Chdong 1V: Mach rilen ba pha

CHOONG IV: MAICH NIEN BA PHA

4.1 KHAIl NIEM CHUNG

Ngay nay, fiien nang s6 dung trong cong nghiep thoéng dddi dang dong fiien
sin ba pha. Nong cd fiien ba pha co cau tao fién gian va fiac tinh tot hon fiong co
mot pha, viec truyen tai fiien nang bang mach fien ba pha tiet kiem fAid6c day dan
hon viec truyen tai filen nang bang dong fiien mot pha.

Mach fiien ba pha bao gom nguon fiien ba pha, fi6dng day truyen tai va cac phu
tai ba pha. Ne tao ra nguon fiien ba pha, ta dung may phat fiien fiong bo ba
pha(hinh 4-1). Cau tao cua may phat fiien fiong bo gom:

Phan tinh (con goi la stato) gom loi thep co xe ranh, trong cac ranh fat ba day
quan AX, BY, CZ co cung so vong day va lech nhau mot goc 2i/3 trong khong
gian. Moi day quan fiééc goi la mot pha. Day quan AX goi la pha A, day quan BY
goi la pha B, day quan CZ la pha C.

Phan quay (con goi la roto) la nam cham fiien N — S (hinh 4-1).

Nguyen ly lam viec nhd sau: khi quay
roto, to trédng se lan 166t quet cac day
quan stato, va cam ong vao day quan stato
cac sOc fiien fiong sin cung bien fio, cung
tan so va lech nhau mot goc 2/3.

Neu chon pha fiau cua soc fiilen fiong ea
cua day quan AX bang khong thi bieu thoc
toc thdi soc fiien fiong ba pha la:

Sdc fien fiong pha A:

e, =2.E.sinat (4-1a)
Sdc fAien fiong pha B:
e, = \/E.E.sin(a)t _2%) (4-1b) Hinh 4-1: May phat fiien fiong bo ba pha.

Sdc fien fiong pha C:
e. = \/E.E.sin(a)t —4%) = \/E.E.sin(a)t + ZTEJ (4-1c)

No tho ea, eg va ec tren hinh 4-2.

Hoac bieu dien bang soi phoc: €n e ec
E, =Ee! (4-2a)
2
E, = Ee = E(—l— jﬁ) (4-2b) -9 at
2 2
27
. ety g 1A ]
E. =Ee —E(2+12) (4-2¢) o / _/
3 pe 3 pie 3

. Hinh 4-2: No thi téc thoi sdc filen fiong ba pha
Noi tho vect6 tren hinh 4-3.
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Hinh 4-4 : Mach ba pha khong ket noi

Hinh 4-3: No thi vecto sdc fien fiong ba pha
Nguon filen gom ba soc fiilen fiong sin cung bien fio, cung tan so, lech nhau ve
pha 2r1/3 goi la nguon ba pha fioi xdng.
Noi voi nguon foi xdng ta co:
eateg+tec=0 (4-3a)
hay:E,+ E, + E. =0 (4-3b)
Neu cac day quan AX, BY, CZ cua nguon fiien noi rieng re vQi cac tai co tong
tré pha Z,, Z,, Z., ta co he thong ba pha gom ba mach mot pha khong lien he
nhau (hinh 4-4). Moi mach fiien goi la mot pha cua mach fAien ba pha.
Sdc filen fiong, rilen ap, dong fifen moi pha cua nguon (tai) goi la séc riten riong
pha ky hieu la E,, rilen ap pha ky hieu la U, dong rifen pha ki hieu la |,

Mach fiien ba pha gom nguon, tai va fiddng day fioi xéng goi la mach fien ba
pha fioi xdng. Neu khong thoa man mot trong nhdéing fileu kien fia neu goi la mach
ba pha bat fioi xong.

Thoéong ba pha cua nguon i6dc noi ket voi nhau, ba pha cua tai cung AG6C noi
vOi nhau va co fiddng day ba pha noi gida nguon vadi tai, dan fiien nang té nguon
fien tai.

Dong filen chay tren rioéng aay pha td nguon fien tai goi la dong rilen aay, Ky
hieu la 1, filen ap gida cac fidong day pha ay goi la filen ap day, ky hieu la U,.

Maich ba pha thédng ghep noi theo kieu: hinh sao () va hinh tam giac (A).

4.2 CAICH NOIl HINH SAO

4.2.1 Cach noi

Ne noi hinh sao ta noi ba fiilem cuoi cua cac pha véi nhau tao thanh fiiem trung
tinh. Noi véi nguon, ba fiilem cuoi X,Y,Z noi voi nhau thanh fiiem trung tinh N cua
nguon. Noi vdi tai, ba fiilem cuoi X',Y',Z'noi voi nhau tao thanh trung tinh cua tai
0. S6 fio mach ba pha se co the la mach noi sao 3 day (hinh 4-5a; khong day trung
tinh) hoac sao 4 day (hinh 4-5b; co day trung tinh)
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Ae
Ea EA
(0] o
_ Zs _ Zs
Zc Zc
/ /
Hinh 4-5a. Noi sao 3 day Hinh4-5b . Noi sao 4 day
Ngoai ra ngodi ta théong bieu dien kieu ghep nay theo hinh 4-6a,b.
A _ ZA
- —— T — 1
l UAB T u AN b
B _ _ ZB O
- 0 T —{ 1o
l UBC ¢ UBN =
cY + Zc
. [
) vV W
Day trung tinh - — —

Hinh 4-6a. Noi sao 3 day -
Hinh 4-6b.: Noi sao 4 day

4.2.2 Cac quan he gita fiai 166ng day va pha trong cach noi hinh sao fioi xdng.

Cac fAai 166ng day va pha fiddc ky hieu tren hinh 4-6b.

a. Quan he gida dong filen day va pha. Can cd vao mach fiien ta thay quan

he gida dong fiien day 14 va dong fiien pha I, nho sau:
la= 1, (4-4)

b. Quan he gida fifen ap va fiien ap pha.

