chay chuong trinh thanh [4p ma trin Zyys ta dudc:

j0.1450 j0.1050 j0.1300
Z'vus = Z%us = | j0.1050 j0.1450 j0.1200
j0.1300 j0.1200 j0.2200

j0.1820 j0.0545 j0.1400
Z%us = | j0.0545 j0.0864 j0.0650
j0.1400 j0.0650 j0.3500

a) Ngin mach ba pha d6i xing:
Thanh phan d6i xting clia dong dién ngdn mach dugc cho béi:

0 0

0

LY(N) = | — L =| - ! —_|=|-j3125
L3+ Z, 10,22+ j0,1 0
0 0

Khi d6 dong dién sy cd trén cdc pha la:

11 1 1[0 3125/ -90°

L*(N)= |1 a* a ||-]j3125|=|3125150°
1 a a*|[0 3125.30°

Dién 4p tai cdc nit trong qud trinh xdy ra ngdn mach:
Ui(N) =1-Z"313(N) = 1 - j0,13(-j3,125) = 0,59375 pu
Ux(N) =1 - Z'5I3(N) = 1 - j0,12(-j3,125) = 0,62500 pu
Us(N) =1 - Z'53I3(N) = 1 — j0,22(-j3,125) = 0,31250 pu

C4c cau ti€p theo ban doc ty gidi quyét.
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3.6. Bai tap
Bai tap 3.1:

Mot hé thong mdy phdt, may bi€n 4p va dudng day vdi cdc thong sd cho
trong hé don vi tuong ddi nhu hinh 3.10.

Xe=0,15
Xpa=0,1 ’ 3

X6=0,15 4@3 I X44=0,2 |
O—

Hinh 3.10: Hinh vé& cho bai tap 3.1

a) Gia st tong trd bd sung Zr =j0,1; hiy xdc dinh dong dién ngin mach ba pha
doi xing chay qua di€m ngidn mach khi xdy ra ngdn mach tai cic di€m so 1, 2
va 3.

b) Dong dién chay trén cdc nhdnh khi xdy ra ngdn mach.

¢) Tim dién 4p tai cdc bus trong qud trinh x4y ra ngdn mach.

Bai tap 3.2:

Mot hé thdng mdy phét, may bién 4p va dudng day véi cdc thong s6 cho
trong hé don vi tuong ddi nhu hinh 3.11.

O

Xa2=0,1

Ok

X120, 1 Xpa=0,15 Xa=0,2

Hinh 3.11: Hinh v€& cho bai tap 3.2
Gid thi€t Zr=j0,08;

a) Hiay xdc dinh dong dién ngin mach tai di€ém ngin mach khi x3y ra ngin
mach tai cdc di€m 1, 2 va 3.

b) Tim dién 4p tai cdc nit trong qua trinh xdy ra ngdn mach.
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Bai tap 3.3:

Mot hé thong dién nhu hinh 3.12.

Hinh 3.12: So d6 don tuyé&n cho bai tap 3.3
Gi4 st tong trd ngdn mach bd sung Zr=j0,15.
a) Xdc dinh dong dién ngidn mach ba pha d6i tai cdc di€m 1, 2 va 3.
b) Tim dong dién trén cdc nhdnh trong qud trinh xdy ra ngdn mach tai bus so 3.

¢) Tim dién 4p tai cdc nit trong qud trinh xdy ra ngdn mach.

Bai tap 3.4:

Giai lai bai tdp 3.3 bing cdch thanh 14p ma trdn Zous (hodc Yous)

Bai tap 3.5.
Cho mot hé thdng dién nhu hinh 3.13.
1

o—1

Hinh 3.13: So d6 don tuyén cho bai tip 3.5

Véi cdc thong s6 tong tr§ dugc cho trong hé don vi tuong d6i (pu) nhu sau
(gid thi€t Zr=j0,15(pu)):
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Phan ti X! X2 X
M4y phit G, 0,1 0,1 0,02
M4y phit G» 0,1 0,1 0,02
Day 1-2 0,25 0,25 0,35
Day 1-3 0,15 0,15 0,35
Day 2-3 0,25 0,25 0,7125

Tim dong dién ngdn mach, dong dién chay trén cdc nhdnh va dién 4p tai

céc bus trong sudt qud trinh xdy ra ngidn mach trong cdc trudng hgp sau:

a) Ngdn mach ba pha ddi xting tai cdc bus sd 1,2 va 3.

b) Ngdn mach mot pha cham dAt tai bus 3.

c) Ngidn mach hai pha khong cham dat tai bus 3.

d) Ngidn mach hai pha cham dat tai bus 3.

Bai tap 3.6:

Lam lai bai tap 3.5 nhung s& dung ma tran tong trd Zyus (hodc Yous).
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LUA CHON THIET BI TRONG
CUNG CAP PIEN

4.1. Gidi thiéu chung

Trong qué trinh van hanh céc khi cu dién phdi lam viéc trdi qua cdc ch&
dd 1a: Ch€ d@o lam viéc lau dai, ch&€ dd qud tdi va ch&€ do ngdn mach. Trong ché
dd 1am viéc lau dai, dong dién qua khi cu dién va cdc bo phan din dién khéc sé
xem nhu bing dong dién dinh mic. Sy 1am viéc cda cdc phan tk sé tin cdy néu
qud trinh Iya chon cdc thdong s6 theo ding diéu kién &n dinh dong va &n dinh
nhiét. Di nhién, khi x4y ra ngidn mach, d€ han ch€ tic hai ctia né can phai
nhanh chéng loai c6 1ap phan su ¢d ra khdi mang dién. P&i véi mdy cit dién,
mdy cit phu ti va ciu chi khi lya chon con thém diéu kién kh3 ning cit clia
chiing. Ngoai ra, con phdi chi y dén vi tri dit thi€t bi, nhiét d6 mdi trudng xung
quanh, mic @6 4m uSt, mifc d6 nhiém ban va chiu cao ldp dit thi€t bi so v6i mit
bién.... Viéc lva chon cdc khi cu dién va cdc bo phian din dién khdc phai thod
man yéu cau hgp 1y vé kinh t€ va k§ thuat.

4.2. Lua chon cau chi

Pay 1 loai khi cu dién thudng gip, cAu chi dung d€ bdo vé mach dién khi
ngdn mach, Thdi gian cit mach clia cAu chi phu thudc vao vat liu lam day
chdy. Day ch3y cau chi lam bing chi, hgp kim chi véi thi€c, kém nhom, dong,
bac.... Chi, kém va hgp kim chi v6i thi€c c6 nhiét dd néng chdy tuong doi thap,
dién trd suat twong d6i 16n. Do vay, loai didy chdy ndy thudng ch€ tao c6 tiét
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dién 16n va thich hop véi dién d4p < 500V. Pai véi dién dp cao, khong thé diing
diy chdy c6 ti€t dién 16n dugc vi lic néng chdy, lugng hdi kim loai tod ra
16n, khé khiin cho viéc dap tit hd quang; do d6 & dién 4p nay thudng diung day
chdy bing ddng bac, c6 dién trd sudt bé, nhiét dd néng chdy cao. Cau chi 1a
mdt khi cu bdo vé don gidn, ré tién nhung dd nhay kém. N6 chi tdc dong khi
dong dién 16n hon dinh mdc nhiéu 1dn, chii y&u la khi xuat hién dong dién ngin
mach.

Cau chi dugc dung rong rdi cho mang dién dudi 1000V. O cdc thi€t bi
dién 10-35KV, ciu chi dudc dingd€ bido vé mang hinh tia, cic may bi€n dp dién
luc cong suit bé. PE ting cudng khd ning dip hd quang ra ki diy chdy bi dit
va bdo ddm an toan cho ngudi van hanh ciing nhu cdc thi€t bi khac & xung
quanh, trong cau chi thudng chén day cict thach anh. C4t thach anh c6 tic dung
phan chia nhé hd quan va do d6 nhanh chéng dip tit hd quang. V4 ciu chi ¢
thé dudc 1am bing chdt xenluylo. Nhiét dd cao cda hd quang s& lam cho
xenluld bdc hdi, gdy 4p sudt1dn d€ nhanh chéng dap tit hd quang.

Cau chi dudgc chon theo dién 4p dinh mic, dong dién dinh mic va dong
dién cit dinh mitc (hay song suidt cit dinh mitc), ngodi ra, cAnchd y vitri dit
cau chi

Khi c6 nhiéu dudng diy mic ndi ti€p nhau, d€ bdo ddm tinh chon loc thi
dong dién dinh mic cla ciu chi phia trudc phdi 16n hon dong dién dinh mic
clia cau chi phia sau, it nhatla mot cAp (tinh tif nguén d€n hd tiéu thuy)

Dong dién dinh mic cta ciu chi dung d€ bdo vé dong cd dién dudc chon
Xu't phdt tir hai diéu kién sau:
1/ Theo diéu kién lam viéc binh thuong

Tamce > Tivde 4.1)

b'Pdmdc

la dong dién lam viéc cia dong co
\/_3Udm.c05go

Iivae =
n.

O day, b 1a hé s6 mang tai cia dong cd, né 1a ti s§ giita cong sudt dong cd
tiéu thu vdi cong sudt dinh mic clia né, n 1a hiéu suit cia dong co tng vé6i

cong sudt tiéu thu cda nd, Pamac cOng suat dinh mic cia dong cd
2/ Theo diéu kién md mdy
Khi md may khong tai hodc tai nhe:

Lamce > \mm 4.2)

2,5

Khi mé mdy c6 day tdi:
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Tamce > LI 4.3)
16+20

D6i v6i mdy han:

Tamce > '1 (4.4)

Imm 12 dong dién md mdy cuc dai cia dong co.

Né&u mot dudng didy cung cAp cho nhiéu dong co, thi diéu kién chon dong
dién dinh mdc cda cdu chi sé& 1a:

lamce 2 m D7 1 4.5)
i=1
mz I lvdci + Imm(max)
Hoic 1a: Limcc > —i=2 (4.6)

2,5

O day m 1 hé s& ddng thdi, n 1a s6 dong cd dudc cung cdp tir mot dudng day,
Imm(max) 12 dong dién m3 mdy cda dong cd c¢6 hiéu s6 (Imm-Iivac) 16n nhat.

4.3. Lua chon dao cach ly

Nhiém vu chii y€u ctia dao cdch ly tao ra mot khodng hd cdch dién dugc
trong thdy giita bd phan dang mang dong dién va b phan cidt dién nhim muc
dich ddm b3do an toan va khi€n cho nhin vién sira chita thi€t bi dién an tim
khi 1am viéc. Do vdy, & nhitng ndi can stra chita luon tao nén dit thém dao
ciachly ngodicéc thi€tbi dong cit.

Dao cdch ly khong c6 bo phan dap tit hd quang nén khong thé cit dugc
dong dién 16n. Néu nhim 14n dung dao cdch ly d€ cit dong dién 16n thi c6 thé
phdt sinh hd quang giy nguy hiém. Do vdy, do cichly chi dung dé€ déng va
cit khi khong c6 dong dién.

Dao cdch ly dudc ch€ tao vdi cdc cap dién 4p khdc nhau, ¢6 loai mot pha
va loai ba pha, c6 loai didt trong nha va loai dat ngoai troi.

Dao céch ly dudc lua chon theo cdc diéu kién dinh mic, diéu kién vé 6n
dinh lyc di€én dong va dn dinh nhiét nhu sau (bang 4.1):

Trong bdng 4.1, te 12 thdi gian gid thi€t ctia thinh phan chu ky, né chinh 1a
thdi gian tdc dong toan phin clia may cit d€ cd 14p hodn todn sy cd. toa 12 thdi
gian 6n dinh nhiét, ix 12 thanh phin xung kich ctia dong dién ngidn mach.
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Stt Pai lugng lya chon va ki€m tra Cong thidc dé€ chon va ki€m tra

1 bién dp dinh mic [KV] Udmper 2 UgmL
2 | Dong dién dinh mdc [A] Iampcr = liv max

3 Dong dién on dinh lyc dién dong | Imax > ixk
[KA]

Dong dién 6n dinh nhiét trong thdi "
gian toa [A] Log > Lo -2

Bang 4.1: Cac diéu kién chon va ki€m tra dao cach ly

4.4. Luya chon CB (Circuit Breaker)

So véi cau tri, CB cho phép cit mach dién trong trudng hop su c6 mdt cich
nhanh chéng thong qua cd cau dién tir.

Nguyén tic 1am viéc cda CB 1a nhd sy quéd tdi dugc cdm nhan tf tAim ludng
kim loai khi bdo vé qud tdi, con khi ngin mach ching tic dong nhd co ciu luc
dién tir (nam cham dién). Trong ca hai trudng hop, su cdm nhin s& 1am md ti€p
di€m CB. Ciéc ti€p di€m nay cé thé déng cit dong ngdn mach tir vai ngan dén
vai chuc ngan ampe.

V& nguyén tic chung cdc CB dudc chon lua theo cdc diéu kién sau:
+ Theo diéu kién dién dp dinh miic:

Udmcp+AUqdacB = UdmL+AUqdaLv 4.7)
+ Theo diéu kién dong dién dinh miic:

Limce > Leb (4.8)

J day L 12 dong dién cudng bic cia tai, trong thuc t€ ching ta 1y I, bing dong
dién dinh nhon (Isn) ctia phu ti trong trudng hop tdng quat. AUgacs 12 ludng qua
dién dp cho phép ciia CB, AUgdaLv 12 lugng qua dién dp lam viéc cta lugi dién.
Udmer va Uame 12 dién dp dinh mic cia CB va ludi dién.

+ Theo dong dién khd ndng cdt 1.,
Icu 2 IN (4.9)

In 12 dong dién ngdn mach 16n nhA't phia sau vi tri dit CB
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4.5. Lua chon mdy cat

Mady cit dién 1a mot thi€t bi ding trong mang dién cé cong suit cit 16n.
D6 1a loai thi€t bi déng cidt lam viéc tin cdy, song gid thanh cao nén mdy cit
thudng chi dugc ding & nhitng nGi quan trong.

Pé diéu khién mdy cidt ngudi ta dung cdc bo truyén dong diéu khién
bing tay hoic bing dién.

Mady cit dién dugc chon theo dién 4p dinh mdc, dong dién dinh mitc, loai
may cit, ki€m tra luc 6n dinh dong, 6n dinh nhiét va kha ning cit trong tinh
trang ngin mach.

Céc diéu kién chon va kiém tra mdy cit dugc ghi & bing sau (bang 4.2)

Stt Pai lugng lya chon va ki€m tra Cong thiic d€ chon va ki€m tra

1 bién 4p dinh mic Udmmc+AUgdamc= UdmL+AUgdaLv

I > Ic
2 | Dong dién dinh muc dmME = b
N ‘A R . . A A Imax > ixk
3 Dong dién On dinh lyc dién dong
2 . . ) t
4 | Dong dién On dinh nhiét trong thdi | loan > La [—*
odn

gian todn

Dong dién kha niang cit I Leu > INmax)

Béng 4.2.C4c diéu kién chon va ki€m tra mdy cét dién.

Luu y: Dong dién dn dinh nhiét ctia mdy cit Isan cho trong 1y lich mdy
thudng cho ung véi thdi gian: 1; 5 va 10 gidy. Thdi gian cdt ngdn mach dugc
tinh tir ldc bit ddu ngin mach dé&n lic mdy cit md cdc ti€p di€m chinh phin
dong luc. N6 bing tdng thdi gian tdc dong riéng cia ban thin mdy cit va thdi
gian tic dong clia bido vé role. Do vdy cé thé xem thdi gian cit chinh bing thdi
gian ngdn mach.

4.6. Lwa chon day dian

Trong cung ciAp dién diy din dudc diung chd yéu 1a cdp. Cdp dung trong
cung cip dién c6 hai loai thudng gip 1a cdp ddng, nhom .Cap cé nhiéu ki€u nhu:
cdp mot, hai, ba, hay bon 18i, cdp dau hoidc cdp cao su. Cdp dan ngoai trdi thudng
12 loai day trdn mot sdi, nhiéu sgi hodc ddy rdng rudt. Cdp din trong nha thudng
12 loai ddy boc cao su cach dién hoic PVC. Mot s6 trudng hgp trong nha cé thé
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diing day tran hoic thanh din nhung phai dudc dit trén sit cdch dién. Trong mang
dién xi nghiép, ddy din va cdp thudng dudc Iya chon theo cdc diéu kién sau:

+ Chon theo diéu kién phdt néng
+ Chon theo diéu kién ton thdt cho phép

Khi chon ti€t dién day din, cdp, c6 thé duwa vao mot trong hai diéu kién trén
va ki€m tra theo di€u kién con lai. Ngoai ra con c6 thé chon tiét dién diy din,
cap theo mat do kinh té.

4.6.1. Lya chon tiét dién diay din theo diéu kién phdt néng

Khi c6 dong dién chay qua diy din va cdp thi vatdan bi néng, né€u nhiét
dd ddy ddn va cdp qué cao c6 thé 1am cho chiing bi hu hdng hoic gidm tho. Mit
khdc, do bén co hoc ciia kim loai din dién ciing bi gidm xudng. Do vay, nha ché
tao qui dinh nhiét d6 cho phép d6i véi mdi loai diy dan va cép.

Khi nhiét d mdi trudng 12 + 25°C, ngudi ta qui dinh nhiét d6 cho phép cia
thanh cdi va day din trdn 12 70°C. P&i v6i cdp chon trong ddt &m c6 nhiét do 1a
+15°C, nhiét dd cho phép chi dudc dao dong trong khodng 60-80°C tuy theo tirng
loai cdp. DAy boc cao su c6 nhiét d@o cho phép la 55°C.

Né&u nhiét do ddy din va cdp dit tai ndi nao d6 khdc véi nhiét dd qui dinh
(nhiét d0 khong khi 1a 25°%C, nhiét @6 cta datla 15° C) thi phdi hiéu chinh theo
hé s& hiéu chinh k (k — cho trong cdc s6 tay tra ctu). Khi d6, ti€t dién ddy din
va cdp chon phdi thod min diéu kién sau:

k-Icp > Ilmax (4 10)

Trong d6 Iimax 12 dong dién 1am viéc cuc dai cda ddy dan, I, 12 dong dién
cho phép tng vdi diy din chon.

Dong dién cho phép I, 13 dong dién 16n nhit c6 thé chay qua ddy din
trong thdi gian khong han ch€ ma khong lam cho nhiét d6 ctia né vugt qué tri
s6 cho phép.

