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CHUGONG 1 : MACH DIEN MOT CHIEU

1.1. KHAI NIEM VA CAU TRUC HINH HOC CUA MACH PIEN
1. Khai niém

Mach dién gém nhiéu phdn tit dugc néi lai tao thanh nhitng vong khép kin sao cho
dong dién cé thé chay qua.

Mach dién thudng gom cdc loai phan tif : ngudn dién, tai va day din.

a) Ngudn dién : 13 thi€t bi tao ra dién ning. Cu thé d6 1a thi€t bi bi€n ddi cdc dang
ndng lugng khiac nhu : cd ning, h6a ning, quang ndng v.v... thanh di€n ndng.

Vidu :
- Pin, dcqui : bi€n ddi héa ning thanh dién ning.
- M4y phét dién : bi€n ddi cd ning thanh dién ning.
- Pin mit tr&i : bi€n ddi quang ning thanh dién ning.

b) Tdi : 1a cdc thi€t bi tiéu thu dién ning va bi€n d6i thanh cdc dang ning lugng
khdc nhu : co ndng, nhiét ning, quang ning v.v...

Vidu :
- Pong co : bi€n ddi dién ning thanh cd ning.
- Béng dén : bi€n ddi dién ning thanh quang ning.
- B&p dién : bi€n ddi dién ning thanh nhiét ning.
2. C4u tric hinh hoc ciia mach

a) Nhdnh : 1a mdt dudng duy nhat gdm mot hay nhi€u phin tt ghép ndi ti€p; trong
do c6 cung mot dong dién chay qua.

b) Niit (hay dinh): 1a di€m ndi giita ba nhdnh trd 1én

c) Vong : 1a tip hop nhi€u nhdnh tao thinh mot vong kin.
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d) Vong mdt ludi : 12 vong ma bén trong khong con chita mdt vong nao khdc.

Theo hinh 1.1, mdy phdt (MF) cung 2
cap diéfl cho dén (P) va dong co dién 1 / 5 3
(BC) gdm c6 3 nhdnh (1,2,3), 2 nit (A,
B) va 3 vong (a,b,c), trong d6 vong a va @) G) @ @
b 1a cdc vong mit luéi. N
B

Hinh 1.1 — Niit va vong ciia mach dién

1.2. CAC PAI LUGNG CO BAN CUA MACH PIEN
1. Dong dién

Dong dién 13 lugng dién tich di chuyén qua ti€t dién cda phan t¥ trong mot don vi
thdi gian. Pon vi cia dong dién 1la Ampere — A

. dg
=— A 1-1
L it (A) (1-1)

Chiéu qui uSc clia dong dién 1a chiéu chuyén dong clia cdc dién tich duong.
2. Pién ap

Pién 4p qua phin tf 12 cong d€ mang dién tich +1C di qua phin t tif ddu nay sang
diu kia. Pon vi cda dién 4p 1a Volt— V

Tai mdi di€m trong mach déu c6 mot dién thé€ hay con goi 13 dién 4dp giita di€m
d6 vdi nit chuan cia mach (nit chuén 13 nit c¢6 dién thé bing 0).
ALy — A — B

+ u - —_
u

Hinh 1.2 — Ky hiéu dong dién va dién dp
Theo hinh 1.2 thi di€n 4p gitta A va B 1a :

z N A ~ 2 N 2 2 ~
U=u,, =u, —uy trong dé u,, ug la di€n thé cia nit A va B so v4§i nit chuan

nao do trong mach.

[N . 2, [N ’ N [N N o« A ’ [N A A o« N s . A A
Chiéu qui udc cua dién dp la chiéu tiw diém cé dién thé cao dén diém co dién thé

thap.
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3. Chiéu dudng cia dong dién va dién ap

D&i v6i cdc mach dién don gidn, theo qui udc trén ta c6 thé dé dang xdc dinh dudc
chiéu qui ugc clia dong dién.

Tuy nhién khi tinh todn, phan tich mach dién phic tap, ta khong thé bi€t dugc
chiéu cia dong dién va dién 4p clia cdc nhanh ngay tir ddu. Do d6, ban dau ta c6 thé tiy
y chon chiéu dong dién (hoic dién dp) ctia nhdnh, tir d6 suy ra chiéu clia dién 4p (hoic
dong dién) tuong ng v6i cdc phan . Trén cd s& chiéu da chon, ta 4p dung cdc phuong
phép thi€t 1ap hé phuong trinh gidi mach dién. N&u k€&t qué tinh todn cho gid tri duong
thi chiéu da vé trung véi chiéu thyc t&, con ngudc lai thi chiéu d3 vé ngudc chiéu véi
chiéu thuc t&.

4. Cong suat

D€ xdc dinh mot phin t trong mach dang tiéu thu hoic phat ra ning lugng, ta chon
chiéu dong dién va dién dp trén phan tif d6 tring nhau, cdng suit clia phan t¥ dudc tinh
bing : p=u.i (1-2)

Néu :

= p>0hay chiéu thuc t€ cla u va i tring nhau : phin tif tiéu thu cong
suat (tai)

* p <0 hay chiéu thyc t&€ clia u va i ngudc nhau : phan t& phét ra cong
sudt (ngudn phat)

1.3. CAC LOAI PHAN TU CUA MACH PIEN
1. Nguon 4p Iy tuéng

Ngudn 4p 1y tudng 12 ngudn c6 kha ning tao nén va duy tri mot dién 4p u khong
ddi giita hai diu, va khong phu thudc vao dong dién qua ngudn. N6 dugc biéu dién bing
mdt sttc dién dong e : c6 chiéu ngude chiéu véi u. Theo hinh 1.3, ta ¢6 :

e = u = uy — ug va khong phu thudc i
2. Ngudn dong 1y tuéng

Nguén dong 1y tudng 1a ngudn c6 kha ning tao nén va duy tri mot dong
dién khong ddi chay qua nhanh clia ngudén dong va khong phu thudc va dién dp &
hai dau ngudn dong d6. Theo hinh 1.3, ta ¢6 : j = i va khong phu thudc vao u
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1 i 1 1
—= A —= LA —= LA —= A
T PP e(®) Pree(®) IORL
T a) b)
—  °*B —  °*B —  °*B —  °*B
Hinh 1.3 — Nguén Iy tuéng : a) Nguon dp ; b) Nguon dong
3. Pién tré — Pinh luat Ohm
DPién dp va dong dién trén dién tr§ thoa quan hé (dinh ludt Ohm)
. o . u
u=Ri hoic i = n (1-3)

vGi don vi cia R 1a Q (Ohm); don vi cda i la ampe (A) va don vi cia u la von (V).

Nghich ddo cta dién trd goi 1a dién din, ky hiéula G :

G=—=1 " hay i=Gu (1-4)
u

1
R

don vi cda dién din 12 Q' hodc S (Siemens)
Cong suat tiéu thu bédi dién trd 1a :

.2

p=ui=Ri’=—=Gu’ =— (1-5)

> | S,
Q

v6i don vi u[ V], i[A], R[] thi p ¢6 don vi la W (Watt)
4. Cudn cam

Khi c6 dong di€n i chay qua cudn ddy c6 W vong s€ sinh ra tir thong ¥ méc vong
qua cudn diy. Bién cdm cda cuén ddy dugc dinh nghia :

L= E don vi cia L 1a Henry (H) (1-6)
i

Né&u dong dién i bi€n thién (mach xoay chiéu) thi tir thong ciing bi€n thién, stic
dién dong cdm ing xuit hién & hai diu cudn day 1a :

Y
er =—ﬁ=—Lﬂ (1-7) L eeee
dt dt ~_
U

Hinh 1.4 — Dong va dp trén cudn ddy
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Dién 4p & hai dau cudn day :

di
uLz—eL:LE (1-9)

Suy ra néu i = const (mach mdt chi€u) thi khi x4c 14p u. = 0 hay cudn day bi ndi
tat, khi d6 cudn day chi c6 tdc dung nhu day din.

Cong suat trén cudn diy :
p, =u;.i;, =L.i.— (1-10)
Néang lugng ti trudng tich Iy trong cudn day :

t t
W, =ij.dt=jL.i.di=§L.i2 (1-11)
0 0

Nhu vy : L didc trung cho hién tugng tich lily ndng lugng ti trudng trong cudn
day.

5. Tu dién

Khi dat di€én dp uc l€n tu dién c6 di€én dung C thi tu di€én s€ dugc nap mdt lugng
dién tich q :

q="Cuc (1-12)

N&u dién 4p uc bi€n thién, s& c6 dong dién chay qua tu dién :

-_@zcdﬁ

_ 1-13
Ta T a (1-13)

Suy ra néu uc = const (mach mot chiéu) thi khi xdc 1ap i = 0 nghia 12 khong con
dong qua tu.

Tém tdt : chiéu qui udc ciia dong va dp trén cdc phdn tit nhit sau :
- Nguén dp Iy tudng : chiéu dién dp nguoc chiéu vdi chiéu ciia sitc dién dong
- Nguén dong 1y tudng : chiéu dong dién ciing chiéu vdi chiéu ciia nguén dong

- Cdc phdn tit thu dong : dién tré, cudn cdm, tu dién thi dp va dong ciing chiéu
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1.4. HAI PINH LUAT KIRRCHOFF (KIECSHOP)

1. Pinh luat Kirrchoff 1 (PK1) : phit biéu cho mot niit

Tai mot niit bat ky, tong dai sé cdc dong dién bing khong.

>i=0 (1-14)

niit

trong d6 : - DOng dén niit thi cong

- DOng rdi nut thi true

Trén hinh 1.5, chiéu cdc miii tén 12 chiéu gid
thi€t clia cdc dong; gid tri cda iy, i, i3, i4, i5 c6 thé
duong hodc 4m. Theo PK1 :

Hinh 1.5 — Vi du minh hoa PK1

di=ij—h+ii-i4+is5=0
A

Né&u viét lai thanh : i, + is + i3 =i, + is thi ta ¢6 cdch phdt bi€u thit hai ctia PK1 :

Tai mot niit bat ky, tong cdc dong dén niit bdng tong cdc dong roi nuﬂ

Di= Dl (1-15)

dénmit  roimit

2. Pinh luat Kirrchoff 2 (PK2) : phit bi€u cho mot vong

Pi doc theo 1 vong kin bdt ky va theo mot chiéu nao do, téng dai sé cdc dién dp
bang khong.

2 u=0 (1-16)

vong

trong do : - Bi€n 4p nao cung chi€u thi cong

- Pién 4p nao ngudc chiéu thi trir

Trén hinh 1.5, cho chiéu dong dién va dién 4p trén cdc phan ti. N&u di doc theo
vong theo chiéu kim déng hd (ABCD); thi theo dinh luat PK2, ta dudc :

z:u:um+u2—um—u1 =0
(a)

Thay u; = E; ; u, = E; ; ug; = ig;.R; va ugy, = igp.R, vao phuong trinh trén va dé
nguén mdt bén va dién tré mot bén, ta dudc :

E —-E,=i,.R —iy,.R,
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Tur d6 ta c6 cdch phat bi€u thd hai ctia PK2 nhu sau :

Pi doc theo 1 vong kin bdt ky theo mot chiéu nao do, tong dai sé cdc sitc dién dong

N P . A z LN z A z LN
bdang tong dai so cdc dién dp trén cdc dién tro.

E=YiR (1-17) i R

D
. __ Ur
trong do : TN

u u
A ! E'@) ~ @) ) C/DE2 2
- E nao cung chiéu thi cdng, £ nao ngudc R

chiéu thi trir o) M e |
—> C

N N S A s A N S A 'r2 \RM
- i nao cung chiéu thi cdng, i nao ngugc chiéu [
thi trir Hinh 1.5 — Vi dy minh hoa PK2

VIDU I: Tim gid tri dién tr§ R trén hinh 1.6.a

-1A 12V

Hinh 1.6.a

Gidi

bit tén cdc dong dién trong nhdnh va chon chiéu theo cdc nguyén tic da biét, ta
dugc hinh 1.6.b

Véi : i =-1A ;i3 = 6 A ; va theo dinh ludt Ohm, dong qua dién trd 2Q la
i,=4/2=2A va dong qua diéntr6 R1ai,=12/R

Ap dung BPK1 cho nut A, ta c6 :

i, —i,+i;-i, =0 & —1—%+6—2:0

Suyra:R=4Q
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vi DU 2 : Tinh dong di€n I va céac suc dién dong E;, E, trong mach di€n hinh 1.7.
Chobiét I, =10A;1, =4 A; R, =1 Q; R, =2Q; R; =5Q.

Gidi
Ap dung PK1 cho niit A :
I,—1,+1,=0
I, R A R
= 1,=1,—1,=10-4=6A = m—
I8}
Ap dung PK2 cho vong (a) :
5 o ) [ o)
E, =I,R, +1,R,=4.1+10.2
=24V
B
Ap dung PK2 cho vong (b) : Hinh 1.7 — Mach dién cho vi du 2

E,=ILR,+ LR, =6.5+10.2
=50V

3. Ap dung dinh luat Kirrchoff 2 d€ tim dién 4p tai 2 di€m bat ky trong mach
dién

Khi can tim dién 4p tai 2 di€ém bat ky (vi du nhu U,p) ndo d6 trong mach dién, ta
c6 thé wng dung PK2 nhu sau :

Chon duong di ti diém nay (A) dén diém kia (B) ngang qua cdc phan tit ma da biét
trude dién dp. Trén dwong di dién dp nao cing chiéu thi ta cong, dién dp nao nguoc chiéu
thi ta trir.

UAB = Uct)ng chiéu ~ Ungwqc chiéu (1' 1 8)

VI DU 3 : Cho mach dién hinh 1.8. Tinh Uap, I, va I

Gidi
TéApletA: Uup =712.I;(’2, nﬁnrr\lg do I, IF& R, A R, &
chua bi€t nén ta chi c¢cé thé tim U,p IEI . IEI
bing cdch ing dung PK2 nhu trén. N A PN

N N i Ug, Ugs
Chon dudng tf A d&n B theo E, (D 30| R, Q E,
U
Us 3

nhdanh c6 R; va E; véGi cdc dién 4p Uy, 100V
va Ug, tudng tng c6 gid tri va chiéu
dugc x4c dinh theo nguyén tic cia tirng
phin tif mach dién da biét. Ta tha'y Ug,
ngudc chiéu va Ug, cling chiéu. Do d6 :

o]

Hinh 1.8 — Mach dién cho vi du 3
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U, =-Upg +U; =—1,.R +E =-52+100=90V

Dongl,: I, :%B :9—30:30A

2

Tuong tu, ta cling c6

Uy —E, _90-115
R, 1

Uy=Up+U,=1L.R,+E, = I, = =-25A

Dong I5 c6 gid tri Am cling c6 nghia chiéu thuc t& ngudce chiéu véi chi€éu da chon
trén hinh 1.8.