T& hinh 4-4b ta thay fiien ap day Uag (gida pha A va pha B) , Ugc (gida pha
B va pha C), Uca ( gida pha C va pha A) quan he fiien ap pha Ua, Ug, Uc nho sau:

UAB:UAN+UNB:UAN_UBN :UA_UB (4-5)
TooNng to Uge =Ug - U, (4-6)
UCA :UC_UA (4-7)

T& Ao tho vectd fien ap (hinh 4-7) ta thay: Ve tro so, fiien ap day (Ug)bang
3 lan fiien ap pha (Up).
U, =3U, (4-8)
Neu cac ap pha fid6c bieu dien dodi dang:
U =U,, sin(at + )
Ugy =U,, sin(at + 9 —120")
Uey =U,, sin(at + ¢ —240°)

Taco: U,y =U,, sin(et+¢) U, sin(ot +9—-120°)
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=2U ,,, cos(at + ¢ —60")sin(60") = v/3U ,, sin(at + ¢ +30°)
=U,, sin(at + ¢ +30°)
T6oNng tol cho cac fiien ap con lai:
Uy =U,, sin(at +¢—90°)
U, =U,, sin(at + ¢ —210°)
Ve pha, filen ap day Uag, Usc, Uca lech pha nhau mot goc 2n/3 va voot
trédc fiien ap todng 6ng mot goc 30°
Vi du:
Uag VOOt trddc Ua mot goc 30°
U, =+/3U,230° (4-9)

Hinh 4-7: No thié vectd fiien ap pha va fiien ap day

Tren thdc te, he thong mang fien dan dung 4 day co fien ap pha 220V.
Nien ap day (gida cac pha) la U, = \/3.220 ~ 380V . Ne mo ta he thong nay ngodi
ta th66ng viet 380/220V. Nieu fio co nghoa la fiien ap day la 380V va fien ap pha
la 220V.
Tinh chat fac biet cua he thong ba pha fioi x6ng la tong cua 3 dong hay ap
foi xdng, lech nhau mot goc 120°, tai mot thoi Aiem bat ky fieu bang khong. Ta co:
1 31 B

U,+Ug+U.=U,|[l-——j———+j—|=0 4-10
atUe tUc =Uu1=o=]—m=2+ 15 (4-10)
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4.3. CACH NOIl HINH TAM GIACC

xong.

4.3.1 Cach noi
Muon noi hinh tam giac ta lay fiau pha nay noi voi cuoi pha kia. Vi du &
nguon: A noi véi Z; B noi vdi X; C noi voi Y (hinh 4-8a) va todng tdi fioi vOi
tai (hinh 4-8b).

N

Hinh 4-8a : Nguon noi tam giac Hinh 4-8b : tai noi tam giac
4.3.2 Cac quan he gida fiai I66ng day pha trong cach noi hinh tam giac fioi

Cac fiai 166ng day va pha fiédc ky hieu tren hinh 4-9.
Can c6 vao mach ta thay : Ud = Up. Ap dung fionh luat Kirhhoff 1 tai cac
fiznh ta co quan he gida dong fien day va pha.

Taifienh A 1, =1, I, (4-11)
Taifienh B”: [, = [y — 1 (4-12)
Taifienh C: I = I, —lge (4-13)

I, (dong fiien day l4)
\

A P
Uq(fiien ap day)

U, (fiien ap pha)

Hinh 4-10: No thi vectd dong fiien pha va dong fiien day
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No tho vectd dong fiien day I ,,1,,I. vadong fien phal,,, [, [, Ve tren
hinh 4-10.
Ta6 Ao tho ta xet tam giac OEF:

OF= 2.0E.c0s30° = 2.0E. £—\/_OE

Vay tro so dong fiien day I'A (Ip) Io‘n gap V3 lan dong fien pha I'AB (1p).
Vay ta co qua he:
la= 3 1p (4-14)
Ve pha, dong fiien day I ,, I, I, lech pha nhau mot goc 2r1/3 (120°) va cham sau
dong fien pha toéng 6ng mot goc 30° (I, cham sau | A Mot goc 30%)
Vidu: Neu I, =1_20°thi I, = I |,£30° (thd to thuan) (4-15)
4.4. CONG SUAT MACH NIEN BA PHA

4.4.1 Cong suat tac dung

Cong suat tac dung P(fidn vo Watt, ky hieu W), cua mach ba pha bang tong

cong suat tac dung cua cac pha. Gai Pa, Pg, Pc t6dng 6ng la cong suat tac

dung cua pha A, B, C ta co:

P=Pa+ P+ Pc (4-16)
=Ualacosg, + Uslscos g, + Uclccos . .

Khi maich ba pha fioi xding:.

Nien ap pha hieu dung: Us = Us = Ug = Up

Dong fiien pha hieu dung. 1, = 1g=1c= Ip

COS@, = COS@P, = COSQ. = COS

Taco: P=3Uplp cosp (4-16a)

Hoac P=3Rp.1}; (4-16b)

Trong fio: Rp — fiien trd pha. Thay fiai 166ng pha bang fiai 166ng daly:

Noi Vi cach nai sao:

U
lp=lg; Up= —%
NE)
Naii Vi catch noii tam giac:
|
lp= —=; Up = Uq
NE)

Ta co cong suat tac dung ba pha viet theo fiai 166ng day, ap dung cho ca
trdéng hop hinh sao va tam giac fioi xding.

pP= \/EUdId cos @ (4-17)
Trong fio @ - goc lech pha gida fiien ap pha va dong fiien pha.

