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Bai giang 1 1

Gi®i thiéu vé hé thdng dién — Téng quan

> Bdn phan t& co ban trong moét hé thdng dién: hé théng
ohat dién, hé théng truyén tai, hé théng phan phéi, va tai
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Nguén Hé théng Hé théng Hé théng
phat truyén tai truyén tai phu phan phéi
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Téng quan (tt)

> Ngudn phat: gdm cac nha may nhiét dién (than, khi tw
nhién, dau, ...), thay dién (nw&c — tai sinh), dién hat nhan (an

toan nghiém ngat).

> Dién ap tai dau ra clia cac ngudn phat dwoc nang lén dé
thuan tién cho viéc truyén tai qua cac hé thdng truyén tai va

truyén tai phu.

> Cac khach hang si va mot s6 khach hang cong nghiép

mua dién tai cac tram trung ap (34 kV).

Bai giang 1 3

Téng quan (tt)

> Hé théng phan phéi tiép tuc ha cép dién ap va phan phbi

dién nang dén cac khach hang thwong mai va dan dung.

> Bién dbi ndng lwong dién co dong vai trd chinh trong
nhirng hé théng thanh phan: may phat (generator), may ngat

(circuit breaker), ddng co’ (motor), may bién ap (transformer).

Bai giang 1 4
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Qua trinh phi tap trung héa nganh dién

> Phan loai cac tb chirc: cong ty phat dién, cdng ty truyén tai,
cong ty phan phdi, va nha diéu hanh déc 1ap hé théng (ISO).

Ngudn phat Cty phat dién o Cty phat dién
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Bai giang 1

Pong hoc hé théng dién va cac phan tir
> Toan bd hé théng dién 1a mot hé théng déng, dwoc mo ta
b&i mét hé phwong trinh vi phan duwéi dang (khdng gian
trang thai)
x=f(x,u)

V@i vecto trang thai x va vecto ngd vao u twong rng la cac
vecto n va r chiéu. Kich thwéc clha x |a rat Ion, va khung thoi
gian clia dap (rng trai tlr vai miligiay (qua do dién twr), dén vai
giay (diéu khién tan sb), hodc vai gio (déng co ndi hoi).

Bai giang 1
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Pong hoc hé théng dién va cac phan tr (tt)

> Viéc mé hinh hoéa hé théng dwa vao cac nguyén tac vat ly
va dang tinh cla cac phwong trinh Maxwell 1a mét bwéc
quan trong trong qua trinh phan tich hé théng vé dap tng
trong mién th&i gian, dap trng xac 1ap hinh sin, diém én dinh,
tinh 6n dinh, ...

Bai giang 1 7

Hé thong dién co’

> Mén hoc xem xét hai loai hé théng dién co: hé théng
tinh tién va hé théng quay. Hé thdng tinh tién dwoc dung
trong céac role dién co, va co cau chap hanh, va thwdng

dé phan tich.

> Cac hé théng quay thwdng phirc tap hon, do d6 viéc
phan tich dwoc dirng lai & phan tich xac lap hinh sin

bang gidn d6 vecto va mach twong dwong.

Bai giang 1 8
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Hé thong dién co (tt)

» Khi mach twong dwong da dwoc rut ra, cac khia canh
co hoc ciling sé duwoc thé hién trong do. Viéc nay duwoc
thwe hién cho céc loai may dién déng bo, khéng déng
bd, va mdt chiéu. Cac may dién mét pha chi dwgc phan

tich dinh tinh.

