CHUONG 4

PHAN TiCH QUA TRINH QUA PO BANG
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41 TOM TAT LY THUYET

4.1.1 Phén tich dép Ung qud dé trong mach dién tuyén finh thanh dép Ung tu do xép chéng véi
dap Ung xac Iap

i(t) = iy, (6) +igg (8) = iy () + kf A et @.1)
-1

Phuong phap tinh dap tng qua dd trong mach dién tuyén tinh bang caich phan tich
thanh dap tng tu do xép chdéng véi dap ting xac lap méi va xac dinh cac hing s6 tich phan
theo diéu kién d4u goi 1a phuwong phdp tich phén kinh dién.

,

Chuy:

1. T4t ca cac dap tng tu do trong mach dién déu phai cé chung cac s6 mii tit p,. C6 nhu
vay cac phuong trinh viét theo luat Kirchhoff 1, 2 cho cac dap tng tu do méi dude théoa man
6 moi thoi diém. Nghia la:

Vi du: Nghiém ctia dong dién tu do nhanh % c6 dang:

iktd = Aleplt + A2€p2t
Thi nghiém ctia dong dién tu do d nhanh / ciling c6 dang:
i, =Bl + Bye?
Hoic nghiém cua dién ap tu do trén phan ti nio d6 cling c6 dang:
u,, = CePt + CyeP?
2. Vé ¥y nghia vt ly: do khong c6 nguén kich thich ngoai duy tri va vi trong mach dién

thudng c6 hién tugng tiéu tan nén dap tng tu do thudng phai tit dan theo thoi gian, va cac
s0 mi tit p, clia dap tng tu do thudng phai cé phdn thuc am.

4.1.2 Cdach Iap phuong trinh ddc trung
Cach 1: Dai s6 h6a hé phuong trinh
- Triét tiéu cac ngudn ngoai (néi tat ngudn ap, cat bé ngudn dong).

- Viét hé phuong trinh vi phan mo ta mach dién sau thoi diém déng ma.
C . N 3 d 1

- Pai s6 hoa hé phuong trinh vi phan béang cach thay P & p, j.dt o —.
p

- Lap dinh thtic A(p) cta cac hé s6 va cho bang khéng.
Cach 2: Pai s6 héa so d6 mach dién
- Triét tiéu cAc ngudn ngoai.

- Pai s6 hoa so @6 mach dién sau thoi diém déng md bang cach: R giii nguyén; L thay pL;

1
C thay —.
ay »C
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- Tinh téng trd vao Zy(p) d6i véi mot nhanh bat ky réi cho bing 0.
4.1.3 Dang cla dép Ung tu do

Dang ctia dap ting tu do phu thudc vao két cau va thong s6 ctia so &6 mach dién va quyét
dinh bdi nghiém ctia phuong trinh dic trung. Cé cac truong hop sau:

1. Truong hop nghiém cua phuong trinh dac trung cé cdc nghiém thue, don va thuong ém
P1# D2 # ...# P, ddp ting tu do c6 dang:

n
iy = kz A, el (4.2)
=1

Mbi s6 hang A,e”* 1a mot ham mi tét din c6 d6 thi nhu d6 thi hinh 4.1. Qua trinh tu do
¢6 tinh chat khong dao dong.
2. Truong hop phuong trinh ddc trung c6 moét cap nghiém phic lién hop:
Pp =—0p +JO; Py = -0} — JOy,

Liic d6 hai hang s6 tich phan tuong Ging cling 1 2 s6 phtic lién hgp: A, = |Ak|eij Tk

D61 véi cap nghiém phiic lién hgp thanh phan dap tng tu do sé c6 dang:
Ly =ApePi + AyePrt = 2Re{Akepkt} = 2|Ay| e cos(wyt+7;) (4.3)
D6 1a mot ham hinh sin, cos tit dan va c6 d6 thi nhu hinh 4.2, d6 la trudng hop qua trinh
tu do c6 tinh chat dao dong tit dan.
3. Truong hop phuwong trinh ddc trung cé nghiém boi: p,=p,=... =p,
Vi du phuong trinh déc trung c6 mot nghiém kép p, = p, thi thanh phan dap tng tu do sé
c6 dang:
by =A1epkt + tAzepkt 4.4)
Trong truong hgp nay qua trinh tu do khéng dao dong nhung cé tinh chat t6i han gita
dao dong va khong dao dong goi1 khéng dao dong t61 han, hinh 4.3.

