CHUONG 3

KHAI NIEM VE QUA TRINH QUA PO TRONG MACH DIEN

3.1 TOM TAT LY THUYET
3.1.1 Pinh nghia vé qud trinh qué dé

Qua trinh qua d6 trong mach dién 1a qua trinh mach dién chuyén tit mot trang thai ban
dau sang mét trang thai xac lap (hay chuyén tit trang thai xac lap cii sang trang thai xac
lap méi).
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Hinh 3.1

3.1.2 Nguyén nhéan cla quad trinh qué dé

Sau khi xay ra déng md, néi chung trong mach dién thuodng khong thanh lap ngay ché do
xac lap duge. D6 14 do trong mach dién c6 nhiing ving tich trit ning lugng dién trucng (kho

dién): Wpp = %Cu2 va nang lugng ti truong (kho ti): Wpp = %Li2 .

Khi théng s6 va két cdu ctia mach dién thay d6i thi ning lugng trong cac kho ciing cin
dugc phan bd lai cho phut hgp véi théng s6 va két cAu mdéi. Qua trinh phan bd cdn mot
khoang thdi gian - thdi gian d6 chinh 1a thoi gian qué d9.

3.1.3 Y nghia qué trinh qué dé

Qua trinh qua d6 thuong x4y ra trong cdc mach dién va hé théng thudc cic linh vic nhu
ky thuat dién, vo tuyén dién, do ludng, diéu khién, v.v ... Vi vay cAn phai nghién ctu dé biét
ro trang théi cia hé théng & ché d6 qua do hoac dé tim dap tng cia mach dién va hé thong
d6i v6i nhiing kich thich cu thé hodc xét anh hudng cta cac diéu kién dau. Trong mot s6
truong hop cin phai xét qua trinh qua d6 dé phong tranh téac hai cia ching.

Vi du: Dong dién qua do khi déng cac thiét bi dién vao lam viéc thuong ting rat 16n anh
hudng dén an toan cua thiét bi dién va luéi dién do d6 phai tim cach gidm nhé chiing. Trong
nhiéu trudng hop ta cin phai khéng ché dé két thic sém qué trinh quéi d6 nhu qua trinh mé
may cac dong cd dién, khdi dong cac nha may dién, qua trinh dao dong ctia cac co cdu dong
trong cac dung cu do luong, v.v...

Tém lai: viée xét qué trinh qua dé trong mach dién 1a dé st dung né hoéc dé han ché tac
hai ctia né. Vi vy, bai toan qua trinh qua d6 c6 ¥ nghia thuc tién va phd bién.

3.1.4 Diéu kién ddu cla bdi todn qua dd

Diéu kién dau (hoac so kién) ciia bai toan qua do 1a cac dap ting dong dién, dién ap trong
mach dién ciing cac dao ham ctia chiing dén c4p can thiét ¢ 1an can di nho ngay sau khi tac
dong déng mé xay ra.
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Dbiéu kién dau:
ig(07); ir,(07); ic(07); ug(0™); ur (0"); uc(0%)
i (07); ,(0"); i (07)...
Didu kién ddu doc lap: i (0); up(0Y).
Diéu kién dau phu thudc: 1a tat ca cac diéu kién dau khac ngoai diéu kién dau doc lap.
1. V& mat toan hoc, dé tim dap ting qua do ta cin giai hé phuong trinh vi phan mé ta
mach dién, hé phuong trinh dé sé c6 vo s6 nghiém néu khong cé diéu kién dau, trong khi dé

bai toan mach chi c¢6 duy nhat mot nghiém. Vi vay, cac diéu kién dau chinh 1a cac thong so
gitp ta tim dugc nghiém duy nhat ciia mach dién.

2. Vé mat ning lugng, diéu kién dau doc lap chinh 1 mtic niang lugng & cac kho ngay sau
khi tac dong déng md x4y ra. Dong dién i; dic trung cho nang lugng clia tit thong qua biéu

1., A y y ) ‘A N .2 .
thiac Wpp = ELI,2, dién ap u, déc trung cho néng lugng cua kho dién théng qua biéu thic

1
WDT = —Cu2 .
2
- Cép dao ham cén thiét cua diéu kién dau 14 cdp da @€ tim nghiém duy nh4t cta hé
phuong trinh vi phén, c4p dao ham can thiét bang s6 bac cia phuong trinh vi phan mo ta
mach dién trit di 1 (b4c ciia phuong trinh dic trung -1).