4.6.2. Lua chon day din theo ton that dién ap cho phép

D6i véi viéc cung cAp dién & mang ha dp, dit biét 1a § ving ndng thon, ta
phdi dua vao tdn thit dién dp cho phép dé lua chon ti€t dién ddy din vi mang
dién ndng thon thudng c6 cong suit bé, ti€t dién diy din nhd va do d6 dién trd,
day din 16n. Do vay, néu ting ti€t dién day din sé& 1am gidm tdn thi't dién 4p AU,
tifc 13 gilt cho tdn thit dién 4p khong vugt qua mic ton that dién dp cho phép.
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4.6.2.1. Lua chon day din trong trudng hgp cung ti€t dién

Trong phin nay dé don gidn chiing ta gid thi€t cdc phu tdi phin bd trén
dudng diy 13 phu tdi tip trung. Khi d6 cong thic ton that dién 4p trén toan bd
dudng day dudc vi€t nhu sau:

AU= =Y (RR+QX)) (4.11)
dm

va dudng day cung ti€t dién thi:

ry Pl x A
AU = OUZ SR °UZQ" = AUr + AUx 4.12)
d

dm m

& day: P; Qi 1a cong sut tdc dung va phdn khdng chay trén doan diy 1; (cong suit
cudi doan ddy). AUg, AUx 13 thanh phin tdn thit dién 4p do cong suit tic dung-
dién trd, cong suat phdn khdng — dién khdang giy ra. Néu biét dudc x, chiing ta
suy ra dugc AUx nhu sau:

AUy = XE—Q' (4.13)

dm

Trong thuc t&€ gid tri dién khdng trén mot km dudng diy X, it thay ddi
(khodng tir 0,3 dén 0,43(C/km)) nén chiing ta c6 thé 14y gi4 tri trung binh dé tinh
AUx. B0i v6i dudng day trén khong 18y tir 0,35 d€n 0,4(Q/km); véi dudng day ha
dp 1ay khodng 0,25(Q/km); cdp thi 14y khodng 0,07(Q/km). Tir d6 ching ta xdc
dinh dugc thanh phan AUg theo dd ton that dién 4p cho phép AU, nhu sau:

AUg = AU - AUx (4.14)

Tir day chiing ta xdc dinh ti€t dién day F theo AUr va dién din suity cda
vat liéu lam day dan theo cong thic:

F= NZ—E'L‘J (4.15)
dm R

T cong thic (4.14) ching ta c6 thé xdc dinh dudc r, theo AUR va tir day xdc dinh
F theo cong thirc:

F= L (4.15)
rO;/

Cin ct vao gid tri F tinh todn dugc ching ta tra bing d€ chon tiét dién day
theo cdc gi4 tri chudn gan nhat. T d6, ching ta c6 ro, Xo, 14y gid tri tinh lai ton
that dién 4p va so sdnh vdi gid tri tdn that cho phép. N&€u khong thda thi ting ti€t
dién 1én mot cAp va tinh lai.
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4.6.2.2. Lua chon diy din theo mat d6 dong dién khong doi.

Viéc tinh todn lya chon dong dién theo diéu kién cling tiét dién s& din dén
hao phi lugng kim loai mau dung lam dong dién. Do vy, véi cac phu tdi ¢ Tmax
tuong d6i 16n & khu vuc dia phuong ching ta nén chon diy din theo diéu kién
mat do dong khong d6i, khi d6 tdn thd't cong suit va dién dp sé gidm ding kE.
Phuong phdp nay dugc xdc dinh nhu sau:

Pau tién, cho mot gid tri X, thy ¥ ndo d6 trong khodng thong dung, tir d6
tinh dugc AUx, AURr theo cong thic (4.13) va (4.14) theo gia tri tSn that dién ap
cho phép. Chiing ta biét ring cong suat tai mot nit tdi i dugc xdc dinh theo cong
thitc Pi=~/3U amli COS@. TUr d6 chiing ta xdc dinh dugc AURr nhu sau:

I1; cosg;

AUg = 3) 1220 (4.16)
*
§ day, L, L, cosgi, Fi 1a cudng do dong dién, chiéu dai, hé sd cong suit, va tiét
dién day trén doan thd i ciia dudng ddy. Mic khdac mat d6 dong dién J dugc tinh
theo cong thitc J=I/F, nén tir di€u kién mat do dong khong ddi, ching ta c6:

I |
J=21=2 4.17)
Fl FZ
Tur d6 ta co:
AUR = EJZL cosg, (4.18)
Y

va cudi cling mat dd dong dudc tinh nhu sau:
_ AUg 1

=B Sieoss

T mat do dong dién J chiing ta x4c dinh ti€t dién cta doan diy thi i theo cong
thuc:

(4.19)

Fi= & (4.20)

C6 ti€t dién chiing ta s& chon day din nhu muc 4.6.2.1.

Thoi gian sit dung cong suit cyc dai
Tmax

Loai ddy din
<3000(h) | 3000=-5000(h) | >5000(h)
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DAy din ddng tran 2.5 2.1 1,8
DAy dian nhom 1,3 1,1 1
Cédp cach dién hodc day din boc 3 2,5 2

cao su 101 dong.

Cép cach dién hodc day din boc 1.6 1.4 12
cao su 101 nhom.

Cép ddéng cdch dién bing cao su 3.5 3,1 2,7

Béng 4.3: Mat do dong kinh t€ theo loai day

4.6.3. Lua chon diay dian theo mat do dong kinh t& Ji

Tiét dién diy din dugc chon theo mit do dong dién kinh t€ theo cdng thic
sau:

F= b [mm?] 4.21)
Jkt

& day Iy 1a dong dién lam viéc binh thudng cia ddy din tinh bing ampere, Ji 12
mat do dong dién kinh t€ phu thudc vao vat liéu lam day din va thdi gian st
dung cong suit cuc dai Tmax. Ti€t dién dugc chon phii kiém tra diéu kién phat
néng lic binh thudng.

Icp > Iivmax (422)

O day, I dong dién cho phép clia day din, Livmax 12 dOng dién lam viéc cuc dai
clia mang dién. Chiing ta c6 thé tham khdo Jx theo mot s§ tai liéu clia Nga &
bang 4.3

Sau khi tinh ti€t dién theo 4.21 ta tra s6 tay tim loai diy din c6 ti€t dién
F gan bing ti€t dién tinh. Néu c6 hai loai ti€t dién F 1dn cdn v&i F da tinh thi
nén chon ti€t dién bé hon, vi nhu vay tiét kiém dugc kim loai mau ma tinh kinh
t€ vin khong bi gidm di nhiéu.

Vi du 4.1:

81



Chuong 4: Lua chon thiét bi trong cung cap dién

i P )

l ¥ x
Se=IMVA Sc=600KVA
cosp=0,7 cos(=0,9

Mot day trén khong, dung ddy nhom cung cip cho cdc tdi nhu hinh vé&, dién
4p dinh mifc cia dudng day l1a 10KV. Tén that dién 4p cho phép 1a AU = 5%.
Thdi gian st dung cong suat cuc dai Tmax clia phu tdi 1a 3500 gid/ndm. Hiy xdc
dinh ti€t dién diy din. Cho lag=2km, lgc=4km, gid thi€t dudng diy cing tiét
dién, cho dién din suit clia nhom 1a 31,5(1/Q.mm?).

Giai:
Dong dién trén cdc doan AB va BC la
600 1000 + 600
Uy, V310

Isc = ﬂ =34,6A

V3.10

Ta 13y xo = 0,4Q/km, ta tinh dudc AUx nhu sau:

_ 0,4(710.2 + 262.(2 + 4))
10

=92,5A

AUx =120V

Tén that dién dp do phu tii tic dung va dién tr§ gay ra.

AURr = AU¢p - AUx = 10000. % —-120 =380V

Tir cong thic (4.19) ta c6 mat dd dong dién khong d6i trén dudng diy AC

A B C D

I I I |

| 5 5 h
Se=1MVA Sc=600KVASc=400KVA
cos¢=0,7 cosp=0,9 €0s9p=0,8
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J= yAU . 1 _
53 T cosp
31,5.380( 1 )=1,35A/mm?

J3  4.09+207

V6i Tmax = 3500h /ndm, diy din nhom, tra bdng 4.3 ta ¢c6 mat do dong dién
kinh t& 12 1,1A/mm?

- N 2 ° A .
Nhin thay ring J =1.35A/mm > Jix =1.1A/mm? nén ta ding Ji d€ chon ti€t dién
day din .

Ti€t dién doan diy AB

Fue = IJﬂ = —9'215 =84mm?
kt :

Tra bang ta tron ddy tiéu chudn Ia A-95

Tiét dién doan diy BC Ia

Tra bdng, ta chon diy tiéu chuin A.35

Trudng hop nay ta khong cAn kiém tra lai tdn that dién 4p vi khi chon tit
dién day ta da tinh theo Jk >Jinh toan.

Mot dudng diy trén khong, ding diy ddng cung cip cho cdc tdi nhu hinh

dién 4p dinh midc clia dudng day 1a 15KV. Tén thit dién 4p cho phép la
AUq=10%. Thdi gian st dung cOng sudt cuc dai Tmax cla phu tdi 13 4500
gid/nim. Hay xdc dinh ti€t dién diy din. Cho lap=3km, lgc=3km, lcp=2km, gid
thi€t dudng day ciing ti€t dién, cho dién tr§ suat clia dong 1a 18,8(Q2.mm*km).

Bai tap 4.2:
Gidi lai bai tip 4.1 trong trudSng hgp mat dd dong dién khong ddi.

Bai tap 4.3:
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Cho hé thdng cung cAp dién nhu hinh vé:

P=4AMW
cosp=0,75 C

A B
1 I
-

S=2MVA
cosp=0,8

D

S=(2,5+j1,5MVA

dién dp dinh midc cla dudng day 1a 15KV. Tén thit dién 4p cho phép la
AU¢p=10%. Thdi gian st dung cdng suit cuc dai Tmax cda phu tdi 1a 5000
gid/nim. Hay x4c dinh ti€t dién diy din. Cho lap=2km, lgc=4km, lgp=3km, gid
thi€t dudng diy diung diy nhom clng ti€t dién, cho dién trd suit clia dong la
35,5(Q.mm?/km).

Bai tap 4.4:

Giai lai bai tp trong trudng hgp dung day déng va theo di€u kién mat do
dong khong ddi. Cho dién tr suit clia ddng 1a 18,8(Q.mm?>/km).
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BAO VE ROLE

5.1. Gidi thiéu chung

Khi thi€t k&€ va van hanh bat ki mot hé thong dién ndo cin phdi ké dén
kha niing phat sinh sy cova cdc tinh trang lam viéc khong binh thudng trong hé
thong dién 4y. Ngan mach 1a loai su ¢ c6 thé x3y ra va nguy hi€m nhi't trong
hé thong dién. Hau qua clia ngdn mach Ia: sut 4p & mdt bo phin 16n cla hé
thong dién, phd hiy cdc thi€t bi trong Iu6i do hd quang dién, pha huy cdc phan
tt c6 dong ngdn mach chay qua do tdc dong nhiét va cd va quan trong hon cé 1a
gdy mat 6n dinh ctia hé thdng dién, rd 1u6i hé thong gdy mat dién trén dién
rong.

Ngoai cdc loai hu hdng, trong hé thong dién c6 cdc tinh trang viéc khong
binh thudng. Mot trong nhitng tinh trang viéc khdng binh thudng la qué tai. Dong
dién qud tdi 1am ting nhiét d6 cdc phan din dién quéd gi6i han cho phép lam
cach dién clia ching bi gia cbi hodc doi khi bi phd huy.

D€ ngiin nglra sy phdt sinh sy ¢ va sy phat trién clia ching c¢é thé thuc
hién cdc bién phap dé cit nhanh phan t bi sy cora khdi mang dién, d€ loai trir
nhitng tinh trang 1am viéc khong binh thudng c6 khd ning gdy nguy hiém cho
thi€t bi va ho tiéu thu.

DPé& ddm bdo sy lam viéc lién tuc clia cdc phan khong su cdtrong hé thdng
dién can c6 nhitng thi€t bi nhan dang sy phat sinh clia cdc sy covdi thdi gian bé
nhat, phdt hién ra phin ti bi sy cdva cit phan ti bi sy cdra khdi hé thdng dién.
Thi€t bi nay dudc thuc hién nhd nhitng khi cu ty dong c6 tén goi chung 1a role.
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Thi€t bi bdo vé dudc thuc hién nhd nhitng role va ciing dudc goi 1a thiét bi bdo
vé role.

N6i cdch khidc, nhiém vi chinh cla clia thi€t bi bio vé role 1a ty dong cit
phan ti¥ sy cora khdi hé thong dién. Ngoai ra thi€t bi bdo vé rdle con ghi nhin va
phét hién nhitng tinh trang 1am viéc khong binh thudng clia cdc phan tif trong hé
thong dién, tuy mic do ma bdo vé role phdn ¥ng véi tinh trang lam viéc khong
binh thudng thyc hién tdc dong sau mot thdi gian duy tri nhat dinh ( khong can
phéi c6 tinh tdc dong nhanh nhu & cdc thi€t bi bdo vé rdle chdng su ¢d). Ngay
ngay, vdi su phat tri€n clia cong nghé ngudi ta da tao ra cdc thi€t bi bdo vé role
ky thuit s “thong minh” c¢6 khd ning ddnh gid tinh trang ctia hé thong dién
trude khi xdy ra sy cd tir d6 dua ra cac khuyén cdo trong van hanh dé con ngudi
c6 thé ludng trude va khong cho ching x4y ra.

5.2. Céac yéu cau co ban ciia hé thong bao vé role

Nhin chung, cdc thi€t bi trong hé thong bio vé role ra tin hiéu tic dong di
cit can phaicé 4 yéu cau ki thuit cd bdn nhu sau:

+ Tinh chon loc.
+ Téc dong nhanh
+ Dd nhay

+ D3 tin cdy.

D6i véi cdc bdo vé tdc dong di bdo tin hiéu, ciing nhu bdo vé chi phdn ng
véi tinh trang 1am viéc khong binh thudng thi mot phan cdc yéu cau nay ( nhu
yéu cau tdc dong nhanh) c6 thé dugc gidm bét. Sau diy chiing ta s& xem xét chi
ti€t mot s6 yéu cau.

5.2.1. Tinh chon loc

Nguyén tic chung thi tdic dong clia bdo vé role chi cit phan tif bi su
cora khdi hé thong dién dugc goi 1a tdc dong chon loc. Khi ¢6 ngudn du
phong, tic dong nhu vay sé tao khd ning cho hd tiéu thu ti€p tuc dugc
cung cap dién.

Khi khong c6 ngudn du trit, dudng ddy cé thé bi mat dién ngay c khi bdo

vé tac dong chon loc. Tuy nhién kinh nghiém van hanh cho thdy ring, phin 16n
céc su c63 dudng day trén khong c6 tinh chi't thodng qua va tw mat di sau khi cit
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dién. Vi vay khi khong c¢6 ngudn cung cip du dir tot nhit 12 trén dudng day nén
dit cdc thi€t bi tw dong dong trd lai (ACR- Automatic Circiut Recloser), nhd vay
c6 thé nang cao diang ké dd tin cAy cung cAp dién.

Yéu cau tdc dong chon loc cling khong loai trir khd ning bio vé tic
dong nhu 1a bio vé du trit. trong trudng hgp nay, mit dit phdi cit phan tir
khong su conhung s6 Iugng cdc doan dudng diy bi cit dudc han ch€ it
nhat.

Ngudi ta chia tinh chon loc thanh hai loai:

+ chon loc tuong ddi: theo nguyén tit tic dong clia minh, bdo vé c6 thé lam
viéc nhu 1a bdo vé du trit khi ngdn mach phan ti 1an cén.

+ chon loc tuyét doi: bdo vé chi lam viéc trong trudng hgp su ¢d & chinh
phan tr dudc bio vé.

5.2.2. Tac dong nhanh

Khi x4y ra su c6 hé thong bdo vé role dua tin hiéu cit caing nhanh phan ti
bi st ¢d s& cang han ché€ dugc mifc do phd hai phan t d6, cang gidm dugc thdi
gian sut 4p & cdc ho tiéu dung va cang c6 kha ning giit dudc 6n dinh hé thong
dién.

Thoi gian tic dong su c6 s& gidm khi gidm thdi gian tdc dong cia thiét bi
bio vé role. Tuy nhién trong mot sd trudng hgp d€ thuc hién yéu ciu tic dong
nhanh thi khong thé thod man yéu ciu chon loc. Hai yéu ciu nay d6i khi mau
thuin nhau, vi vay tily dién kién cu th€ cAn xem xét ki cang hon vé hai yéu ciu
nay.

C6 thé thuc hién phdi hgp tdc dong gitta cdc thi€t bi bdo vé role va ty déng
lai d€ dung hoa hai yéu cdu trén: lic dau cho biét thi€t bi bdo vé role tic dong
khong chon loc cit nhanh sy c6 ra khéi hé thong dién, sau d6 dung thiét bi ty
déng rai déng trd lai nhitng phin ti vira bi cit ra. N&u sy ¢d ty tiéu tan thi hé
thong dién trd lai lam viéc binh thudng, con n€u ngdn mach van tdn tai thi thiét
bi bdo vé role sé tic dong chon loc c6 thdi gian d€ cit ding phan ti¥ bi sy cora.

5.2.3. D) nhay

Do nhay (sensitivity) ca hé thdng bdo vé role dudc hi€u 1a kh3 ning cdm
nhin cdc su thay d6i & trang thdi khong binh thudng trong hé thong dién. Yéu
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cau clia do nhay 12 phdi dd do&i v6i nhitng sy cdva tinh trang 1am viéc khong
binh thudng c6 thé xui't hién & nhitng phin t dugc bio vé trong hé thong dién.

Trong hé thdng dién 16n, d€ thod man yéu ciu vé d6 nhay thudng gip
nhiéu khé khin. Chin han, nhu khi truyén tdi mot cong xuat 16n cho cdc ho tiéu
thu cich xa hang chuc, hang trim km, ngudi ta st dung cdc dudng day dién 4p
cao c6 khd ning truyén tdi 16n. Lic d6 dong ngdn mach c6 cdc dudng diy bi su
cocé thé tuong duong hay thim chi nhé hon dong phu tii max (khi xét d&€n ché&
dd 1am viéc cuc ti€u clia hé thdng dién va dong dién qua tdng trd qua do 16n).

P06 nhay dudc dit trung bing hé s6 do nhay K. Pdi vdi cdc bido vé lam
viéc theo cdc dai lugng ting khi sy ¢ (nhu theo dong), hé s6 K, dugc x4c dinh
bing ty s6 gifta dai lugng tic dong t3i thi€u (tifc dong sy ¢d bé nhi't) khi sy cd
truc ti€p & cudi viing bdo vé va dai lugng dit (tc dong khéi dong).

Ks — Kldmin (51)
Kd

Trong Kumin 12 dai lugng tdc dong t6i thi€u, Kqa 13 dai lugng dit. Trong hé

thong dién yéu ciu clia K 1a K, =15+2

5.2.4. D) tin cay

Yéu ciu clia hé thong bdo vé phai luon ludn sin sang khdi dong va tic
dong mot cdch chic chin trong tit cd cdc trudng hdp su c6 trong viing bdo vé
va cdc tinh trang lam viéc khong binh thudng da dinh trudc. Mic khic bdo vé
khong dugc tdc dong khi sy c6 ngoadi viing bdo vé clia minh. N&u bdo vé c¢6
nhiém vu dy trit cho cdc bdo vé sau né thi khi sy ¢6 trong viing dy trit bdo vé
nay phdi khé&i dong nhung khong dugc tdc dong khi bdo vé chinh dit & gan chd
st c6 hon chua tdc dong (t4t nhién trong trudng hdp nay cdc cidp bdo vé khic
nhau dugc chinh dinh thdi gian tic dong khdc nhau). P ting do tin ciy
(Reliability) cia hé thong b3o vé rdle chiing ta can.

e St dung cédc rdle c6 dd tin ciy cao (Rdle chat lugng tot).

e SJ dd ctia hé thong bdo vé phdi don gidn nhat (sd lugng rdle, ti€p di€m
it..)

e Cédc bd phan phu (hop ndi, diy din) ding trong sd do phdi chic chin,
dam bdo.

e Thudng xuyén ki€m tra bio tri dinh ky.
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5.3. S¢ d@6 cdu tric ciia hé thong bao vé role

Trudng hop chung thi€t bi bdo vé rdle bao gdm cdc phin t& co ban sau:
cdc cd cAu chinh va phan logic.