4.4.2 Cong suat phan khang:
Cong suat phan khang Q (fién vo Var) cua ba pha la:
Q= Qa+Qs*Qc (4-18)
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= Ualasing, + Uglgsin ¢ + Uclcsin ¢

Khi fioi xdng ta co:
Q =3Uplp sing (4-18a)

Hoac Q=3Xp I (4-18a)
Q= V3 Uglgsin [0)

4.4.3 Cong suat bieu kien va cong suat phoc:

Cong suat phoc cua he thong ba pha bang tong cong suat phc cua moi pha:

Sz = SA +SB +SC = (PA + jQA)+(PB + jQB)+(PC + JQC)

= (PA + PB + PC)+j(QA +QB +Qc)

Vi mofiun|g| = y/P* + Q*

Cong suat bieu kien cua moi pha:

NI R T I N v

Cong suat bieu kien cua he thong mach ba pha:

|Sz| = \/Pé +Q22 = \/(PA + PB + Pc)2 +(QA +QB "‘Qc)2

Cong suat bieu he thong ba pha fioi x6ng

ISs|=3U,1, =+3U,1, (4-19)
Hel sol coing suat cua hel thoing ba pha:

P P P
cosQ = > z z

'\/gudld B |SZ| B ﬂP; +Q§

Ne hieu chenh he so cong suat ng66i ta dung cac bo tu fiien ba pha, gom cac
filen dung C noi tam giac hoac hinh sao.

e ST SR §

gy

‘ ) Leooo- O 4

Hinh 4-11. Mach hieu chenh he so cong suat trong mach ba pha fiien ap thap
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4.5. NO CONG SUAT MAICH BA PHA

4.5.1 No cong suat mach ba pha fioi x6ng

Mach ba pha fioi x6ng co cong suat nhé nhau 6 cac pha, ta chz can fio cong
suat mot pha (hinh 4-12). Coing suat ba pha la:

P=3Pp = 3P; (4-20)

P1 — chg so cua oat met (wattmeter) mot pha.

*Pl
A *; W )

7 Tai ba
B
pha
C fiol xdng
N

Hinh 4-12: No cong suat tai ba pha fioi xéng bang mot wattmeter

4.5.2 No cong suat mach ba pha khong fioi x6ng
Ne fio cong suat mach ba pha bon day khong fioi xéng ta dung ba oatmet
fie fio cong suat tong pha (hinh 4-13). Cong suat ba pha la:
P =Pa+Pg +Pc (4-21)

sk

A X W
- X Tai ba
B W
\_/ * pha
C *\:F/ khong

foi xong

N L

Hinh 4-13 : fio cong suat tai ba pha khong fioi xdng bang ba wattmeter

VOi mach ba pha ba day khong fioi x6ng col the dung hai oatmet noi day
theo sé fio hinh 4-14. Trong s6 fio nay, oatmet thd nhat co fiien ap day Uac va
dong fiien 1A, con oatmet thd hai co fiien ap day Ugc va dong fiien Ig. Tro so toc
thdi so chz ca hai oatmet: p;+p, (s6 fio 4-14) la cong suat ba pha. That vay:

P=P1tP2= Uncly+ Ugcly (4-22)

Mac khac v, =u,—U.;  Ug.=Ug— U,

Tabiet /,+ig+i- =0 /. =—i,— i,

The vao phodng trinh (4-22) ta co:

P=(Up=Uc)ig+(Ug—U)lg = Uply+ Uply + U (=1, — 1)

= Uyl g+ Uglg+ UL U,
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Valy tro trung binh cua hai oatmet la:

P=P1+P;=Pa+Pg +Pc (4-22a)
* Pl
A w Tai ba
P pha
B khong
C 5 fioi x6ng

Hinh 4-14 : fio cong suat tai ba pha khong fiof xéng bang har wattmeter
S0 fio hinh 4-14 ap dung fio cong suat cho mach 3 pha, 3 day fioi xdng cung
nho bat foi xdng.
4.5.3 No cong xuat phan khang mach ba pha fioi xéng:
Trong s6 fio hinh 4-15a , oat met se/che U, | ,.
Xet fio tho hinh 4-15b, gia thiet I, cham sau U, mot goc ¢, goc lech pha
gida I, va U, la90°-¢, vay che so oatmet la:

* P,

A I I

Tai ba
B o o i

pha ioi 5
C xong >
N

(@ (b)

Hinh 4-15: No cong suat phan khang tai ba pha fioi xéng bang mot wattmeter

Qbapha
NE)

(4-23)

P =U,l, cos(90° — p) =~/3U, 1, sing =

9 Qbapha = \/gpl (Var)
Vi thei s6 fio nay co the fio cong suat phan khang mach ba pha fioi xéng.

4.6. CAICH GIAI MAICH NIEN BA PHA NOI XONG

Noi voi mach ba pha fioi xéng, dong fiien (fiien ap) cac pha co trd so bang nhau
va lech pha nhau mot goc2z/3. Vi vay khi mach fioi xdng ta tach ra mot pha fie
giai.
4.6.1 Nguon noi sao fioi xdng

Nay la tr6dng hop thédng gap nhat. Day ON goi la day trung tinh (hinh 4-6b va
hinh 4-6a). Noi voi mach fioi xdng ta luon co quan he:
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l,=0,+l,+1.=0
Vi the day trung tinh khong co tac dung, co the bo day trung tinh. Nien the
fiiem trung tinh cua tai fioi xéng luon luon trung Voi fien the cua trung tinh nguoin
Aol xding.

4.6.2 Giai mach fiien ba pha tai noi hinh sao fioi xdng
a. Khi khoing xet tong tré iddng day (hinh 4-16a).

~ N . . U
Nien ap fiat len moi pha tai la: U, = —%

NG
Tong trdi pha tai: z,= \/R; + X

Rp, Xp — fiien tro, Aiien khang moi pha tai.
Uq — fien ap day cua mach fiien ba pha.
Dong fiien pha cua tai:

U

| =—F

Ud
"z, 3 JRZ+X:
Goc lech pha ¢ gida fiien ap pha va dong fiien pha la: ¢ = arctg%
P
Vi tai noi hinh sao nen dong fiien day bang dong fiien pha: 14=Ip
No thd vectd tren hinh 4-16b.
Id:Ip ZP

1

A e >

iUd Zp Y

B Y —1 ® \
ZP Iy
C . | —

() )
Hinh 4-16. phu' tai hinh sao fiof xéng

b. Khi ca xet toing trd/ fiddng day pha. Cach tinh toan cung t66ng td, nhong phai
gop tong trd fiodng day voi tong tré pha tinh dong fiien pha va day:
U d