1.5. CAC PHEP BIEN POI TUONG PUONG
1. Bién d6i ngudn dién tuong duong

Ngudn dién thyc t&€ bao géom sitc dién dong E ndi ti€p vdi dién trd R,. Khi gidi
mach dién ddi khi ching ta can bi€n ddi thinh ngudn dong J mic song song véi dién tr
R,, véiJ = E /R, hoic bi€n d6i nguoc lai tuong tu.

1
A E °A
J==
R, R,
E
B ° B

Hinh 1.9 — Bié¢n doi nguén dp thanh ngudn dong va nguoc lai

2. Bién ddi dién tré tuong duong
a) Cac dién tré mic ndi tiép
Rz RH th

L N
o—=>{ +——1 - & 0 -
A B A

wO

Hinh 1.10 — Dién tré tuong duong ciia mach noi tiép

R;=R;+ R, + .. +R, (1-19)

b) Céc dién tré mic song song

* Khi chi c6 2 dién tr§ R, va R, R Ria
mic song song, dién tr§ tuong duong

cta ching la: B

—
z
7

Hinh 1.11 — Pién tr¢ tuong duong ciia mach song song
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g, = Rk
R, +R,

¢) Bi&n d6i sao (Y) thanh tam gidc (A) va ngugc lai
e Bié&n ddi tir sao thanh tam gidic Y - A

Gia st ¢6 3 dién trd Ry, R,, R; ndi hinh sao nim gitta 3 niit 1, 2, 3. Bi€n d6i hinh
sao thanh cdc dién tr§ ddu tam gidc nhu saul:

R, .R
R,=R +R,+—12

R,=R,+R;+

) Hinh 1.12 — Bién doi Y — A
Khi hinh sao do6i xing :
thitaco: R=R =R, =R
R, =R,; =R;; =3R
e Bié&n ddi tir tam gidc thanhsao A > Y
Gid st ¢6 3 dién trd R,, Ry3, R3; ndi hinh tam gidc nim giita 3 nit 1, 2, 3. Bi€n
ddi hinh tam gidc thanh cdc dién trd ddu sao nhu sau :
R = Ry, .R5
1
R12 + R23 + R31
— Ry Ry,
R12 + R23 + R31
— Ry Ry
R12 + R23 + R31

1

2

3

Khi hinh tam gidc d6i xdng : Hinh 1.13 - Bién d6i A —» Y
R,=R,;=R;, =R thitacé:
R
R =R, =R, =§
VI DU 4 : Tinh dong dién I chay qua ngudn cia mach cdu hinh 1.14. Bi€t R, = 2Q;
R1=12 Q, R2= R3= 6Q, R4= 219, R(): 189, E =240V.

Giai

Bié€n d6i tam gidac ABC (R;, R,, Ry) thanh hinh sao RA, RB, RC (hinh 1.15)
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R.R, 126

"TRIR+R, 1246418
RR, 1218
" R+R,+R, 12+6+18
_ R.R, 186
© R+R,+R, 12+6+18

Dién trd tuong duong Rop clia 2 nhdnh song song : Hinh 1.14
_ (R;, +R;).(R-+R,)
R;+R;+R.+R,
:(6+6).(3+21):8Q
6+6+3+21
bién trg tuong duong toan mach :

ROD

Ry;=R,+R,+R,, =2+2+8=122

Dong dién chay qua ngudn :

1=E_29_ 54
R, 12

Hinh 1.15

3. Pinh ly Thevenin

Mot mang dién 2 cuc phifc tap c6 ngudn cé thé dugc thay thé bing mot mach dién
don gidn gom siic dién dong Ey, ndi ti€p vdi dién trd Ry, (hinh 1.16).

A [ 1 é
Rin
Mang
2 cye —=> (M
c6 ngudn
|—. °
B B

Hinh 1.16 — Mach dién tuwong duong ciia mang 2 ciuc c6 nguon
Trong dé :
e E, :diéndp Uyp gitta 2 cyc A va B khi hd mach ngoai

e Ry :dién trd tuong duong & 2 cuc A va B khi triét tiéu cdc ngudn bén trong
mach (ngudn 4p thi ndi tit, con ngudn dong thi hd mach)
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4. Pinh Iy Norton
Mot mang dién 2 cuc phifc tap c6 ngudn cé thé dugc thay thé bing mot mach dién
don gidn gdm ngudn dong Jy song song vd§i dién trd Ry, (hinh 1.17).
A 4

Mang N
2 cuc == L H Rin
c6 ngudn

. .

B B

Hinh 1.17 — Mach dién tuwong duong ciia mang 2 cic cé nguon

Trong do :
e Jy bing dong dién ngdn mach giita 2 cyc A va B.

e Ry :dién trd tuong duong & 2 cuc A va B khi triét tiéu cdc ngudn bén trong
mach (nhu da xét & dinh ly Thevenin).

1.6. NGUYEN LY XEP CHONG

Trong mach dién tuyén tinh nhiéu ngudn, dong dién qua mdi nhdnh bing tong dai
s6 cdc dong dién qua nhdnh do tdc dung riéng ré cda tirng ngudn (lic dé cdc ngudn khic
coi nhu biing khong). Nguyén 1y x&p chdng ding d€ nghién citu mach dién c6 nhiéu
ngudn tic dong.

Trinh ty thuc hién phuong phap x&p chdng :

e Budc 1 : Thi€t 1ap s6 d6 mach dién chi ¢6 modt ngudn nao dé tic dong (cdc ngudn
khdc thi triét tiéu : n6i tit ngudn dp, hd mach ngudn dong)

e Budc 2 : Tinh dong dién trong mach v6i ngudn tdc dong trén.

e Budc 3 : Thiét 14p so dd mach dién cho ngudn ti€p theo, lip lai cdc budec 1 va 2
cho mdi ngudn tdc dong.

e Budc 4 : X&p chdng (cong dai sd) ciac két qua tinh dong dién cho mdi nhanh do
cdc ngudn tdc dong riéng ré.

VIDU S5 : Tinh dong di€n I, trong mach di€n hinh 1.18a

R R
ol dal I ¥ R | S
El El E3
40V
a) b) 9]

Hinh 1.18 — Mach dién cho vi du 5
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- Buéc 1 : Lap s6 d6 chi c6 mot sic dién dong E; tdc dong (hinh 1.18b), triét tiéu E;
(vi1a ngudn 4p nén ta ndi tit).
- Budc 2 : Gidi sd dd hinh 1.18b

R,=R + Ry-Rs 9y 24 _40
R, + R, 4+4
N c A 2, A . A El 40
Dong di€n nhdnh 1 do ngudn E, tdc dong : I, = R = . =10A
td
Dong dién nhdnh 2 do nguén E, tdc dong : I,, = LR = 10.4 =5A
R,+R, 4+4

- Budc 3 : Lap so dd chi c6 mot siic dién dong E; tdc dong (hinh 1.18c), triét tiéu
E; (vila ngudn 4p nén ta ndi tit). Gidi s6 dd hinh 1.18¢c ta c6 :
R, .R, a4 4.2 _EQ

R, =R, + = =
“ 7 R, +R, 442 3
N “ A , A 2, A E3 16
Dong di€n nhdnh 3 do ngudén Es tdcdfng : I;; =—~=——-=3A
R, 16/3
Dong dién nhdnh 2 do ngudn E; tdc dong : 1,; = IR _ 3.2 =1A
R +R, 2+4

- Budc 4 : X&p chdng ké&t qua
Dong dién nhdnh 2 do ¢4 2 ngudn tdc dong : I, =1,,+1,,=5+1=6A

1.7. CAC PHUONG PHAP GIAI MA CH PIEN PHUC TAP

Gidi mach dién 13 tinh dong dién, dién 4p, cong suit cia cdc nhdnh, cdc phin tk
trong mach. Cé thé tily y chon chiéu dong dién trong cdc nhdnh chua bi€t, tuy nhién
chiéu dién 4p tuong ng phai diing theo quan hé dong — 4p clia mdi phin i (d3 kho sat
& phan III).

1. Phuong phap dong dién nhanh

Phuong phdp ndy tng dung tryc ti€p 2 dinh luit Kirrchoff. Trinh ty thyc hién nhu
sau:

® Budc 1 : Xéc dinh s6 niit n, s6 nhdnh m. Suy ra s6 hé phudng trinh biing s6 nhdnh
m

® Budc 2 : Tuy y vé chiéu dong dién cho cdc nhdnh chua biét.
® Budc 3 : Viét phuong trinh PK1 cho (n-1) nit da chon.
® Budc 4 : Vi€t phuong trinh PK2 cho (m-n+1) mach vong ddc 1ap

® Budc 5 : Gidi hé thong m phuong trinh da thiét 1ap, ta dugc dong dién trong cdc
nhanh.
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VI DU 6 : Ap dung phuong phép

dong dién nhdnh, tinh dong dién trong cdc by R A R s
nhdnh ctia mach dién hinh 1.19 47 Q L 68 Q
. R
(® ) I O
- Budc 1 : Mach dién ¢6 n = 2 nidt (A 10V (a) (b) 5V
va B), m =nhédnh (1, 2, 3)

- Bugc 2 : V& chi€u dong dién cdc Hinh 119 — Mach dién cho vi du 6
nhanh I, I, I; nhu hinh 1.19.
- Bu6c 3 : SO niit cin vié€t phuong trinh PK1 13 : n— 1 = 1. Chon niit A :
I,-1,+1,=0 (1)
- Bu6c 4 : S& mach vong can vi€t phuong trinh PK21a :m-n+1=3-2+1=2.
Ta chon 2 mach vong (a) va (b) nhu hinh vé.
Phuong trinh BPK2 cho vong (a) :
E,=R.I,+R, I, & 10=471,+221, (2)
Phuong trinh BPK2 cho vong (b) :
E,=R,.I,+R,.I, < 5=681,+22lI, (3)

- Buc 5 : Gidi hé 3 phuong trinh (1), (2), (3) ta dudc cdc dong dién nhédnh :

11 = 138 mA
IZ = 160 mA
I3 =22 mA

2. Phuong phap dong mit luéi (dong mach vong)

0 phuong phip ndy, 4n s& trong hé phudng trinh khong phdi 13 dong dién cic
nhdnh, ma 12 dong mit ludi chi mang y nghia todn hoc, khong c6 thyc. Tim dudc gid tri
ciac dong mit luéi, tir d6 dé dang tinh dugc dong dién cdc nhdnh

Trinh tu thuc hi€én nhu sau :

Buiéc 1 : Tuy ¥ chon chiéu dong dién chay trong cdc nhdnh.

Buidc 2 : Xac dinh s6 vong mit ludi ciia mach m

Buie 3 : Chon chiéu cla tit cd cdc dong mit luSi theo ciing mot chiéu duy nhat.

Buidc 4 : Lap m hé phuong trinh theo nguyén tic sau :
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r +R,I, —R,I, —.... ~R, .1, = YE
~R,I, +R,I, —.... ~-R,, I, = iE
< : : . . . (2)2
-R,I, —-R.,I, —... +R I = YE
L (m)
Trong do :

. ~ ~ N < 2yt < R A~ A N
L, 1, .. 1,,:tr1sO6 cdc vong mat lu6i, 1a an s6 can tim.

R;., Ry, .. Ryt (cdc phan tf nim trén dudng chéo) 13 tdng cic dién trd dinh vé6i
vong 1, 2, .., m tuong Ung.

R;>=R>,, .., R}, = Ry, Rop = R,y ¢ (cdc phan ti ngodi dudng chéo) 12 tdng cdc dién
trd nim chung giita hai vong mang chi s6 tuong tng. (Vi du : R;; 1 tdng cdc dién
tré nim chung gitta 2 vong (1) va (3)).

ZEZEZE : tong dai sd cdc sic dién dong dinh véi vong tuong tng (E
(1 (2) (m)

cung chiéu thi cdng, E ngudc chiéu thi trir)

-

Luuy :

- Tru6c cdc nhém nim trén dudng chéo thi ¢ dau (+) con trudc cdc nhém
nim ngoai dudng chéo thi c¢6 dau (-).

- Tr hé phuong trinh trén ta thAy phuong phdp nay chi st dung cho mach
dién chi chita ngudn dp E, n€u mach c6é chita ngudn dong J thi phdi chuyén vé
ngudn ap E trudc khi 4p dung phuong phdp nay. Néu khong chuyén dugc thi phii
ap dung phuong phdp khac.

Budc 5 : Giai hé phuong trinh ta tim dugc I,;, 1,5, ..., I,,,. Suy ra :

Dong nhdnh = Téng dai s6 cdc dong mit lu6i ngang qua nhdnh.

VI DU 7 : Ap dung phuong phap dong mit lu6i, gidi mach dién hinh 1.20.

R I
by, R A — A B 2
6Q L, 3Q N,
R,
R,

5(H) Jos sa o, ),
4v IvI Iv2 E4

6V

C
Hinh 1.20 — Mach dién cho vi du 7

Gidi

Trang 18



Pai hoc Tén Puic Thing — Phong THCN& DN Bai Gidng : Ly Thuyét Mach

Mach dién ¢6 3 vong mit ludi, tuong tng v6i 3 dong mit Wudi 1, 1,,, 1,3 dudc chon
cuing chiéu kim déng hd nhu hinh 1.19. Tir d6 ta ¢6 hé 3 phuong trinh :

Ryl — Rpp Ly — Ryl = E;
— Ryp. Iy + Ry Iy — Rp3.1,3 = - Ej
—R3;. I,; — Rsp. Iy + R33.1,3 = Ey
Trong do :
R;/=R;+R,=6+6=12
Ry=R,+R;+R,=6+3+12=21
Ri3s=R;+Rs=12+12=24
Rip=Ry;=R;=6
R;; = R;;, =0 (vong 1 va 3 khong dinh nhau)
Ry;=R;=R;=12
Thay vao hé phuong trinh ta dudc :
12.1,; - 6.1, =4
—-6.1,,+21.1,-121;5 =-6
—12.1, +24.1; = 6
Gidi hé phuong trinh trén, ta dugc :
[,,=03A
I[,=-008A
[;=02A
Suy ra dong nhdnh :
I,=1,=03A
L=1,-1,=03-(-008)=038A
I;=-1,=-(-008) =0,08 A
Li=-1,+1;=-(-008)+ 0,2= 0,28A
Is=1;=02A

3. Phuong phéap dién thé nit

Phuong phdp nay st dung 4n sd trung gian dién thé cdc nit dé thi€t 1ap hé phuong
trinh. Bi€t dugc dién th€ cdc niit, ta dé dang tinh dugc dong dién cdc nhdnh.