Céc cd cdu chinh kiém tra tinh trang 1am viéc cta d6i tugng dudc bdo vé,
thudng phin &ng vdi cdc dai lugng dién. Nhu vay cdc cd ciu chinh c6 thé § trong
hai trang thdi: khdéi dong va khong khdi dong. Hai trang thdi d6 clia cdc co cau
chinh tuong ng v6i nhitng tri s nhit dinh clia xung tic dong 1én phan logic clia
bdo vé.

Khi bdo vé 1am viéc phin logic nhdn xung tir cdc cd cAu chinh, tic dong
theo t6 hdp va thit ty clia cdc xung. K&t qua clia tic dong nay hoidc 1a 1am cho
bdo vé khdi dong kém theo viéc phat xung di cit va bdo tin hiéu ho#c 1a 1am cho
bdo vé khong khdi dong.

Trong khudn khd ciia gido trinh chiing ta chi d€ cip dén so @6 cdc khdi va
chifc ning clia mot hé thong bdo vé role. Mot hé thdng bio vé rdle ¢ thé dugc
minh hoa bing c4c khdi sau (hinh 5.1).

Khdi do ludng *  Khéinhan " Khdixi Iy tin
dang hiéu
\ 4
Khéi khoi Khich
Khéi chdp |« khué&ch dai va |« Fadu
hanh truyén dong Henh
afy

Hinh 5.1: So do khdi hé thdng bio vé role

Sau diy chiing ta s& xem xét mot s6 ki€u k&t ndi clia khdi do ludng, bdi 18
cdc khoi khic trong thuc t€ dugc ché tao hgp bo. Trong hé thong dién viéc do
ludng thudng dudc thyc hién thdong qua cdc bién dong (TI) va bié€n 4p (TU), ngd
ra clia cdc thi€t bi nay dudc dua dén cic cudn day clia role (R). P& c6 kha niing
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bdo vé nhiéu pha ngudi ta thudng dung 3 sd dd ndi bi€n dong va cdc role cla
bdo vé nhu sau:

5.3.1. Bién dong va role ndi theo hinh sao

Trong trudng hdp nay dong vao mdi rdle ty 1& véi dong dién pha (thong qua
ty s6 bién dong K; ( hinh 5.2) trong ch&€ do lam viéc binh thudng hoic khi ngin
mach 3 pha thi:

l,+1,+1,=31,=0 5.2)

Nhu vay dong dién trong ddy trung tinh bing khong. Tuy nhién trong
trudng hdp nay khong thé khong c6 diy trung tinh vi né cin thi€t d€ ddm bio su
lam viéc ding din cda so dd khi ngin mach cham dat. So dd hinh 5.2 ¢6 thé 1am
viéc d6i vdi tit cd cdc dang ngdn mach. Tuy nhién d€ chdng ngdn mach mot pha
N thudng diing nhitng s6 do6 hoan hdo hon c6 bo loc dong thit tw khong Ino.

I;A A\
] .
I»B /\/\Ia
] L
{C /\/\Ib
A

L

| |

Hinh 5.2: S6 dd TI va role diu ki€u Y

5.3.2. Bi€n dong va role ndi hinh sao khuyét
Lic nay phuong trinh dong dién chay qua cudn ddy cda cdc role nhu sau:
I, =—(,+1,) =1, (5.3)
Trong d6 I, 12 dong dién tr§ vé (Hinh 5.3).

So db hinh 5.3 chi dung trong trudng hgp ngdn mach it nhat hai phai pha.
Khi ngdn mach mdt pha & pha khong dit bién dong so dd clia hé thdng bdo vé
role nay s& khong lam viéc.
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5.3.3. So dé dong hiéu

Trong s6 dd nay ngudi ta ding mot role va ndi vao hiéu cla hai dong pha
nhu hinh 5.4:

Né&u bién dong dugc dit giita hai pha A va C thi dong dién qua cudn day
rdle Ir dugc xdc dinh nhu sau:

o =1, -1, (5.4)

Trong diéu kién déi xting thi 1, =+/31,. Giéng nhu so dd sao khuyét, sd dd
hinh 5.4 khong lam viéc khi ngdn mach mot pha ding vao pha khong dit bi€n
dong.

TAt cd cdc so dd néi trén déu phdn &ng vdi ngin mach mot pha (trir cdc
trudng hop néi § trén) va ngin mach giita hai pha bat ky, vi vdy dé so sdnh

{A JAYAN

. N

I L.

Ic

> _——
N
— IC

= L[} [R]
Hinh 5.3: S6 d6 dau TI va role hinh sao khuyé&t

twdng d6i gifta chiing ngudi ta phdi xét dén kha ning lam viéc ctia bdo vé trong
mot s6 trudng hop dic biét, nhu hé s& do nhay, s6 lugng thiét bi can thi€t va
mic d6 phitc tap khi thyc hién so d6.

L vIr

Hinh 5.4: So do dong hiéu
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5.4. Nguyén ly tdc dong ctia hé thong bdo vé role

Cédc nguyén tdc tdc dong thi€t bi bdo vé rdt da dang tuy nhién da sd cdc
bdo vé dudc thuc hién theo nguyén tic sit dung dong va 4p va hé s6 cong suit
clia phan t¥ dugc bdo vé d€ tic dong. Theo phuong thitc ddm bdo tinh chon loc
ngudi ta chia cdc bdo vé thanh hai nhém chinh: mdt nhém gédm cdc bdo vé c6
tinh chon loc twong d6i va mot nhém c6 tinh chon loc tuyét doi.

5.4.1. Bio vé ¢6 tinh chon loc twong doi

Trong nhém nay gédm c6 cic loai bdo vé nhu bdo vé dong dién, bdo vé
dong dién c¢6 huéng, bdo vé khodng cdch,...,. Hinh 5.5 mo td cho chiing ta thdy
dic tinh thoi gian tic dong clia bao vé dong cuc dai trong mang hinh tia ¢c6 mdt

A B C

=y I I

™[]
v

’( w []

t %) 3

L

Hinh 5.5: So dd phdi hop thdi gian tic dong clia
hé thong bdo vé rdle dung bdo vé dong cuc dai

™[]
L]
v

7z

t 111 ‘ t2IH

t,! to!!

-

v

'thl

1
1
T
1
1
1
1
1
1
]
1
T
1
1
[}

[
»

Hinh 5.6: Dic tuy€n phdi hop gitta thdi gian tic
dong va dong di€én tac dong
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ngudn cung cidp (mang phd bién clia hé thdng cung cip dién). Thi€t bi bio vé
dit gan cdc mdy cit 1,2,3 § cdc thanh cdi A, B va C vé phia ngudn cung cp clia
dudng day, tdc dong chon loc dugc ddm bdo bing su Iya chon nhiéu cAp thdi
gian ti, t2, t3 clia cdc bao vé. Thdi gian lam viéc khong phu thudc vao dong dién
va dugc chinh dinh cang 16n khi bdo vé cang dit gin vé phia ngudn cung cap.
Khi d6 néu ngin mach trén doan BC thi chi c¢6 bdo vé tai mdy cit 2 tdic dong véi
thdi gian 2. Sau khodng thdi gian t2 n€u mdy cit 2 khong tdc dong dugc (do su
c6 cta ban thin mdy cit hay hé thdng bdo vé rdle ) thi may cit 1 mdi tdc dong.
N6i ciach khac may cit 3 chi c6 thé tic ddng vdi thdi gian t;>t; trong trudng hop
su cObdo vé clia mdy cit 2.

Trén hinh 5.6 1a dic tinh thdi gian cda bdo vé dong dién c6 thdi gian nhiéu
cAp dit trong mach hinh tia co mot ngudn cung cAp. Mdi bd bdo vé 1,2 va 3 ¢6
ba cip tudng tng véi cdc thdi gian lam viéc t' < t! < t" va cdc dong khéi dong
I'kp >I"kp >I"Mkp. Nhu vay nhitng cip c6 dong khdi dong 16n thi thdi gian lAm
viéc bé. Bdo vé c6 thé c6 dudc thuc hién dua vao sy gidm thap clia dong ngin
mach Ix khi di€m ngdn mach cang cdch xa ngudn ( hinh 5.6¢). Ngin mach xdy
ra cang xa chd dit bdo vé, dong di qua cudn diy clia bdo vé cang nhd va né sé
lam viéc v6i thdi gian 16n hon. Tir nhitng diéu trinh bay trén ta thdy, ddi véi bdo
vé dang khdo sdt tic dong chon loc dudc ddm bdo biing cach lua chon nhiu cip
thdi gian va dong khdi dong.

Trong trudng hgp dudng diy c6 ngudn cung cip tir 2 phia, bdo vé dudc dit
cd & hai phia cia mdi doan dudng diy va d€ ddm bao tinh chon loc, ngudi ta st
dung thém cdc bo phan cho phép bdo vé chi tic dong trong trudng hgp hudng
cong xud't ngidn mach di tir thanh gép vao doan dudng day dugc bdo vé. Khi dé
ngudi ta goi 1a bdo vé c6 hudng, dién nay sé& dugc phan tich k§ trong mon hoc
bdo vé rdle.

Hé thdng bdo vé rdle theo nguyén tic ciac bdo vé dong c6 huéng va bdo vé
khoang cach cling c6 thé c6 dic tinh nhu trén. Viéc tao nén céc cap & mdi mot
bd bdo vé dudc thyc hién dua vao sy ting 1én ty sd clia dién 4p ngdn mach Uy
va dong ngdn mach In theo khodng cach tir vi tri ngdn mach d&n cdc ngudn cung

’

cap.

5.4.2. Bao vé c6 tinh chon loc tuyét doi

Trong nhém nay bao gdm céc loai c4c loai nhu: bdo vé so l&ch, chiing dua
trén nguyén tic so sdnh cdc dai luong dién & cdc diu clia phan tif dudc bdo vé
bing cdch st dung dudng din phu, séng cao tang ( dung diay din cla pan tf
dudc bdo vé ) va cac kénh vo tuyé&n d€ lién lac. Trong da s6 trudng hgp, bdo vé
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thuc hién so sdnh bién dd hodc pha clia dong dién, ciing nhu didu clia cong xuat.
Béo vé so sanh bién dd va pha cia dong dién.

Hinh 5.7a chiing ta xét dudng diy c6 hai ngudn cung cip. Huéng duong
quy udc cua dong Ii, Iy & hai phia cia dudng diy dugc cho nhu mili tén trén sd
dd. Khi ngdn mach trén dudng day ( tai di€m Ny), cdc dong I, In1éch pha nhau
mdt géc twong d6i nhd ( hinh 5.7b ), trudng hdp ngin mach ngoai dudng day
(gid st tai N2) géc ndy gan biing 180°. Nhu vay, tdc dong chon loc cda bdo vé
thudc nhém nay cé thé ddm bio dugc ma khong cin thdi gian tré. Pay 1a mot
tinh chat rat quan trong clia cidc bdo véc c6 tinh chon loc tuyét ddi khi hé thong
bdo vé hay mdy cit clia cdc phan tf ké cin bi hu hdng, vé nguyén tic bdo vé sé
khong tdc dong va do vay khdng th€ 1am nhiém vu bio vé du tri.

A Ni In B

S S
Y

N>

S >, <
I
c)

Ii Ii

b) In

Hinh 5.7: Nguyén ly tdc dong clia hé thdng bdo vé so 1éch

5.5. Cac loai bao vé role
5.5.1. Bao vé dong cuc dai
5.5.1.1. Nguyén tic

Pay la ki€u bdo vé hay dudc st dung, bdo vé dong cuc dai 1a bdo vé phan
ting v6i dong dién trong phin t dudc bdi vé. VE nguyén tic bdo vé sé tdc dong
khi dong dién qua thi€t bi bdo vé ting qud mot gia tri dinh truéc nao do.

Bdo vé dong cuc dai 12 loai bdo vé& don gidn va ré tién, vi vy chiing dudc
4p dung rong rii, nhit 12 trong cdc mang phan phoi dién 4p dudi 35k V. Ching ta
hay xem xét su tic dong cla cac bao vé dong cuc dai dit trong mang hinh tia c6
1 ngudn cung cip nhu hinh 5.8. C4c thi€t bi bdo vé dugc bd tri vé phia ngudn
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A In BI In IC
T > [ > J ] >
N 3
|+ +— +—
1 2 3

Hinh 5.8: S0 dd bo tri cdc bdo vé role trong bdo
vé dong cuc dai

cung cAp cda tit cd cd dudng day. Mdi dudng diy cé mdt bdo vé riéng dé cit su
cO trén chinh n6 va trén thanh gép cia tram & cudi dudng day.

Trong bdo vé& dong cuc dai thi dong khdi dong (Ikp) cia bao vé la dong nhd
nhd't di qua phin tir dugc bido vé ma cé thé lam cho bdo vé khdi dong, cin phai
16n hon dong 1am viéc cuc dai clia phin tif dugc bdo vé d€ ngin ngira viéce tic
dong nham din dé&n viéc cit cdc phan tir khi khong c6 sy ¢d.

Khi ngin mach & mot doan nao d6 clia mang, vi du tai di€ém N trén doan
BC, dong ngin mach sé& di qua cdc bdo vé 1 va 2. Néu dong ngin mach 16n hon
dong Ikp clia chiing thi cdc bdo vé nay sé khdi dong. Tuy nhién theo yéu ciu tic
dong chon loc thi chi can bdo vé 2 tdc dong va cit may cit.

Bédo vé dong cuc dai c6 hai bd phan chinh: bd phan khdi ddng va bd phan
tao thdi gian lam viéc ( rdle thdi gian ). BO phian khéi dong phan dng véi cac su
cO va tdc dong d€n bd phan tao thdi gian phu thudc gidi han. Bd phan tao thoi
gian 1am nhiém vu tao thsi gian lam viéc ddm bdo cho bdo vé tdc dong mdt
céch ¢6 chon loc. Céc rdle dong dién dudc ndi vao phia thit cdp clia TI theo s
dd thich hgp da néi & phin trén.

5.5.1.2. Bao vé dong cuc dai lam viéc cé thoi gian.

Theo nguyén tic tdc dong, dong khdi dong Ikp clia bdo vé phdi 16n hon
dong dién lam viéc 16n nhat, tuy nhién trong thuc t€ viéc chon dong cuc khdi
dong phu thudc vao nhiéu yé&u t& khic. PE xdc dinh dong khdi dong ta xét so dd
mang dién trén hinh 5.8, gid st chon Ixp cho bdo vé 1 dic & dau doan diy AB,
truSc hét ra khdo sit trang thdi ctia n6 khi sy ¢6 & di€ém N trén doan BC k€& phia
sau no.

Khi cdc bdo vé lam viéc ding thi trong trudng hgp ndy mdy cit ciia doan
BC sé cit. Bdo vé 1 cia doan khong sy c¢d AB c6 thdi gian 16n hon sé& chua kip
tdc dong va ndé cin phai reset v€ trang thdi ban dau. Nhung di€u nay sé x4y ra
néu dong trd vé clia bdo vé Iy 16n hon tri s6 tinh todn cla dong dinh nhon clia
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phu tdi Isn di qua doan AB dén cdc ho tiéu thu clia thanh cdi B. Dong tré vé 1a
dong so cip 16n nhat ma & d6 bio vé trd vé vi tri ban dau. PE an toan, 14y tri s&
tinh todn clia dong dinh nhon 12 dong dinh nhon 16n nha't Ian = lanmax, nhu vay diéu
kién d€ ddm bao tinh chon loc 12: Tty > Tanmax -

Sai s clia dong trd vé clia bdo vé va céc tinh todn khong chinh x4c ... dugc
ké dén bdi hé s6 an toan ka>1 ( vao khodng 1,1 +1,2) tir diéu kién ddm bio sy
tr§ vé clia bdo vé doan AB, c6 thé viét.

Itv = Kat.Itnmax (55)

Ti s6 gifta dong trd vé clia bdo vé role doi v6i dong khdi dong cia role goi

12 hé s0 trd vé k.

k, = (5.6)

Cic role 1i twdng c6 hé s8 trd v€ ke = 1 con trong thuc t& thi ke <1.

5.5.1.3. Thoi gian tdc dong cua hé thong bao vé role

Viéc tinh todn chon thdi gian tdic dong clia hé thong bdo vé dong cuc dai
tuy thuéc vao dang dic tinh thdi gian cta cac role dugce st dung. Cé hai dic tinh
lam viéc la dédc tinh ddc lap va ddc tinh phu thudc c6 gidi han.

Trong dic tinh ddc 14p thdi gian dudc chon theo nguyén tic dac thang (tirng
cip), sao cho bdo vé doan sau gin ngudn hon c6 thdi gian tdc dong 16n hon thdi
gian lam viéc 16n nh4t clia cdc bdo vé doan truéc mot bac chon loc véi khodng
thdi gian AT. Trong trudng hgp tdng quét, ddi véi bdo vé cla doan thi n clia
mang hinh tia thi thdi gian tdc dong ctia bdo vé thit n theo cdc cip trude d6 nhu
sau:

th = t(n-l)max + AT (57)

Trong d6: tm-1ymax thdi gian 1am viéc lon nhat clia cdc bdo vé & doan thit n-
1 (xa ngudn hon doan thif n).

DP6i véi bdo vé ¢6 dic tinh thdi gian phu thudc c¢é gidi han thi viéc chon
thdi gian lam viéc cia cdc bdo vé c6 dic tinh thdi gian phu thudc cé giGi han c6
thé c6 hai yéu cAu khic nhau do gi4 tri cia boi s6 dong ngin mach & cudi doan
dudc bdo vé so v6i dong khdi dong. Khi bodi s6 dong 16n, bdo vé 1am viéc & phan
ddc 1ap cta dic tinh thdi gian, lic Ay thdi gian lam viéc cda cdc bdo vé dugc
chon gidng nhu ddi v6i bdo vé c6 dic tinh thdi gian doc 1ap. Khi bdi s6 dong
nhd, bdo vé lam viéc & phan phu thudc clia dic tinh thdi gian: trong trudng hop
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nay, sau khi phdi hgp thdi gian 1am viéc cla cdc bdo vé k€ nhau c6 thé gidm
dugc thdi gian cdt ngdn mach.

Nhudc diém ctia bdo vé cé tinh thdi gian phu thudc la: thdi gian cit ngin
mach ting 1&én khi dong ngin mach gin biing dong khéi dong ( vi du, khi ngin
mach qua dién tré qud dd 16n hoic ngdn mach trong tinh trang 1am viéc cuc ti€u
hé thong ). Doi khi sy phdi hop cdc dic tinh thdi gian tuong doi phife tap.

Tém lai, thdi gian tic dong tdng clia hé thdng bido vé role cho doan thif n
dugc xac dinh nhu sau:

Ats= tap+tMc (n-1)+tssdn-1)Ftgdm+Hssa (5.8)
trong do:
e tmMc-1) thdi gian cit cia miy cit doan thd (n-1)

® fydm-1) gid tri tuyét d6i clia sai s6 duong 16n nhit clia bao vé doan thit (n-
1) VA tssam) 12 thSi gian sai s &m max clia bdo vé doan thit n (c6 thé bdo
vé thu n tdc dong sém).