- R .
Lta ? La
|Ak|e—a" ! cos (ot +7k)

; —=
0 ” 0 \\// T o/x R

Hinh 4.1: Dap tng tu do dang
khong dao dong tit dan Hinh 4.3: Dap ting ty do dang
Hinh 4.2: Pap ting tu do dang khong dao dong t6i han
dao d6ng tit dan

4.1.4 Céc budc tinh qud trinh qué dd béing phuong phdp fich phan kinh dién

Dé tinh qua trinh qua dé trong mot mach dién phiic tap bing phuong phép tich phan
kinh dién ta lam theo cac budc sau day:

Budc 1: Giai mach dién 6 ché do xac 1ap méi dé tim cac dap tng xac 1ap méi.

Budc 2: Lap va giai phuong trinh dic trung dé tim dang cta dap tng tu do.

Buéc 3: Tim cac diéu kién dau (so kién).
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Buéc 4: Dua vao diéu kién diu dé tinh cac hing s6 tich phan trong biéu thiic cta dap
tng qua do.
4.1.5 Qua trinh qud dd trong mach dién RC

1. Qud trinh tu do
Gia thiét ¢ ché do xé4c lap ci tu C dude nap dién ap U,, tai thoi diém ¢ = 0 khéa K déng
(hinh 4.4a). Khi khéa K déng mach dién khong con nguén ngoai duy tri nén qua trinh qua
dd trung v6i qua trinh ty do, dién ap va dong dién quéa d6 trén dién dung C duge xac dinh
theo cac biéu thic (4.5),(4.6).

Ui

Uy

iC — qud
- l __C 0 \\ '
[ Uc >
” ‘T( /—
oL ) l

-7 qu
Hinh 4.4a: Qua trinh tu .
do trong mach RC Hinh 4.4b: D06 thi dién ap va dong dién
qua do trén dién dung C trong mach RC
L,
uc,, =uc, = Uye EC (4.5)
U _Lt
i =i~ =Cu~ =——Y¢ RC
icg =lc, = Cuc,, = R € (4.6)

D6 thi cia dién ap va dong dién tu do trén dién dung C nhu hinh 4.4b.

2. Déng mach dién RC vao nguén dién dp mét chiéu

Cho mach dién hinh 4.5a véi U 1a ngudén mét chiéu, tai thoi diém ¢ = 0 khéa K déng. Pién
ap va dong dién qué do trén dién dung C dudge xéac dinh theo cac biéu thiic (4.7),(4.8).

A

K R
N >( . UL __ ;C___.
‘qd
%110 “
: ]

o

- 0
Hinh 4.5a: Péng mach RC vao
ngudn dién ap mot chiéu

Hinh 4.5b: D4 thi dong dién va dién
ap qua d6 trén dién dung C khi déng
mach RC vao ngudn dién ap mot chiéu

1

uc,, =U(Ql-e BC) 4.7
1

. U ¢

Ic, = Culch =3¢ EC (4.8)

D6 thi cia dién ap va dong dién qua do trén dién dung C khi déng vao ngudn dién ap
mot chiéu nhu hinh 4.5b.
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3. Dong mach dién RC vao nguén dién ap xoay chiéu hinh sin
Cho mach dién hinh 4.6 véi u(¢) 1a nguon dién ap xoay chiéu: u(t) =U,, sin(wt +y,), tai

thoi diém ¢ = 0 khéa K déng. Dién ap va dong dién qua do trén dién dung C duge xac dinh
theo cac biéu thic (4.9), (4.10).

D6 thi ciia dién ap va dong dién qua do trén dién dung C khi déng vao ngudn dién ap
xoay chiéu nhu hinh 4.7a, 4.7b.
u r

K )g R Uc,
|ic /\< " A
® ”Cl TC O \ :t ’ :t
u
o //v:uch ’ ictd \//A iCrIm

Hinh 4.6: D6ng mach Uc,
RC vao nguén dién ap

lch

xoay chiéu hinh sin Hinh 4.7a: D6 thi dién f’lp khi Hinh 4.7b: D4 thi dong (?ién khi
déng mach RC vao nguodn dién d6éng mach RC vao nguon dién
ap xoay chiéu hinh sin ap xoay chiéu hinh sin
t
~Uy,, sin| ot Z -Ugp si “)e RC 4.9
uc,, =Ucp sin| @ +1//u—(p—5 - Cmsm(t//u—q)—a)e (4.9)
U t
. VA C . T, ~ pr
i, =C| @Ucp, cos(a)tﬂ//u —0=y j + R—gsm (v, —o —E)e RC (4.10)

Nhdn xét:

1. bat 7= RC goi 1a hang s6 thdi gian ctia mach dién R-C. Né&u r cang 16n qua trinh
phéng nap (qué trinh qua do) ctia tu cang kéo dai. Diéu nay dudc giai thich nhu sau:

Néu 716n thi C 16n hodc R 16n. C 16n, tu c6 kha ning phéng-nap duge nhiéu dién tich do
d6 qua trinh phéng-nap dugc kéo dai. R 16n, dong nap va dong phéng nhoé do d6 qua trinh
phéng-nap ciing dugce kéo dai.