Trinh ty thyc hi€n nhu sau :

Budc 1 : Tuy y chon chiéu dong dién chay trong cdc nhanh.
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Buéc 2 : X4c dinh sd nit clia mach.

Buéc 3 : Chon mot nit bat ky 1am nit chuidn, cé dién thé& biét trudc (thudng 14y
dién th& diém d6 bing 0)

Buidc 4 : Lap hé phuong trinh tinh dién th€ cdc nit con lai (gid st cdc nit con lai la
: A, B, ...N.) theo nguyén tidc sau :

g G 9y =G0 —.. — Gy .0y :z-]
A

=G Py TG0y — ... =Gy .0y = ZJ
B

L — G @y =G0 — ..+ Gy .0, :Z‘]
N

Trong do :
A ~ 2 , N 2, A A N
®  Op, Op, ..., Oy : di€n th€ cdc nat, 1a cdc an sO can tim.

® Guys Ggp .., Gyy : (cdc phan tf nim trén dudng chéo) 1a tdng cdc dién din c6 ndi
té1 nut tuong Ung.

® Gus= Ggp,..., Gay= Gya, Ggy=Gyp : (cdc phan tif nim ngoai dudng chéo) 1a téng
cdc dién dan ndi gitta 2 nit tuong dng.
o > J, > J,..).J :1dng dai s6 cdc ngudn dong c6 ndi véi nit twong ¥ng (ngudn
A B N
dong huéng vao niit thi cgng, ngudn dong huéng ra khdi niit thi trir)

-

Luuy:

- Trudc cdc nhém nim trén dudng chéo thi cé dau (+) con trude cdc nhém
nim ngoai dudng chéo thi c¢6 dau (-).

- Tt hé phuong trinh trén ta thdy phuong phdp nay chi sit dung cho mach dién
chi chita ngudn dong J, né€u mach cé chita ngudn 4p E thi phdi chuyén vé ngudn
dong J tru6c khi 4p dung phuong phap nay. Néu khong chuyén dugc thi phdi dp
dung phuong phap khéc.

Buide 5 : Gidi hé phuong trinh, ta tim dudc dién th€ cdc nit. Bi€t dudc dién thé 2
nit cia mdi nhdnh, ta tim dugc dong trong nhanh.

VIDU 8 : Dung phuong phdp dién thé nit &€ gidi mach dién & vi du 7 (hinh 1.20)

by A A % d: B sy
6 Q I, 30 "
R
E, <f> H 6o 120 H Rs
4V E, 120
6V
C

Hinh 1.20 — Mach dién cho vi du 8
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Gidi
Bién ddi cdc sic dién dong ndi ti€p véi dién trd thanh ngudn dong song song vdi
dién tré ta dugc hinh 1.21

1
| S

3Q

I @ 6 H 6sz 14@ 12Q

A R; B

z

Z
| I
7

12Q

Hinh 1.21 — Mach dién cho vi du 8

Chon niit C 1am chu&n c6 dién thé @c = 0 V. Tim dién th€ 2 niit con lai 13 @4 va
¢g. Ta c6 hé phuong trinh :

G0, —G 05 = ZJ
A

G+ G0y = ZJ
B

Trong do :
1 1.1 1 4 2
Gyu=—+—+—=—+—-+—=—=—
, R, R, 6 6 3 6 3
1 1 1 1 1 1 6 1
GBB:—+—+—:— —_—t—=—=—
R, R, R, 3 12 12 12 2
1 1
Gy=Gp=—=—
AB BA R3 3
Z]:L:ﬂ:i:%
y R, 6 3
21214—_4:£:l
I R, 12 2

Thay vao hé phuong trinh, ta dudc :

2 12
ERZE R
| 1 1

RPN

{2.%—@3:2 {(pA:2,25V
& &
—20,+3.0,=3 Q0,=25V
Tré lai hinh 1.20, ta thay :

- Theo nhdnh 1 : Uye =0,—9-=-1,.R +E
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_E-@, _4-225

suyra: [ = =0,29A
y 1 R, 6
-Theonhdnh2: I, = Usc _ @a=®c _ 225 _ (3754
R2 R2
_Theonhdnh3: 7, =Usa 95~ 25722503,
R3 R3

- Theo nhdnh 4 : Uge =03 —0.=-1,.R, +E,

suy ra : 14:E4_(p3=6_2’5:0,29A
R, 12
-Theonhdnh5:  I,= Use _ @5 —Pc =£=0,2A

R, R, 12

Phuong phdp dién thé nit duoc st dung khi mach dién cé nhiéu nhanh nhung it
niit. Pdc biét khi mach chi cé 2 niit, ta dé dang tinh dvoc dién thé ciia niit.

Vi DU 9 : Gidi mach dién hinh 1.22. o .
. Ly A LS

Chon @g = 0, viy chi con dién thé =1 =
20 I, 10 Q

N R ~
Pala an so.

Ta c6 phuong trinh : E, (f) H IZZQ <¢>

E;
10V 4V
Gya Qs :Z] =J,=J;
A

B
I ) P Hinh 1.22 — Mach dién cho vi dy 9
‘YA
Rl R2 R3 Rl R3
(1+1+qu, _10_4
2 6 10/ 2 10
23

5.(pAz4,6 = ¢o,=6V

Dong cdc nhédnh :
E -9, 10-6
Il = =
R, 2

=2A

2

13:(PA+E3 :6+4:1A hoic I,=1,-1,=2-1=1A
R, 10
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4. Phuong phap tilé

D&i véi nhitng mach chi ¢c6 mét nguon tic dong, nhung cé nhi€u niit hoic nhiéu
nhénh, n€u 4p dung cdc phuong phdp trén thi s6 ludng phuong trinh s& 16n, gy khé
khiin trong viéc tinh todn. Con néu diing phuong phdp bi€n ddi dién trd tuong duong thi
sau mdi 1an bi€n ddi phdi v& lai mach d€ cudi cling con lai dién trd tuong duong toan
mach ndi v6i ngudn, sau dé tinh dong va 4p di vé lai cdc nhdnh, phuong phdp nay ciing
mAt nhi€u thdi gian tinh todn va vé lai mach.

Trong trudng hdp nay, ta cé thé sit dung phuong phép ti 1& dé€ gidi ma khong can
phdi vé lai mach. Phuong phdp nay dua theo nguyén tic : khi stic dién dong E clia nguon
ap (hoic J clia ngudn dong) thay d6i bao nhiéu 1an thi dong va 4p tai nhanh va nit cda
mach déu thay ddi véi ti 1& tuong ng.

*Trinh tu thu'c hién :

- Ban ddu coi nhu chua biét gid tri E (hodc J) ciia nguon.

- Chon mét nhdnh nao doé trong mach (thuong chon nhdnh xa nguon nhdt) va tity y
chon trudc gid tri cua dong (hay dp) ctia nhdanh do. Thuong ta chon gid tri don gidn I=1A
hodc U=1V.

- Lan lugt tinh cdc dién dp va dong dién ngugc dan vé phia nguodn, tir dé tim dugc
gid tri E (hodc J) gid dinh ciia nguon.

- So sdnh véi gid tri thuc ciia nguon : néu E (hodc J) gid dinh chénh léch bao
nhiéu lan so vdi E (hodc J) thie t€ thi tdt cd cdc gid tri dong va dp (viva tinh dugc & trén)

ciing chénh léch bdy nhiéu lan. Tir dé suy ra gid tri thyc ciia dong va dp cdn tim.

VIDU 10 : Tim iy, i, va U trén hinh 1.23

Il% — A — B —
L I L I L I
4 Q I, 4Q 40
+
E(D H 24 Q HUQ 2QHU
4V )
C
Hinh 1.23 — Mach dién cho vi du 10
M Il% — A g — B — IS%
~ A N oA | | L I L I
Vé chiéu dong di€n cho 40 L, 40 L 40

cdc nhianh con lai ta dudc

hinh 1.24. E CD H 24 Q

Gi3 st ban dau ta chon 100V
U = 2V, nguén E xem nhu
chua bi€t, cAn phai tim. C
Hinh 1.24 — Mach dién cho vi du 10

o )t

1
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Suy ra : Isz%zgzlA

Di€n dp Upcdoc theonhdnh 5: Uy =41,+U =4.1+2=6V

Theo nhdnh 4, ta ¢6 : . ~Yse =£:0,5A
12Q 12
Ap dung DK1 tai nut B, ta c6 : I,=1,+1I,=05+1=15 A

bién dp U, di doc theo nhdnh 3 va 4 :
Uye =U, s +tUgz =41,+6=415+6=12V

— UAC _12

Theo nhanh 2, ta ¢c6 : , = =" =
24Q 24

05A

Ap dung DK1 tai nut A, ta c6 : I,=1,+1,=05+15=

Mait khac, di€én 4p Uuc doc theo nhdnh 1 :
Uy=-41+E=-42+E=12V

Tatimdugc: E=20V

2A

Theo dé bai : thuc t&€ E = 100 V, nghia 1 cao gip 5 1an gi4 tri E gid dinh. Suy ra
cdc gi4 tri thuc clia dong va 4p trong mach ciing cao gap 5 1an gid tri gid dinh tim dugc &

trén. Vay ta dugc két qua :

Gid dinh: E=20V thi :[,=2A; L=05A;
Thuct& : E=100V thi :I; =10 A; I, = 2,5 A;

BAI TAP CHUGNG 1

u=2Vv
U=10V

1.1. Mot tdi ¢6 dién trd R = 19 Q ddu vao ngudn dién mot chiéu ¢6 E = 100 V, dién tré
trong ctia ngudn R, = 1 Q. Tinh dong dién I, dién 4p U va cong suit P cla tdi

DS : 1=

1.2. Cho mot ngudn dién mot chiéu c6 siic dién dong E = 50V,

5A, U =95V, P=475W
dién trg trong R,=0,1Q.

Ngudn cung cip cho tdi c6 dién trd R. Bi€t cong suit ton hao trong ngudn 1a 10W. Tinh
dong dién I, dién 4p U, giita 2 cuc clia ngudn dién, dién tr§ R va cong suat P tdi tiéu thu.

DS :1=10A; U=49V; R =4,94; P = 490W

1.3. Tinh gid tri dién tr§ R trén hinh BI-3.

DS : 302

1.4. Cho mach dién hinh BI-4, trong d6 2 ngudn 4p va 1 ngudn dong chua biét gid tri va

chiéu.

1) Tinh cong suat tiéu thu trong tirng dién trd.
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2) Tinh dong di€n trong tirng nhanh.
3) Tinh dién 4p & hai dau tirng nhanh.

4) X4c dinh chiéu clia cdc ngudn va tinh cdng suat do tirng ngudn phdt ra hoic tiéu
thu. Ki€m tra dinh luat bio toan cong sut trong mach.

I
0 )
6A 2A 6V

50\/@) R H9Q 8Q 12Q  y3A
2O =0 [

Hinh BI-3

1.5. Tim i va u,, trén hinh BI-5

DS :-1A, 4V
1A
Hinh B1-5
1.6. Tim 1;, 1, va u,, trén hinh BI1-6
1 d 50 1 S5A
* ‘a
+
4V 3A DS N 2A; 3A; IOV
-— ® L f b
T 2Q MIA
Hinh BI-6
1.7. Timi va R trén hinh B1-7
124
8Q 6Q
8V 6V
DS : 7A; 62

Hinh B1-7
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1.8. Tim U trén hinh B1-8
5Q 20Q

w(@®) el wefu

¢ DS : 8V
1.9. Tim 1; va i, trén hinh B1-9
8Q
i % ) 90 .
b ¢ Hinh BI-9
24v<D 10Q 150 H 240
DS :3A; IA

1.10. Tim 1, i; va U trén hinh B1-10
1 20 12Q 4Q

—

I
c

S0V CD 16Q i, 8Q [

3Q 6Q

Hinh BI-10

DS : 1/3A; 3A; 4V

1.11. Tim i trén hinh B1-11

6Q
I ¢

46V (T) 120

Hinh BI-11

DS : 1,5A

1.12. Tim 1 va R trén hinh B1-12
8Q
2Q
f 2A

i) -+

4Q N
30\/<T> 100, Hinh B1-12 DS 2A 40
R ) ’
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1.13. Tinh cong suit tiéu thy trong dién tr§ 12Q hinh B1-13
40

1 o
| S|

2Q
Hinh BI-13

1

SA @ 80 H }209

40 12Q

DS : 3W
1.14. D€ ch€ tao mot b&p dién cong sudt 600W, dién 4p 220V, ngudi ta dung diy dién
trd. Tinh :

a) Dong dién bép tiéu thu

b) Dién tr§ ctia bép

c) N&u dung dién trd chiéu dai 5m, dién trd suit & nhiét do lam viéc bing 1,3.10°
°Qm thi dudng kinh cda diy bing bao nhiéu?

DS :a)2,73A; b) 80,682; c) 0,32mm

1.15. Tinh dong dién trong cdc nhanh hinh B1-15 bing phuong phap dong mit ludi

Biét :
E,=4V;E, =2V
R, =R,=0,5Q
R, =20

R4=R5=R6=6Q Hinh B1-13

DPS:i;= 1,294
i,=11A
i;=0,19A
iy = 0,495A
is = 0,305A
is = 0,795A -~

Hinh BI-15

1.16. Tinh dong dién trong cdc nhanh hinh B1-16 bing phuong phap dong mit ludi
Biét :
E,=18V;E,=E;=5V;
E,=15V;E;=3V
R, =1Q; R, =2Q;
R; =Rg=5Q;

R,=Rs=1Q. Hinh B1-16
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1.17. Tinh dong dién trong cdc nhanh hinh B1-17 bing phuong phap dong mit ludi

1.18.

1.19.

Biét :

E, =140V, E, =80V; E; =160V
R, =R5=0,5Q;

R, =1Q;

R4 =R5=Rq=3Q.