3.1.5 Bdi todn chinh véa bdi todn khéng chinh
1. Bai toan chinh: T4t ca cac phép déng md trong bai toan phai ddm bao su bién thién
lién tuc ctia ning lugng trong cac kho dién, kho tur.

2. Bai toan khoéng chinh: Cé chtia phép déng mé khong dam bao su bién thién lién tuc
cua ning ludng trong cic kho dién, kho tu.

3.1.6 Céc luat déng mé
1. D61 véi bai toan chinh:
a. Ludt déng md 1: Dong dién qua dién cdm i, bién thién lién tuc (tic khong gian doan)
tai thoi diém déng mé:
i, (07)=1i,(07) 3.1)
b. Ludt déng mad 2: Dién ap trén dién dung u, bién thién lién tuc (ttc khong gidn doan)
tai thoi diém déng ma:
uc(07) =up(07) (3.2)
2. D61 véi bai toan khong chinh
a. Ludt déng mé 3: Téng tit thong méc vong trong mot vong kin phai lién tuc tai thoi
diém déng ma:

sziLk (0%) = sziLk 07) 3.3)
b. Ludt déng md 4: Téng dién tich tai mét niat phai lién tuc tai thoi diém déng mé:
zCkuCk (09 = chuck (07) 3.4)
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Chu y:

1. Khi giai bai toan qué do, ta chi dung cac thsi diém (¢£=0") hosc (¢ =0"). Vi vay dé
don gian trong biéu dién ta quy uée bd d&u (+) sau chi sé (0) trong cac biéu thic caa so kién.

Nghia la: i (0) thay cho i (07), u-(0) thay cho us(07).

2. Trong hé phuong trinh vi phan tim diéu kién dau u.(¢) duge viét:
t
Uc (t) =Uc (O) + Ilcdt
0

3.1.7 Cdch xdc dinh céc diéu kién dau

1. Cdc diéu kién ddu déc lap:

a. Bai todn chinh:

- Giai mach dién & ch& do xac 1ap cit dé tim: ;. (07); u(07).

- Ap dung luat déng mé 1 va 2: i, (0) =i, (07); ue(0) =u(07)

b. Bai todn khéng chinh:

- Gidi mach dién & ché& do xac lap ct dé tim: iz (07); uo(07).

- Ap dung luat déng md 3 va phuong trinh Kirchhoff 1 cho nut chi chtta dién cam L dé
tim iz, (0).

- Ap dung luat déng mé 4 va phuong trinh Kirchhoff 2 cho mach vong chi chta dién dung
C dé tim u(0).

2. Cdc diéu kién ddu phu thudc:
Buéc 1: Xac dinh cac diéu kién dau doc lap iy (0) va uc(0).

Budc 2: Viét hé phuong trinh vi phdn mé ta mach dién sau thoi diém déng mé:

PRAGEDINAC)

nut nuat
. dig, 14, (3.5)
z (Rklk +Lk—+uck (O)+—chkdt) = z ek(t)
vong dt Ck 0 vong

Thay ¢ = 0 va cac gia tri da biét cua diéu kién dau doc lap vao hé phuong trinh (3.5) ta
tim dugc cac dai lugng i5(0); i (0); i1 (0)...

Buéc 3: Pao ham hé phuong trinh (3.5) ta dudc:
PRACEDINAC

nut nut
1 (3.6)
vong Ck k vong

Thay ¢t = 0 va cic gia tri da biét vao hé phuong trinh (3.6) ta tim dudc cac dai luong
i%(0); it (0); 7.(0)...
Qua trinh ct thé tiép tuc cho dén cap thiét.
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3.2 BAITAP GIAI MAU

Bdi tép 1: Cac vi du vé bai toan chinh:
Vi du 1: Néu déng mach dién mot cudn day dién cam trude von hd mach i; (07) =0 vao

mét ngudn dién ap nhu hinh 3.1 thi dong dién & thoi diém dau ngay sau khi déng mach dién

ciing bang 0.