2. Tai thoi diém ban ddu vi u:(0)=0 nén tu dién C nhu bi ngin mach, dién ap nguén
hoan toan dat 1én dién trd R, lic nay dong dién trong mach la:

u(0) U, siny,
R R

Vi thé& néu trong mach RC ma gi4 tri dién tré R nhé va déng mach dién ding vao thoi
diém dién ap ngudn dat gia tri cuc dai thi dong dién trong mach & thoi diém ban dau c6 thé
rat 16n.

i(0) =

4.1.6 Qua trinh qua dd trong mach dién RL

1. Qud trinh tu do

Cho mach dién hinh 4.8a véi U 1a nguén mot chiéu, tai thoi diém ¢ = 0 khéa K déng. Khi
khéa K déng mach dién khong con ngudn ngoai duy tri nén qua trinh qua doé tring véi qua
trinh tu do. Pién ap va dong dién qua do trén dién cam L duge xac dinh theo cac biéu thic
(4.11),(4.12).
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R, R i
+ L IO .
Lqu
K t
L >
A 0
,“' _ qud
- U,
Hinh 4.8a: Qua trinh tu do

trong mach RL Hinh 4.8b: D4 thi dién ap va dong dién
qua do trén dién cadm L trong mach RL

v - _E,
g =iy =g gl " Tle " (4.11)
dlL R U —Et —Et

D6 thi ciia dong dién va dién ap tu do trén dién cam L nhu hinh 4.8b.
2. Déng mach dién RL vao nguén dién ap mét chiéu
Cho mach dién hinh 4.9a v6i U la ngudn mét chiéu, tai thoi diém ¢ = 0 khoa K déng.
Dong dién va dién ap qua do trén dién cam L, dién ap qua do trén dién tré R dudc xac dinh
theo cac biéu thic (4.13), (4.14),(4.15).
R

ir,, = %(1—67) (4.13)
_R,
UL, =Ue L (4.14)
_R,
UR, = Ul-e L) (4.15)

D6 thi cta dong dién va dién ap qua do trén dién cam L, dién ap qua do trén dién tré R
nhu hinh 4.9b.

Hinh 4.9a: Péng mach RL vao

A A A 1 Hinh 4.9b: D6 thi dong dién, dién ap khi déng
nguon dién ap mot chiéu

mach RL vao ngubn dién ap mét chiéu

2. Déng mach dién RL vao nguén dién dp xoay chiéu hinh sin

Cho mach dién hinh 4.10a véi u(f) 1a ngudn dién ap xoay chiéu: w(t) =U,, sin(et +y,,),
tai thoi diém ¢ = 0 khéa K déng. Dong dién va dién 4p qua do trén dién cam L duge x4c dinh
theo cac biéu thic (4.16),(4.17).

_ER,
L

i, =Imsin(et+y, -9 ) =1L, sin(y, - e (4.16)
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R
-t
u;,  =|wLl;,, cos(a)t+1//u—¢)+RILm sin(y, —p)e L (4.17)

qd

D6 thi ciia dong dién qua do trén dién cam L nhu hinh 4.10b.

T= % la hing s6 thoi gian ctia mach dién RL.

K R i

e AL

u(t) 0

i
Ltd

Hinh 4.10a: Péng mach RL vao
nguédn dién ap xoay chiéu hinh sin

i
qu

Hinh 4.10b: Db thi dong dién khi déng mach
RL vao ngudn dién 4p xoay chiéu hinh sin

4.1.7 Qua trinh qud doé trong mach dién RLC
1. Qud trinh tu do

Cho mach dién hinh 4.11 véi U, 1a ngudén mot +
chiéu, tai thoi diém ¢ = 0 khéa K déng. I |
K l C

Phuong trinh d#c trung cia mach dién: U uc
0
: |
R+pL+—=0 - :
pC Hinh 4.11: Qua trinh tu do
s R 1 trong mach RLC
= p°+—p+—=0
L LC
Nghiém ctia phuong trinh dic trung: Dig = —ﬂi (ﬂ)2 L