V3R, +R, f + (X, +X, )

Id:Ip Zd ZP

> 1

A @ >
l Ug Z4 Zp
B [

Id :|p:

Zy Zp

C e

Hinh 4-17: Phu' tai hinh sao fioi xéng co xet tong tré day pha o
Trong v e are fo Zg =

Ra+ j Xy
R4, Xq — fiien trd, Aien khang fibéng day (hinh 4-17).
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4.6.3 Giai mach fiien ba pha tai noi tam giac fioi xéng
a. Khi khoing xet tong trd/ idong day:
Nien ap pha tai bang fiien , N
ap day (hinh 4-18): A el
Up = Ud
Dong fiien pha tai la:

(dong fien pha 1)

Ugy(fRien ap day)
U, (fiien ap pha)

Goc lech pha ¢ gida B 1, ¥
fiien ap pha va dong fiien pha c L
t66ng Ong.

X Hinh 4-18 : Mach ba pha tam giac rioi xéng
@ = arctg —-
RP
Dong fiien day: I4= NEW S
b. Khi co xet tong tré iddng day. Tren hinh 6-19, ta bien fioi t6dng AG6ng tam giac
fioil xding thanh hinh sao Aail xding nho sau:

Tong trd moi pha luc noi tam giac: Z, =R, + X,
I . . Z R, .X
Bien fioi hinh tam giac sang hinh sao: Z, = TA = T’°+ TP

Sau fio giai nho fia xet & tren. Dong fiien day la :
U d
I, =

R

Dong flien pha cua tai khi noi tam giac: Ip = Td
3
IA Zd
o C A\ (dong fiien pha I,)
(dong fiien day 14) g fiien pha I,
U, (fi h
Uq(fiien ap day) » (fiien ap pha)
< »
B oV Z
| YA
C Cp —

Hinh 4-19 : Mach ba pha tam giac fioi xdng co xet tong trd iééng day
Vi dui 4-1: Mach dién 3 pha (hinh 4-20a) duoc cung cip bai ngudn 3 pha ddi ximg
thir tw thudn, biét ap pha hiéu dung Ux=10020°(V), Zg¢ = j50Q ; Z,=Z,=100Q;
Z,=300Q.
a. Xac dinh gia tri I, Ip, Ic.
b. Xac dinh s6 chi ctia dung cu do Ay va A,.
c. Tim cong suat P tieu thul tren tai mot pha Z; va Z, suy ra cong suat tong Py ba
pha.
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7,/3

UA Zq I.A I.Aza
(DB

Z4 I.B

Hinh 4-20a Hinh 4-20b

Nhan xet thay tai cua mach co mot phan dang tam giac, ta bien fioi ve dang
hinh sao nho sau:

T& hinh 4-20b, ta co mach ba pha nguon fioi x6ng, tai fioi x6ng ta se giai cho
mach pha A véi s6 fio mach nhd hinh 4-20c va hinh 4-20d, trong fio bo Z,, vi dong
qua Z, bang khong.

100£0° (V) 500 -
A

i L, 1000
Ta de dang tim fi66c cac dong fiien
i, = 10020 _ o) _4s0(a)

50+ j50
. . 2
Lai =, =£4—450(A)

2 Hinh 4-20c

To I, suy ra:

A S 100£0° (V) 00 100

Iy =v22£-165(A) () — L —

I =2275(A)

Hinh 4-20d

So chz cua fiong ho Ay lai v2(ampy
So che cua fiong ho A, la 0 (vi mach ba pha nguon fioi xdng tai fioi xng)
Pﬂ:loo*[‘f] =50W)

P, = 100’{?} =50W)

Cong suat tac dung toan mach se la P=3(50+50)=300(W)

4.7. CACCH GIAil MAICH BA PHA KHOING NOIl XONG

Khi tai khong fioi xdng Za# Zg# Zc hoac nguon khong fioi xdng (hinh 4-21) thi
dong fiien va fiien ap tren cac pha se bat fioi xdng. Ta phan biet hai troé6ng hop:

1.Tai cac pha khong co lien he ho cam vor nhau.

2. Tai cac pha co ho cam vor nhau
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I'A Za

A e > I
Ig Z

B e > 190
I'C Zc

C e > —

Zy Iy
N @ 1 :

Hinh 4-21: Phu'tai hinh sao co day trung tinh

Noi vdi cac tai khong co ho cam ta coi mach ba pha khong fioi x6ng la mach
phoc tap gom nhieu nguon séc fiien fiong va giai theo cac phodng phap fia trinh
bay 6 chédng I11. Noi voi tai co ho cam ta phai phan tich bai toan khong fioi x6ng
thanh cac bai toan fioi x6ng, ta sel trinh bay & muc 4.8.

4.7.1 Tai noi hinh sao, co day trung tinh tong tré Zo (hinh 4-21)

Ne giai mach fiien tren, ta nen dung phéong phap fien ap hai fiznh (the fiznh).
Ta co fiien ap gita hai Aiiem trung tinh O va N (/Aiem trung tinh nguon)
UL Y +UGY +U LY,

U, = (4-24)
N YL Y Y +Y,
Trong fo: Y, = L;YB = L;Y = L;Y0 _ L La tong dan phdc cac pha cua tai va
ZA ZB ZC ZO

day trung tinh.
Tro6ng hép nguon fioi xdng thi:
Ua = Upe_jo; Ug= Upe_jlzo, Uc= Upejlzo
Thay vao cong thoc (4-24) ta co:
Y, +Yge 12 py et
Yo +Yg +Yo +Y,
Sau khi tinh fi6dc Uy theo cong thdc (4-25) ta tinh Aien ap tren cac pha tai:

(4-25)

Uy =Us

U’a=Ua-Uon
U’s =Ug - Uon
U’c =Uc - Uon
Va dong fiien:

u' u' u'
la=—2=UAY,; lg=—2=U"s.Y,; lc=—%=Uc.Y,

A B (3
_UON — : —_

lo= = UON-YO hoac lo=Ia+ Ig + Ic

(0]