Bai giang 1 9

PH Bach Khoa TP.HCM — Khoa Dién-bién Tt — B6 Mon Thiét Bi Bién
Bai giang: CO’' SO’ KY THUAT DIEN

Chwong 1: ]
Vecto’ pha va mach céng suat 3 pha

Bién soan: Nguyén Quang Nam
Cap nhat: Tran Céng Binh

NH2012-2013, HK2

Bai giang 1 10
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On tap vé cong suét

> Gia thiét dién ap va dong dién hinh sin, nghia la:
v(t)=V, cos(at+6,) i(t)=1_cos(at+8)

> Cong suat tire thoi:

p(t)=v(t)i(t)=V,I, cos(wt+8,)cos(wt+6)

» CoOng suéat trung binh:

p:%ip(t)dt:ﬂv(t)i(t)dt

P:%cos(ev—@i)

cosB(é:zi:?i%rg;(y) _ cos (x+y)+cos(z—y)n

2

On tap vé cong suét (tt)

» Co6ng suét trung binh (thwc hay tac dung) trong 1 chu ky
(T =27/w)

p:V—mz'mcos(ev—a)zv l,..cos(8,-6,)

rms = rms

voi Ve va | g tong tng 1a dién ap va dong dién hiéu
dung. @ = 6, — 6 duwoc goi la goc hé sb cong suét, va

cos(6) duoc goi la hé sé cong suat (PF).

(mot sb tai liéu dung ky hiéu cose)

Bai giang 1 12
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On tap vé vecto pha

» Cac dai lwong hinh sin c6 thé dwoc biéu dién & dang
vecto pha, chang han

v =@@v =1 rms
Bién do Goc pha

Hé sb cong suat tré Hé sb cong suat sém

\Y I

i\ v \

Tai cdm c6 hé sb cong suat tré, va tai dung cé hé s6 cong suét som.

Bai giang 1 13

Vi du tai I&p

> Vd. 2.1: Biéu dién v(t) va i(t) da cho & dang vecto
va tim cdng suat trung binh P
v(t)=10v/2 cos(wt +30°) = V =10£30°

i(t)=5v2cos(mt—20°)=T=52-20°
0=6, -0, =30—(—20)=50° (HSCS tr&)

P = (10)(5)cos(50°)=32,14 W

Bai giang 1 14
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Vi du tai I&p (tt)
> Vd. 2.2: Tinh lai cdng suét trung binh P v&i dong
dien i(t) moi:

i(t) =5v2 cos(at-90°)

f— =
v(t) =102 cos(wt+30°) = V =10,30°

P= (10)(5)COS(1200)= —25W (phat cong suét!)

» Chu y quy wéc cong suat: cong suat dwong cho
tai tiéu thu, céng suit am cho ngudn.

Bai giang 1 15

On tap vé cong suéat phirc (tt)
»voi V=V, _e%val=1_e
(st dung tri hiéu dung)

» Coéng suat phrc duwoc dinh nghia la:

5—(V-T)

S= Vrmsejev Irmse_jei = Vrms I rmsej(ev_ei)

= Vrmslrms COS(ev o 9i ) + ermslrms sin (eV N ei )
P Q

Bai giang 1 16
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On tap vé coéng suéat phirc
> BDinh nghia céng suét phan khang bai
[ VAr ] Q - Vrmslrms sin (ev _ei )

> Cong tiéu thu trung binh (cdng suéat tac dung):
[W] P= Vrmslrms COS(GV _Gi)
» Cong suat phurc:
VAl §=(V-1")=P+jQ
» Cong biéu kién:

[VA] S=V_ | __=4P?+Q?

Bai giang 1 17

On tap vé cong suéat phirc (tt)

» Co6ng suat phirc dwoc dinh nghia la
S=(-I")=P+jQ

> Khi tinh toan céng suét, cac gia tri hiéu dung
ludn luén dwoc dung. Do d6, tr day vé sau sé

khéng ghi chi sé rms trong céac ky hiéu

P=Vicos(d,-6,)  Q=Vlsin(0, -6,)

» Do I6n clia cong suét phirc [a S = V| =, / P2 + Q2
19

Bai giang 1
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On tap vé cong suét phirc (tt)
> D& phan biét S, P, va Q, cac don vi cla

chung lan lwot 1a voltamperes (VA), watts (W),
va voltampere reactive (VAr).