2L 2L LC

Tuy theo quan hé gitia cac thong s6 R, L, C cua mach dién ma p, , c6 thé 1a nghiém thuc
don, nghiém phtc lién hgp hodc nghiém boi.

a. Néu p, , la nghiém thuc, don — truong hop phéng dién khong dao dong:

2
Diéukién: A>0 < A= E —4L>0 & R>2\/Z
L LC C
U =up = (pzeplt-plepzt) (4.18)
qd td _p]_
i . _ I,d _ CP2P1U0 (eplt _epzt ) _ UO (eplt _epzt ) (419)
at W pi-py L(p,-ps)

. 1
vGl chu ¥ =—
( Y popy LC)

Gia thiét |py|>|py|, d6 thi cha dién ap va dong dién tu do trén dién dung C Gng véi
truong hgp phuong trinh dic trung c6 nghiém thuc, don nhu hinh 4.12a, 4.12b.
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le

u U, ePt
A c U0p2 eplt ﬁ
Py -Dy P1-DPy
t 0 "Caa t

Hinh 4.12a: D6 thi dién ap trén dién dung Hinh 4.12b: D4 thi dong dién trong mach
{ing véi truong hgp phuong trinh dic Ging v6i trudng hgp phuong trinh dic
trung ¢6 nghiém thuc, don trung c6 nghiém thyc, don

b. Néu p,, la nghiém phic lién hgp — truong hop phéng dién dao dong:

2
Diéukién: A<0 & A= E —4L<0<:>R<2\]Z
L LC (o

Nghiém ctia phuong trinh dic trung sé 12 cip nghiém phiic lién hop:

R _.[1 R, .
P2 =79 *N\1c (2L) “EJw

2
Véi a=t; m= | [Rj

2L’ LC (2L
Uc,, TUCy = cosy e cos(a)t+y) =Uge ™ cos(a)t+ 7/) (4.20)
iqu = Cu'Ctd =—CUg,,e [a cos(a)t +)/)+ ®sin (a)t+ 7/)} (4.21)
U,
Trong d6: A=—2 7=—arctgﬁ
cosy ®

D6 thi cua dién ap va dong dién qua d6 trén dién dung C tng vé6i truong hop phuong
trinh ddc trung ¢6 nghiém phiic nhu hinh 4.13a, 4.13b.

r N u \ i
¥ o qud W N i
. ~~ Ucme™ I | A e
Y s~ m ~< 5
u | | \ N\o-=--e_ ~<T
0 v /\ , t: /\\h T == f
0 \/ N - 0 \ﬁ =
1 - - / -
> } -~r,
- 7
T Lo “----- SR
/ 1 1
Hinh 4.13a: D4 thi dién 4p trén dién dung Hinh 4.13b: D4 thi dong dién trong mach
C ting v6i truong hgp phuong trinh dic ting véi truong hgp phuong trinh déc trung
trung c¢6 nghiém phic lién hgp ¢6 nghiém phic lién hgp
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c. Truong hop phong dién khong dao dong toi han:

. L . . ) N . . . S s
Néu R = 2\/; thi hai nghiém cua phuong trinh dic trung la nghiém thuc va trung nhau

. ) Ul
(nghiém kép): py =py =——=-a 1
2L U,
uch
t
Hinh 4.14: Dang db thi dong dién trong mach va dién 0 >
ap trén dién dung C ting véi truong hgp phuong trinh f
déc trung c¢6 nghiém kép ad
uc,, = Uy (1+ at)e'at (4.22)
i __C 2U —at _ UO —at
a=—Ca Ujyte™™ = Tte (4.23)

D6 thi cua dong dién trong mach va dién ap qua d6 trén dién dung C ting v6i phuong
trinh dac trung c¢6 nghiém kép nhu hinh 4.14.

2. Déng mach dién RLC vao nguén dién dp mét chiéu

Khi déng mach dién RLC vao mot dién ap khéng d6i c6 gia tri bing U, dién ap qua do
trén dién dung C sé bién thién tit tri s6 ban dau bang khong dén tri s6 xac lap bang dién ap
cta ngudn U, con dong dién ciing bién thién tit tri s6 ban dau bing khéng cudi cung lai trd
vé xac lap bang khong.

N L N L an s L o R A o s o
Trong trudng hgp R < 2\/; qua trinh qua d6 c6 tinh chit dao dong, do thi cua dong dién

trong mach, dién ap trén dién dung C c6 dang nhu hinh 4.15a, 4.15b.