Vi du 4-2: Cho nguon ba pha fioi x6ng thd té thuan voi nguon hieu dung phoc
E, =22020°(V), phu tai tren cac pha cho nhd hinh 4-22a. Xac fiinh dong fiien
tren cac pha va cong suat bieu kien cua nguon.
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E, 100Q
G
Eg j100 1,
I+ 1
Ec 100 7,
=
Hinh 4-22a Hinh 4-22b

Dung phodng phap thel fignh, chon the fizgnh ¢ la fiien the hai filem trung tinh
nguon va trung tinh tai nho hinh 4-22b. Ta co phd6ng trinh sau:

1 1 1 220£0°  220£-120° 220.£120°
o +—+— = + - + -
100 j100 - j100 100 j100 — j100
@ =22020° +220/ 210" +220,210° = 220(1 —4/3)£0°(V)
Dung ph6éng trinh K2 cho pha A ta co:
—E,+1,100+9p=0
220.20° —220(1 - +/3)£0°
=1, =
100
Td6Ng td cho pha B va C ta i6oc:
| 220£-120" —220(1-/3)£0°

=2,24320°(A)

= LI[=V3 + j(3—=243)I(A)

° j100
0 0

AN DU jasa i
S, =E,.I, =22020°2,2,/3) 20" = 838(VA) > P, = 838(W);Q, = 0(Var)
S, = Eg.l; =(2202-120°) *[LI(=/3 — j(3—24/3)] =302,5+ j302,5(VA)
S P, =302,5W);Q, =302,5(Var)

So = Ec.l2 =(220£120°) *[LI(=/3 — (=3 +2+/3)] = 302,5 - j302,5(VA)
S P, =302,5(W);Q, =-302,5(Var)

Sy =S, +55 + S =838+ (302,5+ j302,5) + (302,5 - j302,5) = 1443(VA)

P =1443(W); Qs = 0(Var)
Vi dui 4-3: Cho mach fiien ba pha 4 day fioi x6ng tho td thuan voi hieu dung phoc
E, =22020°(V), phu tai tren cac pha cho nhé hinh 4-23a. Xac fiinh dong fiien

tren cac pha va cong suat bieu kien cua nguon.

E, 100Q 22020°(V) 1000
A IA
1+ 1 | _@—:'__)_

Es j100 g, — | 220z-120(v) jloo i, +
N — N — ¢
Ec 100 i 220/120°(V) o,
- = - =
100Q Iy 1000 Iy
1 1
Hinh 4-23a Hinh 4-23b
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Dung phodng phap thel fignh, chon the fizgnh ¢ la fiien the hai filem trung tinh
nguon va trung tinh tai nho hinh 4-23b. Ta co phd6ng trinh sau:

(1 1 1 1 220,0° 220/-120° 220.120°
10 +— +— + = + - + -
100  jl100 - jl00 100 100 j100 — j100
> ¢ =110(1-+/3)20°(V)
| 220£0° —110(1—+/3)

K2: —22020° + 1,100+ =01, = 00 = LI(1+4/3)20° (A)

T6ding tdi ta coi:
i - 2204 -120° —=110(1 —+/3)
® j100

= [— LIW3 + jL12 —\/3_)]= ~1,9+ j0,3=1,92/171°(A)

2204120 —110(1-+/3)

= [— L1W/3 = jL12 —ﬁ)]: ~1,9-j03=1922-171°(A)

|
¢ — j100
L1003 e
100
S, =E,.I1 =22020%11(1+~/3)£0° = 661(VA)

P, = 661(W) (phat) Q, = 0(Var)

Eg.ls =(220£-120°) *[-1L1\/3 — jLI2—+/3)] = 152 + j395(VA)
152(W) (phat) Q; =395(Var) (phat)

Ec.ll =(2202120°)*[-L1Y/3 + jL1I(2 —+/3)] = 152 — j395(VA)
P. =152(W) (phat) Q. =-395(Var) (thu)

Sy =S, +Sg +S¢ =661+ (152 + j395)+ (152 - j395) = 965(VA)

P, =965(W);Qy = 0(Var)

Xac fionh cong suat tren cac phan to:

Coing suat tac aung.

P, =100*(11(1++/3) =902W) (phat)

P, =100*(L1(1—+/3)] =64(W) (phat)

Coaing suat phain khaing.

Q, =100*(1,92)* = 369(Var) (phat)

Q. =-100*(1,92)* = =369(Var) (thu)

Nghieim /ai fiinh luat cain bang cong suat:

Tong cong suat tac dung phat: 661+152+152 ~ Tong cong suat tac dung thu:902+64
Tong cong suat phan khang phat: 395+369 ~ Tong cong suat phan khang
thu:395+369

PB

LN L

4.7.2 Neu xet fien tong trd Z4 cua cac day dan pha (hinh 4-24).
Phodng phap tinh toan van nho tren, nhong luc fio tong trd cac pha phai
gom ca tong tré day dan Zg.
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Z4 I, Za
Vivay:Y, = Ae—i 1 > L
atZy Zi i, Zs
1 Be— 1 > [ 16
©Zy+Z, Zy g Zc
1 Ceoe— 1} ———1
.= Zy Iy
Z.+7Z, N e I -

Hinh 4-24. Phu' tai hinh sao co xet tong tro day pha

4.7.3 Khi tong trd day trung tinh Z,=0

Niem trung tinh tai O trung voi fiiem trung tinh cua nguon N va fiien ap tren
cac pha cua tai bang fiien ap pha t6dng 6ng v6i nguon. Rol rang la nhé co day trung
tinh fiien ap ba pha tren tai fioi xdng.

Tinh dong fiien trong cac pha, ta ap dung fiocnh luat Ohm cho téng pha:

u., .
I, ==l ==%

ZA ZB ZC
4.7.4 Khi day trung tinh hoac fiot hoac khong co day trung tinh (Z, = «;Y, =0)

Nien ap Uon co the 160, do fio fiien ap tren cac pha tai khac fiien ap pha nguon
rat nhieu co the gay nen qua fiien ap 6 mot pha nao fio.