® tqnla thdi gian sai s6 do qudn tinh ctia bdo vé doan thi n.
® (4 la thoi gian dy phong

Thudng thi Ats vao khodng 0.25 — 0.6gidy.

5.5.1.4. D6 nhay cua bao vé

P06 nhay clia bdo vé dong cuc dai dic trung bing hé s6 do nhay K. tri s&
clia né dudgc xdc dinh bing tf s6 gitta dong qua rdle Ir khi ngdn mach tryc ti€p
cudi viing bdo vé va dong khdi dong role Ikpr.

Ks=Ir/Ikpr (5.9)

Pé ddm bio cho bio vé tic dong khi ngin mach qua dién tr§ qud do, dua
vao kinh nghiém van hanh ngudi ta coi ring tri s6 nhé nhat cho phép clia K 1a
1,5. Khi d6 nhay nhé hon tri s§ trén thi nén tim cdch ding mot sd d6 ndi role
khic ddm bdo dd nhay cta bdo vé 16n hon. N&u bién phdp nay khong dem lai
k&t qua kha quan hon thi can phdi 4p dung céc bdo vé khdc nhay hon.

Trudng hgp tong quét, yéu cau ddi vdi bdo vé dit trong mang 13 phdi tdc
dong khong nhirng khi sy ¢d trén chinh doan dudc né bdo vé, ma con tdc dong
cé khi sy c66 doan k& néu bdo vé hodc mdy cit clia doan ké bi sy c6( yéu cau

97



Chuiong 5: Bdo vé role trong hé thong dién

du trit cho bdo vé clia doan bdo vé). Trong trudng hdp nay khi ngdn mach truc
ti€p & cudi doan k&, hé s6 dd nhay khong dugc nhd hon 1,2.

5.5.1.5. K&t luan

Pénh gid khd ning bdo vé clia mot hé thdng ndo d6 phai dya trén cd s6
nhitng yéu cau chinh ddi véi bdo vé rdle 1a :tinh chon loc, thdi gian tdc dong, dd
nhay va do tin cdy.

Tinh chon loc

Bédo vé dong cuc dai chi ddm bdo dugc tinh chon loc trong cdc mang hinh
tia c6 mdt ngudn cung ciAp biing cdch chon thdi gian 1am viec theo ngudn tic bac
thang ting dan theo hudng tir xa d&€n gin ngudn. Khi c6 2 ngudn cung cip, yéu
cau chon loc khong dugc théa man cho dit mdy cit va bdo vé dugc dit § hai
phia cia dudng diy. Can luu ¥, ngudn cung cAp khong chi 1a mdy phat ma con la
cdc may dién dong bd khic ( mdy b, dong co dong bo), cic may bi€n 4p va
mdy bi€n 4p tu ngdu gidm 4p c6 trung tinh ndi dat tryc ti€p vé phia dién 4p dang
xét vi qua dé c6 thé c6 dong thi ty khong kha 16n.

Tdc dong nhanh

Cang gin ngudn, thdi gian 1am viéc cla bdo vé cang 16n. O cdc doan gan
ngudn can phai cit nhanh ngin mach d€ ddm bai sy 1am viéc lién tuc cia phin
con lai cia hé thong dién, trong khi d6 thoi gian tdc dong clia cd bdo vé & cic
doan nay lai 16n nhat. Thdi gian tic dong chon theo nguyén tic bic thang ¢ thé
vudt qua gidi han cho phép.

Dj nhay

Do nhay ctia bdo vé bi han ché& do phai chon dong khdi dong 16n hon dong
dién dinh nhon. Khi ngin mach tryc ti€o § cudi dudng day dugc bao vé, dd nhay
yéu cau 12 Ion hon hoiic biing 1,5 ( khi 1am nhiém vu bdo vé chinh ). P6 nhay
nhu vy trong nhiéu trudng hop dugc ddm bio. Tuy nhién, khi cong sudt ngudn
thay ddi nhiéu, cling nhu khi bdo vé lam viéc nhiém vu du trit trong trudng hgp
nging mach § doan k&, @6 nhay c6 thé khong dat yéu cau. P9 nhay yéu ciu clia
bdo vé khi 1am nhiém vu dy trit 12 16n hon hoidc bing 1,2.

Do tin cay

Theo nguyén tic tic dong, cich thifc hién so dd, s6 ludng ti€p di€m trong
mach thao tdc va loai role st dung, bdo vé dong cuc dai dugc xem la loai bdo vé
don gian nh4t1a 1am viéc kha ddm bdo.
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Véi nhitng phan tich trén, bdo vé dong cuc dai dugc dp dung rong rai trong
cdc mang phan phdi hinh tia c6 mdt ngudn cung cip néu thdi gian 1am viéc cda
né nim trong gidi han cho phép. P&i v6i cdc dudng diy c6 dit khang dién & dau
dudng diy, c6 thé 4p dung bido vé dong cuc dai dugc vi khi ngdn mach dong
khong 16n 1dm, dién 4p du trén thanh gép con khd cao nén bdo vé c6 thé lam
viéc véi mot thdi gian tuong d6i 16n vin khong 4nh hudng nhi€u dén tinh trang
lam viéc chung ctia hé thdng dién.

Viéc st dung céc thiét bi tv dong déng trd lai ngudn dién (ACR) di lam
cho linh vuc tng dung cda bdo vé dong cuc dai md rong thém nhiéu.

Trong 4o vé dong cuc dai ngudi ta con cai dit § ch€ do cit nhanh, diy la
loai bdo vé ddm bao tinh chon loc bing cdch chon dong khéi dong 16n hon dong
ngin mach 16n nhi't qua vi tri dit bdo vé khi sy ¢c6 & ngoai phin tir dugc bdo veé,
bdo vé cit nhanh thudng 1am viéc khong thdi gian hodc cé thdi gian rit bé dé
niang cao dd nhay va mg rong ving bdo vé. Lic nay dong dién khdi dong Ikp
clia bdo vé can chon lon hon dong dién 16n nhat di qua doan ddy khi ngdn mach
ngoai duong day. Khi do:

Ixp =Kat.INmax (5 . 10)
trong do:

INmax 12 dOng ngdn mach 16n nhdt khi ngdn mach ngoai viing bdo vé (
thudng 12 ngdn mach ba pha).

Ka 12 hé s§ an toan; xét t6i 4nh hudng cda thanh phan khong chu k¥, viéc
tinh todn khong chinh xdc dong ngidn mach va sai s6 ctia rdle. Thudng ky = 0—

Hinh 5.9: S0 d6 mang vong ¢6 mdt ngudn
cung cap

ki vi khi ngdn mach ngoai bdo vé khong kh3i dong.
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5.5.2. Bao vé dong c6 huéng

PE€ ting cudng dd tin ciy trong cung cAp dién, ngudi ta phdi viAn hanh mang
dién & trang thdi vong kin. Trong trudng hop nay ngudi ta can phdi quan tAm t6i
huéng clia ludn cdng suit chay trén dudng diy ma bdo vé dong cuc dai cé thdi
gian chon theo nguyén tic bac thang lai khong ddm bdo cit chon loc sy cOtrong
nhitng mang dién nhu vay. P& ddm bdo cit chon loc su ¢d trong mang hd c6 mot
vai ngudn cung cap tir khodng nim 1910 ngudi ta bit diu ding bdo vé dong cé
huéng.

Bédo vé dong c6 hudng la loai bdo vé phdn ng theo gia tri dong dién tai
chd dit thi€t bi bdo vé va géc pha gifta dong dién d6 véi dién dp trén thanh gép
cla tram c6 dit bdo vé. Bdo vé s& tdc dong néu dong dién vudt qud gid tri dinh
truéc ( dong khdi dong Ikp )va géc phit hgp v6i dong dién trong trudng hgp ngin
mach trén dudng diy dugc béo vé.

5.5.2.1. Nguyén tic chung

Ching ta da bi€t theo nguyén tic tdc dong néu trén thi bio vé dong dién c6
hudng 1a bdo vé dong cuc dai c6 thém mdt bd phdn phan ing theo géc 1€ch pha
gifta dong dién va dién 4p. Bd phan nay dudc thuc hién bing rdle dinh hudng
cong xuat, do né c6 chitc niing xdc nhan huéng (ddu) cong suit khi dong dién sy
c6 qua chd ndi bdo vé. Role dinh hudng cong suit sé phan tng theo géc gitta Ur
va Ir dua vao rdle.

Trudng hgp tong quét, bdo vé dong dién c6 huéng gdm 3 bd phan chinh:
khd&i dong dinh huéng cong xuit va tao thdi gian, bd phin dinh huéng cong suit
clia bdo vé tdc dong di cit, tit ci cdc bd phan cla bido vé cin phdi tic dong.

Viéc khdo sit sy lam viéc cua role dinh huéng cong suat khi sy ¢d trong va
ngoai ving bdo vé ta s€ rit ra dugc nhitng tinh chidt méi cia bdo vé dong c6
thém role dinh huéng cond Isuat.

Khi ngdn mach trén doan AB ( tai di€m N’ gan thanh gép, B hinh 5.9) trong
viing tdc dong ctia bdo vé 2, vectd cdc dong dién I'n, I n va In=In + I n ndy
chim sau stc dién dong Ex cia ngudn cung cdp modt g6¢ Q.

5.5.2.2. Thoi gian tac dong

Bédo vé dong c6 hudng thudng dugc thuc hién vGi dic tinh thsi gian doc 1ap,
thdi gian 1am viéc cla cdc bdo vé dugc xdc dinh theo nguyén tic bic thang
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ngugc chiéu nhau. TAt cd cdc bdo vé clla mang dudc chia thinh 2 nhém theo
huéng tdc dong ctia bd phan dinh hudéng cong sudt. Thdi gian lam viéc clia mdi
nhém dudc chon theo nguyén tic bic thang nhu di xét d6i v6i bdo vé dong cuc
dai.

Trong mang vong (hinh3.2) dong ngin mach phan bd theo cdc dudng day
ti 1& ngich vditdng tr§ cdc nhanh clda mang tif thanh cdi nguén dén vi tri su 6.
Khi ngidn mach, vi du & doan AB rit gan thanh cdi A (di€ém N), hau nhu toan bo
dong ngin mach déu huéng d€n di€m ngin mach qua mdy cit 1, con phin dong
chay theo manh vong mang qua mdy cit 6 rit bé gin bing 0). K&t qua 1a bdo
vé 2 s& khong tic dong dudc vao thdi di€m diu ngdn mach (du trudc cit mdy
cit 1, lic 4y bdo vé 2 mdi c6 thé lam viéc.

Hién tugng 1 trong 2 bdo vé & hai phia ctia mdt dudng diy chi c6 thé bit
ddu 1am viéc sau khi bdo vé kia da tdc dong va cit mdy cit cda minh dudc
goi 12 hién tuong khdi dong khong dong thdi clia cdc bio vé.

Tuy thudc vao ti s6 giita chiéu dai cdc doan clia mach vong cling nhu ti
s6 gilta dong su c6 va dong khdi dong cda bdo vé ma hién tuong khdi dong
khong ddng thdi giita cdc role c6 thé xdy ra. Piéu nay khong nhitng x3y ra khi
ngin mach gan thanh cdi ngudn cung cip, ma con cé thé x4y ra khi sy cd & phian
16n clia cdc doan diu ngudn va thim chi diéu nay con c6 thé xuat hién khi su
c6 & cdc doan k& can. Phan chiéu dai clia dudng diy bdo vé ma khi ngin
mach trong d6 s& xdy ra hién tuong khdi dong khong ddng thdi dudc goi 1a
viing khdi dong khong dong thdi. Khdi dong khong dong thdi cdc bdo vé 1a
hién tugng khong t6t vilam ting thdi gian loai trit sy c6 & cdc mach vong.

Khi tinh chon dong khdi dong clia bdo vé dong c6 huéng can phdi xét dén
nhitng diéu kién chii y&u sau day:

+ Chinh dinh dong tré vé 16n hon dong qud d6 sau khi cdt ngin mach
ngoai

lg > Kakom | (5.11)
ktV
+ Chinh dinh dong khdi dong 16n hon dong phu tdi
k
I >, (5.12)

k

+ Chinh dinh dong dién khdi dong 16n hon dong dién cdc pha khong su co

+Phdi hdp do nhay clia bdo vé cdc doan ké nhau.
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IKBn 2 kat 'IKDn—l (513)

Khi chon thdi gian lam viéc cia bao vé dong c6 hudng, ching ta da gia
thiét tit cd cdc bdo vé déu c6 mot phan dinh huéng cong suit. Tuy nhién, trong
thuc t& ching chi cin thi€t khi tinh chon loc khong thé ddm bdo dugc bing cich
chon thdi gian lam viéc. N6i cdch khdc, bdo vé s& khdng cin phdi c6 bo phan
dinh huéng cong suit néu thdi gian 1am viéc clia né 16n hon thdi gian lam viéc
clia bdo vé tdt cd cdc phan tf khédc trong tram.

5.5.2.3. P nhay trong bao vé dong c6 huéng

P06 nhay bdo vé clia dong cuc dai c6 huéng dugc quyét dinh bdi hai bd
phan: khéi dong dong va dinh huéng cong sudt. PO nhay vé dong clia bdo vé
dudc tinh todn gidng nhu doi véi bdo vé dong cuc dai. YEu t6 quan trong nhat
ddi v6i dd nhay trong bdo vé dong c¢é huéng 12 dd nhay clia bd phan dinh huéng
cong suat. Khi xdy ra ngdn mach 3 pha § dau dudng day dugc bdo vé gin chd
ndi bdo vé. Pién dp tir cdc TU dwa vao bdo vé c6 gid tri gin bing khdng. Trong
trudng hgp nay, bdo vé va role dinh huéng cong suat s& khong khéi dong. PE
dic trung cho khu vic nay cla dd nhay ctia bd phian dinh huéng cdng suit ngudi
ta goi 12 viing chét. Viing chét 12 phan chiéu dai dudng day dudc bdo vé ma khi
ngin mach tryc ti€p trong d6 bao vé s& khong khéi dong do 4p dwa vao role dinh
huéng cong suit bé hon ap khdi dong t&i thi€u Ukdarmin cia né. Theo kinh nghiém
van hanh cho thdy & mang dién trén khong viing chét it xudt hién hon so véi &
mang cdp vi trong mang cap thudng xay ra ngan mach 3 pha.

5.5.2.4. Pham vi iing dung cua bao vé dong c¢6 huéng

V& tinh chon loc tdc dong clia bdo vé dat dudc nhd chon thdi gian 1am viéc
theo nguyén tic bac thang ngugc chiéu nhau va ding cdc bd phan dinh huéng
cong suat. Tinh chon loc dugc ddm bdo trong cdc mang vong c6 mdt ngudn cung
cAp khi khong c6 nhitng dudng chéo khong qua ngudn va trong cdc mang hinh
tia c6 s6 ngudn cung cip tuy y. Trong cdc mang vong c6 sd ngudn cung cip Ién
hon mdt, tinh chon loc khong thé ddm bio vi khong thé chon thdi gian 1am viéc
theo nguyén tic bac thang. Bdo vé ciing khong ddm bdo chon loc trong céc
mang vong c¢é mdt ngudn cung cip c¢é dudng chéo khong di qua ngudn, trudng
hgp ndy phan mang gidi han bdi chéo c6 thé xem nhu c6 hai ngudn cung cap.

Vé phuong dién tic dong nhanh, gidng nhu bdo vé dong cuc dai, trong da
s6 trudng hdp bdo vé c6 thdi gian lam viéc 16n.
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Chi tiéu vé do nhay, do nhay clia bdo vé bi giéi han bdi dong khdi dong
clia bo phian khdi dong. Trong cdc mang hd ¢é 2 hay nhiéu ngudn cung cip, &
mdt s6 ché do vi du nhu sau khi cit mot trong cdc ngudn cung cip c6 cong suit
16n va cudng bitc kich tir mdy phdt clia cdc ngudn con lai thi dong phu tdi cuc
dai c6 thé dat gia tri 16n. Dong khdi dong dugc chinh dinh 16n hon dong dién phu
tdi 1am cho bdo vé hoan toan khong di dd nhay. P€ ting do nhay doi khi ngudi
ta dung nhitng b6 phan khéi dong lién hdp dong va ap.

TUr cdc phan tich trén ta thiy, bdo vé dong c6 huéng cd thé st dung lam
bdo vé chinh trong cdc mang phan phdi dién dp dudi 35kV khi né ddm bio dugc
tinh chon loc va tdc dong nhanh. Bdo vé& dong c6 huéng cling dugc st dung rong
rdi 1am bac du trit trong cdc bdo vé c6 dic tinh thdi gian nhiéu cap.

5.5.3. Bido vé& chong cham dat
5.5.3.1. Bao vé chong cham dit trong mang c6 dong cham dat 16n

Bdo vé chdng cham dit trong hé thdng bdo vé role dugc thuc hién thong
qua hé thong bdo vé dong thit ty khong. Bdo vé dong thit ty khong dudc thuc
hién nhd mot role ndi vao bd loc dong thi ty khong. PSi véi dudng diy trén
khong c6 dau din cdp ngudi ta dung bd loc gdm ba mdy bi€n dong cé cdc cudn
thit cAp ndi song song vdi nhau ( hinh 5.10). Cling c6 thé ndi chung bdo vé dong
thtt ty khong vdi cdc bdo vé khic c6 so dd ndi TI thanh hinh sao ( hinh 5.11).

{A JAAVA

R

{B N\Ia

]

{C N\Ib

] L
L

[R]
Hinh 5.10: So dd ndi role vao bd loc dong thit tu

khong

Trong tinh trang 1am viéc binh thudng hodc khi ngdn mach giita cdc pha
khong cham dat thi dong tht tw khong Ip = 0. Do vay dé ddm bio bdo vé khong
tdc dong khi ngin mach gifta cdc pha ngoai viing bdo vé chiing ta can chon:

Ixkp = Kat . Ikeb (514)
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Trong d6 Ik, 1a dong khong cin bing dudc tinh todn ddi véi trudng hop
ngin mach ngoai khong cham dat va cho dong 16n nhit (Sinh vién ty tham khdo
thém trong gido trinh bdo vé rdle). Pong thdi @€ phdi hop dd nhay giita cdc bdo
vé thit tu khong thi dong khdi dong cia bdo vé doan sau ( gin ngudn hon) phai
chon 16n hon bdo vé doan truée mot it. Dong khdi dong cia bao vé thi tw khdng
thudng nhd hon nhiéu so véi dong lam viéc cuc dai clia dudng diy nén do nhay
kh4 cao.

Vé miit thdi gian 1am viéc, bdo vé dong thit tw khong c6 dic tinh thdi gian
doc 1ap, dugc chon theo nguyén tic bac thang.

5.5.3.2. Bao vé dong dién thi tu khong ¢6 huéng

Trong trudng hdp nay ching ta ndi thém role dinh huéng cdng suit vao
thanh phan thi ty khong (hinh 5.12).