i,

E E

Hinh 3.1 Hinh 3.2
Vi du 2: N&u ngin mach cuén day dién cdm trong mach hinh 3.2, trong d6 E 1a ngudn
stic dién dong 1 chiéu va ché& d6 trudc khi déng khéa K 1a xac 1ap thi dong dién qua dién cam
& thoi diém dau van giil gia tri xac lap cit:
E

i,(0)=1,(07) =m

Vi du 3: Néu dong mot tu dién von chua duge nap dién u(07) =0 vao mot nguén dién

ap 1 chiéu hinh 3.3 thi dién ap trén dién dung & thoi diém dau cting bing 0.

uC(O+) = uC(O_) = O

5‘_51 L zgi% L

Hinh 3.3 Hinh 3.4

Vi du 4: N&u ngén mach tu dién trong mach hinh 3.4, trong d6 E 1 nguén stic dién dong
1 chiéu va ché& do trude khi dong khéa K 1a xac lap thi dién ap trén dién dung & thoi diém

dau van giti gia tri xac lap ct: up(0") =up(07)=E
Bdi tép 2: Cac vi du vé bai toan khong chinh

Vi du 1: Trong mach dién hinh 3.5, tai ¢ =0~ khi khéa K chua mé ta c6 iL1 07)=#0 va
i,(07)=0. Khi khéa K md ra, tai ¢t =0" theo luat Kirchhoffl ta cé i, (07) = i, (0"). Nhu

vay bt budc cac dong dién iL, i, phai gian doan tai ¢ =0%.

R K

SN
1) 1‘011::01 uC2l::C2

D

Hinh 3.6 Hinh 3.5
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Vi du 2: Trong mach dién hinh 3.6, tai £ =0~ khi khéa K chua déng ta c6 Uc, (07)=#0 va
Uc, (07)=0. Khi khéa K déng, tai ¢ =0" tao thanh mot vong ma cac nhanh déu chtia dién
dung C, va C,. Theo luat Kirchhoff 2 cho vong tai ¢ =0" bt budc phai c6 U, (0" = U, (07).
Nhu vay cac dién ap uc ; uc, bét budc phai gian doan tai ¢ =0".

Bdi tap 3: Van dung cac luat déng mé va cac luat Kirchhoff 1, 2 tinh dién ap trén dién dung
cing dao ham c&p 1 ctia no tai thoi diém déng mé trong cic sé d hinh 3.7; 3.8; 3.9; 3.10.
Biét cac ngudn tac dong déu 1a ngudn 1 chiéu, mach dién 6 ché& @6 trudc khi khéa K déng md
1a ché dd xac lap.

20 Q 20 0 10 Q 10 Q
{1 {1 {1
100 V K 60 V ﬁ
® O 100 uF 200|]
1
Hinh 3.7 " Hinh38
K K

A
7‘

-
S
(e
w
S
Q

|
|

50 V 80 V l_' l
CD 100 uF == 200 [] CD 1000 uF T 2 Q [

| S—

20 O Hinh 3.9 20 Q Hinh 3.10

—

|

Gidi:

1. Hinh 3.7: Day 14 bai toan chinh u(0) =u,(07) =100 (V)

Khi khéa K déng st dung dinh luat Kirchhoff 2 cho mach vong c6 R va C:
ic@R+uc(t)=0

Véi: iy = dstC =Cul = Cub(®)R+up(t)=0

Thay tai thdi diém ¢ = 0 ta c6: Cup(0)R +us(0)=0
=  107'u;(0).20+100=0 =  u(0)=-5.10* (V/s)

2. Hinh 3.8: D4y 1a bai toan chinh u,(0) =u,(07) =60 (V)

Khi khéa K déng st dung dinh luat Kirchhoff 2 cho mach vong c6 R va C:
ic(®).10+i ()20 +uc(t) =0

Thay tai thoi diém ¢ = 0 ta c6:
1014 (0)10 +10™* 1 (0)20 +60 = 0

us(0) = —2.10* (V/s)
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3. Hinh 3.9: Day 1a bai toan chinh:

E___,,___ 50
10+20+20°  10+20+20

Khi khéa K déng ta c6 s d6 nhu hinh 3.11.
Chon chiéu dong dién nhu hinh 3.11 ta c6 hé phuong trinh:

1 (0) = up (07) = 20 =20 (V)

t
207, +up(0)+ 1 [isdt =50 !
Ch 50V J_
100uF

i3

L () —iy(t)—i3(t) =0

—

ZOQ[

t
204, —uC(O)—ljiSdt:o
CO

Thay tait =0: Hinh 3.11
4(0)—73(0)—3(0) =0

207, (0)+20+0=-50

20i,(0)-20-0=0

Giai hé duge: ;(0)=-3,5 (A); ,(0)=1 A); 3(0)=-4,5 (A)
T i5(0) =i (0) =-4,5 (A) tinh dugc:

1 - (-4,5) = -4,5.10* (V/s)

10~
4. Hinh 3.10: D4y 14 bai toan chinh:

E 920 = 80
20+20 20+20

Khi khéa K md ta c6 sd @6 nhu hinh 3.12.
Chon chiéu dong dién nhu hinh 3.12 ta c6 hé phuong trinh:

g (0) = 5o (0) =

20=40 (V)

uC(O) = uC(O_) =

t
0

30Q2
(8 =) —13(2) =0 I
L) —Lt)—t)= J_
1t 80V, 1000 uF
205, +uc(0) + EjiSdt +307, =-80 CTD ; 20Q []
0 3
Thay tait = 0: —
20Q 1 2

1(0)-73(0)-i5(0)=0
20iy(0)~40-0=0
204, (0) + 40 + 0 + 303, (0) = ~80

Hinh 3.12

Giai hé dugc:
71(0)=-2,4 (A); ,(0)=2 A); 3(0)=-4,4 A)
Tu i3(0) =i (0)=-4,4 (A) tatinh dugc:

(—4,4) = -4,4.10° (V/s)

1. 1
4 (0) = Gic® =1
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Bdi tép 4: Cho mach dién nhu hinh 3.13 véi cac thong s6:
E=150 (V); R, =R, =100 (Q); R, =50 (Q); L =100 (mH)
Truée khi khéa K déng mach dién & ché dd xac lap, tai thoi diém ¢ = 0 khoa K déng. Yéu
cau: Tim gia tri ddu cta dong dién trong cAc nhanh va dao ham c4p 1 ctia cac dong dién.
Gidi:
DAy 1a bai toan chinh:

E 150
1, (0)=1;(07) = = =1 A KL
WO =00 =g R “ 100450+ W B,

,(0)=i,(0)=1 A)
Khi khéa K déng hé phuong trinh mé t4 mach dién:
(hinh 3.13a):
L)1) —-i3() =0
Ry (t) + Ryiy(t) + Liy(t) = E
R (0)+ Ryis(t)=E

D=
N

Thay tai thoi diém ¢ = 0 c6: b L3
1(0)-i5(0)-i3(0) =0
1004, (0) + 50i, (0) + 0,1i5(0) = 150 )
1003, (0) +100i5(0) = 150

()
7
T

Hinh 3.13a
71(0)=125 (A)

Giai hé duge: {i3(0)=0,25 (A)
iy =—250 (A/s)
Pao ham hé phuong trinh va thay tai thoi diém ¢ = 0:
5(0)-5(0)~5(0) = 0
1003 (0) + 50i4(0) + 0,1i} (0) = O
1003 (0) +100#4(0) = 0

i1(0)=-125 (A/s)
Giai hé phuong trinh dudgc: §
5(0)=125 (A/s)
Bdi tép 5: Cho mach dién nhu hinh 3.14 véi cac théng s6:
E=250 (V); R, =R, =100 (Q); R; =50 (Q); L=1000 (mH); C=100 (uF)

Trude khi khéa K déng mach dién & ché do xac lap, tai thoi diém ¢ = 0 khéa K déng. Yéu
cau: Tim gia tri dau cta dong dién trong cac nhanh va dao ham cép 1 ctia cac dong dién.