Vi du: gia thiet co tai ba pha khong fioi xdng: Pha A la mot tul fiien thuan fiien

dung, tong dan phoc cua pha AlaY, =

= jb. Hai pha B va C la hai bong

A

fien cotong dan Y, =Y. = % =g . Nguon fiien ba pha fioi x0ng, fiien ap pha la U,
(hinh 4-25). Tinh fiien ap fiat len moi bong fien.

Ae

O w

(a) (b)

hinh 4-25: tai ba pha hinh sao khong fioi xdng
Dung phodng phap the fiznh. Vi fiien ap nguon foi xdng, theo cong thdc (4-25):

jb+ge j120° +ge1120

U, =U
N P jb+g+g

Trong fio

e 1" = ¢os(-120%) + jsin(-120°) = -0,5-j0,866
e = c0s120° + jsin120° = -0,5+j0,866
U,=U,
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U, =U,e " =U,(-0,5— j0,866)
U, =U,e""™ =U,(-0,5+ j0,866)
Thay vao cong thdc tren ta co:
: . jb+9(-0,5-j0,866)+ g(-0,5+ j0,866)
u ON = U P .
jb+g+g

Neu chon g = b thi:
Uy =Up(=0,2+ j0,6)
Ta suy ra fiien ap fAat len bong fien 6 pha B:
Uy =U, —Ug, =U.(-0,5-j0,866) U, (-0,2 + j0,6) =U, (-0,3 - j1,466)

Veitroso thi: U} =4/0,3* +1,466° =1,5U,

TooNg to, ta co fiien ap fiat len bong fien 6 pha C:
Ul =U, -Ug, =U,(-0,5+ j0,866) U, (-0,2+ j0,6) =U, (=0,3+ j0,266)

Veitroso cua U/ =U,+/0,3% +0,266> =0,4U,

No tho vectd fiien ap cac pha tai vel 6 hinh 4-25b.

Ta nhan thay fiien ap fiat len bong fien pha B 16n hon fiien ap fiat len bong fien
pha C, cho nen bong fien pha B sang hén bong fien pha C. Ta co the dung thiet bo
nay fie lam dung cu fio thé td pha. Muon biet thd tdl pha cua mot he thong nao fio,
fiem cai chg tho to pha noi vao he thong fiilen ap ay. Neu goi pha noi vao nhanh
fiien dung la pha A thi noi vao bong fien sang ro se la pha B va pha noi vao bong
fien toi se la pha C.

4.7.5 Cach giai mach fiien ba pha tai noi hinh tam giac khong fioi x6ng
Trodng hop tai khong fioi xdng noi hinh tam giac, nguon fiien co fiien ap day la

Uag, Ugc, Uca (hinh 4'25)- I, (dong fiien day lg)
Neu khong xet tong trd cac A e—»g
day dan pha, filen ap fiat len cac Uq(fien ap day)

pha tai la fien ap day nguon, do
fio ta tinh ngay fi6dc dong fien
trong cac pha tai.

v

: B e E >
I'AB :UAB Ce I.C=
Z,s Hinh 4-25 : Mach ba pha tam giac khong rioi xéng
i BC — Yy =
Zge
i =Y
Zen

Ap dung fionh luat Kiechop 1 tai cac fiznh ta co dong fiien day:

IAZIAB_ICA

IB :IBC_IAB
Ic :ICA_IBC
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Nel trodng hop col xet tohg trdi cuia cac day dan pha ta nein bien fioi toéng
fidbng tai noil tam giac thanh hinh sao.
Vi du 4-4: Cho mach fiien ba pha fioi xdng thd td thuan vdi hieu dung phoc
E, =22020°(V), phu tai tren cac pha cho nhé hinh 4-26a. Xac fiinh dong fiien
tren cac pha va cong suat bieu kien cua nguon.
Bien fioi tam giac sang hinh sao ta co nhd hinh 4-26b.

(1 1 1) 220£0° 220£-120° 220.120°
Pl ———+——+ = - - +
—jl10  jl110 110) —j110 j110 110

> ¢ =|-1100+3)+ j1103+3)|V)

K2:
—220400+|'A(—j110)+¢=0 >
. :
| 22020 +1100433) = J110G+3) _ 3 @)1 i) = 6.69.245" (A)
~ 110
220/0" C
1+ C g A_ I N L B I
202-1200) ¢ jjoq 1OOQD¢IAB SU1200) - o
. B I:I-jIOOQ b 0]
202005 0 leOQ'j 204200) . g 1000
E— C 0 > [ .
Hinh 4-26a

A | Hinh 4-26b
T0O0ng tdi ta cor:

- 220£-120° +110(1++/3) = j1103++3) [ e B
- o ~ [ 3+243) - 3= 6692 -165(A)

I B

C

_220£120° +110(1+v3) = 1103 ++/3) _ V3 - j3]=3.4632 - 60°(A)
110 ’
K2 ta co:

~U g + 14 (=j110) =T *(j100) = 0 DU ,;, =100(3 + j/3)

>, = LIJ(;*S =(3+ j/3) =3,463230°(A)

KL Tge = g + 1 5 = —24/3 =3.463£180° (A)
I'CA = I.C + I.BC = l_\/g_ J3J: 3,4644—1200()0\)
Tim cong suat tac dung, cong suat phan khang tren cac phan to:

S, =E,.I =22020°.(3+~/3)(1- j) = (1041 - j1041)(VA)

= P, =1041(W) (phat) Q, =—1041(Var) (thu)

S, =E,.I; =(2202-120°)*[-(3+ 2+/3) + jv/3)] = (1041 + j1041)(VA)
= P, =1041(W) (phat) Q; =1041(Var) (phat)
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S. = E..IL =(220£120°) *[/3 + j3)] = —762(VA)

=2 P, =-762(W) (thu) Q. =0(Var)

Sy =S, +55 +S = (1041 jl041) + (1041 + jl041) + (=762) = 1320(VA)
Py =1320(W);Qy = 0(Var)

Xac fionh cong suat tren cac phan to:

Cong suat tac dung:

P, =10%*(3,463)* =120(W) (phat)

P, =100%(3,463)° =1200(W) (phat)

Cong suat phain khaing.