A o
R
IuB JAYAY Ia
N
{C JAYAY Ib
] L,
. 3U,

R—{|
Hinh 5.12: So do ndi role c6 hudng vao bd loc
dong thtt ty khong

So dd dugc thue hién bing mot role ndi vao 4p Ur = 3Up va dong Ir = 31,.
Role R c¢6 nhiém vu xédc dinh huéng cdng sudt ngdn mach khi xdy ra ngdn mach
cham dat. Viéc phan tich s6 d6 dudc thuc hién ddi véi mang c6 trung tinh ndi da't
tryc tiép, bdo vé dong thit ty khong ¢ huéng chu y&u dudgc sit dung trong mang
nay. Uu di€m cida so @6 1a thuc hién don gidn va thudng ddm bdo di do nhay khi
ngin mach & cudi doan dugc bdo vé. So @6 dudc st dung rong rii d€ thyc hién
bdo vé chong ngin mach dit. Nhuge di€m 13 c6 ving chét khi ngdn mach xa,
nhat 12 khi 1am nhiém dit trit cho doan ké.

Trong trudng hgp bao vé dong thit ty khdng c6 hudng c6 dic tinh thdi gian
nhi€u cAp. Khdc véi bdo vé dong dién c6 dic tinh thdi gian nhiéu cip, bdo vé
nay cé thém bo phan dinh huéng cong suat dé khong ché su viéc clia tit cd mot
s6 cAp bdo vé.
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5.5.3.3. Trudng hgp mang dién c6 dong dién cham dat nhé

Khi mang c6 dong dién cham dait nhé ( trung tinh khong ndi dat hoic ndi
di't qua cudn diap hd quang ) gid tri dong dién cham dAt mot pha thudng khong
16n (khong qud vai chuc ampere). Cdc bdo vé dung role ndi vao dong dién pha
hoan toan khong thé 1am viéc vdi dong dién so cAp bé nhu vay, vi thé ngudi ta
dung cdc bdo vé ndi qua bd loc dong dién thit tw khong.

Ngidn mach mot pha cham dat trong cdc mang nay thudng khong truc ti€p
phd hoai tinh trang lam viéc binh thudng clia cdc phu tdi, vi viy bao vé thudng
chi tic dong bdo tin hiéu. PE thuc hién bdo vé c6 thé ding bd loc gdbm 3 mdy
bi€n dong ( hinh 5.10) hodc 12 ding mdy bi€n dong thi ty khdng dic biét
(Nguyén 1y nhu CB chdng dong rd).

- ala
a aa I
T
c o
=
I I ]

[R] [R] [R]

Hinh 5.11: S6 d6 ndi bd loc va role thi ty khong dau ki€u Y

5.5.3.4. Cac dic tinh cua bao vé dong thi tu khong
Dong khoi dong

Dong khdi dong clia bido vé dugc xdc dinh theo diéu kién chon loc : bdo vé
khong dugc tdc dong khi cham dat ngoai huéng dudc bdo vé, hé sd an toan, cé
ké d&n 4nh huéng cla dong dung qud do vao thdi di€ém diu cham dat ( c6 thé
16n hon gid tri 6n dinh rat nhiéu ). P&i v6i bdo vé tdc dong khong thdi gian cin
phai chon ku=4+5, bdo vé tidc dong c6 thdi gian c6 thé chon bé hon. Tuy nhién,
ngin mach cham di't thudng lip lai nhiéu 1an va role phdi chiu tic dong cla cdc
xung dong dién lién ti€p, cho nén du bdo vé tic ddng c6 thdi gian ciing khong
thé chon ku thdp hgn 2+ 25.
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Thoi gian lam viéc

Khi bdo vé tdc dong bdo tin kiéu thi khong cin chon thdi gian lam viéc
theo diéu kién chon loc, bdo vé thudng lam viéc khong thdi gian. Cé mot s& bdo
vé theo diéu kién an todn cAn phdi tic dong khdng c6 thdi gian di cit cham dat,
con lai néi chung tdc dong di cit v6i thdi gian dudc chon theo nguyén tic bac

thang.

D nhay

Khi cham d4t trong viing bdo vé, € ddm bdo bdo vé cé thé tic ddong can

phdi thyc hién diéu kién.

(5.15)

Trong d6 : Igv 1a dong dién di qua bdo vé.

5.5.4. Bao vé so léch

5.5.4.1. Nguyén ly lam viéc

Bdo vé dong so 1éch 1a loai bdo vé dya trén nguyén tic so sdnh truc ti€p
dong dién & hai dau phan tif dugc bio vé.

I—:

M. & M

> Isl ‘ ISZ N

It It
1.

Hinh 5.13: S6 d6 nguyén 1y clia bdo vé so léch

Hai bi€n dong dudc dit & hai diu phan tif dugc bdo vé va c6 ti s6 bién ddi
n; nhu nhau ( hinh 5.13). cdc cudn thit clia bi€n dong & pha ciing tén dugc ndi véi
nhau bing diy din phu va ndi véi rdle nhu thé nao dé€ khi ngdn mach trong thi

dong role dugc x4c dinh bdi tri s6 dong & vi tri sy ¢d. Khi ngdn mach & vi tri bén

ngoai viing bdo vé thi khdong c6 dong qua role. Quy udc huéng duong cia tat cd
cdc dong dién theo chiéu miii tén nhu trén so d6 hinh 5.13, ta c6:

L =Im-Im (5.16)
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Dong vao rdle bing hiéu hinh hoc dong dién ctia hai bi€n dong, vi vay bdo
vé ¢6 tén goi la bao vé dong so 1éch. Trong tinh trang lam viéc binh thudng hoic
khi ngdn mach ngoai (8 di€m N’): Trudng hop li tudng (cic TI khong cé sai s,
bd qua dong dung va dong ro ciia dudng diy dugc bdo vé )thi :

Li=le = Im=Imvay =0 (5.17)
va bao vé s€ khong tac dong .

Khi ngin mach trong (& di€ém N” ) dong I va I, khdc nhau c3 tri s6 va
géc pha. V6i hudéng dong quy wéc nhu trén thi dong & vi tri sy ¢d 1a :

In=Li-Io=>Ir=1Im -Im =In—N (5.18)
1
Néu dong I vao rdle 16n hon dong khdi dong Ikpr cia role, thi role khéi
dong va cidt phan tif bi sy ¢6. Khi nguén cung cip la tir mot phia (I = 0), lic
d6 chi c6 dong Iti. Gan ding c6 thé coi It khép mach hoan toan qua role ma
khong r& vao cudn thit clia TIcé I, =0, vd bdo vé ciing sé khdi dong néu Ir
> Ikpr.. Nhu vay, theo nguyén tic tdc dong thi bio vé co6 tinh chon loc tuyét
ddi va d€ ddm bdo tinh chon loc khdng cin phdi hgp vé mit thdi gian. Viing
tdc dong clia bdo vé 1a giita hai bi€n dong ditd hai ddu phan ti dugc bdo vé.

5.5.4.2. Mot so diic di€m
5.5.4.2.1. Dong khdéi dong

Pé& d@im bdo cho bdo vé so léch 1am viéc ding khi ngin mach ngoai, dong
khdi dong cia role can phdi chinh dinh tranh khdi tri s§ tinh todn clia dong
khong cin bing.

Ixpr 2 Kat. IKCBmaxtt (5.19)

IkCBmaxit: tri hiéu dung cta dong khong cin bing cuc dai tinh todn tuong
ng vd&i dong ngdn mach ngoai cuc dai.

5.5.4.2.2. Dy nhay
Do nhay ctia bio vé dudc ddnh gid thong qua hé s6 dd nhay:
K, = 1umn (5.20)

IKD
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Inmin - dOng nhé nhit c6 thé ¢é tai vi tri ngdn mach khi ngin mach tryc
ti€p trong viing bdo vé. Yéu ciu do nhay ctia bdo vé dong so léch 1a K, > 2

5.5.4.3. Panh gia chung
Tinh chon loc

Theo nguyén tic tdc dong, bdo vé so léch doc khong phdn ing v4i nhirng
ngin mach & ngoai viing bdo vé, do vdy co6 tinh chon loc tuyét doi, khi trong
hé théng dién c6 dao dong hodc xdy ra tinh trang khdng ddng bod, dong & hai
ddu phin t& dugc bdo vé ludn ludn bing nhau va khong 1am cho bdo vé tic
dong mat chon loc.

Tdac dong nhanh

Do bdo vé c6 tinh chon loc tuyét d6i nén khong yéu cAu phai phdi hop
vé thdi gian véi bdo vé cdc phin ti k&. Bdo vé c6 thé dugc thuc hién d€ tic
dong khong thdi gian.

Do nhay

B4o vé c6 d6 nhay tuong ddi cao do dong khdi dong c6 thé chon nhd
hon dong 1am viéc clia dudng day.

Do tin cdy

So d6 ctia hé thong bdo vé trong trudng hop nay khong phitc tap 1dm va
lam viéc twong doi tin cay.

Nhudc di€m chd y&u clia bdo vé 1a c6 day din phu. Khi dit day din phu
c6 thé 1am kéo dai thdi gian ngirng hoat ddng cia bdo vé, hoic bdo vé co thé
tdc dong khong ding ( néu bo phin kiém tra ddt mach thit khong lam viéc).

Gid thanh clia bdo vé dudc quyét dinh bdi gid thanh clia diy dAn phu va
chi phi 1dp dit ching, do vy dudng day dai gid thanh s& rit cao.

B3o vé so léch doc khong thé 1a bido vé duy nhat cho dudng day truyén tdi
dién ning vi bdo vé khong tic dong khi ngdn mach trén thanh gép cia tram
(c4c thanh gép nay c6 thé khong c6 bdo vé riéng) va khong lam du trit dugc
cho bdo vé phan t ké.

T nhitng phan tich trén cho thdy chi nén dit bdo vé so léch doc cho
nhitng dudng diy c6 chiéu dai khong 16n chli y&u 1a trong mang > 110kV khi
khong thé dp dung cdc bdo vé khdc don gidn va tin cdy hon. Lic 4y nén dung

108



Chuiong 5: Bdo vé role trong hé thong dién

chung cdp 1am ddy din phu ctia bdo vé, ddng thdi thuc hién diéu khién xa, do
ludng xa, thong tin li€n lac.

Bdo vé soléch doc dugc dp dung rong rii d€ bio vé cho mdy phat, may
bi&n 4p, thanh gép,... do khdng gip phdi nhitng khé khin vé day din phu.

5.5.5. Bao vé khoang cich
5.5.5.1. Nguyén ly

Nhu ching ta di bi€t, cdc loai bdo vé dong c6 huéng va khong cé hudng
c6 thdi gian 1am viéc 16n va trong mot s mang vong, khong thé didm bido dugc
tinh chon loc. Do d6, ngudi ta da dua vao st dung bao vé khodng cach (bdo vé
tong trd cyc ti€u). Bdo vé khodng cich 1a loai bdo vé dung role tdng tré c6
thoi gian lam viéc phu thudc vao quan hé giita di€én dp Ur va dong dién Ir
dua vao rdle va goc gr gitta ching t=f(Ug, Ir, @r). ThG1 gian nay tu dong ting
1én khi khodng cdch tir vi tri ndi bdo vé dén di€m su cd ting 1én. Bdo vé dit gin
vi tri sy ¢d nhat ¢ thdi gian 1am viéc bé nhat. Vi vy, vé nguyén tic bdo vé
khodng cich ddm bdo cit chon loc doan sy ¢ trong cdc mang c6 hinh dang
batky s6 lugng ngudn cip tuy ¥, véi mot thdi gian 1am viéc tuong ddi bé.

Néu ndi role tdng trd cda 3 bio vé khodng cdch vao hiéu cic dong pha
va dién 4p day tuong ng (vi du, 2 pha A, B) thi khi ngdn mach 2 pha A, B
Dong vao rdle sé€ la:

Te= ni (In-Ip) (5.21)
|
Ap dat vao role sé la:
1 1
Ur = —(UA—UB)zn—(IA—IB),le (5.22)
U

(V]
Do d6:
—R =7l (5.23)
Trong d6: 7 1a téng tr§ thi ty thudn cia 1 km dudng day, ni, ny 1a ti s6

bi€n dong va bi€n dp cung cdp cho bdo vé, 11a khodng cich tir chd dit bdo vé
dén di€ém ngin mach

Khi do:
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t=F(C2 ) = F(Z0py) (5.24)

R

5.5.5.2. Pac tinh thoi gian tac dong

DPay l1a mdi quan hé giita thdi gian tdc dong ctia bdo vé v6i khodng cdch
hay téng tré dé&n vi tri sy ¢d. Hién nay thudng ding bdo vé c6 dic tinh thdi gian
hinh bac thang(nhiéu cip ). S& ving va s6 cip thdi gian thudng < 3 @€ sd dd
bao vé dugc don gian.

13T

oy f-------

{1 1

»
»

Hinh 5.14: Pic tinh thdi gian cia bao vé khoang cach

Vung I c6 thdi gian tdc dong ti. Ngudi ta mong mudn ving I bao trim
toan bd chiéu dai clia doan dirong diy dudc bio vé, tuy nhién lic 4y bdo vé sé
khong phan biét dudc sy c¢6 & cudi doan dugc bdo vé va dau doan ti€p. Vi
vay, khi xét dé&n sai s ctia bo phan khodng cdch, ciing nhu do mot s6 yéu to
khdc, ving I dugc chon khodng 80% dén 85% chiéu dai doan dugc bio vé.

Vung II ¢6 thdi gian tdc dong tiy, thdi gian tn clia titcd cdc bdo vé déu
bing nhau va d€ ddm bio chon loc tn phadilén hon mdtbic At so vdi thdi gian
lam viéc bdo vé chinh dit & cdc phan t& ké (vi du, 16n hon thdi gian t; cia
bdo vé khodng cdch dudng day ké, thdi gian tdc dong cdu bdo vé soléch mdy
bi€n 4p trong tram ké....)

Chiéu dai cta vung II phdi c6 gid tri th&€ ndo d€ ddm bido bdo vé tic
dong chic chin v6i thoi gian ngdn mach & cubi doan dugc bdo vé. Khi thoi
gian tn dudc chon theo cdch nhu trén hinh thi chiéu dai cdu viung II bi gii
han bdi yéu ciu chon loc cdu cdc bdo vé. Xét d€n cdc sai s6 dd néu va tinh
dé&n chiéu dai cta vung I, ving II chi€m khodng 30% dén 40% chiéu dai doan
ké.

Vung III c6 thdi gian tdc dong tm dung lam dy trit cho cdc doan tié€p
theo va boc 14y toan bo nhitng doan nay. Thoi gian tm cla cdc bdo vé dudgc
chon theo nguyén tic bac thang ngudc chiéu. Trong mang vong, nguyén tic
ndy ddm bdo cidt chon loc su cd khi chi c6 mdt ngudn cung cip. Vi vay,
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trudng hdp tong qudt can tinh tSi kha ning bdo vé lam viéc khong chon loc
khi cit ngdn mach vdi thdi gian tu.

5.5.5.3. Cac bd phan chinh cta bao vé khoang cach.

Mot hé thong bio vé role dua trén nguyén ly bdo vé khodng cdch c¢é cic
bd phin chinh nhu sau:

B§ phdn khoi dong:

c6 nhiém vu khdi dong bio vé vao thdi di€ém phat sinh hu hdng, két hdp
véi cdc bo phan khdc 1am bac vdo vé cudi ciing. B phan khéi dong thudng
dudc thuc hién nhd Role dong cyc dai hodc Role téng tr§ cuc tiéu.

Bo phdn khodng cdch

C6 nhiém vu do khodng cdch tir vi tri ndi bdo vé dén di€m sy cd,
thuc hién bing rdle tong trd.

Bo phdn tao thoi gian

DP6ng vai trd tao thdi gian lam viéc twong ng véi khodng cdach dén vi tri
st ¢6, dudc thuc hién bing mot sd role thdi gian khi bdo vé ¢ dic tinh thoi
gian nhiéu cAp.

B¢ phdn dinh huéng cong sudt

C6 vai trd ngiin ngita bdo vé tdc dong khi huéng cong sudt ngin mach tr
dudng diy dugc bdo vé di vio thanh gép cia tram, dugc thuc hién bing role
dinh huéng cong suit riéng biét hoic k&t hdgp trong bo phan khdi dong va
khodng cdch, n€u cdc bd phan nay thuc hién bing role téng trd c6 hudng.

Yéu cau doi véi so do ndi cdc b phdn trong bdo vé khodng cdch

D€ bdo vé 1am viéc ding, cdc bd phan khodng cdch can phai khdi dong
mot cdch rd rang khi tong trd tir vi tri nSi bdo vé d&€n di€m ngin mach Zn < Zp
(Zp 1a tdng trd dit cia bo phan khodng cdch ) va khong khdi dong trong
trudng hdp Zn > Zp khong phu thudc vio gid tri ciia dong va dp dua dén dau
cuc cua role. D3i véi cac bd phan khodng cdch ndi vao mot 4p va mot dong,
diéu kién nay s& dudc thuc hién khi ddm bdo tdng trd Zr & dau cuc role ti1é
vdi khodng cdch dé€n chd ngin mach. N€u bdo vé 1am nhiém vu chdng mot
s6 dang sy ¢ (vi du, ngin mach ba pha va ngdn mach hai pha), thi sy lamviéc
clia bo phan khodng cidch ciing can phdi khong phu thudc vao dang ngin
mach, khi khong thuc hién yéu cdu ndy, bdo vé c6 thé tic dong khong ding
hodc vung tic ddong bi thu hep lai, trén hinh. Di nhién 14 hoan toan cho phép st
dung nhitng sd d0 n&i bd phan khodng cdch ma Zr ting lén dbi véi nhitng
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dang sy c6 ma bdo vé khong phai phdn ng (vi du khi ngdn mach 1 pha, cic so
dd bio vé chong ngdn mach nhiéu pha c6 thé do dugc Zr mot tong trd 16n
hon so véi tong trd thuc t&), hoic thim chi cho phép cd nhitng sd dd do dugc
Zr gidm thap trong nhitng trudng hgp su c¢6 ma bido vé khdng phdi phin ing
néu c6 khod lién dong dic biét d€ ngin ngira bdo vé tic dong nham.

Viéc chon lva t8 hop Ur va Ix & ddu cuc role clia bo phan khodng cich
cAn phdi tinh d&n nhitng diéu vira trinh bay trén. Do yéu cidu tdng trd Zr
phdi ti1é vdi khodng cich 1 d€n di€m sy c& nén phai sit dung dién 4p clia cic
nh4dnh ngdn mach.

5.5.5.4. Cac y&€u té6 anh huéng d&n sy 1am viéc cia hé thong role bao vé
khoang cach

Pé dim bido cidtngin mach chon loc, cdc bd phadn khodng cdch ( néu cin
thi€t phdi hgp vdi cdac bd phan dinh huéng cong suit) ciAn phdi ddm bdo khdi
dong bdo vé chi khi ngdn mach trong cdc ving danh cho ching. Tuy nhién, sy
lam viéc clia ching bi 4nh hudng bdi nhitng yéu t6 lam sai léch ma & nhitng
phin tritoc ddy chua tinh d&€n. Vi vay, viéc tim hi€u 4nh hudng ciia cdc y&u t&
nay va trong. Cdc yéutd l1am sailéch chd y&u la:

1/Dién trd qua do tai vi tri x4y ra sy co

2/ Su khiac nhau cda dong dién & cdc phan tif ké nhau giita vi tri ndi bdo
vé va di€m ngin mach

3/ Sy ¢6 mit cda cdc may bi€n 4p va cdc mdy bi€n dp tu nglu giita vi tri
ndi bdo vé va di€m ngin mach

4/ Sai s6 cta cdc bi€n 4p va bi€n dong do ludng

5/ Dao dong va ch&€ do khong dong bd cida cdc phan riéng 1& trong hé
thong dién.