Gidi mach dién hinh B1-18 bing cdc phuong phdp :

- Dong mic ludi

- bién thé€ nut

Biét :

E,=E;=60V; E, =80V;

R, = 200Q: R, = 200Q: R; = 10Q

DS :i; = 0,0384; i, = 0,12A; i; = 0,079A

Gidi mach dién hinh B1-19 bing cdc phuong phdp :

- Dong mic ludi

- bién thé nut

Biét :
E,=3,6V;E,=4,8V;

R, =R,=0,5Q; R; =2Q;
R, =1,6Q2; Rs=2Q;

e
R,
El R4
— HRs
R,
E, R
6
O
R;
E; Hinh BI-17
EZ E3
Hinh B1-18
R, R;
El E2
Rl RZ

Hinh BI-19

DS :i; = 116A; iy = 2,27A; iy = 1,52A; iy = -0,4A; is = 1,84A
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CHUGNG 2 : DONG BIEN SIN

2.1. CAC PAI LUGNG PAC TRUNG CHO DONG PIEN SIN
Dong dién sin la dong dién xoay chiéu bién ddi theo qui ludt hinh sin vdi thoi gian.
Tri s6 cia dong dién, dién 4p hinh sin & mot thdi diém t goi la tri tikc thoi va dugc
bi€u dién bing:
i = Lysin(ax+y;)  (A) (2-1)
u=Usinf(ax+y,) (V) (2-2)
Trong d6 : i, u — tri tic thSi cia dong dién, dién ap.
Lyao Upnax — tri cuc dai (bién dd) cua dong dién, dién ap.

W, ¥, — goéc pha ban dau ctia dong dién, dién 4p. Pha ban diu 12 pha & thdi di€m
t=0, phu thudc vao viéc chon toa dd thdi gian, pha ban diu c6 thé bing 0, Am hoic
duong.

u | i
@®- tan s6 goéc, don vi clia wla rad/s
Chu ky T 1a khodng thdi gian ngdn nhat
ma dong dién sin 13p lai tri s6 va chiéu bién
thién.

>t

©)

Tan s§ f1a s6 chu ky cda dong dién y,>0
trong mot giay :

!

d
1
1
1
1
)
I
1
1
1
1
1
»!
>

] : ? A ~ N 2
f =?, don vi cda tan so f1a héc, -
ky hiéu la Hz Hinh 2.1 — Dién dp va dong dién sin

Quan hé giita tan s6 fva tan sd géc wla:

w=2n
Goc 1€ch pha gilra di€n 4p va dong di€n ky hi€u la ¢ va dudc dinh nghia nhu sau :
P=Y,~V, (2-3)

G6c @ phu thudc vao thong s6 cia mach dién, khi :
o ¢>0:di€n dp vudt truGc dong dién
e ¢<0:di€n dp chim sau dong di€n

e ¢=0:dién dp trung pha dong dién
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2.2. tri hiéu dung ctia dong dién va dién ap sin

Tri hiéu dung ciia dong i(t) c6 chu ky T duoc tinh bdng dong mét chiéu I sao cho khi
chay qua cung mét dién trd R thi sé tao ra cing mot cong sudt trung binh.

Tri1 hi€u dung dudc tinh nhu sau :

1= i}ﬂdr (2-4)
r 0

Thay th€ i = I,.,sinax vao biéu thic trén, ta dugc :
12 Sil’lZ aldt — max __ ~ max

|1 Do _ Lo
T max 2 \/5

Vay tri s6 hiéu dung cia dong dién hinh sin 1a :

2 1

Sl Y

I = L =0,7071

2

Tuong tu, ta dugc tri hi€éu dung cua dién dp va stic dién dong hinh sin :

(2-5)

max

U= Yinsr 0707U

2

E=Lm _0707E (2-7)

V2

Thay th& tri $8 I,,ux V3 U,y theo (2-5) va (2-6) vao bi€u thitc (2-1) va (2-2), ta dudc
bi€u thifc tifc thdi viét theo tri hiéu dung nhu sau :

i= I\/Esin(at + Wi) (2-8)

(2-6)

max

u=U~2sin(axr+y,) (2-9)
*Chui y : D€ phdn biét can chii ¥ cdc ky hiéu :
- i, u — tri tic thdi, ky hi€u chit thudng
- I, U — tr1 hi€u dung, ky hi€u chif in hoa
- Lo Uax — tri cuc dai (bi€n do)

Tri hiéu dung 13 dai lugng quan trong clia mach dién xoay chiéu. Trong thuc t€&, khi
néi tri s6 dong dién 10A, hay dién d4p 220V ta hi€u d6 12 tri s& hiéu dung cta chiing. Cic
s ghi trén cdc dung cu va thi€t bi thudng 12 tri hiéu dung. Gid tri do dugc clia ampere
k€& va von k& xoay chiéu ciing 13 tri hiéu dung. Tri hiéu dung thudng dugc dung trong
cdc cdng thifc tinh todn va dd thi vector.
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2.3. BIEU DIEN DONG PIEN SIN BANG VECTG
T bi€u thic tri s§ tic thdi cda dong dién :
i = IN2 sin(ar +v.)
Ta thdy, khi tin s6 da cho, n€u biét tri hiéu
dung I va pha ban diu ¥, thi dong dién i hoan toan

dugc xdc dinh. Tir d6, ta c6 thé dung vecto 1 dé
biéu dién dong dién hinh sin i nhu sau (hinh 2.2):

=
|

- D¢ dai vecto I bang tri hiéu dung 1

- Géc ciia vecto 1 véi truc Ox bang géc pha
ban ddu

Hinh 2.2

Viéc bi€u dién bing vectd thuin ti€n cho viéc so sdnh hodc thyc hién cdc phép tinh
cOng, trir dong di€n, di€n ap.

Pinh luat Kirrchoff 1 biéu dién bing vecto :

>I=0

nit

Dinh luat Kirrchoff 2 bi€u dién bing vectd :

SU=0

vong

Dua vao cdch biéu dién cdc dai luong va dinh ludt Kirrchoff bang vecto, ta c6 thé
gidi mach dién xoay chiéu hinh sin bang do thi vecto.

2.4. QUAN HE GIUA DONG PIEN, PIEN AP TRONG MOT NHANH
1. Nhdnh thuin dién tré R :
Khi dong dién qua dién trd 1a :
i =12 sin(ax +y,)
Dién dp trén dién trG sé 1a :
Uy = Ri, = RI 2 sin(ax +yy,)
So sdnh vdi bi€u thiic tdng quat ctia dién dp trén dién trd :
g = U2 sin(ar +,,)

Ta rdt ra quan hé gitra dong va dp trén dién tré :

o Trihiéudung: U, =R.I, hodc I, =% (2-10)

® Gdbc pha ban ddu : v, =y, = dong va dp trung pha (2-11)
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® Gdc léch pha gitta dp va dong : @p =W, — W, =0 (2-12)
A Ur
ir
ir R Iy
——{ 11— — 0 > wt
\/y UR
Ur
Hinh 2.3 — Mach thudn tré
2. Nhdnh thuan dién cam L :
Khi dong dién qua dién cam L 14 :
i, = 1,2 sin(ax +y,,)
bién dp trén dién cdm s€ 1a :
di d[ 1,2 sinlax +y, T
MLZL. I - L [ L\/_Sln( WLL)]Z(()L.IL\/ESZ'H(((I-FWI.L-F—j
dt dt 2
So sanh vdi bi€u thitc tong quat clia dién 4p trén dién cdm :
U, = UL\/ESi”(al+ Vi)
Tathdy: U,=aLl, va ¥y, =¥, +2
Goi X;=wlL 1a cdm khdng ctia cudn diy, c6 don vila Q
(L— donvila H, w=27rf- don vila rad/s)
Tur d6, ta rit ra quan hé gitra dong dién va dién dp trén dién cdm :
(2-13)

e Trihiéudung: U, =X,.I, hodc IL:X—L
L

e Goécpha:vy, =y, +§ = dién dp nhanh pha hon dong dién 1 géc w2 (2-14)
® Gdc léch pha gitia dp va dong : @, =y, —V;, :% (2-15)
A uL
i

ot

uL
1
L

Hinh 2.4 — Mach thudn cdm
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3. Nhdnh thuan dién dung C :
Khi dién dp trén tu dién C 1a :

Uer = UC«/Esin(a)t+ W..)
Dong di€n qua tu s€ 1a :

duc _ ~d[UcN2sin(@+y,c)]
dt dt

i-r=C =Ca).UC\/§sin(wt+y/uc+%j

So sdnh vdi bi€u thic tdng quat cia dong dién qua tu :

i = 1.2 sin(ax +w,.)

Tathdy: I.=CaU, va ¥, =V, "‘%

Goi X, = LC la dung khdng cta tu dién, don vila Q (C — don vila F)
.

Tu do, ta rit ra quan hé gitra dong di€én va di€n 4p trén ty dién :

o Trihiéudung: I, =% hodc U, =X .1, (2-16)
c
o Gdécpha: W, =V, —% =>dién dp chdm pha hon dong dién 1 géc w2 (2-17)
® Gdc léch pha gitia dp va dong : ¢ =W, —V¥,. = —% (2-18)
A iC
— Uc
IC
C

— 't >t
Uc —
UC

Hinh 2.5 — Mach thudn dung

4. Nhanh R-L-C noi ti€p

Khi dong dién qua nhdnh R-L-C n6i ti€p 1a :
i =I\2sinax

Sé giy ra cdc dién 4p ug, u, uc. Pién 4p & hai dau clia nhdnh 12 :
U=ug+up +uc

Bi€u dién bing vectd, tacé : U=Ur+Ur+Uc
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Chon vectd I 1am gdc (vi mach ndi ti€p nén dong qua cdc phan t gidng nhau),
dua vao quan hé giita dong va 4p trén tirng phan tl¥, ta vé dugc cdc vectd dién 4p clia
mdi phan ti.

oL
»

> — —

=
S

UL-Uc

=
a
-— «——

@
~ly
Il
~
=

Il
~
~

Il
~
a

L 3

Hinh 2.6 — Mach R-L-C néi tiép

Tir @6 thi vectd, ta tinh dudc tri s& hiéu dung clia dién 4p ngudn u :

U=yUz+WU, ~U:Y =R} +(1.X, ~1.X . = I|R* + (X, ~ X .}

Goi: Z=+R’+(X, - X.)’ 1a tdng trd clia mach R-L-C ndi ti€p, don vi la Q
Tadugc: U =12
G6c 1éch pha giita dién 4p U va dong dién 7 12 :

U ~Uc (X, =X ) _X, - X,

t = =
8¢ UR R.1 R

XL_XC
=arctg| ————
o =arerg X1 Xe |

Ta c6 két ludn nhu sau :

® Quan hé giita tri hiéu dung ctia dién 4p va dong dién trong nhdnh R-L-C ndi ti€p :

U=1Z hoic I :% (2-19)
Trongd6:  Z=+R>+(X, - X.) (2-20)

X=X,-X.= wL—é goi l1a dién khdang clia mach
® Goc leéch pha gifra gitta dién 4p va dong dién :
X, - X
Q= arctg(Lch (2-21)

- Khi X; > Xc : nhdnh cé tinh cdm, ¢ > 0, dién dp nhanh pha hon dong dién.
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- Khi X < X¢ : nhdnh ¢6 tinh dung, ¢ <0, di€n dp chdm pha hon dong dién.

- Khi X; = X, X=X, — Xc =0, ¢ =0, dién 4p trung pha v6i dong di€n, nhdnh R-
L-C lic nay c6 hién tugng cong hudng ndi ti€p, dong dién trong mach c¢é tri s6 16n nhat

U g A
la I = ® va trung pha véi dién 4p.
<A A 2 7z A 2, A (g IS 1
biéu kién d€ c6 cong hudng nditi€p la : Wl =—

Tan s6 cong hudng 13 : w= ‘/L
LC

VI DU 11 : Cho mach dién hinh 2.7 v6i u(t) = 20072 sin2¢ (V)

1) Tim s6 chi cla cdc dung cu do

2) Viét bi€u thic tic thdi cla tit cd cdc dai lugng c6 d6 chi trén cdc dung cu do.
i(t)

Hinh 2.7 — Vidu 1

GIAI
1) Cac dung cu do chi tri hiéu dung
* PO chicia V:U=200V
*Po chi clia A : ta phai tim [

R=4Q;w=2rad/s;X, = Lo=59; X :CL =20
.a

Z=\R+(X, - X,) =4 +(5-2) =5Q

1=£=¥=40A

*PochiciaV,: Ug=R.I=160V
*PochiciaV,: U . =X..I1=200V
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*Podchicia V3: Uc=XcI=80V
*Po chicha Vy: UR—L=U;+U; =256V

2) G6c l1éch pha cua u(t) va i(t) :
go=21"te 3 o 3600 =y, —y, = 00—y,
R 4
=y, =-369°
Viy :
% i(£) = 40v/2 sin(2f — 36,9°)
* 1, (1) = 1602 sin(27 — 36,9°) (cting pha v6i i)
*u,(t) = 20042 sin(2t +53,1°) (nhanh 90° so véi 1)
*u(t)= 8042 sin(2t —126,9°) (chim 90° so v6i 1)

Riéng g (t) = ur(t) + ug(t) duge bi€u didn bing vects Uz, va sém pha hon i(t)
mot goc @.

X 5
Tacd: tep =—Lt== vi =51,3°
8P, R A 1y ¢,

Suy ra : u,_, (1) = 256+/2 sin(2t —36,9° + 51,3°) = 256+/2 sin(2¢ +14,4°)

2.5. CONG SUAT CUA DONG PIEN HINH SIN

Xét trudng hop tdng quat, mach dién c6 thé chita

mdt hay nhiéu phan t, c6 mot hoic nhiéu nhdnh ky hiéu PRI
& hinh 2.8 l R
u L
Khi biét dong dién i, dong dién u, géc léch pha @ C
.~ A - N N A 2, A N 2 ~ - . — |
gitta di€n 4p va dong di€n ¢ dau vao, ta c6 thé xdc dinh
dugc cdc loai cong suat P, Q, S clia mach dién. Hinh 2.8 — Mach di¢n tong qudt

1. Cong suit tac dung P

Cong suat tic dung P dic trung cho qud trinh bién d6i dién ning sang dang ning
lugng khdc nhu nhi€t ning, quang ning, cd ndng v.v...

Taco: P=Ulcosp (2-22)

Cong suit tic dung P c6 thé dudc tinh biing tdng cong sudt tic dung trén cdc dién
trd cia cdc nhanh mach dién :

P=Y"R,.I (2-23)

Trong d6 : R,, I, cdc dién trd va dong dién di qua dién tr§ tudng ng.

Trang 36



Pai hoc Tén Puic Thing — Phong THCN& DN Bai Gidng : Ly Thuyét Mach

2. Cong suat phan khang Q

Cong suit phan khdng Q dic trung cho qué trinh trao ddi, tich luy ning lugng dién
tr truong.