Gidi:

R K
E 1
1,(0) =i, (07) = — 1
i,(0)=i.,(07) R, + R, i R >( ;
250 2 3
“To0+100 "2 @ ® . c
i5(0)=1,(0)=1,25 (A) -|_
uc(0)=ux(07)=0 (V) Hinh 3.14
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Khi khéa K déng, chon chiéu dong dién trong cac nhanh nhu hinh 3.14a, theo luat
Kirchhoff hé phuong trinh mé ta mach dién:

L (1)~ 1y ()~ i3() = 0 B
¢ — . .
Ryi; (¢) + Ryig(£) + uc (0) + 1 [iydt =E I B
C, E R

. . ./ 2 RS

Ryi; (¢)+ Ryiy(t)+ Lis(t) = E CD ) o
Thay tai thoi diém ¢ = 0: T

i1(0)-13(0)-i3(0) =0 Hinh 3.14a

100z, (0) + 50i5(0) + 0 = 250
100z, (0) +100i,(0) + 125 (0) = 250
71(0)=2,08 (4)
Giai hé duge: {i3(0) = 0,83 (A)
i,(0)=-83 (A/s)
Pao ham hé phuong trinh mé ta mach dién hinh 3.14a va thay tai thoi diém ¢ = 0:
1(0)~i5(0)~i3(0) = 0
i5(0) _

100 (0) + 502, (0) + 2= =0 R K
11( ) 13( ) C 1 )r
1004 (0) + 10024(0) + 12 (0) = 0
E R, R,
Giai hé phuong trinh trén ta dudc: CT)
. c L
{M®=%3Mﬁ) T
5(0)=0 (4/s) Hinh 3.15

Bai tap 6: Tim du diéu kién d4u cta dong dién cac nhanh trong so d6 mach dién hinh 3.15.
Biét trude khi khéa K mé mach dién § ché& dd xac lap va cac thong sé cho nhu sau:
E=300 (V); R, = Ry =100 (Q); Ry =50 (Q)
L =1000 (mH); C =1000 (uF)
Gidi:
Day 1a bai toan chinh:

_ E 300 R .
i (0) =i (07) = = =2 A -,
i (0)=4,(07) R, +R, 100450 @
E R
uC(O):uC(O‘):R ‘+ER R, =2.50=100 (V) ?
1 3 C

Khi khéa K md phuong trinh m6 ta mach dién hinh 3.15a:

t ~
Ryi+ Ry +uC(O)+%Jidt _E Hinh 3.15a
0

Thay tai thoi diém ¢ = 0 vao phuong trinh:
100i(0) +100i(0)+100 =300 = i(0)=1 (A)

42



Bdi tap 7: Tim du diéu kién dau cta cac dong dién trong so d6 hinh 3.16, biét trudc khi khoa
K déng mach dién 6 ché& dd xac lap va c6 cac thong so:

u(t) = 20082 sin(wt + 45°) (V)

K R,
*—0

R =1 (kQ); R, =1,5 (kQ); L=2 (H)

Gidi: L [] R,
u
i (0)=i,(0)=0 (4) .
Hinh 3.16

Phuong trinh déc trung: (R, + Ry)Lp+ R R, =0

Phuong trinh déc trung 14 bac nhat déi v6i p nén ta chi can tim diéu kién dau dén dao
ham bac 0 ctia cac dong dién.

Khi khéa K déng hé phuong trinh mé ta mach dién: hinh 3.16a.
(@) -1, @#)—i (6)=0

R, i
Ryiy () + Lig, (£) = u(t) —
Thay s6: ) I R,
i,(0) =iy (0) —i; (0) = 0
10%4,(0) + 2i, (0) = u(0) = 200 Hinh 3.16a

10%7,(0) +1,5.104,(0) = u(0) = 200

,(0)=1,(0)=0,08 (A
Giai hé ta dugc: Lj( )=56(0) “)
i7(0)=60 (A/s)
Bai tap 8: Tim du diéu kién ddu cta dong dién trong cAc nhanh & so d6 hinh 3.17, biét trude
khi khéa K déng mé tu C chua dugc nap va mach dién cé cac thong s6:
u(t) = 220~/2 sin(314¢ +135°) (V)