5.6. Mot s6 cau hoi

Cau 1: Vai trd va cdc khoi chinh ctia mot hé thdng bdo vé role.

Cau 2: Nguyén ly va pham vi tng dung cia bao vé dong dién cuc dai.
Cau 3: Nguyén ly va pham vi tng dung cia bao vé dong dién c6 huéng.
Cau 4: Nguyén ly va pham vi ¢ng dung cia bao vé so 1éch dong dién.

Cau 5: Nguyén ly va pham vi t'ng dung cia bao vé khodng cach.
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TIET KIEM PIEN NANG VA
BU CONG SUAT PHAN KHANG
TRONG CUNG CAP PIEN

6.1. Gigi thiéu chung

Pién ning 13 ning lugng chd y&u chi€m khodng 95% tdng ning lugng tiéu
thu trong cdc xi nghi€p cong nghiép. Cdc xi nghiép cong nghiép tiéu thu khodng
trén 70% tong sd dién ning suit ra trong hé thdng dién do cdc mdy phit. Cong
nghiép x4 hdi chid nghia ngdy cang phdt trién thi nhu ciu vé dién ngay cang
16n. Vi vdy vé mit sin xudt dién ning van dé dit ra 1a phai tin dung hét khd
ning cda cdc nha mdy dién dé phat ra dugc nhiéu dién nhat. Pong thdi vé
mit dung dién, phdi hét sdc tiét kiém dién, st dung hdp 1y cdc thiét bi dién,
gidm ton thi't dién ning dé&n mitc nhd nhit, phan dau dé€ suat chi phi dién ning
cho mdt don vi sdn phdm ngldy cang gidm .

Tinh chung trong toan hé thong c6 khodng 15-20% ning lugng dién phdtra
bi mit m4t trong qué trinh truyén tdi, phan phdi va ban thin thi€t bi si dung
dién khong hiéu qui. Bang 6.1 phan tich ton thit dién ning trong hé thong (chi
xét dén dudng day va mdy bi€n 4p). T bing phan tich ta nhan thdy ring tdn
tha't dién ning trong hé thdng dién xi nghiép chi€m khodng trén 60% tdng tdn
th4't dién ning.
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% ton that dién ning cla
Mang c6 di€én ap ° 3
Pudng day Mady bi€n ap Tong
U > 110kV 13,3 12,4 25,7
U =35kV 6,9 3,0 9,9
U=0,2+10kV 47,8 16,6 64,4
Tong cong 68,0 32,0 100

Bang 6.1: Phan trim ton that dién ning trong hé théng dién

Nguyén nhan chinh lam cho dién ning bi mat mat nhi€u nhu vay 1a vi
mang dién xi nghiép thudng dung dién 4p trung binh va thdp, dudng diy lai
dai va phin tdn dén titng phu tdi. Vi vay, viéc thyc hién cdc bién phap tiét kiém
dién trong xi nghiép va trén cdc dudng diy c6 y nghia rit quan trong, khong
nhitng ¢6 16i cho bdn than xi nghiép, ma c6 1di chung cho nén kinh t&€ qudc dan.
Hé s6 cong suit cos¢ clia xi nghiép 12 mot chi tiéu d€ ddnh gid mic do st dung
dién hiéu qua cda xi nghiép. Hon thé nita, sy phat trién clia phu tai dién Ia lién
tuc cd vé chat va lugng dodi héi su gia ting ding k&€ ngudn phat. Piéu nay la viéc
lam khé khin bdi ngudn ning lugng sd cidp d€ xay dung cdc nhia mdy dién da
dan can kiét. Do d6 nha nudc da ban hanh cdc chinh sdach dé khuyé&n khich céc
xi nghiép phdn dau ning cao hé sd cong sudt cose. Vi du, néu cosp cua xi
nghiép thap hon cosg qui dinh thi xi nghiép d6 bi phat, n€u I6n hon sé& dugc
thudng. Hé s6 cong suit clia cdc xi nghiép nudc ta hién nay néi chung con thap
(khodng 0,5-0,6). Chiing ta can phan ddu dé€ niang cao dan 1én (d&n rén 0,8).

Tén that dién ning do hé s6 cong suit clia phu tii thap chi 12 mot phan
trong ton thit dién ning clia hé thdng. Ngay nay, tdn thit dién ning dugc danh
gid & cAp vi mo hon d6 1a do thi phu tdi, hiéu suit cla thiét bi trong hé thong,
ch€ d6 lam viéc clia thi€t bi va théi quen st dung clia ngudi st dung dién. Mot
hé thdng dién xét & cAp vi md (c6 cd hé thdng ngudn phit) sé cé tdn thit ting
the do chénh 1éch giita phu tdi c6 cong suit cuc dai va cuc ti€u trong ngay van
hanh. Viéc st dung thi€t bi c6 hiéu suat cling gdy mot ton that dién ning 16n cho
hé thong.

Ching ta cin lvu y ring, viéc thuc hién ti€t kiém va ning cao hé so cong
suit cosq khong phdi la nhitng bién phdp tam thdi d6i phé véi tinh trang thi€u
dién, ma phédi coi d6 1a mot chd truong 1au dai. Mit khéc, ciing khong vi thdy
chi phi vé dién ning chi chi€m mot phan nhd trong gia thanh sin phim
(khodng 2%, trit cdc sdn phaAm sdn xuidt bing dién nhu luyén kim, dién phan)

114



Chuong 6: Tiét kiém dién ndng va bu cong sudt phdn khdang

ma coi thudng van dé tiét kiém dién. Y nghia cla viéc ti€t kiém dién khong
chi & chd gidm gid thanh sdn phidm, c6 1gi cho ban than xi nghiép , ma con &
chd c6 thém dién dé€ san xuit ngay cang nhi€u sdn phdm, c6 1gi chung cho nén
kinh t€ qudc dan.

T4t nhién, trong lic thyc hién cédc bién phdp ti€t kiém dién ning va
ning cao hé sd cong suit cose, ta can chd y khdong dugc giy dnh hudng xau
dén cha't lugng va s6 lugng cha sdn phdm, hodc 1am tr§ ngai cho cdc diéu
kién lam viéc cda cong nhan.

6.2. Cac bién phdp giam ton that dién ning
6.2.1. Nang cao hé s0 cong suit cia phu tai

Phan 16n céc thi€t bi ding dién déu tiéu thu cong su't tic dung P va cdng
sudt phan khiang Q. Nhitng thi€t bi tiéu thu nhiéu cong sui't phan khdng gdm:

+ Pong cd khong ddng bo tiéu thu khodng 60 + 65% tong cong suit phan
khdng cliia mang.

+Mady bién 4p tiéu thu khodn 20 + 25%.

+ Pudng diy trén khong , dién khdng va cdc thi€t bi dién khic tiéu thu
khodng 10%.

Nhu vay dong cd khong ddng bd va may bi€n dp 12 hai loai mdy tiéu thuy
nhi€u cdng sud't phan khang nhat. Cong sudt tdic dung P1a coéng suit dugc bi€n
thanh cd ning hoic nhiét ning trong cdc mdy diung dién. Con cong suit phin
khang Q 13 cong sudt dung cho viéc tir hod trong cdc mdy dién xoay chiéu, né
khong sinh ra cong. Qud trinh trao ddi cong sui't phian khing giita mdy phat dién
va ho tiéu thu 12 mot qué trinh giao dong (mdi chu ky clia dong dién, Q ddi
chi€u 4 1an, gid tri trung binh trong % chu ky biing khdng).Cho nén viéc tao ra
cong sudt phdn khdng khong doi hdi tiéu ton ning lugng ctia dong co s6 cap
quay may phat dién. Chiing ta bi€t ring ton th't cong suit va ton thit dién 4p
trén dudng day truyén tdi phu thudc vao cong suit truyén tai (c6 cd cong suit
phdn khang). Mit khdc cong suit phdn khdng cung cip cho hd tiéu thu khong
nhA' thi€t phai 14y tir ngudn (mdy phat dién) ma c6 thé 14y ngay tai nit phu tdi.
DE trdnh phdi truyén tdi mot lugng Q kha 16n trén dudng diy, ngudi ta dit gan
céc ho tiéu thu nhitng mdy sinh ra Q goi la thi€t bi bu (tu dién, may bu dong bd)
cung cap tryc ti€p cho phu tdi. Viéc lam nay dudc goi 12 bu cdng sudt phan
khang.
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Chiing ta hdy phan tich ¥ nghia todn hoc cta viéc bl cong sudt phdn
khing. V& phuong dién vat 1y cdc phu tdi hau hét mang tinh cdm khdng, nghia 12
dong dién chay qua phu tdi tré pha hon so v6i dién 4p mot géc ¢1. Khi cé thiét bi
bl ndi song song vé6i tai (Bu ngang — Parallel compesation) mang tinh dung sé&
lam cho géc 1éch pha gidm di va chi con gid tri @2 (¢2 <@1). Pinh lugng cla bai
todn dugc minh hoa nhu hinh 6.1(gid st thi€t bi bu thuan dung).

Tir gidn d6 vector ta thiy ring khi c6 bil cong suit phdn khang thi géc
léch pha giita dién 4p va dong dién clia phu tdi (k& ca thi€t bi bil) s& nhd di,
nghia 12 hé s6 cong suit cia phu tdi dugc nang Ién. Thiét bi bu & mang 6-10kV-
15kV va 0.4kV dudc thuc hién bing cdc tu dién, con viéc bl cdng sudt phan
khdng & mang 35-110kV dudc thuc hién bing mdy b dong bo.

Jba

v

Hinh 6.1: Gidn dd vector clia dong dién tai
trudc va sau khi bu

Tém lai, viéc bl cong sudt phdn khdang hay ning cao hé s6 cdng suit clia
phu tdi s& 1am gidm t&n that cong suat truyén tai trén dudng day, ting kha ning
truyén tai nén 1am gidm ton tha't dién ning.

6.2.2. San biing d6 thi phu tai

Chiing ta bi€t ring, d6 thi phu tdi dién trong modt ngay thudng thay thdi rat
16n, ditng v€ phuong dién cung ciAp dién thi chiing ta phdi ddp ¥ng di cong suat
trong nhitng thdi di€m tdi dinh. N6i cdch khdc, khi tdi dinh cdc mdy phét trong
lugi thudng phdi van hanh gin hét cong sui't décung cap cho hé thong va dy trif
néng (chi cdc mdy phdt du phong s& dugc ngung). Khi tdi clia hé thong & thdi
di€m trung binh v nhé thi cic m4y phat phdi gidm b6t lugng cong sudt phit vao
lugi hodc cit ra khdi lugi ( @€ ddm bio diéu kién cin bing cong suit ). Tuy
nhi€n, cic mdy phéat trong lu6i (ddc bi€t 1a may phdt nhi€t di€n turbine hoi) thi
thdi gian khdi dong cla ching khd 1au (mdy phét turbine hoi néu bit dau tir 10
ngudi thi thdi gian nay cé thé kéo dai tir 6 d€n 8 gid). Chinh vi viy, ma & thdi
di€m non tdi trong Iudi thi cdic may phat nay phdi van hanh khong tdi. Piéu nay
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s& gdy ton that rat I6n vé mit nhién liéu. VAn dé nay sé dudc khic phuc néu dd
thi phu t3i dién trong 1u6i tuong d6i bing phiang. Vi khi d6 so lugng mdy phat du
ki€n tham gia vao ludi c6 thé€ dugc du bdo trudc.

Viéc san bing (mang tinh tuong ddi) do thi phu tdi 124 mot qua trinh phiic
tap vi n6 phu thudc vao nhiéu yé&u td mang tinh hé thong nhu: y thic clia ngudi
st dung dién, suit tiéu hao dién ning trong mot don vi sin pham thap, chua cé
mot ¢d ché phdp 1y 1d rang,.... Mot trong nhitng bién phdp cé thé thyc hién tot
viéc sang bing dd thi phu tdi 13 thi truSng héa nganh dién. Mot hé qud quan
trong cda thi trudng héa nganh dién 1a tao ra gia thGi thuc (Spot Price) cho cédc
ho tiéu thu dién. Khi d6 néu ngudi st dung dién trong nhitng gid tdi dinh
(“khang hi€m hang héa”) thi phdi chiu mot gia cao (c6 thé gap nhiéu Ian lic tdi
thap) tudn theo qui luat thi truSng. Chinh di¢u d6 s& 1am cho ho ty diéu chinh ca
lam viéc cho cong ty, xi nghiép ctia minh nhim t6i vu 1¢i nhuan thu dudc.

6.2.3. St dung thiét bi hi¢u suat cao

Trong céc bai todn thi€t k& cAp dién ciing nhu chon lya thiét bi trudc day
chiing ta chua quan tAm nhiéu hét hiéu sut clia thi€t bi. Chinh diéu nay di giy
ra ton thit cong sudt 16n cho ban thin ngudi st dung thi€t bi va cho nganh dién.
Chiing ta thif 1dy mot minh hoa nhu sau: gid st mot dong cd c¢6 cong suit dinh
mtc 12 P, hi€u suat 1a 1 va mot dong co khdc ciing c¢6 cdng suit dinh mic 1a P
va ¢6 hiéu suat no. Gid thi€t ni<n2 va hai dong co lam viéc & cing cong sult
dinh mtc trong suit khodng thdi gian t thi dién niing tiéu thu cho hai dong co s&
la:

Al = Et
m

Ar = Et
7,

RO rang rang Ai>A; cho di ciing mot ning lugng ¢6 ich duge si dung (cd ning
giong nhau). Trong thuc ti€n, viéc trang bi thi€t bi ¢6 hiéu suit cao sé& ton kém
hon, tuy nhién ngudi sit dung s& dudc 1gi trong sudt qud trinh vin hanh, diéu nay
s& dic biét hiéu qua ddi vé6i cdc thi€t bi c6 tudi tho 16n. Hon thé nita, khi ¢6 cdc
co ch€ 10 rang ngudi sit dung dién sé dugc hudng cdc wu dai khi ky cdc cam két
vé str dung thiét bi c6 hiéu suit cao.

6.2.4. Chon lya thi€t bi c6 cong sudt phu hgp
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Khi Iya chon thi€t bi (chd y&u 13 cdc ddng cd truyén dong) thong thudng
cdc nha thi€t k€& 14y dung sai gilta cong suit cia tdi va thi€t bi so 16n. SG di c6
viéc lya chon nhu nhu vdy 13 ¢6 nhiéu nguyén nhian ma chd yéu Ia chua c6
thong tin chinh x4c vé co chip truyén dong cda tdi co khi va clia thiét bi kéo so
cAp. Chinh diéu ndy din d&€n hau hét cdc dong cd déu van hanh & ché€ do non tai
trong sudt qua trinh 1am viéc. Qud trinh 1am viéc non hay khong tdi s& 1am gidm
ddng k€ hiéu sudt van hanh cda ddng cd. Chinh vi vy, viéc lua chon cédc thiét
bi c¢6 cong suit phit hgp sé gép phan lam gidm tdn that dién ning, dem lai 1gi
ich cho bdn than ngudi st dung.

6.3. Bu cong suat phan khiang trong cung cap dién

Bu cong suit phan khdng 12 mot trong nhitng bién phdp gidm tdn that
cong sudt trén dudng diy, gidm ton thit dién dp, vi vdy lam ting kh3 ning
truyén tdi cla dudng day va 6n dinh dién 4p cudi dudng diy. Cdc van dé nay
dudc phan tich chi ti€t nhu sau:

6.3.1. Y nghia ctia viéc bu cong sudt phan khing

Do thi vectd hinh 6.1 chitng td ring sau khi bu, géc 1éch pha gitta dién 4p
va dong dién nho hon true khu bu, gitta P, Q va géc ¢ ¢6 quan hé nhu sau:

@=arctg % (6.1)

Viéc b s& 1am gidm dudc lugng cong sudt phan khdng Q phai truyén
trén dudng day va néu P khong d6i thi rd rang géc ¢ s& gidm, tic cose sé
ting 1én. Hé s6 cong suit cose ting 1én s& dua dén nhitng hiéu qui sau
day:

+ Gidm t6n thi't cong suit trong cdc phan ti clia hé thong cung cAp dién
(duong diy, mdy bi€n 4p, vv. . .). Ta da biét ton that cong sui't tic dung trén
dudng day dudc tinh nhu sau:

PZ +Q2 P2 QZ
BTN R = AR, + AR

Khi gidm Q truyén t3i trén dudng day, ta gidm dugc thanh phan ton that

cong sudt AP do Q gly ra.

+ Gidm dugc tdn that dién dp
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Ton tha't dién 4p trén dudng diy dugc tinh nhu sau:

AU :PRG—QX=¥+%—X:AU(P) +AU
Gidm lugng Q truyén tai trén dudng diy, ta gidm dudc thanh phan tdn
tha't dién 4p AU(q) do Q giy ra.

+ Ting khd ning truyén tdi clda dudng ddy va mdy bién 4p.

Kha ning truyén trdi cla dudng ddy va mdy bi€n 4p phu thudc vao dicu
kién phat néng cta ching (tdc dong dién cho phép). Dong dién chay trén diy
din va mdy bié€n 4p dudc tinh nhu sau:

I= —VPJ_BLQZ (6.2)

Bi€u thifc nay chitng t& riing vdi cling mot tinh trang phat néng nhat dinh
(I=const) ctia dudng diy va mdy bi€n 4p ta c6 thé ting kh3 ning truyén cong
sudt tdic dung P trén dudng diay bing cdch gidm cong sudt phdn khing Q ma
ching phdi tai di trén dudng day.

Vi th€ khi van giit nguyén dudng diy va mdy bi€n 4p, n€u cose clia mang
dudc ning cao thi khd ning truyén tdi clia dudng diy va mdy bi€n 4p sé€ ting
1én.

Ngoai ra, viéc ning cao cos¢ con dua dén viéc gidm dugc chi phi kim
loai mau, lam cho dién 4p &n dinh hon. Do d6, ning cao hé s6 cong suit
cose 12 mot bién phap quan trong d€ ti€t dién ning. Ngay nay, vin d& nang cao
cos¢ da trd thanh van dé quan trong doi hdi phdi dugc chid y khi thi€t k& va
van hanh batky mot xi nghiép hién dai nao.

6.3.2. Cac bién phap ning cao cosop

Cdc bién phdap ning cao cose cia xi nghiép dugc chia lam hai nhém
chinh.

6.3.2.1. Nang cao cos@ ty nhién

Coso ty nhién cta xi nghiép 1a cose khi khong bl cong sudt phan khéang.
Nang cao cos@ tu nhién c6 nghia 1a tim cdc bién phdp d€ cdc ho dung dién
gidm b6t dugc lugng cong sudt phdn khidng Q ma ching can & ngudn cung
cap.
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Nang cao coso ty nhién ritcé 1gi vi d€ gidm lugng Q tiéu thu ra khong
can dit cac thi€t bi bl thém ton kém ma chi cin cdi ti€n quy trinh l1Am viéc va
van hanh hdp 1y cdc thiét bi dién ma thoi. Khi xét van dé niang cao cose, dau
tién bao gid ngudi ta ciing phdi tim hét bién phdp d€ ning cao coso tu nhién
bao gdm.