Taco: Q=UlLsing (2-24)
Cong suit phan khiang Q c6 thé dudc tinh bing tdng cong sudt phan khang cia dién
cam va dién dung cia mach dién :
0=>0,+D>.0c=>X,,1}-> X1} (2-25)
Trong d6 : Xi,, Xcn, Iy 1an lugt 13 cdm khdng, dung khdng va dong dién tuong ng
ctia mdi nhdnh.
3. Cong suit bi€u kién S

DPé€ dic trung cho kha ning cda thi€t bi vad ngudn thyc hién 2 qud trinh ning lugng
xét § trén, ngudi ta dua ra khdi niém cong suit bi€u ki€n S dudc dinh nghia nhu sau :

S=U.I =+P*+Q? (2-26)

Cong suit bi€u ki€n S con dugc goi 1a cong sudt
toan phdn. Trén nhian clia mdy phat dién, mdy bién 4p, S
ngudi ta ghi cong sui't biéu ki€n S dinh mic.

Quan hé giita P, Q, S dugc md td bing mot tam .
gidc vudng (hinh 2.9) con goi la tam gidc cong suat. P

Pon vi ciia P : W, kW, MW Hinh 2.9 — Tam gidc cong sudt
DPon vi ciia Q : Var, kVar, Mvar

Don vi ciia S : VA, kVA, MVA

Xét cac trudng hgp riéng 1é

1) Mach thudn tré R
Pr=0; Pr=Urlr=RIgZ=Ug’/R; Qg=0 (2-27)
Vay R tiéu thu P, khong tiéu thu Q

2) Mach thudn cam L :
e.=90" PL=0; Q. =U,LL =X,.I>’=U"/X, (2-28)
Vay L khong tiéu thu P, tiéu thu Q

3) Mach thudn dung C :
Oc=-90"; Pc=0; Qc=-Uclc=-XclId=U/ Xc (2-29)
Vay C khong tiéu thu P, phdt ra Q
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4. Do cong suat tac dung P

D€ do cong suat tic dung P, ngudi ta thudng dung Watt k€& ki€u dién dong (Hinh
2.10) gdbm 2 cudn day :

- Cudn dong dién : 12 phan tinh c6 ti€t dién didy quin 16n, s& vong it, mic ndi ti€p
vai tai.

- Cudn dién 4p : 12 phan dong c6 ti€t dién day
quin nhd, s6 vong nhiéu, mic song song véi dién 4p

2e T A A A c1s L u
tai. DOng di€n chay qua cudn diéndpla: i = e S >

v
v

Lyc dién tir tdic dong vao phan dong ti 1& vdi " Tai U
p=u.i, do d6 momen quay trung binh cia dung cu ti
1€ v6i cong suat tdc dung P.

Khi st dung Watt k& cin chi y ndi ding cuc
tinh cla cdc cudn day (dau danh dau *)

Hinh 2.10 — Do cong sudt P
2.6. NANG CAO HE SO CONG SUAT COS¢

Trong bi€u thitc cong suit tic dung P = U.Lcos@, trong d6 cos@ dugc goi 1a hé s&
cong suat.

Hé s& cong sudt phu thudc vao thdng sd clia mach dién. Xét mach R-L-C ndi tiép,
ta co :

~ R
JRP+(X, - X.)

P

Hé s6 cong sud't cé y nghia rat 16n vé mit kinh t€

N | >

cosQ =

Hodc : cosQ =

- Nang cao hé sd cong suit sé ting dugc khd ning st dung cdng suit ngudn (may
phét, may bi€n 4p,..) cung cap cho tai.

VI DU 12: Mot mdy phdt dién c6 cong sudt dinh mic Sg, = 10000 KVA, n€u HSCS
cia tdi cos® = 0,5; cong suat tdic dung ctia mdy phat cho tdi P = Sg,.cos@ = 5000 KW.
Né&u cos® = 0,9 thi P = 10000. 0,9 = 9000 KW. R3 rang 1a khi cos@ cao, mdy phdt ra
nhiéu cong sui't tdc dung hon.

- Khi can truyén tdi mot cong suat P nhat dinh trén dudng day, thi dong dién chay
trén dudng day la :

P

l=——
U.cossp
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Né&u cos cao thi dong dién I s& gidm, din d&€n gidm tdn hao dién ning, gidm dién
4p rdi trén dudng ddy va c6 thé chon diy din c6 ti€t dién nhd hon.

Céc tai trong sinh hoat va cdng nghiép thudng c6 tinh dién cdm (cudn ddy ddng ca
dién, mdy bi€n 4p, chan luu..) nén cos® thap. PE ning cao cos@ ta dung tu dién mic
song song v4i tai (Hinh 2.11.a)

a) b)

Hinh 2.11 — Néng cao hé s6 cos@

Khi chua c6 tu by, dong dién trén dudng dy : 7 =1, , HSCS ctia mach (ciia t3i) 1a
COSQ.
Khi ¢6 nhénh tu bu, dong trén dudng day 1a : [ =1 +1.. T db thi vects hinh
2.11.b ta thdy : I[<I; @ <@ vacos®, > cos@
Nhu vay hé s6 cong suit cos@ clia mach di dudc nang cao 1én thanh cos®,.
Vi cong suit P, clia tdi khong ddi, nén cong sudt phan khang ctia mach :
- Liic chua c6 tu bu : HSCS clia mach 1a cos@, cong sudt phdn khdng ctia mach 12 :
Q=Q;=P.tgo
- Liic ¢6 tu bu : HSCS ctia mach 1a cos@;, cong suit phdn khdng cia mach 1a :
Q=Q+ Qc=P.tgp + Qc=P.tgg,
Tur d6 riit ra cong suat Qc clia tu dién :
Qc =- P(tgp- tgg))
Mitkhdc,tacé: Qc=-Ucle=-U%o.C

Tur d6 ta tinh dugc gid tri dién dung C can thi€t d€ nang HSCS clia mach dién tir
cos® lén cosQ, 1a :

P,
C=—"5 (tgp—130,) (2-30)
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2.7.S0 PHUC
1. Pinh nghia va bi€u di&n hinh hoc

Pon vi 4o 1a j dugc dinh nghia :
j2 =-1 Truc 4o (Im)
A

Trong mit phiang toa do phic
(hinh 2.12), s6 phifc dugc bi€u dién dusi
2 dang : Jjbf== s A

a) Dang dai s6 r

A=a+jb  (2-31)

. o a !
a, b la cac so6 thyc va dugc goi la Truc the (Re)

phan thuc va phan 4o cla s6 phitic A

b) Dang mii — Dang cuic Hinh 2.12 — Biéu dién s6 phicc trong mdt phdng phitc

A=re®=r/0 (2-32)
Trong dé :
ﬁzpﬂ:m&hnhwdédﬁdﬁnkmMC&nwad52
6: gbc gilra OA va truc thuc con goi 1a argumen cila s6 phitc A

S6' phitc A" = a — jb = r2-0 duoc goi la sé phike lien hiép ciia A. N vay A” sé doi
xutng vdi A qua truc thuc.

¢) bai tir dang dai so sang dang cuc (dang mii)
Bi€t : A=a+ jb=rs0

Ta tinh dugc : r= |0A| =+a’+b’
1g60 = b =0= arctg(éj (2-33)
a a

Luu 9 : vi ham 6 = arctg(b/a) 12 mdt ham da tri, do d6 sé& cho vo s6 géc, sai kém
nhau k. 780°. Vi vy phidi xem xét diu ctia a va b @€ chon géc 6 phit hop.

d) Péi tir dang cuc sang dai s6

Bi€t : A=rZ@=a+ jb (2-34)
Suyra: a=r. cosf ; b=rsinf

2. Mgt s& phép tinh véi s6 phitc :
a) Cong, trir : Phép cong, trir chi thyc hién dudc v6i dang dai s6
Cho2s6 phiic:A=a+jbvaB=c+jd
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A+B=a+jb+c+jd=(a+c)+jb+d)
A-B=a+jb—(c+jd)=(a-c)+j(b-d)
VIDU 13 :choA=2+j3;B=4-j2
A+B=2+34+4-j2=6+]
A-B=2+i3-(4-j2)=-2+j5
b) Nhin, chia :

- Dang cyc :
Cho A = I’AZQA N B = I’BZQB
AB =1,L0,. rpL0p = (ra1p)L(6s+ Op) (2-35)
A_nfb _[5),6,-6,) (2-36)
B 1,6, \r

- Dang dai so :
Cho:A=a+jbvaB=c+jd
A.B = (a+jb).(c+jd) = a.c+ja.d + jb.c +j2 b.d = (ac — bd) + j (ad + bc)

A_ A.B’ _(a+ jb)(c—jd) (ac+bd)+ j(bc—ad)
B BB (c+ jd)c—jd) c? +d?

2.8. BIEU DIEN MA CH HINH SIN BANG SO PHUC
1. Pién ap phic va dong dién phic :
Tu di€n 4p sin : u(t) = U\/Esin(a)t +y,)
Suy ra di€n dp phtc : U=UZly, (2-37)

Tuong ty, dong dién sin : i(r) = Iv2 sin(ax + )

Suy ra dong di€n phic: [ =12y, (2-38)

2. Tong tré phic :

Xét mot mach dién hinh 2.13a c6 dién 4p 2 dau mach va dong dién vao mach la
u(t) va i(t)

i, I,

u(t) l U

Hinh 2.13

¢ — o
NI
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Téng tr§ phitc cia mach dién 12 :

— Z A
Z:g:M:gl% Y, =12Z¢
/ IZy, 1
: Z
U JX[rrrrttT s .
Suyra: Z=—; o=y, -y, (2-39) !
1 z !
N&u vi€t Z duéi dang vudng goc : 0 :
Z=R+jX (2-40) R R
R 12 phdn thuc clia Z va X 12 phin 40
cia Z Hinh 2.14 — Téng trd phitc trong mdt phdng phikc
Theo tam gidc tong tr (hinh 2.14), ta ¢6 :
Z=vR*+X7?; ¢ =acrtg(X/R) (2-41)
R =Z.cosg; X =Z.sing (2-42)

Thay mach dién hinh 2.13a lin lugt biing R, L, C va diing quan hé gita 4p va dong
trén titng phan ¥, ta suy ra tong trd phifc clia cic phan ti R, L, C nhu sau :

Zr=RZ0°=R
Zi=X,290°= jX, (2-43)
Zc=X.L-90°=—jX,
3. Cong suat phifc
Cong sudt phitc S 1a cong sudt do mach dién tiéu thu ma trong d6 chita cd P, Q, S
va dudc dinh nghia :

S=U.I' =ULy, IL-y,=UILp=SL¢p (2-44)
=U.l.cosp+ jU.l.sinp=P+ jO

Suyra: Pl phin thucclia S;Qla phindocda S va S1a médun cda S

4. Bi€u dién cdc dinh luat duéi dang phite

a) Pinh luat Ohm : 1 :%

b) Pinh luit Kirrchoff 1 : Zl =0
nit

¢) Pinh luit Kirrchoff 2 : ZE = ZZ. 1
vong vong
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Céic qui u6c vé diu tuong tu nhu & mach dién mot chiéu. Nhu vay bing cich
chuyén sang s phifc cdc dai lugng xoay chiéu, ta c6 th€ xem xét va tng dung cic
phuong phap gidi mach mot chiéu d€ gidi mach xoay chiéu phic tap & ché do xdc lap,
di€u chi y & day 1a cdc dai luong dugc viét dusi dang sd phic va cdc phép tinh todn
trén s phc.

VI DU 14 : Tinh dong dién i3 trén hinh 2.15. Cho biét :

i, = 5+/2 sin(ar +40°) (A)
i, =102 sin(ar —30°)  (A)

Gidi Hinh 2.15
Biéu dién cdc dong dién bing so phic :
11 =5240°=5.cos40°+ j5.5sin40° = 3,83+ j3,21

I>=10£-30°=10.cos(=30°) + j5.sin(=30°) = 8.66 — j5
Ap dung DK1 tai nit :

Is=1+1,=383+j321+8,66— j5=12,49—- j1,79=12,61£-8,15°
Tri tdc thoi ctia dong i 1a :

iy =12,614/2 sin(cxr —8,15°) (A)

2.9. PHUONG PHAP GIAI MACH PIEN XOAY CHIEU HINH SIN
1. Phuong phap dung d6 thi vecto

DP6i v6i cac mach dién don gidn, khi bi€t dién dp trén cdc nhdnh, st dung dinh luat
Ohm d€ tinh dong dién cdc nhanh (tinh tri hiéu dung va géc 1éch pha theo cdc cong thic
& phan 2.4). Bi€u dién dong dién, dién 4p 1én dd thi vevts. Dya vao cdc dinh luit
Kirrchoff, dinh ludt Ohm, tinh todn bing do thi cdc dai lugng can tim.

2. Phuong phap so phifc

Biéu dién dong dién, dién 4p, sic dién dong, tong trd bing sd phifc, vi€t cdc dinh
luat duéi dang s6 phitc. P6i véi mach dién phic tap, st dung cdc phuong phdp da hoc &
chuong mach dién mot chiéu dé€ gidi nhu : phuong phap bién ddi tuong duong, phuong
phdp dong nhdnh, phuong phdp dong mit lu6i, phuong phdp dién thé niit, v.v... Can chi
y riang, khi sit dung cdc phudng phdp nay phdi bi€u dién cdc dai lugng bing s6 phic.