K

R, =1 (kQ); R, =2,5 (kQ); C =1000 (uF) % Lia)

@O
Gidi:

1C
uc(0)=uc(07)=0 (V) T =

u
Phuong trinh dac trung: R, R,Cp+ R, + R, =0
Hé phuong trinh: Hinh 3.17

(&) - ()-i3()=0
Ry (8) + g (0) + - [iydlt = u(t)
CO

R, i
0 JjS i
Ryiy () + Ryiy (£) = u(t) c

R,
Thay tai thoi diém ¢ = 0:

;(0)-,(0)-13(0)=0 Hinh 3.17a
10%4,(0) + uc (0) = 220

10%4,(0) +2,5.10%%,(0) = 220

Gidi hé duge: {i(0) =i;(0)= 0,22 (A); ,(0)=0 (A)
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Bdi tép 9: Cho mach dién nhu hinh 3.18 véi cac thong so:
J =10 (A) (motchiéu); R, =R, =20 (Q); C=100 (uF); L=0,5 (H)
Biét & ch& d¢ xac 1ap cti khéa K & vi tri a, tai thoi diém ¢ = 0 khéa K chuyén sang vi trf .
Tim du diéu kién dau cho dong dién qua dién cam L.
Gidi:
Khi khéa K & vi tri a ta cé:
{uC(O) = JR, =10.20 =200 (V) ;
iL(0)=0 () A =
Vi bai todn da cho 1a bai toan chinh nén:
{uc (07) =0(07) =200 (V) ' " Hinh 518
i,(07)=1,(0)=0 @A)
S¢ @5 mach dién khi khéa K chuyén sang vi tri b: hinh 3.18a.
Phuong trinh dac trung:

%+Lp+R2 =0 < LCp2+RZCp+1=0

p

Phuong trinh dic trung 14 bac hai déi véi p nén ta phai R,

tim diéu kién dau dén dao ham bac 1 ctia dong dién. L1

Viét phuong trinh Kirchhoff 2 cho mach dién hinh 3.18a: C J i
. di; (¢ L. . T L
ir (R, + L i) —uC(O)—ljlcdt =0 (chayi; =iy)

d Cy Uc
diz, (0) Hinh 3.18a

Thay tai thoi diém ¢ = 0: i; (0)R, + L

—uC(O) =0

dip (0) 1 . 1
Lf{t =lL(0):f[uc(o)_lL(O)R2:|:ﬁ[200_0:| =400 (A/s)

3.3 BAITAP VAN DUNG

Bdi tap 1: Tim du diéu kién dau cta cac dong dién trong so d6 hinh 3.19, biét trudc khi khoa
K déng mach dién 6 ché& dd xac lap va c6 cac thong so:

R .
u(t) = 250/2 sin(314¢ + 45°) (V) K Lh
R =2 (kQ); R, =3 (kQ); L=5 (H) Iy by
L R,
u
Hinh 3.19

Bdi tap 2: Tim du diéu kién ddu cta cac dong dién trong so d6 hinh 3.20, biét trudc khi khoa
K déng tu C chua dugc nap va mach dién cé cac thong so:

k!

Ci

u(t) = 100+/2 sin(314¢ + 45°) (V) K R
1

i3

Hinh 3.20

R =2 (kQ); Ry, =5 (kQ); C=7000 (uF) b
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Bdi tép 3: Cho mach dién nhu hinh 3.21 véi cac thong s6:
E, =100 (V) (mot chiéu), E, =120 (V) (mot chiéu)
R, =9 (kQ), R, =15 (kQ), R, =80 (Q), C =2 (uF), L =5 (mH)
O ché& do xac 1ap cit khéa K & vi tri a, tai thdi diém ¢ = 0 khéa K duge chuyén sang vi tri
b. Yéu cau:
1. Tinh céc diéu kién d4u cta dong dién: i(0), i'(0) .

2. Tinh diéu kién d4u dién ap: u(0).

®

Hinh 3.21

w. Cdc bdi tap van dung tinh diéu kién ddu sé dugc trinh bdy thém & chuong 4, 5.
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