+ Thay ddi va cdi ti€n qud trinh cong nghé d€ cdc thi€t bi dién lam viéc
& ché d6 hap 1y nhat.

+ Thay thé& dong co khong dong bd 1am viéc non tdi bing nhitng dong co
c6 cong sudt nhd hon.

+ Gidm dién 4p clia nhitng dong cd dong bo 1am viéc non tai.
+ Han ch€ dong co chay khong ti.

+0 nhitng noi qué trinh cong nghé cho phép, diing dong co dong bod thay
cho dong cd khong ddong bod

+ Nang cao chdt lugng stta chita dong co

+ Thay nhitng bi€n 4p lam viéc non tdi bing nhitng mdy c6 dung ludgng
nhd hon.

Tuy thinh hinh cu thé clia xi nghiép ma ddong thdi ta 4p dung nhiéu hay it
cdc bién phdp trén. Chiing ta 1an lugt xem xét cu thé€ nhu sau.

a) Thay déi va cdi tién quy trinh céng nghé dé cdc thiét bi dién lam viéc &
chédp hoply nhdt.

Cin ctf vao dicu kién cu thé cAn sip x&p quy trinh cong nghé mdt cich
hop 1y nhit. Viéc gidm bdt nhitng dong tdc, nhitng nguyén cong thira va 4p
dung cdc phuong phdp gia cong tién ti€n,.., déu dua t6i hiéu qui tiét kiém
dién niang tiéu hao cho mot don vi san phéfm.

Trong xi nghiép, cdc thi€t bi c6 cong sudt 16n thudng l1a ndi ti€u thu
nhiéu dién nidng nhit, vi th€ can nghién citu dé cdc thi€t bi d6 van hanh
kinh t€ nhat, ti€t kiém dién nhat.

O cdc nha mdy 16n, mdy nén khi thudng ti€u thu 30-40% di€én ndng cung
cap cho toan nha may. Vi th€ viéc 4n dinh ché& d6 van hanh clia mdy nén khi
c6 4nh hudng 16n dé&n van dé ti€t kiém dién. Theo kinh nghiém van hanh khi
hé s6 phu tdi gan bing 1 thi dién ning tiéu hao cho mot don vi sin phim sé&
gidm téi mic t6i mic t6i thi€u.vi th€ can b tri sao cho cdc may nén khi ludn
ludn 1am viéc day tdi; khi lugng cdng nhin cla xi nghiép nhd (ca ba) thi nén cit
b6t mdy nén khi.
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Midy bom vd mdy quat ciing 13 nhitng thiét bi tiéu thu nhiéu dién. Khi c¢6
nhiéu mdy bom hay mdy quat IAm viéc song song thi phdi diéu chinh toc do, luu
lugng cta ching d€ dat dugc phuong thic van hanh knh t&€ va ti€t kiém dién
nhit. Cdc loai 10 dién (dién tro, dién cdm, hd quang,...,) thudng c6 cong suit 16n
va van hanh lién tuc trong thdi gian dai . Vi th€ can sip x&p dé€ ching lam viéc
déu trong c3 ba ca, trdnh tinh trang 1am viéc cling mot lic giy cing thing vé
phuong dién cung c4p dién.

b) Thay thé nhitng dong co khong dong bo lam viéc non tdi bing dong co cé cong
sudt nhé hon

Khi lam viéc, dong co tiéu thu mot lugng cong sudt phdn khdng cé gid tri

bing
Q=Qo + (Qam—Qo) kpi* (6.3)

Trong d6: Qo 1a cong suat phan khang lic dong cd 1am viéc khong tai; Qam
12 cOng suit phan khdng lic dong co lam viéc v4i tai dinh mitc va ky 12 hé
s6 phu tdi. Cong suidt phian khdng khong tdi Qo thudng chi€m khodng 60
+70% cong sudt phdn khdng dinh mitc Qam. HE s& cOng suit clia dong cd
c6 thé tinh nhu sau:

P 1
COS(p=§_ , 2
{Qo +(Qp —Q@kﬂ

(6.4)
1

tr cong thic trén ta dé dang nhin thay ring, n€u dong co lam viéc non tdi (kp
bé) thi cose s& xudng thap. Vi du néu mot dong cd ¢ cose =0,8 khi kp =1 thi khi
kpt =0,5, cose chi con 0,65 va khi kp: =0,3 thi cose 1a 0,51.

RGO rang ring khi thay th€ ddng cd lam viéc non tdi bing dong cd c6 cong
suidt nhé hon (ta sé ting dudc hé s6 phu tdi ky ) va do d6 nang cao dugc cose
ctia dong co.

Piéu kién kinh t&€ cho phép thay th€ dong co la: viéc thay thé phai gidm
dudc ton thdt cdng suit tic dung trong mang va dong cd. C6 nhu vay viéc thay
th€ méi c6 1¢i. Céc tinh todn cho thdy ring: khi kpe < 0,45 thi viéc thay th€ bao
gid cling ¢6 19i; khi ke > 0,7 thi viéc thay th€ bao git cling khong c6 1di; con
néu 0,45<kp <0,7 thi phdi so sdnh kinh t€ k§ thuit méi xdc dinh dugc viéc
thay th€ c6 1gi hay khong.

Diéu kién k§ thuit cho phép thay th€ dong co 1a: viéc thay th€ phdi
ddm bdo nhiét d6 cda dong cd nhd hon nhiét do cho phép, ddm bio diéu
kién m3 mdy va ddm bdo dong co lam viéc 6n dinh.
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c) Gidm dién dp cua nhitng djong co lam viéc non tdi

Bién phdp nay dugc thyc hién khi khong c6 diéu kién thay thé€ dong co
lam viéc non tdi bing dong cd c6 cdng sudt nhd hon.

Cong sudt phan khang ctia dong khong ddng bo c6 thé viét.

U 2
Q=k— fV (6.5)
u
Trong d6: k=hiing s8; U 1a dién dp dit vio dong co; pla hé sd dintir, f1a tin
s6 ctia dong dié va V 1a thé tich mach tir.

Vi Q ty 1& vd6i binh phuong dién 4p U, nén néu ta gidm U thi Q gidm di
ro rét va do d6 cose cia dong ¢ dugce ting 1én.

Trong thuc t€ ta thudng dung cdc bién phdp sau diy d€ gidm dién 4p
dit 1én cidc dong co khong ddng bo 1am viéc non t3i 1a ddi ndi diy quan stator
tif tam gidc sang sao, thay ddi cdch phan chia nhém clia diy quédn stator va
thay d6i diu phan 4p clia mdy bi€n 4p dé ha thip dién 4p cla mang phin
xudng.

Khi d6i ndi day quin stato tif A sang Y thi cos¢ va hiéu suit cta dong cd
déu dudc nang 1én. Trong thuc t&€ bién phdp nay thudng dugc ding cho dong
cé ¢6 U < 1000V va hé s6 phu tdi nim trong khodng 0,35+0,4. Tuy nhién, khi
ddi ndi tir A sang Y momen cuc dai ctia dong cd sé& gidm di ba 1an so vdi trudc,
do @6 ta phdi kiém tra lai kh3 ning md mdy va lam viéc 6n dinh clia dong co.

Viéc thay d6i cdch phAn nhém cda diy quén satator thudng dugc ding ddi
v6i dong co cong sudt 16n c6 nhiéu mach nhdnh song song trong mot pha. Bién
phdp nay khé thyc hién vi phadi thio dong co ra mdi thay ddi dugc cdch diu
day.

Bién phdp thay d6i ddu didy phan dp clia mdy bi€n 4p d€ gidm dién 4p
clia mang phan xudng chi dugc phép thuc hién khi tt cd cdc dong co torng
phan xudng déu lam viéc non tdi va phian xudng khdng cé nhitng thiét bi yéu
cAu cao vé mifc dién 4p. Trong thuc t&, bién phdp nay it khi dugc diing.

d) Han ché djng co chay khong tdi.

Céc mdy cong cu, trong qud trinh gia cdng, thudng nhiéu lic phai chay
khong tdi, ching han khi chuyén tir dong tic gia cong ndy sang dong tic gia
cong khdc, khi chay 1ui dao hodc chay ra mdy,..,. Ciing c6 thé do thao tic clia
cong nhan khong hop Iy ma mdy phdi nhiéu lic chay khong tdi. Nhiéu thong
ké cho thdy ring do6i véi mdy cong cu, thdi gian chay khong tdi ¢ khi chi€m
35+65% toan by thdi gian lam viéc. Khi dong cd chay non tdi thi cosp rat
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thap. N&u ta han ch€ thdi gian chay khong tdi thi cosp ctia dong co s& dugc
ning 1én rit nhiéu. Vi th€ han ché dong co chay khdng tdi cling 13 mot trong
nhitng bién phdap t6t dé ning cao cose ctia dong co. Bién phap han ché dong
cd chay khong tai dugc thuc hién theo hai hudng la phdi van déng cong nhan
thao tdc hgp 1y, han ch€ dé&n mic thip nhat thdi gian chay mdy khong tdi va
huéng tht hai 1a dit bo han ché chay khong tdi s¢ dd khdng ché dong co,
thong thudng néu dong cd chay khong tdi qud thdi gian chinh dinh bing 10s
thi dong cd bi cdt ra khdi mang.

e) Ding déng co dong bo thay thé' cho dong co khong dong by & nhitng noi qud
trinh cong nghé cho phép.

O nhitng mdy sin xudt c6 cong suit tuong doi 16n va khong ditra yéu
cau diéu chinh tdc @6 nhu may bom, quat, nén ding dong cd dong bd vi dong
cd ddéng bd c6 cdc vu di€m rd rét hon 13 ding dong co khong ddng bo 1a,hé s6
cong sudt 16n, c6 thé 1am viéc & ch€ d6 qud kich tir d€ trd thainh mot may bu
cong sudt phdn khdng, gép phidn lam ting tinh dn dinh cda hé thdng. Momen
quay tr ty 1& bac nhdt v6i dién dp clia mang, vi vay it phu thudc vao sy dao
dong cda dién 4p. Khi tdn s6 cda ngudn khong ddi, toc @6 quay cda dong co
khong phu thudc vao phu tdi, do d6 ning suidt 1am viéc clia mdy cao.

Khuyét di€m clia dong co ddong bd 1a ciu tao phic tap, gid thanh dit
chinh vi vy né mdi chi chi€m khodng 20% tdng s ddng co dung trong cong
nghiép. Ngay nay nhd da ch€ tao nhitng dong co tu kich (ding bdn din) gid
thanh ha va c6 cong sudt di cdccd tir nhd dén 16n nén ngudita c6 xu hudng
stt dung ngay cang nhiéu dong cd ddéng bo.

f) Nang cao chdt lugng sita chita dong co

Do chat lugng stta chita dong co khdng t6t nén sau khi stra chita, cdc tinh
ning cla dong cd thudng kém tritoc, ton thit trong dong cd ting lén, cos@
gidm. Vi th€ trong lic gidi quyét van dé d€ cdi thién cose can chi trong hon
nita dén khau nay.

g) Thay thé nhiing mdy bién dp lam viéc non tdi bing nhitng mdy c6 dung
luong nho hon.

M4y bi€n 4p 1a mdt rong nhitng may dién tiéu thu nhiéu cong sudt phin
khing (sau dong co khong dong bo). Vi vay, néu trong mdt thdi gian dai ma hé
s6 phu tdi clia mdy nhd hon 0,3 thi nén thay né bing mdy c6 dung lugng nhd
hon. Pitng vé mit van hanh ma néi thi trong thdi gian phu tii nhd (ca 3) nén
cit b6t cdc may bi€n 4p non tdi. Bién phdp nay ciing c6 tdc dung 16n d€ ning
cao hé s6 cose tv nhién cida xi nghiép.
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6.3.2.2. Nang cao cos@ biing phudng phap bu cong suat phan khiang.

Phuong phdp nay khong gidm dugng lugng Q tiéu thu cua cdc hd diung
dién, ma chi gidm dugng luong Q phdi truyén tdi trén dudng day va may bién
4p ma thoi. Vi th€ chi sau khi da thyc hién cdc bién phdp ning cao coso tu
nhién ma vin khong dat yéu cau thi ra méi xét dén phuong phdp bu. Néi
chung cos¢ ty nhién cta xi nghiép cao nhat ciing khong dat t6i 0,9 (thudng
vao khodng 0,7-0,8). Vi th€ cdc xi nghiép hién dai bao gid cling phai dit
thém thi€t bi bu. Can chd y ring cong sudt phdn khing Q, ngoai muc dich
chinh 13 ning cao cos¢ d€ tiét kiém dién, con c6 muc dich két hgp 1a didu
chinh va 6n dinh dién 4p clia mang. Viéc quyét dinh c6 dit thi€tbi bu hay
khong phédi dya trén co sd tinh todn, so sdnh k¥ thudt va kinh t€.

6.3.3. Xac dinh dung lugng bu
6.3.3.1. Duong lugng kinh t& cia cong suat phan khang ki

Viéc bu cdng sudt phdn khdng sé dua lai hiéu qud 13 ning cao dugc
cos¢ va gidm dudc ton tha't cong sudt tic dung. PE danh gid hiéu qui cla viéc
gidm tdn thdt cong sudt tdc dung ta dua ra mot chi tiéu goi 13 duong lugng kinh
t€ cla cong xuat phan khang. Puong ludng kinh t€ ctia cong xuit phan khdng ki
12 lugng cong xudt tdic dung (kW) ti€t kiém dugc khi bu 1 kVAr cong sudt phian
khang. Con c6 mdt dinh nghia khic tuong duong véi dinh nghia trén la: “Puong
lugng kinh t&€ clia cong xuit phan khdng 13 lugng cong xuit tic dung bi ton tha't
khi phai truyén tai thém 1 kVAr cong suat phan khiang”. Trong trudng hop nay
thi duong Iugng kinh t& clia cong xuat phan khiang dugc goi 1a hé so ting ton that
cong suit tdc dung. Sau khi bui, do AP gidm nén cdng suit tic dung truyén trén
dudng day gidm va lugng t6n that do cong sudt tic dung gy ra ciing gidm. Song
lugng thay ddi nay rat bé nén ta c6 thé bd qua, ma chi quan tAm dén thanh phan
ton tha't cong sud't tic dung do cong sudt phan khdng giy ra ma thoi.

Tru6c khi b, thanh phin tdn thdt cong sudt tic dung do cong xuit phn
khiang gayrala :
2
AP, =8—2R (6.6)
Sau khi bu, thanh phin ton thit cong xuat tic dung do cong xudt phdn
khang gy ra la:

APy b = (QL_J—;) R 6.7)
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Trong d6:Qp 12 Iugng congsuat phdn khdng da dudc bu. VAay ludng cong suat tic
dung ti€t kiém dugc 1a:

P = AP - APy = L R - Q- 0-0%) R 6.8)
U U
Theo dinh nghfa: ki = gD SR - %b)(kW/kVAr) 6.9)

T cong thitc tinh duong lugng kinh t€ cla cong sudt phdn khing ki , ta
nhan xét ring: Néu dung lugng bl nhd hon nhiéu so véi cdng suat phan khing
truyén tdi trén dudng diy (diéu nay thudng x4y ra trong thyc t&) tifc 1a % ~0,
thi bi€u thitc ki c6 thé gin ding nhu sau:

R
ki =2. % (6.10)

Né&u Q va R cang 16n thi kx cang I16n, nghia 1a n€u phu tdi phdn khdng
cang 16n va cang & xa ngudn thi viéc bu cang c6 hiéu qua kinh t&. Tri s& Kk
thudng nim trong khodng 0,02-0,12 kW/kV Ar. Trong tinh todn c6 thé 14y nhitng
gia tri nhu sau:

-HO dung dién do mdy phat dién cung cap ki= 0,02 + 0,04
-Ho dung dién qua mdt 1an bi€n 4p ki =0,04 +0,06
-Ho6 dung dién qua mot 1an bién 4p ki =0,05+0,07
-Ho dung dién qua ba 1an bié€n 4p ki = 0,08+0,12
6.3.3.2. Xac dinh dung lugng bu Qy

Khi chua c6 thi€t bi bu lugng cong sudt phdn khdng tdi yéu ciu Q; bing
lugng cong sudt phdn khdng truyén trén dudng day cung cip cho tdi Q va dudc
xdc dinh theo cong suit tdc dung nhu sau:

Q1 = Q¢ =Ptgo: (6.11)

Khi c6 thi€t bi bl thi lugng cong sudt phdn khdng truyén tdi trén dudng
day Q> bing hiéu sd giita lugng cdng sudt phdn khdng cda tdi Q; va dung lugng
bu Qb, nghia la:

Q2 =Q:—Qv = Ptgp2 (6.12)

Trong hai cong thic (6.11) va (6.12) thi @1, ¢2 1a géc 1€ch pha trong truéng hgp
truSc va sau khi bu. Ching dudc xdc dinh theo hé s& cdng suit clia phu tdi ban
dau (tru6c bu) cos@r va sau khi bl cos@ (theo yéu ciau). Luu y hé s& cdng suat
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clia tdi sau khi b bao gdm c3 thi€t bi bu. Tir d6 ta c¢6 dung lugng bu dugc xdc
dinh nhu sau:

Qv =P (tgol-tgp2)a (6.13)

Trong dé: P 1a phu tdi tdc dung tinh todn cla xi nghiép, o = 0,9+1 12 hé s6
xét t6i hiéu qua nang cao cose bing nhitng phdp khong doi hdi dit thi€t bi
bu.

Can chd y ring ding vé mit tdn thit cong sudt tic dung ma xét, thi
dung lugng bui c¢6 thé xdc dinh theo quan di€m t&i vu sau day:

Do bu ta ¢6 thé tiét kiém dugc mot lugng cong suit tdc dung la:
OPw = kieQb -koQb =Qb (kke-kv) = f (Qv)

Trong d6: kQb va 8Py suy ra tir cong thirc (6.8), (6.9); ky 12 sud't tdn that
cong suat tdc dung trén mot don vi dung lugng thi€t bi bu [kW/kVAr]. Viy 8Py
12 mdt ham ddi v6i Qv. Tir d6 dé€ dang tim dude dung lugng bil t&i vu Qpw Wng
V61 6Ptu.

U 2

Quu=Q -k, (6.14)

20R

5 -

Khi % ~0, mdt cdch gin ding c6 thé tinh ki = Thay vao (6.14) ta

dugc dung cdng thic don gidn dé tinh dung lugng bu tdi uu.

Qu= Q(I-2) (6.15)
kkt

Qbw khong nhi't thi€t tring v6i Qb tinh theo cong thitc (6.13). Pitng vé€ noi
bd xi nghiép ma néi thi nén bu mot lugng biing Qb 1a kinh t€ hon cd. Song do
1gi ich chung clia toan hé thong dién, thudng Nha nudc quy dinh mot hé s6
cong suit tiéu chuAn ma cdc xi nghiép nhat thi€t phdi dat dudc, mic du doi
véi tirng xi nghiép cu thé, cose tiéu chuian d6 chua phai 1a t6t nhit. Vi vay,
trong thyc t€ thudng ngudita tinh dung lugng bu theo cong thirc (6.13).