DP6i v6i cdc mach dién don gidn, ta c6 thé s dung truc ti€p dinh ludt Ohm va
phuong phdp cong suit d€ gidi mach.

vi DU 15 : Tinh dong dién I;, I, I va cong suit P, Q, S clia toan mach dién Hinh
2.16a. Bi€t: U=100V; R, = 5Q; X; = 5Q: R, = 543Q; Xc = 5Q
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Cly

VAAASS
o
=
|1
I
e
0

B 2)

Hinh 2.16 — Gidi mach dién bdng doé thi vecto

GIAI
D€ hé thong lai kién thifc, ta gidi mach dién bing cdc phuong phdp khic nhau :

a) Phuong phdp do thi vecto :

Dong dién nhanh 1 : I, VoYU 024

Zi JRP+X,

. X
G6c 1€ch pha gitra I, va U: @, = acrtg YL =45° : dong chdm pha hon dp

Dong dién nhdnh 2 : Izzi—LleA

Z, JRP+Xx/

G6c 1€ch pha gitra I, va U: @, =acrtg ;(C =-30° : dong nhanh pha hon dp

V& dd thi vecto, véi U 1am chuén (géc pha ban dau biing 0) ta dugc Hinh 2.16.b
Theo dinh ludt Kirrrchoff 1 ta dwge : 1 =1, +1,
PE tinh I, ta chi€u vectd 1én 2 truc Ox, Oy :
Hinh chi€u ciia vects I 1én truc Ox 1a :
I =1,.cos(-45°)+1,c0s30°=10+ 53
Hinh chi€u cla vects 1 1én truc Oy 1a :

I, =1,.5in(~45°)+1,5in30° = ~10+5= -5

Tri hi€u dung cia dong dién :
2 2
I=\17+17=19324

I,
Gécpha: w= arctgl—’ =-15°

X
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GocléchphagitaUval: ¢ =0-(-15°)=15°
Cong suit clia toan mach :
P=U.Icos(15°) =100.19,32.cos(15°) = 1866 W
Q =U.Isin(15°) =100.19,32.sin(15°) = 500 Var
S=UI=1932 VA
b) Phuong phdp cong sudt :

Sau khi tim dugc I, I, ta c6 thé khong sit dung dd thi vecto ma s dung phuong
phdp cong sudt d€ tim P, Q, S va I nhu sau :

Ap dung cong thitc (2-23) :
P=YR,.I?=R.I>+R, > =5(102) +5/3.10* = 1866W
Ap dung cong thitc (2-25) :
0=>0,+>0c=>X,0I;-> X0} =X,.1’ - X..I,” =500Var

Cong suit bi€u ki€n : S =+/P> + Q% =1932VA

Mitkhéac,taco: S=U.I = I 222%219,32A
U 100
c) Phuong phdp s6 phitc :
Téng tr§ phicc nhanh 1 : _1 =R +jX, =5+]5
Tdng trd phitc nhdnh 2 : Z,=R,— jX.=5/3-j5=
Dong di€n phirc nhdnh 1 : I = i = 100_ =10-/10= 10/2£45°(A)
Z, 5+j5
Dong dién phitc nhanh 2 : I, = i = _ 100 =53+ j5=10£-30°(A)
Z, 5J3-j5

Dong di€n phuc :

I=1+1> :1()—j10+5\/§+j5:10+5\/§—j5:19,324—15° (A)
VI DU 16 : Tinh dong di€n trong mach dién hinh 2.17

GIAI L R,
a) Phuong phdp bién doi tuong duong 8Q L L
Bi€u dién t8ng trd cdc nhdnh dudi dang 200£0°(1) X, % 1 x
s0 phifc : 100 5Q

Z, = jX, = jl0=10£90°;
Hinh 2.17
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Z,=jX,=—j5=5/-90°;

Z_3:R3:8

Z.,=(Z\l1Z2)= L2y _ AO‘(_J,S) =10
Zi+2, jl0-j5

Téng tr§ tuong duong toan mach :
Za=(ZsntZvn)=Z3+Zin=8— jl0=128/—51,34°

Ap dung dinh luit Ohm :

. U 200£0°

_Y _ =15,63451,34°(A)
Zd 12,84 -5 1’340

Uag =15.Z1> =15,63£51,34°.10£ —90° = 156,252 — 38,66°(V )

= Yar _156.25£=3866% 15 s 156660 (a)
Z 10.290°
1, =Y _156252=3866° 455 /51340 (a)
Z 5/-90°
b) Phuong phdp dong mdit ludi :
I, . R,
ATAveY . L
2002000 1 ; I
C) L, JX]% I, - -_]Xz

Ap dung phuong phép dong mit ludi tuong ty nhu d6i véi mach dién mot chiéu
(Z1+Z2).In—Z2.1v2 = 200£0°

—~Zo. I+ (Z2+2Z3).1,2=0

(Rl +jX1).Ivl_jX1.Iv2 :200400

— X, T+ (X, — jX,).1,2 =0

Giai hé phuong trinh ta dugc :
I, =15,63/4—-128,66°= I,

I.,2=15,63451,34°= 13

I»=1—13=312525134°
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BAI TAP CHUGONG 2
2.1. Biéu thifc tic thdi ctia dong dién va dién 4p mot tdila :
i(1) = 1042 sin(ar —15°)  (A)
u(r) = 20072 sin(a@r +25°) (V)
Hiy xdc dinh L.y, Upnao L U, Wi, Wy, ©. Pay 12 tdi c6 tinh chat gi ?
2.2. Hiy biéu dién vecto, sd phiic clia dong dién va dién 4p & bai 1.1. Xdc dinh Z, R, X,
Z cla tai.

bS: I= 10415°;l.] =200£25°;
Z =20Q;R =15320:; X =12,85Q;Z =1532 + j12,85=20£40°
2.3. Ngudn dién U=230V dau vio mach c6 R = 57Q; X; = 100Q mic ndi ti€p. Tinh I,
Ug, Uy, coso, P, Q ctia mach.
DS : I=2A; Ug=114V; U =200V, cosp=0,495; P=228W; Q=400Var
2.4. Mot ngudn dién tan sd f = 10kHz cung cap dién cho tdi ¢6 R = 10kQ; L = 100mH
ndi ti€p. Ngudi ta mudn ¢é I = 0,2mA. Xdc dinh dién 4p ngudén U
DS :U=236V
2.5. Mot ngudn dién c6 dién dp U, cung cip cho tdi c6 R = 15Q; X¢ = 20Q mic ndi

ti€p. Bi€t cong suat tdc dung cia mach dién P = 240W. Tinh I, Uy, Ug, U, cos®, Q clia
mach.

DS :1=4A; Ug=60V; Uc=80V; U = 100V; cos@p = 0,6; Qc = -320Var
2.6. Cho mach dién hinh B2.6. Bi€t Von k€ chi 45V. Tim dong qua ampe k&.

(@) . _ DS :1=224A
50 3Q § %
j2Q - .
-j3Q2
Hinh B2.6

2.7. Tim chi s6 cia Ampe ké hinh B2.7a va B2.7b. Biét Von k& chi dién 4p U = 45V
50 _joQ

10Q
3O J4Q
3Q 3Q
Hinh B2.7a Hinh B2.7b
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DS : Hinh B2.7a : I = 19,4A
Hinh B2.7b : 1 = 18A

2.8. Cho mach dién nhu hinh B2.8. Biét I

U;=150V. Tinh I,, I, L1, I, P, Q, U, cos® ctia mach. I oot L L

=5Q

DS 1 =5A: L = 5A: I = 10A: T = 5+/2 =7.07A: P=250W: U 00 §

0 =-250Var; U = 50V; cos@p= 0,707 )
30Q g UL

2.9. Cho mach dién hinh B2.9. Cho bi&t dong v
dién ;=50A. y

a) Tinh Upg, I}, I, I4, I, P, Q, S, cos@, U cua
mach dién | - / AAA I L A L
b) Xdc dinh phan tu nao (R, X, hodc X¢) dau 20
ndi ti€p vao nhdnh 2 d€ cho dong dién I,=0. Tinh
tri sO phan tf 4y va dong dién I trong trudng hgp |U 4Q§ SQ g
nay. 4Q

Hinh B2.8

Il . Iz . 6Q

DS : a) Usg = 100V; 1,=20A; I,=25A; 1,=30A; 1=39,05A; =
P=5549,8W; Q=-3000Var;, S$=6308,74VA; U=161,55V; Hinh B2.9
cosp=0,897

b) Can ddu Xc=32vao nhdnh 2; I = I, = 26,925A

B

2.10.Pién ning dugc truyén tir mdy phat dén tdi : e s
qua dudng ddy cé thong s Ry =1Q, X =2,5Q. I R, X4

Thong s6 ctia tai : U, = 220V, 1 = 25A, cos@ = 0,8 T4
. U, at U,
(Hinh B2.10).

Tinh dién 4p, cong suit, hé s6 cong sudt cos®, hiéu
sudtm & dau dudng day trong hai trudng hop : Hinh B2.10

a) T4i c6 tinh chat dién cim.

b) T4i c6 tinh chat dién dung.

DS : a) U;=280V; cos,=0,718; n=0,876; P;=5025W; Q,;=4863Var; S;=7000VA

b) U;=213V; cos,=0,94; n=0,876, P,=5025W; Q,=1738Var; §;=5325VA
2.11. V& tam gidc cong sudt clia ba tdi. Tdi S;=250VA, cos@;=0,5 (dién cdm). Tai 2 c6
P,=180W, cos®,=0,8 (dién dung). Tdi 3 c6 S;=300VA, Q;=100Var (dién cam). Tinh cong
sudt tic dung P, cong sudt phdn khdng Q, cong suit bi€n ki€n S ctia cd 3 tdi va hé s&
cOng suit cos® clia toan mach.
DS : P =558W; Q = 181Var (dién cdm); S = 616VA, cosp = 0,955 (dién cdm)

2.12. Trén hinh B2.12, s8 chi cta cdc von k€ V, va V,1a 10V va 6V. Tinh sé chi cia wat
k& W (ngudn hinh sin).
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2.13.Trén hinh B2.13, s& chi cla cdc ampe k€ A;, A, va wat k€& 1an ludt 1a 5A, 2A va
100W. Tinh C, bi€t ngudn u() = U~/2 sin500x.

@D V) - C éL u(t) @ @;

Hinh B2.12 Hinh B2.13
2.14. Tinh hé s cong sudt clia mdt tdi gdm 2 nhdnh song song : nhdnh 1 c6 P;=5kW;
cos®;=0,85 sém, nhdnh 2 c6 P,=10kW; cos®,=0,9 tré.

2.15. Mot nha mdy tiéu thu 100kW tir modt dudng ddy xoay chiéu 220V; dién tré 0,1Q;
tan s6 S0Hz.

1) Tinh dong dién vio nha mdy, cong suit bi€u ki€n cung cidp cho nha mdy, tdn
hao trén dudng diy va cong suit tic dung do ngudn phat ra khi HSCS cda nha mdy =
0,85 tré.

2) Lam lai cau (1) néu HSCS = 0,95 tré. Hoi dong dién va cong suit tdic dung do
ngudn phatra gidm dugc may phin trim ?

3) Tinh gi4 tri tu bu C d€ nang HSCS tir 0,85 tré 1én ,95 tré.

2.16. Mot tai c6 HSCS = 0,8 tré. Cong suit cung cip cho tdi 1a 40kW tir mot dudng day
220V, 50Hz.

1) N&u dién tré dudng day bing 0,085Q, hay tinh cdng suit do ngudn cung cap.
2) Tim gi4 tri tu dién C ghép song song vdi tdi d&€ nang HSCS 1én thanh 0,95 tré.

2.17. Chitng té ring cong suit do ngudn phat ra bing tong cdc cong suit do cic dién tr
tiéu thu (Hinh B2.17)
DS : 93,6W = 36W + 57,6W

“AAN
° 40
o 29 @ “
12245 (F) §4§z 0 §3Q ) 10230° o g
V) . (A)
T -j1Q
Hinh B2.17 Hinh B2.18

2.18. Tim cdng suit do ngudn phét ra va cong suit do tirng phan t& mach tiéu thu (Hinh
B2.18)
DS : 90,5W; 56,55W; 33,95W; OW
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2.19. Hai tdi dau song song dudi dién 4p ngudn U = 50£15° V. T4i 1 tiéu thu 210W vdi
HSCS=0,6 sém; tdi 2 tiéu thu 40W véi HSCS=0,8 tré. Tim dong phifc do ngudn phit ra.

DS : 5:/5260°A
2.20. Tim i(t) trén Hinh B2.20.

i(t) 1H 1H 10 DS : 8cos(t— 159 (A)
e a la'a’aa) Gy gy Soaoa p
10cost (V) (1) s IF=—
; 3Q
Hinh B2.20
2.21. Tim u(t) trén Hinh B2.21.
1Q 1H 1H
b +
8cost (V) ij —JF 3Q g u
Hinh B2.21

2.22. T4i tiéu thu 20kW véi HSCS = 0,8 tré (Hinh B2.22). Pién 4p tdi 12 220.£0°, tin s&
60Hz. Tong trd dudng diy 1a Z4 = 0,09 + j0,3 Q. Tim tri hiéu dung clia dién 4p ngudn va
HSCS nhin tif ngudn.

DS : 249,53V, 0,75 tré.

0,09Q j0,3Q2
AN
" 20kW |
U, Ci 220£0° V cos®=0,8 tré Tai
Hinh B2.22
2.23.Tim s6 chi cia watt k&€ (Hinh B2.24)
bS : 8W
4H + 2H
Y e LYY
(W)
16v2 cost (V) (1) §4Q g 2Q  Hinh B2.24
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CHUONG 3 : MACH DPIEN X0AY CHIEU BA PHA
3.1. KHAI NIEM CHUNG
Dong dién xoay chiéu 3 pha dudc st dung rong rii trong cong nghiép vi :
- Pong cd dién 3 pha c6 c4u tao don gidn va dic tinh t6t hon dong cd dién mdt pha.

- Truyén tdi dién ning bing mach dién 3 pha ti€t kiém dugc diy din, gidm bét tdn
th't dién ning va ton that dién 4p so vé6i truyén tii bing dong mot pha.

Mach dién 3 pha bao gdm : ngudn dién 3 pha, dudng diy truyén tdi va cdc tii 3
pha.

3.2.NGUON 3 PHA
1/ Cach tao ra ngudn dién 3 pha :

Pé€ tao ra ngudn dién 3 pha, ngudi ta ding may phat dién ddng bo 3 pha (Hinh 3.1),
c6 cAu tao gom :

- Phan tinh (stator) : gdbm 18i thép c6 xé rinh, trong cdc rdnh dit ba bd diy quin
AX (pha A), BY (pha B) va CZ (pha C); c6 cliing s6 vong diy va léch nhau 1 géc 120°
trong khong gian.

- Phin quay (rotor) : 12 nam chdm dién N — S.

Hinh 3.1 — Mdy phdt dién dong bé ba pha

Khi quay rotor, tif trudng rotor sé& 1an lugt quét qua cdc day quin stator, Jam xuAt
hién cédc stc dién dong cdm ng trong mdi pha ddy quin : e,, eg, ec. Cdc stic dién dong
nay c6 dang hinh sin, cing bién do, ciing tan s&, va léch nhau mot géc 120°. Nguodn 3
pha nay dugc goi 1a ngudn 3 pha d6i xitng (hay cin biing).