» Céc dang khac cla coéng suét phirc:

Vi du tai 16p
> Vd. 2.4: Tim cdng suat S, P, va Q, vai:
v(t)=10v2 cos(wt +10°) = V =10.£10°
i(t)=20v2sin(wt+70°)=T=20£-20°

S= (\7T*) - (104100)(204200) —200.,30°
=173,2+ jL00 VA
P=1732W Q =100 VAR

Bai giang 1 21
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Vi du tai Iép
» Vd. 2.5: V&i mach trong hinh 2.5, tinh cong
suat S, P, va Q (theo tri phtrc) clia tirng nhanh,

va Cga toan mach.
I, = Vi S090° 4 a54, 4500
Z, 100+ j100
1

S, =V,I, =50./90°x 0,354/ — 45° =17,68./45° VA

=0,707£135° A

M V, 50.90°
* Z, 50-j50
S, =V,I, =50£90°%0,707 £ —135° = 35,35/ — 45° VA

Bai giang 1

Vi du tai I16p

> Vd. 2.5 (tt):
Coéng suét phirc toan mach:

S. =S +S,=37,5-112,5=39,53/18,43°
=37,5+j(-12,5) VA
Cong suat thuwc toan mach:

P=P +P,=37,5W
Céng suat phan khang toan mach:

Q=0Q,+Q, =-12,5 VAR

Bai giang 1 23
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Tinh c6ng suat phirc

> Trong mach néi tiép

S=V-I"=({,+V,+..+V )"

Bai giang 1 24

Vi du tai I&p

> Vd. 2.5 (tt):

Nén dung cach tinh P va Q riéng cho ttrtng nhanh.

Céch nay thuan loi cho hé théng nhiéu tai/ngudn.
Céng suat thye trén cac nhanh:

P, =100x0,354* =125 W

P, = 50x0,707* =25 W
Céng suat thwe toan mach:

P=P +P,=37,5W

Bai giang 1 25
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Vi du tai l&p
> Vd. 2.5 (tt):
Cong suat phan khang trén cac nhanh:
Q, = (100)>< 0,354* =12,5 VAR
Q, =(-50)x0,707* =-25 VAR

Céng suat phan khang toan mach:
Q=0Q,+Q,=-12,5VAR

Bai giang 1 26

Bao toan céng suat phirc

» Trong ca hai trwdng hop trén, céng suéat phirc
tbng la tbng cac céng suét phirc thanh phan. Hau

hét tai dwoc ndi song song. Ciing c6 thé rut ra
P=PF+P+.+P, Q=0Q,+Q,+..+Q,

> V&i cac tai bao gdbm ca nhanh song song va ndi tiép,
lan lwot &p dung sw bdo toan cdng suat cho cac truong
hop ndi tiép va song song, ta van c6 sy bao toan cong
suét phurc.

> Tam giac cong suét: xem vi du 2.7

Bai giang 1 27
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Vi du tai Iép

> Vd. 2.7: Tim cdng suat phirc & dang tam giac coéng

suat S=V/[" = (1004100 )(104 — 26, 80)
=1000.,36,8° =800+ j600 VA

Do do
P=800WQ=600VAR  ®
VI =1000 VA S Q= 600
VAR
36,80
Vi > 0, dong dién cham pha so P =800 W

voi dién ap, va tai mang tinh cam.

Bai giang 1 28

Vi du tai Iop
» Vd. 2.8: Cho biét dién ap va dong dién tai tiéu thu.

Xac dinh céng suét phirc va biéu dién & dang tam

giac cong suét
S =VI" =(100£10°)5£ —40°)=500£ —30° = 433— j250 VA

Do d6
P=433W  Q=250VAr e

VI =1000 VA . Q=250
Vi 6< 0, dong dién sém pha so VO \\50%,

dién ap, va tai mang tinh dung.