Q, =-10%(6,69)* = —448(Var) (thu)

Q, =10*(6,69)" = 448(Var) (phat)

Qe =100%*(3,463)” =1200(Var) (phat)

Qe = —100%(3,463)° = —1200(Var) (thu)

Naghieim Iai fisnh luat can bang coing suat:

Tong cong suat tac dung phat: 1041+1041 ~ Tong cong suat tac dung
thu:1200+120+762

Tong cong suat phan khang phat:1041+448+1200 ~ Tong cong suat phan khang
thu:1041+448+1200

4.7.6 Cach giai mach fiien ba pha nguon tam giac tai noi hinh sao khong fioi xong:

Bien fioi nguon ba pha tam giac sang hinh sao, bang cach théc hien phep dich
chuyen nguon ap g,, va g,. nho hinh ve... sau fio giai mach nho tréong hdp maich
co nguon va tai bat fioi xdng hinh sao.

Vi du 4-5: cho mach fiien ba pha (hinh 4-27a)v6i nguon tam giac fioi x6ng tho to
thuan, E,g =380£0°(V); Eg =3802-120°(V) E., =3802120°(V). Xac fiinh
dong fiien tren cac pha.

Giai Dung phep bien fioi, dich chuyen nguon nhé hinh 4-27b va hinh 4-27c.

100Q

(%)Es 510002 1000

Hinh 4-27a
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100Q2

10002

100Q2

710002

51000

Hinh 4-27¢
1 1 1 Epe Eqc
7 + + = —
1900 Pijioo 1000 Psi00 122100
3 3 3 3 3
3.3 .3 )_33800° 3380£-120
?310 T 10+ 300 10— j300 310 10— j300
_ 201662700~ J11982) _ 43 ¢4, 194,08 = 198.97277.27° (V)
963(10— j300)
. — —_3* —
>i, - —¢ 379062700 =JI1982) _ 455, 50373 -199./169,2°(A)
0 . 963(10— j300)(10 + j300)
00
.., oS
i, == _ 10-1300) 555  j188=3752-30°(A)
10 310
1100 20
3 3
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: ~380/—120° — 9019(2;71000 —_131 O1 09)82)
o y |
i B0 _ . _1924— 0,503
19 ji00 101300
3 3
~199/—14,7°(A)

4.8. PHOONG PHAP CAIC THAINH PHAIN NOI XONG.

4.8.1 Khai niem

Trong nhieu tr6dng hdp ta phai giai tich mach fiien ba pha khong fioi xéng, cu
the la:

Mach fiien co séc fiien fiong nguon ba pha fioi x6ng tai khong fioi x6ng, khi
fio, dong fiien day ba pha khong fioi xong va fiien ap tren tai khong fioi xdng.

Mach fien co fiien ap nguon ba pha khong fioi xdng nen dong fiien ba pha va
filen ap ba pha tren tai la khong fioi xong.

Cac dang s co nho it mot pha, ngan mach hai pha hay mot pha fieu la cac
trang thai khong fioi xong.

Viec giai mach fiien khong fioi x6ng bang cac phdong phap fia xet noi chung
la phoc tap khong tien 16i. Do fio, ph6ong phap cac thanh phan fioi xdng cung fiddic
fida ra fie giai mach ba pha khong fioi xdng, fiac biet la trong tr6dng hdp co ho cam
giba cac pha.

Noi dung cé ban cua phédng phap cac thanh phan fioi xéng la:

1) Phan tich he ba pha (sdc fiien fiong, fiien ap hay dong fiien) khong fioi xéng
thanh cac thanh phan fioi xdng;

2) Giai mach fiien fioi vOi tong thanh phan fioi xdng tac fiong rieng re;

3) Dung phoédng phap xep chong cac ket qua, ta fiddc flap so cua bai toan
khong fioi xdng.

4.8.2 Phan tich he thong ba pha khong fioi x6ng thanh cac thanh phan fioi xdng

a. Ninh nghta: he ba pha A, B, C (dong fien, filen ap, sdc filen fiong v.v...)
Aidoc goi la riof xdng neu:

Chung co moriun bang nhau: A =B = C.

Goc lech pha gida cac pha bang nhau.

Co ba kieu tao thanh hei fioi xong (hinh 4-28)

He foi xdng tho thuan (hinh 4-28a) sap xep theo trinh t6 A; , By, Cs...

Neu coi A = A’ = A; thi:

Bl — A1 e—jlzo0 — Ale—jlzo0 ; Cl — A, ej120°: Alejlzoo (4-26)
He fioi x6ng thd thu nghich ( hinh 4-28b) sap xep theo trinh td Az, B, Cs
Nat A,= A, thi:

B,= A C = Ae (4-27)

Nho vay, hei thdl td nghich coi thd td ngédc so voi hel thd tol thuan.
He! fioi x6ng thd t6' khong (hinh 4-28c) ba pha co mofun bang nhau va goc
lech pha gida cac pha fieu bang khong, toc la:
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(4-28)
A] BO C!)
(b) (©)
Hinh 4-28:He fioi xdng thd td' thuan (a) nghich (b) va khong (c)

b. He so pha

Nonh nghéa: he so pha (can goi la toain i pha) ky hieu la a, la mot so phdc col
dang:

a= e’ :-l +j ﬁ (4-29)

2 2

Tinh chat

Nhan mot so phdc voi toan td pha sel lam tang acgumen cua so phoc len 120°
azZ=aze? = eI zel? = 7?12 (4-30)

Nho vay, nhan vectd cua a toc la quay vectd fio fii 120°, con fio dai vectd
khong fioi.
Cac luy thoa cua toan to pha:

a®=1;a'=a= -l+j£
2 72
al= ej120° .ej120° :ej240° :e—jlzo0 :_l _Jﬁ (4-31)
2°2
a3 — ej360° — 1=a0
a'=a’a=la=a
V.V...
Mot so bieu thdc cua toan td pha (hinh 6-19):
s .1 A3 1 B
Trata” = 1+(-0 4= )+ (-5 —7)70 (4-32)
a-1= 43" 1-a =43¢ 71" ; 1-a2 = /3¢ (4-33)

Bieu diein cac hei fioi xdng qua toan to pha:
He tho tol thuan: to) (4-26), thay e'*" =a; e 12" = g2

Ta co:

A=B=a’A; C,=aA (4-34)
He thé to nghich: td (4-27)

=B, =ak; G A, (4-35)

He tho t6 khong: ta van co A = B,= C,
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c. Phan tich helba pha khong fioi xdng ra cac thanh phan fioi x6ng

Bai toan: cho he ba pha khong fioi xdng A, B, C. Hay tim cach phan tich hel
nay thanh tong cua cac thanh phan fioi xéng.