N&u chon stic dién dong e, cla pha A c6 géc pha ban dau bing 0, ta c6 :

e,=E \2sinax (3-1)
ey = E /2 sin(ar —120°) (3-2)
ey = E 2 sin(ax +120°) (3-3)

Trong d6 : E, — tri hi¢u dung cia stc dién dong pha.
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cA e e e
A B C ec

120°

> 120° N

120°

120 120 120

= e pig—— 2 g ;]
1

Hinh 3.2 — D6 thj titc thoi va sicc dién dong ba pha

2/ Ngudn 3 pha néi hinh sao (Y) - Quan hé giita cic dai lugng diy va pha khi
mach doi xitng

Ba di€m cudi X, Y, Z ndi vdi nhau thanh di€m trung tinh N (hay O) clia ngudn, ba
di€m ddu goi 1a 3 dau pha, ta dudc ngudn 3 pha 4 day (Hinh 3.4).

Ta cé :
N Ca I
Uan, Ugn, Ucy @ cac dién dp pha nguon. @ A A
Ui, Use, Uy : céc dién 4p day ngudn. ep Is B
N . N - > o
Vingudn 3 pha doi xirng nén : 2
Cc IdC C
Uw=Upy=Uy =U,, =E, (3-4) @ > o
Uy =Upc=Ug =0, (3-5) I:I
Véi : Hinh 3.4

Uw=E,=U, 20°
Usv=E, =U, /~120° (3-6)

U =E. =Upn4+120°

Theo dinh nghia di€n 4p diy ta c6 :

Usp=Uasn+Ung =Uasn—Usn

L] L] L] L] L] Hinh 3.5
Upc=Uspv+Unc =Uspv—Ucn (3-7) o
Uen v |—
. . . . . \ UBC
Uca=Ucn+Una=Ucn—Uan ¢
Dua vao dd thi vetd Hinh 3.5 va mach dién Hinh 3.4, ta c6 :
e U,=\3U, (3-8)
e Dién dp day nhanh pha hon dién dp pha tuong ing 1 géc 30° (3-9)
® Dong trén cdc duong ddy 1; = dong trong méi pha nguén I, (3-10)
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3/ Ngudn 3 pha néi hinh tam gidc (A) - Quan hé giita cdc dai lugng diy va pha
khi mach déi xing

Mudn ndi hinh tam gidc, ta 14y diu pha nay ndi véi cudi pha kia. Vi du : A ndi
v6i Z, B n6i v6i X, C ndi véi Y. Cdch ndindy khong ¢ diy trung tinh.

Nguén 3 pha ndi tam gidc it dugc st dung trong thuc t&€ vi chi cho mot cip
dién 4p la dién dp day, khong c6 di€n ap pha.

Dya vao mach dién hinh 3.6, ta thdy cdc dién dp diy bing cdc dién 4p pha
nguon : Uy= U, (3-11)

Ap dung dinh luat Kirrchoff 1 cho cdc niit A, B, C ta ¢6 :
IdA = IpA_ IpC

Tag =1 ,8—1 pa (3-12)

L ac :IpC_IpA

P4 thi vecto hinh 3.7 dugc vé trong trudng hop cic dong diy ddi xiing ; ta
thay :

- Khi dong dién day doi xitng thi dong dién pha doi xiing

- V& tri hiéu dung :

1,=431, (3-13)

- V& géc pha : dong dién day chim sau dong dién pha tuong tng 1 géc 30°.

3.3. TAI BA PHA

Mot tai ba pha thyc chat bao gdm 3 tdi mot pha : Za, Zb,Z. (Hinh 3.8)

Hinh 3.8 — Tdi 3 pha tong qudt
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Khi: Za=Zp=Zc=2Z,= R,+ jX ,,ta c6 tdi 3 pha cin bing (hay d6i xing)
Dién dp ddt 1én mbi pha tdi goi 1a dién dp pha tai (Up,, Uppy, Upe).
Dong dién chay qua mdi pha tdi goi 1a dong dién pha (I, Ly, L)
1/ Tai ba pha noi hinh Y
a) Cach néi

Ba di€m cudi x, y, z n6i véi nhau tao thanh di€m trung tinh tdi n va dugc ndi vé6i
di€m trung tinh ctia ngudn N.

Ba dau a, b, ¢ dugc ndi vao 3 dau pha cla ngudn A, B, C.

b) Cdc quan hé giita dai lugng diy va pha trong cdch ndi Y déi xing

Uaﬂ
Ae Laa R
> >
I Ubn
IdB b b
Be & bl .
I UCn
IdC C
Ce > — 30°
Ugn
Ne I:N N
\
a) Uex \ |—» D)
AN T_‘JB[-
y

Hinh 3.9 — N6 hinh sao : a) Mach dién; b) Po thi vecto
e U, =Uy,=U,="U,:cicdién dp pha tdi
e Uy=U,=U,=U,;:cacdién dp day tai
e [,,=1,=1,=1,:cicdong pha tdi
o Jyu=1I;p=1,c=1,:cicdongdiy
e [y:dongday trung tinh
- Quan hé gita dong dién ddy va pha :
L= 1y (3-14)

- Quan hé gita dién dp day va dién dp pha :

U ap =Uan_Ubn
U be :Ubn_Ucn (3—15)

U ap :Uan_Ubn
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Tir @6 thi vectd dién 4p (Hinh 3.9 b), ta thay :
+ V& tri hiéu dung : U, =3U, (3-16)
+ Vé géc pha : cic dién 4p ddy léch pha nhau 1 géc 120° va vugt trude dién
ap pha tuong ttng 1 g6c 30° (Vi du : U,, vugt trude U,, 1 goc 30° v.v...)
U ap :\/§ Uan Z30°

Upe =N3 U, £30° (3-17)

Ueca =N3 U, £30°
1/ Tai ba pha ndi hinh A
a) Cach néi

N&i tuan tu dau dau clia pha nay vdi dau cudi clia pha kia : a ndi y; b ndi z; ¢ ndi x
~ /\,' /\/' /\,' e /\" N A pd '/() v 2 .
(hodc a ndi z; c nd1 y; b ndi x). Cach ndi nay khong c6 di€m trung tinh tai.

b) Quan hé giita cac dai lwgng day va pha khi déi xitng :

Hinh 3.10 — Cdch ndi tam gidc : a) Mach dién; b) Do thi vecto dong dién

o Uy=Uy="U,=U,:cicdién dp pha tdi cling la dién 4p diy cua tdi
® ly=1Iy=1,=1,:cdcdong pha tai
® Ju=1;p=1,c=1,;:cidcdongday

Cin cif vao mach dién ta thdy :

- bién dp pha bing dién dp day : Uy, = U, (3-18)

- Ap dung dinh ludt Kirrchoff 1 tai cdc nut a, b, c ta ¢ quan hé€ gitta dong day va

pha :
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laa=Tap—1ca
Tag =1Tpc—1ap

Tac =1ca—Ipc
Tir @6 thi vectd (Hinh 3.10 b) ta thay :
- V& tri hidu dung : Iy, =31, (3-19)
- V& g6éc pha : cdc dong diy léch nhau mot géc 120° va chim pha hon cdc dong

pha tuong ing mot géc 30° (Vi du : Igp chdm pha hon I, mot géc 30° v.v...)

Taa =3 Tap £-30°

Tag =3 1ve Z—30° (3-20)

Tac =3 1ca £-30°

3.4. CONG SUAT MACH PIEN 3 PHA
1/ Cong suat tac dung :
Cong sudt tic dung P ctia mach 3 pha biing tong cong suit tic dung clia cic pha :

P=P,+ P, + P. =U,ly,,cos@, + Uppl,,cos @, + Uyl .cO8 Q. (3-21)

Khi mach 3 pha ddi xdng :

- Dién dp pha : Uyu=Uyp=U,=U,

-Dongdiénpha: [I,=1,=1,=1,

- Goc pha : coSQ, = COS@P, = COSP. = COSP
Tacé: P=3U,cos¢p (3-22)
Hoic: P=3R,I, (R,:dién trd pha) (3-23)

Thay dai ludng pha bing dai lugng day :

U,
-P&i véi cdch ndi hinh Y : I, =1, U, =—"*
\ p d p 3
D,«- i céch ,«-A ] = Id . U =U
-P6i vicdch noi A : » —\E » J

Ta c6 cong sut tic dung 3 pha viét theo dai lugng day 4p dung cho cd trudng hgp
sao va tam gidc d6i xdng :

P=+3U,1,coso (3-24)

trong d6 @ la goc l€ch pha gitta di€én dp pha va dong pha tuong &ng.
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2/ Cong suit phan khing :
0=0,+0p+ 0. =Upl,psing, + Uyplpsin@, + Upel,sin . (3-25)
Khi ddi xitng, ta ¢ :

0 = 3U,1sing (3-26)
Hoic: Q=3X,I, (X,:diénkhdng pha) (3-27)
Hoic: Q=~3U,l,sing (3-28)

3/ Cong suat biéu kién :
Cong suit biéu ki€n cia mach 3 pha d6i xing :

S=3U,1,=+3U,1, (3-29)

3.5. CACH GIAI MACH PIEN BA PHA POI XUNG

D6i v6i mach 3 pha doi xitng, dong dién va dién 4p clia cdc pha c6 tri hiéu dung
bing nhau va l&éch nhau mot géc 120°. Vi vy, ta chi cAn tinh cho mot pha tiéu biu va
suy ra cdc pha con lai.

1/ Gidi mach dién 3 pha tai néi hinh sao ddi xitng :

Dva vao mach dién hinh 3.9a, vi cdc dong diy (bing dong pha) bing nhau vé tri
hiéu dung va 1éch nhau 1 géc 120°, do d6 du dudng diy c6 hay khong cé tdng trd thi
dong trén dudng day trung tinh ciing bing 0

IN=Taa+1ag+1ac =0 (3-30)

Hay dién 4p gifta trung tinh tdi n va trung tinh ngudén N bing 0 :

Uw =0 (3-31)

Diéu nay tuong dudng vé6i n tring véi N hay trung tinh tdi ciing 12 trung tinh ngudn.
Vi vay khi tdi ba pha d6i xitng ndi hinh Y, ngudi ta thudng khong can ndi diy trung tinh.

a) Khi khéng xét tong tré ciia duong ddy :

A Iy 2 b

=z
[
k=]
U‘\

Ce Lo ¢ e/

Hinh 3.11 — Tdi néi Y doi xitng khi duong ddy khéng cé tong tré

Céc dién 4p pha tdi bing dién 4p pha ngudn :
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Udn

V3

Uy=U,, =

Téng trd pha cla ti :

_ 2 2
Z, =R+ X3

Dong dién pha cia tai :

;U Un

pt = =
7 [02 | v2
p Rp + Xp
Dong dién day bing dong pha :
Id = Ipl‘

Go6c 1éch pha gitta dong pha va dp pha tai :

X p
@ =acrtg——
RP

b) Khi cé xét tdng tré duong ddy :

A Iy oRd OXd aIptoRp OXP
B ——
lUdn iUdt Upt
b

Bo—» ApA 0~ A MMV n

C . P C . v

Hinh 3.12 — Tdi néi Y doi xitng khi c6 xét tong tré duong ddy

Céch tinh todn tudng tu, nhung phai gop tong trd dudng diy véi tdng trd pha dé tinh
dong di€n pha va day :
Id =[ = Upn Udn

" JR +R P+ (x,+x, P i V3R +R, P +(x, +X,
Dbién dp pha cua tai :
Pién dp dy cla tai :

Uy = \/EUpt
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2/ Giai mach dién ba pha tdi noi tam gidc doi xing :

a) Khi khong xét tdng trd ciia duwong ddy :

A . a
I,
v - U,
Uqn U/ \K‘
L,
Be - ,' c
Ce

Hinh 3.12 — Tdi néi tam gidc doi xiing khi duong ddy khong cé tong tré
Pién 4p pha t3i bing dién 4p didy ngudn :

Upt = Udn

Dong dién pha cia tai :
I = Upt Udn

pt = =
7 2, v2
» \/Rp+Xp

Go6c 1éch pha giira dién 4p pha va dong pha tai :
X
@ =arctg—L
R,
Dong dién day :

Id:\/glpz

b) Khi c6 xét tdng trd dudng diy :

R, X
A3 R X 1, _ R/ Xp
A~ 3 — e
Uclr.
Udn
Bo—gT " b — [
Bo—[—31 M
C N Co——p— ° —— |
a) b)

Hinh 3.13 — Tdi ba pha ndi tam gidc cé xét tong tré duong day: a) Mach ban ddu; b) Bién doi vé
hinh sao

Tur hinh 3.13.a, ta bi€n d6i tuong duong tam gidc abc thanh hinh sao aben, mach
dién s€ c6 dang tuong duong hinh 3.13.b. Trong d6 :
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- T6ng trd mdi pha lic ndi tam gidc :
Zp=R,+jX,
- Bién ddi sang hinh sao :

Z, R X
Zy :ﬁ:_l’_i_j_l’
3 3 3

Dong di€n trén dudng day la :
Udn

2 2
R X
V3 (Rd +3f’j +(Xd +3”j

Dong dién pha tdi khi ndi tam gidc :

Id:

[—I_d

pt_ﬁ

DPién 4p pha tdi khi n6i tam gidc :

Upl :Udl :IplZp
VI DU 1 : Cho mach dién hinh 3.14.
100£0° .
A 1Q T a
a — 3+i3 Q
100£-120° .
B 1Q  [4p b
N ¢ e ] 343 Q y
100£120° .
C 1Q T, c
— - 15 343 Q i_

Hinh 3.14
Tinh :

- Tri hi€u dung va géc pha cia cac dong day
- Bién dp pha tdi suy ra dién 4p day tai
- Cong sudt tiéu thu cda tai
- Tén hao trén dudng day
- Cong suit do ngudn phdt ra

GIAI

Vi hé thong ba pha cin bing nén du khong c6 day trung tinh nhung trung tinh tdi n
van triing véi trung tinh ngudn N. Ta tinh tiéu bi€u cho pha a, suy ra cdc pha con lai.
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- Dong day :

fp=_Yan __ Uav  _10020° _ ., 2oy
1+3+j3 1+3+j3 4+ 3

Suy ra cdc dong diy con lai :
lap =204£—-156,9° A ; Tac =204£83,I° A
- bién dp pha tai :
U =TLar (3+ j3)=848281°V
Upn =848/ —-111,9° V
Upn =84,821281° V
-bién dp day téi:
Udab =3U an 230°=+/3.84,82(8,1°+30° ) =~/3.84,8/38,1°) V

Ube =/3.848/-81,9°) V

Ube =~/3.8482158,1°) V
- Cong sudt tiéu thu cda tai :

2 2
b, =3I,R,=3.20".3=3600W
Hoic: P, =3U .1, .cosp, = 3.84,8.20.c0s(arctg %) = 3600W