Bai giang 1 29
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Vi du tai Iép
» Vd. 2.9: Hai tai & vi du 2.7 va 2.8 dwoc ghép song
song nhuw trong hinh 2.10. Tinh céng suét phirc va dong
dién bang cac phuong phap dong nut va tam giac céng
suat. Phwong phap dong nut:
Dong dién téng
I =1,+1,=10£-26,8°+5,40°=12,82/-5796° A

Coéng suat phirc tbng
S=VI1"=(100,10°)(12,82./5,796°)

=1282/15,8°=1234+ j349 VA

Bai giang 1 30

Vi du tai Iop
> Vd. 2.9 (tt):
Phwong phap tam giac céng suét

S =S,+S, =(800+ j600) + (433 j250)
800+ 433)+ j(600—250)=1233+ j350 VA

Q, = 600 VAR
Q, = -250 VAR

- '\282\»\

15,8°
P, =800 W P,=433 W

Bai giang 1 31

https://fb.com/tailieudientucntt

C h won g 1 ) 2 CuuDuongThanCong.com

NQN-TCB, HCMUT, 2013

15


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Bién Dbi Nang Lwong Dién Co NQN-TCB, HCMUT, 2013

Vi du tai Iép

> Vd. 2.10: Khao sat tiép vi du 2.9. Xac dinh hé sb
céng suat toan mach, céng suat phan khang cta bd
tu thém vao dé nang PF 1&én 0,98, va lén 1.
Hé sb cdng suét cha toan mach

PF =cos(15,8°)=0,962 tré
Khi I&p thém tu dién vao, mét phan cong suat phan
khang cla tai sé do tu dién cung cip. Céng suét
phan khang mé&i ma nguén cung cap sé la

Q.., = PyJ1/ PF }} -1 =1233,/(1/0,98) —1 = 250 VAR

Bai giang 1 32

Vi du tai lop
» Vd. 2.10 (tt):
So v&i yéu cau cua tai la 350 VAR, con mét lwong

cobng suat phan khang niva (bang gia tri chénh I&éch
gitra yéu cau cua tai va dap ng ttr ngudn) can duoc
cung cap tw tu dién.

Qcap = Qnew - QOId — 250 - 350 = _100 VAR

D4u trir khdng dinh tinh dung cla thiét bi mac thém
vao. Khi hé sb cong suét tbng 1a 1, ngudn sé khong
cung cap cong suét phan khang, do do

Qeap = Quew — Qug =0—-350=-350 VAR

Bai giang 1 33
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Biéu dién céng suat ciia mot tai
» Cong sut tiéu thu béi tai co thé dwoc biéu dién
bang mét td hop cua 3 trong 6 dai lwong sau: V, |, PF

(tré hay sém), S, P, Q.

» Néu \/ va | la cho truwéc, sé twong dwong voi
cho trwdce V, I, va PF.
» M6t cach khac 1a cho biét V, PF, va P. Ba dai

lwong con lai dwece tinh theo:

|-_P Q=Vlsing S=P+jQ
V cos@ N .

Biéu dién cong suat ciia mot tai (tt)

» Cach th ba la cho biét V, PF, va S: | dworc tinh

tr Vva S, sau dé Q co thé dwoec tinh tir S va PF

=2 Q=s1-(PF)

\Y,
> Cach sau cung la cho biét V, P, va Q: S duoc

tinh tr P va Q, sau d6 PF dugc tinhtr Pva S

S=,P*+Q° PF=§

Bai giang 1 35
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Cac hé thong 3 pha

> Dién ap & mdi pha léch pha so véi cac pha khac
1200. V¢&i thir tw thuan (a-b-c), cac dién ap cho boii

V.. =V_cos(wt)
V. =V cos(a)t —1200)
V. =V_ cos(a)t +120°)

> C6 hai cach néi 3 pha: cu hinh sao (Y) va cau
hinh tam giac (A)

Bai giang 1 36

Hé théng 3 pha néi tam giac (A)

Trong c4u hinh tam giac, dau a’ dwoc ndi vao b, va

b’ VA0 €. Vi Ve = Vg(t) + V() + ve(t) = 0, Nhw c6 thé

chirng minh bang toan hoc, ¢’ dwgc nbi vao a.