Nonh ly sau fiay se cho phep tim 18i giai cua bai toan nay:

Ninh lyi: Moi he ba pha khong fioi xéng A, B ,C feu co the coi la tong cua ba
thanh phan foi xdéng: thanh phan thd td thuan A , B, , C, thd td nghich
A, =B, =C, va thd td khong A, =B, =C,. Cach phan tich fio la duy nhat.

Thoc vay, fAat:

A=A+A+A ;B =B +B,+B,; C=C,+C,+C, (4-36)
Thay (4-34),(4-35)va (4-28) vao ta co:

A=A +A+A (4-373)
B=a’A+aA +A (4-37b)
C=aA+a’A+A (4-37¢)

He (4-37) gom ba phédng trinh bac nhat, voi ba an so la A , A, A, ; fiinh thoc
cua he khac khong, nen he luon luon co mot nghiem duy nhat. Nho vay, neu cho
A,B,C bao gid ta cung tim fivdc mot bo nghiem duy nhat A , A, , A, .

AO:AWL+BWLC (4-38)
) ) 5

A1:A+al?;+aC (4-39)
. o .

A2:A+af+ac (4-40)

Vi du 4-6: cho he fiien ap ba pha fAdt pha C (hinh 4-29). U, =120(V);
U,=120.e71"%” (V); U =0 (V). Phan tich he nay ra cac thanh phan fioi xong.
Giai

Ta giai bai nay bang fio tho vectd. Ta co:
3U o =U,+U,+U, = 12071 (),
Tofio: U,, =40e % (V).
Thanh phan thé td thuan:
30, =U,+aU +a’U.=U,+aU +0
Vectd aU, la vectd U, fia quay fii 120°, do fio fien trung voi U , (hinh 4-29a).
T6 fo: 3U ,,=2U ,=2.120=240; T& fio U ,, =80v.
Thanh phan tho t6' nghich:
3U,,=U,+a’U +aU.=U,+a’U,

Vectd a’U,, la vectd U, fa quay fi 240°, trd thanh vt pha trédc U, mot goc
120°. T6 fio (hinh 4-29b)= 3U ,,=120e®" (V); suy ra U, = 40e/" (V)
Tong hdp cac thanh phan fioi xdng, ta fiddc lai hel fiilen ap ban Aau ( hinh 6-20c).
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(a) (b) (©)
Hinh 4-29:Phan tich he fiien ap ba pha fidt mot pha ra cac thanh phan fioi xéng a)Xac fiinh
Uno va Upy,; b) Xac fionh Uy, ¢) Tong hop ba thanh phan fior xdng

4.8.3 Tinh chat cua cac thanh phan fioi x6ng
a. Tong ba I6dng pha cua he ba pha bang ba lan thanh phan thd to khong:
A+B+C =3A,
Nieu nay suy ra té bieu théc (4-38). Td fio, ta col hai he qua sau:
-Dong riien 7if tren day trung tinh bang ba lan fiong rifen thd to khong.
That vay, vbi mach fiien co day trung tinh
Ta co:
Iy =1,+1g+1. =3I, (4-41)
Nien ap di fiilem trung tinh chinh la fiien ap thé t& khong. That vay, ta co:
U A= U AT U 00
u 'B =U B~ u 00
Uc =U c~ u 0'0
Biet U, = U, . Cong ba fiang théc tren ta co:
U+ Ug+Uc=(U,+Ug+Uc ) +3U 4,
Biet: U,,U,,U. lafioi xong, nen U,+U,+U_=0
Mat khac U,+ U +U.=3U,
Suyra: Uy, =U,

b. Hieu hai 166ng pha cua he se khong co thanh phan thd to khong.
A-B=(A+A+A) @A+aA+A)= A(l-a)+ A (L-a)
Nho vay, fiien ap day (bang hieu fiien ap hai pha) khong co thanh phan thé to
khong.

4.8.4 Cac bodoc cua phddng phap cac thanh phan fioi x6ng
a. Phan tich nguon ba pha khong fioi xdng thanh cac thanh phan fioi xdng
tho to' thuan U, , thd to' nghoch U, va thd t6 khong U, .

b. Xac fionh trd khang thd td thuan Z;, thd td nghich Z,, thd td khong
todng dng vai tai. Neu phu tai ba pha la phu tai tinh (khong co hoi cam gida
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cac pha) trd khang phu tai la khong fioi fioi voi 3 thanh phan fioi xéng cua
nguon. Neu phu tai ba pha fioi xdng col ho cam gida cac pha (Goi la phu tai
fiong)thi Z, #Z, # Z,.

c. Thanh phan cac s6 fio fioi xdng tho té thuan, nghich va khong cho pha A
fie tinh 1,, =1,;1,, =1,; 15, =1,(S06 fio hinh 4-30). Trong fio, so fio tho to
khong do dong trong day trung tinh la 31,, nen se'la Z, noi tiep 3Z,. Con
s6 fio thd to thuan, nghich dong fien trong day trung tinh bang khong nen
khong co Z,,.

d. Sau khi xac fionh Aidoc 1,,1,va I, xep chong fiddc ket qua dong va ap.
Theo cong thoc (4-37a,b,c)
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