6.3.3.3. Thi€t bi bu

Tu dign: 12 loai thi€t bi dién tinh, 1am viéc vdi dong dién c6 pha s6m hon
dién 4p, do d6 c6 thé sinh ra cong sudt phin khdng Q cung cip cho mang. Tu
dién c6 nhiu vu di€m nhu sudt ton that cong suit bé, khong c6 phidn quay nén
lip rdp bdo quidn va van hanh d€ dang. Tuy theo sy phét trién cla phu ti
trong qud trinh sdn xudt c6é thé ghép dan tu dién viao mang khi€n hiéu suit
st dung cao va khong phdi bd nhiéu von diu tu ngay mdt Ilic. Tuy nhién, tu
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dién ciing c6 nhitng nhudc di€m 1a: nhay cdm véi sy bi€n dong ctia dién 4p (Q
do tu sinh ra ty 1& vdi binh phuong cta dién dp), kém chic chin, dic biét dé bi
ph4 hdng khi ngin mach hodc dién 4p vugt qud tri s6 dinh mdc (khi dién 4p
ting dén 110% Uam thi tu dién khong dudc phép van hanh). Mit khdc, khi
dong tu vao mang trong mang s€ c6 dong dién xung, con lic cittu dién khoi
mang trén cuc tu dién van con dién dp du cé thé gdy nguy hi€m cho cong
nhan van hanh.

Tu dién ngay nay dudc sit dung rong rdi nhatla & cdc xi nghiép trung
binh va nhd, doi hdi dung ludng bu khong 16n 1dm. Thong thudng néu dung
lugng bi nhé hon 5000kVAr thi ngudi ta dung tu dién tinh, con n€u 16n hon
5000k VAr thi khi quyé&t dinh thi€t bi bl cin so sdnh giita tu dién va mdy bu
ddng bo.

Mdy bu dong bj: chinh 13 dong co ddong bd 1am viéc trong ch& dd
khong tai. Do khong tdi trén truc, nén mdy bi doéng bd c6 thé dugc ché
tao gon nhe hon so v6i dong co dong bo. Vi vy, mdy bu dong b ré hon
dong co ddng bo clng cong sudt. O ch€ dd qué kich tir may bu sdn xuat
ra cong suit phdn khdng cung cip cho mang, con & ch€ do thi€u kich tir
mdy bl tiéu thu cdng sudt phdn khdng cia mang. Vi vay, ngoai tdc dung
bl cong sudt phdn khing mdy bu con 13 thi€t bi rat t6t dé diéu chinh
dién 4p. N6 thudng dudc dit & nhitng di€m cin diéu chinh dién 4dp
trong hé thong dién. Nhudc diém clia may bu 1a c¢6 phan quay nén lip
rap, bdo quian va van hanh khé khin. P& cho kinh t&, mdy bu thudng
dugc ch€ tao vdi cong suit 16n. Vi vay, ngudi ta thudng ding mdy b ddng
bd d€ tap trung véSi dung lugng bu 16n.

Dong co rotor ddy qudn dugc dong by hod. Khi cho dong dién mot
chiéu vao rdtor clia dong cd khong déng bd rotor diy quian, dong cd s& lam
viéc nhu mdt dong co dong bd vdi dong dién sém pha hon dién 4p. Do d6 né c6
kha ning sinh ra cong suit phdn khang cung cip cho mang. Nhugc di€m cia
loai dong co nay 1a tdn thit cong sudt khd 16n, khd ning qué tdi kém. Vi vay,
thudng dong cd chi dugc phép lam viéc v6i 75% cOng sudt dinh mdc. V6i
nhitng 1i do trén, dong cd khdong dong bd rotor ddy quin dugc dong bd hod
dudc coi 12 loai thi€t bi bu kém nhat chi dugc dung khi khong c6 san céc
thi€t bi bu khic.

6.4. Phan phoi dung lugng tu bu trong cung cip dién
6.4.1. Vi tri dat thi€t bi bu
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Sau khi tinh dung luong bl va chon lya thi€t bi bu, thi vin dé ditra la
b6 tri thi€t bi bl trong mang nhu th€ ndo cho c6 1gi nhat. Nguyén tit bo tri
thi€t bi bl 1a 1am sao dat dudc chi phi tinh todn nhd nhit.

Mdy bu dong bd, vi c6 cong sudt 16n nén thudng dudc dit tip trung &
nhitng diém quan trong ctia hé thdng dién. O xi nghiép, mdy bu néu cé
thudng dugc dit & tram bi€n 4p trung gian. Sau day ra chi xét t6i van dé bo tri
tu dién trong mang nhu th& nio cho hop ly. Ta sé& 1an lugt phan tich vu khuyét
di€m cta mot s6 phudng 4n b tri tu dién.

1/ Tu dién dién dp cao: (6+12kV) dugc dit tdp trung & thanh cdi cia tram
bi&n 4p trung gian, hodc tram phan phdi. Nhd dit tip trung nén viéc theo doi,
van hanh cdc tu dién dé dang va c6 kh3 ning tuv dong hod viéc di€u chinh
dung lugng bu. Trong trudng hgp nay, tu dién van hanh lién tuc nén hiéu suat
st dung cao. Nhugc diém cda phuong 4n nay la khong bu dudc cong suit phan
khing & mang dién 4p thap. N6i chung & ciAp dién 4p (6+12kV) cdc tu bu déu
dugc ddc tap trung.

2/ Tu dién 4p thdp dugc dit theo ba cdch: dit tip trung & thanh cdi dién dp
thdp clia tram bi€n 4p phan xudng, dit thainh nhém & ti phan phdi dong luc, va
dit phan tdn & tirng thiét bi dung dién. Ping vé mit gidm ton thdt dién ning thi
viéc dit phdn tidn cdc tu bu & tirng thi€t bi dién( dong co) 1a hiéu qud nhit,
song véi cdch dit nay khi thi€t bi ngung 1am viéc, tu dién ciing nghi theo do d6
hiéu sudt st dung khong cao. Phuong 4n nay chi dugc ding dé€ bu cho nhitng
dong co khong ddng bd c6 cong suat 16n.

Phuong 4n dit tu dién thAinh nhém & ti phan phdi hodc dudng diy chinh
trong phan xudng dugc diing nhiéu hon vi hiéu sui't st dung cao, gidm dudc tn
thi't cd trong mang dién 4p cao lAn mang dién 4p thdp. Vi cdc tu dugc dit
thanh tirng nhém nhd (khodng 30 +100kVAr) nén ching khong chi€m dién
tich 16n. C6 thé dit ching trong nhitng ti nhu ti phin phdi dong luc, hoic trén
x4 nha phin xudng. Khuyét diém cda viéc dit phan tdn 12 1am cho viéc theo ddi
ching trong khi vAn hanh khong thuin tién va khé thuc hién viéc ty dong diéu
chinh dung lugng bu.

Phuong 4n dit tu dién tAp trung & thanh cdi dién 4p thap cta tram bi€n dp
phan xudng ding trong trudng hop dung lugng bu kha 16n hoic khi cin ty dong
diéu chinh dung lugng bu dé 6n dinh dién 4p clia mang. Nhudc diém clia
phuong 4n nay 1a chi gidm dugc tdn thit trong mang k€ tir may bi€n 4p trd vé
ngudn. Trong thyc t&, tuy tinh hinh cu thé ta c6 thé st dung cd ba phudng 4n dit
tu k& trén.
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6.4.2. Phan phéi dung lugng bu trong mang cdc nhdnh tip trung

Trong mot mang tip trung n nhianh cé tdng dung lugng bu 13 Qb. Van dé
ditra 13 cAn phan phdi dung lugng bu trén cdc nhdnh mot cdch hop ly dé duogc
hiéu qua kinh t€ cao nhat, thé€ hién & chd tdn thdt cong sudt tic dung do cong
sudt phdn khdng giy ra la it nhat.

Gia stt dung lugng bu phan phdi trén cdc nhdnh 1a Qu1, Qbz,..., Qon. COng
suit khdn khdng va dién tré clia cdc nhdnh dé 1an lugt 12 Qi, Qa,..., Qn va Ry,
R2,.., Rn (hinh 6.2). Ta tinh thanh phan t6n thi't cong sudt tic dung do cong suit
phan khiang gy ra.

_ 2 _ 2 _ 2
AP, = ©Q U?blm R + ©Q U?"D) R, +...+—(Q“U sz) R, =1(Qbi) (6.16)

Pé tim cyc ti€u clia hAim hiéu bi€n APq = f (Qui) ta c6 thé 14y dao ham
theo cdc bi€n va gidi ching bing khong thong qua phuong phdp nhan ti
Lagrangid. Va cudi ciing xdc dinh dugc dung lugng bu hdp 1y nhat tai cdc diém
nhu sau:

(Qz _RQbZ)th (617)

Qbi :Qi -

-1
trong d6: Ru = i-i-i-i-i la dién trd tuong dudng clia nhitng nhdnh ¢6
R, R, 'R

n

dit bist b,

Q1, Qb1
Ri

2, b2
Qs, Qb R,

Qn, an
Rn

Hinh 6.2: S6 d6 phan bd dung lugng bl hinh tia
D& thuin tién trong van hanh va lip rdp tu dién, dong thdi d€ gidm bot

thi€t bi déng cidt va dung cu do ludng, ngudi ta quy dinh ring néu dung lugng bu
ciia mot nhdnh nao d6 nhd hon 30kVAr thi khong nén dit tu dién & nhanh do6.

Vidu 6.1:
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Mot mang hinh tia, dién 4p 15kV c6 bon nhdnh. Dién trd, cong suit phan
khdng cta tirng nhdanh nhu sau:

R; =0,1Q Q1 = 400kVAr
R, =0,05Q Q2 = 600kVAr
R; =0,06Q Q3 = 500kVAr
R4 =0,2Q Q4 = 200k VAr

Dung lugng bii cia mang Qps = 1200kVAr. Hay tinh dung lugng bu cla tiing
nhdanh

Giai
Tong cong suit khan khdng ctia mang Q la:
Qz = Q1 + Q2 + Q3 +Q4 = 400+600+500+200=1700k V Ar
bién trd tuong duong cia mang

-1 1
Ru = i+i+i+i = i-i-i-i-i-i-i =0,0194Q
R, R, R, R, 01 0,05 0,06 0,2

Vay dung lugng bu cda tirng nhdnh la:

Qo1 = 400 — (1700-1200) % — 303KVAr

Qs = 600 — (1700-1200) % _ 406KVAr

Qus = 500 — (1700-1200) % _ 338KVAT

Qbs = 200 — (1700-1200) % —153KVAr

6.4.3. Phan phéi dung lugng b trong mang phian nhdnh tong
quat
Mot mang phan nhdnh tdng qudt (1a dang phd bi€n trong hé thdng cung
cAp dién) nhu hinh 6.3 c6 thé coi 1 do nhiéu mang phan nhdnh tip trung ghép

lai. Vi du tai di€m 3 ta coi nhu c6 hai nhdnh hinh R3 va R34 + Ry, tai di€m 2 ta
coi nhu ¢6 hai nhanh, mét nhdnh R> va m6t nhanh nita ¢6 dién trd tuong duong
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clia phan phia sau. Nhu vay ta ¢6 thé hoan toan 4p dung cong thitc & muc 6.4.2
dé tinh dung lugng bu clia cdc nhdnh.

Dung lugng bu clia cdc nhdanh thit n duge tinh theo cong thic

(Q(n—l)n - de n ) thn
R

n

an =Qn

(6.18)

Trong d6: Qn 12 cdng suit phdn khdng phu tdi clia nhdnh n; Q.1 12 cOng suat
phan khdngctia phu tdi chay trén doan tir di€m (n-1) t6i diém n; Qoa n 12 dung
lugng cin bu trong mang dit tai di€ém n, k€ ¥ nit thd n va Run 12 dién trd
tuong duong clia mang k€ tir di€ém n trd vé sau.

Qbs 1 Ri |2 R 3 R4 I
= B Qb4

R R> R3

Qo Qo2 Qb
Hinh 6.4: So d@d cho vi du 6.2

Vi du 6.2:

Cho mot phan xudng nhu trén hinh 6.4. Cong suit phdn khdng va dién trd
ctia cdc nhanh cho trong bang 6.2. Téng dung lugng bii 1a Qus = 300kVAr. Tinh
dung lugng du cho tirng nhanh.

Nhanh dudng diy | Pién tr§ () | Cong sudt phdn khang (kVAr)
Ri2 0,005 350
Ro3 0,004 250
Ri 0,010 150
R> 0,008 100
R3 0,012 200
R4 0,025 50

Bang 6.2 Cac sd liéu tinh todn cda vi du 2
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Giai
SO @6 clia hé thong c6 thé dudc tach thanh cdc thinh phan nhdnh tip trung
nhu sau (hinh 6.5):

| Ri2+Ria ) R23+Ria3 > ; R3 |
R, > R> > R4 >

Hinh 6.5: Sd d6 tudng duong cho vi du 6.2

Dién trd tuong duong & cic diém 3,2 va 1 la:

Ruaz = 00120025 _ 0,00812
0,012.0,025

Rus = 0,008(0,004 + 0,0081) — 0,00480
0,008+ 0,004 +0,0081

Rui= 0,010(0,005 + 0,0048) — 0,004950)
0,010+ 0,005+ 0,0048

Dung lugng bu cua cdc nhdanh la

(500 — 300)0,00495

=150- = 51kVAr
Q 0,01
Q2 =100- (350 - 249)0,0048 _ ,
0,008
Qb3 =200- (250-209)0.0081 _, 75\
0,012
Qe =50- (250 - 209)0,0081 _ 5o 1/

0,025

6.5. S¢ do dau day tu bu

So dd dau day cda hé thdng tu bu trong cung cip dién tuong d6i don gidn,
trong mang trung thé& cdc tu dién thudng dudc 1dp dit ngoai trdi trén cdc tru dién
clia dudng day, trong mang ha th€ hé thong céc tu bu dugc dit trong cdc ti dién.
Céc tu bl trong hé thong dién c6 thé dudc dau hinh sao hay tam gidc trong mang
ba pha. Tuy nhién, khi didu tam gidc dién 4p dinh muc cda tu phdi dugc chon
theo bién dd di€n 4p diy, nén gid thanh s€ cao hon. Vi vdy, ngudi ta thudng
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chon phudng phdp diu sao. So dd ddu diy cho mdt cip tu bu dau hinh sao dugc
minh hoa nhu hinh 6.6:

A
B

C
Ci

Hinh 6.6: Sd @6 dau diy tu bu ki€u sao

Trong mang ha thé&, mot th bu thdong thudng c6 nhiéu cAp bu cho cic thdi
di€m tdi khac nhau(thuc t& tir hai d&€n ba cap).

6.6. Van hanh tu bu

Nhitng tu bu khong phdi phéi ldc nao cling dugc dong vao ludi bdi 1é
trong luéi dién s& c6 nhitng lic thira cong sudt phan khdng (khi khong tai hodc
non tai). Khi d6, ching ta phai cdt tu bu ra khéi lugi va viéc déng tu bu hay
khong va véi dung lugng bao nhiéu s& phu thudc vao hé sd cdng suit va mic do
clia phu tdi. Hé thdng tu bu thudng gip trong thyc t€ 1a bu tirng cap, vi vay
khong ddp tng mot cach tdi uu sy thay ddi vo cAp cla phu tdi. Ngay nay, vdi su
ra ddi bo tu cho phép thay ddi dién dung v cip gitip chiing ta c6 thé bu mot
lugng ding bing luong yéu ciu clia ludi.

Viéc déng cit tu bu dudc thuc hién thdng qua cdc contactor va mach diéu
khién tir xa thong qua nit nhan. Ngay nay, nhd c6 cédc linh kién bdn din déng
cit cong sudt 16n cho phép chiing ta thi€t k€ hé thong tu bu tv dong hoan toan.
Do dit tinh phéng x4 cla tu, nén qué trinh déng cit tu thudng sinh ra nhiéu hd
quang va dong dién 16n. Vi vdy, trong mach dong luc d€ déng cit, ngudi ta
thudng ndi thém cédc dién trd song song vdi ti€p diém chinh thdng qua ti€p dié€m
phu.

Mot van dé cin quan tAm clia viéc van hanh ty dién 13 chiing ta phdi bdo
quan dinh ky, dic biét 13 trong diéu kién moi trudng nhiéu bui ban. Khi ki€ém
tra, bdo tri tu ching ta cAn hét strc chd y d€n an toan, bdi khi cit cdc tu dién &
cdc thdi diém dong dién khac khong thi chiing s& dugc tich dién va thdi gian tich
dién nay ratlau thy thudc vao dién dung va ndi trd clia tu.
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6.7. Cau hoi va bai tap
Cau héi 6.1. Néu cic bién phiap gidm ton thit dién ning trong hé thong dién

Cau héi 6.2. Trinh bay cdc y&u t6 dnh hudng dén viéc thuc hién cdc bién phdp
gidm tdn that dién ning tai Viét Nam.

Bai tap 6.3. Xdic dinh dung lugng ciAn bu d€ ning cose mot tdi
S=(800+j900)kVA 1én 0,85.

Bai tap 6.4. Mot dong co dong bo ba pha dién 4p dinh mitc 380(V) tiéu thu cdng

sudt 75kW dugc mic song song véi mdt dong co cdm ng (rotor 16ng séc) tidu

thu cong sudt 150kW & hé s6 cong sudt cose =0,8 tré.

a) Tinh cudng do dong dién chay trén dudng day khi hé sd cong suit clia dong
co d6ng bo 1a 1 va 0,707 (s6m); so sanh.

b) Xdc dinh hé s6 cong sut clia dong co dong bd d€ cudng d6 dong dién chay
trén diy din la bé nhat.

Bai tap 6.5. Cho mot hé thong cung cAp nhu hinh 6.7; véi cdc thong s& cho nhu
sau:

R12=1,2Q; R23=2Q; R34=1,8Q; Rpa1=1,5Q; Rpa>=2Q; Rpa3=1,2Q; cdng suit phin
khiang chay trén cdc nhdnh la: Q2=500kVAr; Q23=350kVAr; Q34=200kVAr;

1 2 3 4

BAI BA2 BA3

5 6 7

Hinh 6.7: So dd cho bai tap 6.5

Q25=150kVAr; Q36=150kVAr. Téng dung lugng cian bu 132 450kVAr. Hiy xdc
dinh dung lugng cin bi tai cdc diém 5, 6 va 7.

Bai tap 6.6. Cho mot hé thong cung cAp nhu hinh vé 6.8; vdi cdc thong s6 cho &
bang 6.3.
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Phianti | DPiéntré (Q) | Cong suit tii qua BA(kVA)
R 0,04
R> 0,05
R3 0,02
R4 0,03
BA, 1,2 800+j700
BA, 1,5 600+j700
BA; 1,8 500+j400
BA4 2,0 450+j400

Bédng 6.3: SO liéu cho bai tdp 6.6

Xdc dinh dung lugng cin bu tai cdc thanh cdi ha thé clia mdy bi€n 4p dé
nang hé s6 cong suit clia thanh cdi tdng 1&n 0,9.

R, BA;
FOO+
R, BA:»
FOO+
Rs I BA3
FOO+
Ry BA4
FOO+

Hinh 6.8: So dd cho bai tap 6.6
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