Bai giang 1 I 37

Chuwong 1, 2
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Hé thdng 3 pha néi sao (Y)

Trong c4u hinh sao, cac dau day a’, b’, va ¢’ duoc

ndi v&i nhau va duoc ky hiéu la cwe trung tinh n.

.. T N a
i, 1, Va i, la cac dong

dién day, ciing bang voi

n
cac dong dién pha. i la f® @,*

dong dién trong day

trung tinh.

Bai giang 1 38

Cac hé thong 3 pha (tt)

» Cac dai lwvgng day va pha
Vi cd nguén |an tai déu co6 thé & dang sao hay tam
giac, co thé co 4 td hop: sao-sao, sao-tam giac, tam
giac-sao, va tam giac-tam giac (quy wéc ngudn-tai).
M6n hoc chi xét dén diéu kién lam viéc can bang cla
cac mach dién 3 pha.

« V&i cAu hinh sao-sao, & diéu kién can bang:
Vo =V,20° V=V, £-120° V_ =V,/120°

Bai giang 1 39
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Cac hé thong 3 pha (tt)
VO V¢ la tri hiéu dung cla dién ap pha-trung tinh.
_Cac dién ap day cho b&i
Vab :Van _Vbn Vie =Vin =V, Vo =V, —
Chang han, d6 lon cda v, c6 thé tinh nhw sau

V,, =2V, cos(30° )= V3V,

Tw gidn d6 vecto, cé thé thay

<

an

V,, =43V, 230° V=3V, 2-90°
T 0
V,, =3V, 2150 7
O diéu kién can bang, i, = 0 (khéng cé dong dién trung tinh).

Bai giang 1 40

Cac hé thong 3 pha (tt)
« CAu hinh sao-tam giac, diéu kién can bang:
Khéng lam mét tinh téng quat, gia thiét cac dién ap day la
V,, =V, £0° V,, =V, £ -120° V., =V, 2120°

Cac dong dién pha I, I,, va |5 trong 3
nhanh tai néi tam giac tré pha so v&i cac
dién ap twong rng mot goc 6, va cb cung
d6 1on 1, Co thé thay tir gidn do vecto

I, =+31,2-30°-0 I, =31,2£-150° -6
I, =31,£90° -0
> Cauhinh Y: v =+3v,va I =1, cauhinh A: v, =V, va
I, =+3l,
Bai giang 1 41
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Cdng suat trong mach 3 pha can bang
> Tai ndi sao can bang
Trong mot hé can bang, d6 1&én cua tat ca dién ap pha la bang
nhau, va do I&n cla tat ca dong dién ciing vay. Goi chung la
V,va |, Cong suat mobi pha khi do sé 13

P, =V, 1, cos(9)
Cong sudt tdng 1a P, =3P, =3V,1, cos(9) =3V, 1_cos(9)
Cong suat phiec méiphala S, =V i =V,1,20
Va téng cong suat phirc 1a 5. =35, =3v¢|¢49=J§vL|L49
Chu y rang #la géc pha giira dién ap pha va dong dién pha

Bai giang 1 42

Coéng suat trong mach 3 pha can bang (tt)

> Tai nbi tam giac can bang

Twong tw nhw trwdng hop tai ndi sao can bang, cong suat
mbi pha va céng suét tdng cé thé dwoc tinh toan véi ciing
cong thire. C6 thé thay rang vai tai can bang, biéu thirc tong
cong suat phirc 1a gibng nhau cho ca ciu hinh sao lan tam
giac, mién la dién ap day va dong dién day dwoc dung trong
biéu thirc.

Do d6, cac tinh toan cé thé dwoc thyc hién trén nén tang 3
pha hay 1 pha.

> Vd. 2.12 va 2.13: xem giao trinh

Bai giang 1 43
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Vi du tai Iép

> Vd. 2.12: Mach 3 pha can bang c6 tai tiéu thu 24 kW & PF
bang 0,8 tré. Dién ap day 1a 480 V. Xéac dinh vecto pha dong
dién pha va dién ap day. Chon dién ap pha cla pha a lam gbc,
hay biéu dién cac vecto pha dong dién day va dién ap day.
Xac dinh céng suét phirc cla tai 3 pha.