- T6n hao trén dudng day :
P, =3I;R, = 3.20°.1 = 1200W
- Cong suat do ngudn phatra :
P, =P, + P, = 3600+ 1200 = 4800W
VI DU 2 : Cho mach dién hinh 3.15. Biét ngudn c6 dién dp dayla U, = ]20\/?(V ).
Tinh :
- Tri hiéu dung dong diy va dong pha tai
- Pién dp pha tai
- Cong sudt tiéu thy cla tai

- Tén hao trén dudng day
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- Cong suat do ngudn phat ra

A 10 Iy a
M1 >
Ipt
Udn .
Uy 6+j9 Q
B 1Q b
¢« — . 6+9 Q
6+9 Q
C 1Q
{1
C
)
GIAI

Hinh 3.15

Bi&n d6i ti A thanh Y tuong tu hinh 3.13b, ta ¢6 tdng trd mdi pha tdi khi ndi Y 1a :

_ 7 R X
Zy :ﬁ:_[)+j_l7:é+j2:2+j3

3 3 3 3 73
Dong dién trén dudng day la :

I, = U, _ 120

40

A

ﬁ\/(Rd +R;J2+(Xd+X3PJZ Juv2rGr 2

Dong dién pha tdi khi ndi tam gidc :

40

; da 2 _40

—d Nz _ 77 4
SERVERRNE RN 3
bién 4p pha tdi khi ndi tam gidc :
z, =20 62192 1766V

pt—p \/g

U, =Uy;=1

pt
Cong suat tdi tiéu thu :

10
P, =3I7R, :3.(—j 6 =4800 W

J6

3.6. CACH GIAI MA CH PIN BA PHA KHONG POI XUNG

Khi tdi ba pha khong doi xdng : Z, # Zy, # Z., thi dong dién va dién 4p trén cdc pha
tdi s& khong ddi xitng. Khi d6, ta coi mach ba pha khong doi xitng 12 mach phic tap gdm
nhiéu ngudn stic dién dong va gidi theo cdc phuong phdp di trinh bay & phan 2.9. Trong

phin nay ta vin xem ngudn 3 pha ctia mach 1a d6i xiing.
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1/ Tai néi hinh sao
Xét trudng hgp tdng quat nhat trén hinh 3.16, trong d6 :

- Pién 4p ngudn 3 pha cin bing :

Uw=E,=U,20°
Uswn=E,=U,Z£-120°
Uw=E,=U, /+120°
-Uw,U,,,U,_ :dién dp cdc pha cla tdi khac nhau
- Za,Zb,Zc : che tong trg tai khdc nhau.

- Zaa,ZaB,Zac : céc tong trd dudng day ciing cé thé khac nhau.

“ 7N téng tr§ day trung tinh.

E A .
SN A 1 la s =
T e Lz
Er .
(T B = la 5 =
Ne— \:I- /J Z 4B @ n
Ec .
N C = lac ¢ =
— —» | . - - .
L\\__ S I‘Zil I&I U b
Zo 1y :
ZN N Usn
a) b)

Hinh 3.16 — H¢ thong Y-Y khong cdn bdang téng qudt : a) Mach dién; b) Pé thi vecto

bat : ZAn =2dA +Ea; Zgn=Zap +Zb; Zcn=Zac +Zec
= 1 = 1 = 1 = 1
Yan==—;YBn==—;Yon==—va ¥ n==—
Z An Z Bn Zcn ZN

Dung phuong phdp dién th€ nit d€ tinh dién th& giita 2 niit n va N: chon @y = 0. Ta

(1 1 1+1j _Ea  Es  Ec

—+t=+= — 0, ==
Z An Z Bn Zcn ZN Z An Z Bn Zcn
Hay : (?An +Ypn+Yon +Y N )(on =Y anUaN+Y g Un+Y cnUcw
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l.] . _YAnUAN+YBnUBN+YCnUCN
" Yan+Ygn+Ycn+Y N

Suy ra cidc dong pha tdi cling bing cdc dong dong diay nhu sau :

;oo _Uan _Uan— UnN * Upn Upv-Uw 5 U UcN—-Unn
lap==—= s lgp==—=— = lic==—=—= =
Zan  Zaa+Za Zpn  ZaB+Zb Zcen  Zac+Zc

Dong tir trung tinh tdi vé ngudn :

[ ] UN [ o ° o
In==" hodc In =1laa+1ap+ lac
ZN

Pién dp tai cdc pha tai :
Um=1aZa; Ubmn=IaaZp; Uen =larZe
Ta thudng c6 U, =0 : day 13 hién tugng ddi di€m trung tinh. Hau qui 1a dién 4p
pha ctia tdi khong cAn bing, mic dit dién 4p ngudn cin biing (Hinh 3.16 b)
* Xét cdc truong hop ddc biét sau :

a) Néu cdc duong ddy khdng coé tong tro : Zaa =Zag =Zac =ZnN =0 (thuc t€ cic
tong trd niy rat nhd)

Piém trung tinh tii n trung véi di€m trung tinh ngudn va dién 4p trén cdc pha cla
tdi bing dién 4p pha tuong ng clia ngudn. RS rang 1a nhd c6 diy trung tinh dién dp ba
pha trén tdi d6i xing. P€ tinh dong dién pha, ta 4p dung dinh ludt Ohm cho tirng pha
riéng 18 :

° U ° U ° U
laa = _AN : laip = _BN’ lac = _CN
a Zb c

b) Néu ddy trung tinh bi ditt hodc khdong cé day trung tinh : Zn =oo; YN =0

Pién 4p U,v s& 16n nhat, do d6 dién 4p trén cdc pha tdi s& khdc dién 4p pha ngudn
rat nhiéu, c6 thé gdy qud dién 4p § mot pha nao do.

VI DU 3 : Cho mach dién hinh 3.17. Tinh dién 4p tai cdc pha tii.

chon @y=0. Ta c6 : 1%00 o la JIIIOQ
"z 1l
(_Z L j” UAN+QBN+UCN 100£-120°, 1, 109
Z An Z Bn Zcn Z An Z Bn Zcn M ._@ °M
I 1 1 e 100200 100£=120° 100120° | soosi2e _ ;. 100
—-j10 10 10 —j10 10 10 @ Ay
Hinh 3.17

Trang 64



Pai hoc Tén Puic Thing — Phong THCN& DN Bai Gidng : Ly Thuyét Mach

0.2+ jo,1)p, =—10+ jI0

@, =Uw =20+ j60V

bién dp tai cdc pha tai :
Uan =Uan-Unny =100—(-20+ j60)=120—- j60 =134,16£L—-26,56° (V)
Upn =Upn—Unn =100£L—-120°—( =20+ j60 )=149,64£—-101,57° (V)

Uch =UcNn=Uun =100£120°—(-20+ j60 )=40,1£13843° (V)

Ta nhin thdy, du cho tdng trd nhdnh B va C nhu nhau nhung dién 4p dit 1én pha B
16n hon pha C. N€u thay 2 dién tr6 nay thanh 2 bong dén thi dén & pha B sé sdng hon
deén & pha C. Vi vay, bd tdi nay con goi 1a bg chi thi thit ty pha dugc dung trong thuc t&
nhiim d€ x4c dinh thi ty pha ctia ngudn 3 pha : chon pha ndi vdi tu 1a pha A, pha ndi véi
béng sdng t6 sé& 1a pha B va pha ndi v6i béng sing md sé 1a pha C.

2/ T4i noi tam gidc

U an

Hinh 3.18 — Tdi ba pha néi tam gidc khong doi xiing

a) Néu cdc dwong day khong cé tong tré :

Dién 4p dit 1én cdc pha t3i la dién 4p ddy ngudn, do d6 ta tinh ngay dudc cdc dong
pha tai :

U * U ° U
Iab _ _AB : Ibc — _BC : Ica _ CA
Zab ZbC

Ap dung dinh luit Kirrchoff 1 tai cdc nat a, b, ¢ ta c6 dong di€n day :

Taan=1Twp—1ca; lap =1pc—1ab;

lac =1ca—Ipe
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b) Néu cdc duong ddy co tdng trd :

Ta bi€n ddi tdi ndi tam gidc thanh hinh sao, sau d6 gidi mach tim dong diy va dién
dp day tai tdi, tir d6 tim dudc cdc dong pha tdi § trudng hop tam gidc ban dau.

BAI TAP CHUONG 3

3.1. Mach 3 pha ddi xtng tai ndi hinh sao c6 Z, = 15£60°2 duge cung cip tit ngudn 3
pha d6i xitng c¢6 U, = 240V qua dudng diy c6 tong tr§ Z, = 2+j1 2 Tinh dién 4p day tai
tai.

DS : U, =194V
3.2 T4i ba pha doi xtng ndi tam gidc. Ngudn ddi xiing c6 Uawp =200£0°A. Gid sl
Taa =10£60° A . Tim Zp va cong sudt tai ba pha.
3.3. Mot hé thdng ba pha Y-Y can biing ¢6 Uan =200£0°(V ) va Z, =3+ j42 . Pién

tré mdi pha dudng diy 13 1Q. Tim dong day I, cong sudt phat cho tii va tdn hao trén
dudng day.

3.4. Cho mach ba pha can bing hinh B3-4, ¢c6 U,, = 2200°V, Z, =j44 2 Z,, = 76 £2
Pudng day cé tdng trd khong ddng ké. Tim sd chi ciia cdc ampere k€& va watt k€.
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Hinh B3.4

3.5. Mot hé thong 3 pha Y-Y cin bing c6 2 tdi didu song song. T4i 1 tiéu thu 3000VA vdéi
HSCS = 0,7 tré; tai 2 tiéu thu 2000VA vSi HSCS = 0,75 sém. Pién 4p diy = 208V. Tinh
dong day tong 1.

3.6. Mot hé thdng 3 pha cin biing Y-A c6 dién d4p ddy 208V. Cong suit ti€u thu bdi tai 3
pha 13 120W. géc HSCS ciia tdi = 20° tré. Tinh dong diy hiéu dung va gid tri tdng trd
pha trong tdi A.
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DS : 1, =3,5A; Z, = 95,61 + j34,81
3.7. Mot hé thong 3 pha Y-A cin bing c6 dién 4p day 208V va dong day 9A. Néu mdi
pha tdi tiéu thu 300Var. Tinh cong suit tic dung tdng tiéu thu bdi tai.
3.8. Mot hé thong 3 pha Y-Y cin bing c6 dién 4p day 208V, dong ddy 6A va cong suit
tong trong tdi 1a 1800W. Tinh gid tri phic clia Z,.
3.9. Ngudn 3 pha c6 dién d4p diy 208V cap cho tdi ddu A c6 Zp = 9 + j6 Q. Pudng diy c6
tong tré Zg = 0,1 +j0,2 Q. Tinh dong I4 va cong sudt do ngudn phat ra.
3.10. Trong mot hé thong 3 pha cAn bing ddu Y, c6 2 tii song song ddu Y vdi tong trd
pha Z;, =4 +j3 Q va Z,, = 12 + j8 Q. Tinh cOng suat tdng ti€u thu bdi 2 tai.

3.11. Ngudn 3 pha c6 dién dp day 208 V cip cho 2 tdi qua dudng day khong cé tdng tré.
T4i 1 ddu hinh Y ¢6 Zy =5£45° Q. Tdi 2 dau A cé Zy, = 12/30° Q. Tinh tri hi€u dung
dong dién trén dudng diy tdng va cdng suit tiéu thu trong toan mach.

DS :1=53,6A; P=15500W
3.12. Hai dong cd dién 3 pha dudc cip tir nguén 3 pha cin bing c6 dién dp day
Uy=220V. Pong co thit nhit tiéu thu P; = 3,3KW véi cos@,=0,86 tré. Pong co thit hai
tiéu thu P,=2,15KW v&i cos@,=0,707 tré. Tinh dong dién trén dudng diy tong.
bS:1,=17,8A
3.13. Ngudn 3 pha c6 dién 4p day 1000V cung cip cho 4 tdi ddi xitng (Hinh B3-12)
- T4i 1 ¢6 : Iy = 50A; cos@, = 0,8 tré.
- T4i 2 ¢6 : P, = 7T0KW; cos@, = 0,866 tré.
-T4ai3¢c6:Z3=9Q; X5=7 Q.
-Tdid4c6:Z,=6 Q;Ry=1 Q.
Ly Tog
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\J :: y :: \J ::
Hinh B3-13
Tinh dong dién day trén cdc tdi, dong dién diy trén dudng diy chinh, cong suit P,
Q, S cia toan mach.
DS : PI1=692KW; P2=70KW; P3=209KW; P4=27,8KW; P=376KW;

QI1=52KVar, Q2=40,4KVar;, Q3=259KVar; Q4=165KVar, Q=516,4KVar,
S=638,8KVA; Id = 396 A
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3.14. Cho dién 4p ddy clia mdt ngudn ba pha nhu sau :
Uap =220£90°V ; Upc =220£L—-30°V ; Uca =220£L—-150°V

T&i ghép A ¢6 3ng 8 pha : Zap =8+ j42; Zh=8—j4Q: Zu=5Q. Pudng
diy c6 tong tré khong ddng ké.

a) Tinh cdc dong pha (Iab, Ibc, Ica) va cdc dong day (laa, 1as, Lac)

b) Tinh cong sudt tic dung, phian khdng va bi€u ki€n trong tirng pha va trong toan
mach.

3.15. T4i 3 pha do6i xttng ndi Y c¢6 R=3Q va X=4Q ndi vao ludi dién 3 pha 3 day cé
Uy=220V. Xdc dinh dong dién, dién d4p va cong suit P, Q trong cdc trudng hop sau :
a) Binh thudng
b) bt day pha A
c) Ngin mach pha A
DS :a) I,=1,=25,4A; P=5806W; Q=7742Var
b) 1;4=0; L;p=1,c=22A; P=2904W; Q=3872Var
c) Lip = Lic=44A; 1;,,=76A; P=11616W; Q=15488Var
3.16. Ngudn 3 pha ddi xitng cAp cho tdi 3 pha d6i xiing dau Y c6 day trung tinh. Biét lic
d6 dong dién trong cdc pha cda tdi I, = Iz = Ic = 1A. Xdc dinh tri hiéu dung cdc dong
pha va dong trén dudng day trung tinh Iy khi :
a) bat day pha A
b) butday pha A va B
c) but day pha A khi khong c6 day trung tinh
d) Ngdn mach pha A khi khong ¢6 day trung tinh
DS: a) 1,=0; Iz=I=Iy=1A
b) [,=13=0; I-=1A
c) 1,=0; Iz=1-=0,876A
d) I, =3A; Izp=I1=1,73A
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