V,, =V, £0°

\Y :@:277,1V

’ 3

Coéng suét tac dung trén méi pha

P, =24/3=8 kW

Bai giang 1 44

Gia tri dién ap pha

Vi du tai I&p

> Vd. 2.12 (tt):
Gia tri dong dién day (cting la dong dién pha, vi tai
noi Y) | 8000

=36,09 A

LT T 2771%08

Goc hé sb cdng suéat
6 =cos (0,8)=36,87°

|, =36,094-36,87° A  (vi PF tr&)
|, = 36,094 -156,87° A
|, =36,094-276,87° A

Bai giang 1 45

Do do
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Vi du tai Iép
> Vd. 2.12 (tt):

Cac dién ap day tuang_&ng

V., =48030° V

\ﬁoc =480£-90° V
V., =480£-210° V
Coéng suat phire 3 pha

S, =/3V, 1,20 =/3.480,36,09).£36,87° = 24+ j18 KVA

Bai giang 1 46

Mach twong dwong 1 pha

> Bién dbi tam giac-sao (A-Y)
Cho mét tai néi tam giac véi tdng tré mdi pha la Z,,
mach twong dwong hinh sao c6 tbng tré pha Z, = Z,/3.
Diéu nay cé thé dwoc chirng minh bang cach déng nhat

tbng tré gitra hai pha bét ky trong ca hai trworng hop.

Thay vi phan tich mach hinh tam giac, mach twong
dwong 1 pha cé thé dwoc dung sau khi thwe hién viéc

bién dbi tam giac-sao.

Bai giang 1 47
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Vi du tai Iép

> Vd. 2.14: V& mach twong dwong 1 pha cua 1
mach da cho nhw hinh 2.26.

Thay thé b6 tu ndi tam giac b&di mot bd tu ndi
sao c6 tbng tré pha —j15/3 = -j5 Q. Sau d6 co
thé dung mach néi sao twong dwong dé don

gian hoéa, va rut ra mach twong dwong 1 pha.

Bai giang 1 48

Vi du tai 1&p (tt)
> Vd. 2.15: 10 ddng co khéng ddng bd van hanh
song song, tim dinh mirc kVAR clia bo tu 3 pha dé
cdi thién hé sb cdng suat tdng thanh 1?
Céng suat thwe mdi pha 1a 30 x 10 / 3 = 100 kW, &
PF = 0,6 tré. Cong suat kVA mbi pha nhw vay sé 1a
100/0,6. Do do, 2

S, =S,£c0s7(0,6)= %(o,m j0,8) VA

=100+ j133,33kVA

Bai giang 1 49
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Vi du tai I&p (tt)

> Vd. 2.15 (tt):
M6t bd tu co thé dwoc nbi song song voi tai dé
cai thién hé sb cdng suat tdng. Bé tu can cung
cép toan bd cdng suat phan khang dé nang PF
thanh don vi. Nghia 1& cho méi pha Q,, =
~133,33 kVAR, va dung lvong kVAR tong cdng
can thiét sé 1a 3(-133,33) = —400 kVAR.

Bai giang 1 50

Vi du tai I&p (tt)
> Vd. 2.16: Gia st trong Vd. 2.15, PF m&i la 0,9 tré, dung
lwong KVAR can thiét la bao nhiéu?

S, =100+ j133,33kVA

PF méila 0,9 tré, do do cong 13353
suéat phan khang méi pha méi la KVAR
Quew = PY(/PF )’ ~1=1004/(1/0,9) -1
48,43
= 48,43kVAR VA
100 kW
Bai giang 1 51
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Vi du tai I&p (tt)

> Vd. 2.16 (tt):
B& tu do d6 can cung cap cho méi pha
~133,33 + 48,43 = -84,9 kVAR, va téng
dung lvong KVAR can thiét sé 1a 3(-84,9)
= -254,7 KVAR.

> Vd. 2.17: xem gi4o trinh

Bai giang 1 52
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