AUc .
A
\\ \
\\\~ N
U /\ /\ . RPN
S --->< A Nl
e 0 \NA---—>"
’ t ’/’
0 . ~
Hinh 4.15a / Hinh 4.15b

s L . . f e e R . A ips o
Trong truong hgp R > 2\/; qua trinh qua 40 c6 tinh chat khéng dao dong, do thi cua

dong dién trong mach, dién ap trén dién dung C c¢6 dang nhu hinh 4.16.

r

0 Hinh 4.16
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3. Dong mach dién RLC vao nguén dién dp xoay chiéu hinh sin

Trong trudng hgp déng mach dién RLC vao ngudén dién ap xoay chiéu hinh sin
u(t)=U,, sin(wt +y) thi dién ap qua dd va dong dién qua do trén dién dung bao gom 2
thanh phan: Thanh phan x4c lap mdi trén dién dung bién thién hinh sin theo thdi gian véi
tan s6 cua nguodn, thanh phan tu do ciing c6 tinh chat dao dong hay khong dao dong la tuy
theo quan hé gifia cac thong s6 R, L, C. Nhung tuy theo quan hé giiia tAn s6 riéng ctia mach
@, v6i tan s6 o cta ngudn kich thich va tiy thoi diém déng mach dién, qua trinh qua do c6
nhiéu vé rat khic nhau.
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4.2 BAITAP GIAI MAU

Bdi tap 1: Cho mach dién hinh 4.17, tim phudng trinh dic trung cia mach dién theo phuong
phéap dai s6 héa phuong trinh, biét tai thoi diém ¢ = 0 khéa K chuyén tit vi tri 1 sang vi tri 2.

:

Hinh 4.17 Hinh 4.17a

R, i i
3 By 4q

Gidi:
Khi khéa K chuyén ti vi tri 1 sang vi tri 2, theo hinh 4.17a hé phuong trinh viét cho dap
ung tu do la:

i3td B i4td B i5td =0
. 1.. .

R3Z3td + EJ.ZStd dt + R515td = 0
R4i4td - R5l5td &S O
Dai s6 héa hé phuong trinh ta dugc:
i3td - i4td - i5td =0 1 -1 -1

Ly R.a. =0 A(p) =|R ! 0 R.|=0
TRl T, T = (p) =Ry +p_C 5| =

pC
R4i4td - R5i5td = 0 0 R4 - R5

R, Iy, +

Bdi tép 2: Cho mach dién nhu hinh 4.18 véi cac thong s6:

e(t) = 1002 sin(10%¢ + 45°) (V), ji(t) = 24/2 sin(10*¢ + 135°) (4)
R =100 (Q), L =5 (mH), C =2 (uF)

O ché do xéc 1ap cii khoa K md, tai thoi diém ¢ = 0 khoa R
K d6ng. Yéu cau: !
1. Tinh dong dién qua dd qua nhanh khong nguén. Yy t=0

. @) e(®)
2. V& d6 thi dong dién qua do6 tim duge trong y 1. C
Gidi: T

1. Dong dién quéa dé qua nhanh khéng nguén: Hinh 4.18

Giai mach dién & ché& do6 x4c 1ap méi: hinh 4.18a.
Cho j(#) khép mach qua 1 nhanh nao d6 (trit nhanh can tim), gia thiét 1a cho j(t) khép

mach qua nguén e(?). iy, B
. E E 100.£45° >
I=7="" 1. 100+ ,(50-50) 1245° A o e L
R+ j(wL——) C/\D <1>
woC N c
igm () =2 sin(10% £+ 45°) (A) T
Lap va giai phuong trinh d#c trung (hinh 4.18b): Hinh 4.18a
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2
ZV(p)=R+pL+L= LCp® +RCp+1
pC pC

Zy(p)= LCp* + RCp +1=p?+2.10* p+10° =0

Nghiém: p, = p, =-10* R

70| pL

Dang nghiém ctia dong dién tu do 1a: >

1

4 4 _
iq() = Ae0 ! + A0 T »c

iq ()= Are" + 14,710 +25in(10%7 +45°) Hinh 4.18b

iy (1) =—10* 4,10 + Aye 10 _10%24,e70" +4/2.10% cos(10*¢ + 45°)

Tim diéu kién dau:

i(¢) = j(t) = 24/25in(10%t +135°) (A)

i

N
NN
i'(t) = j'(t) = 24/2.10% cos(10% ¢ + 135°) (A /s) \ /

X
i(0) = j(0) = 24/25in135° =2 (A) S VTTHTIVTTY

i'(0) = j/(0) = 24/2.10 cos135° = -2.10* (A/s) I

Thay ¢ = 0 vao biéu thic cia dong dién qua do: Hinh 4.18¢

i(0)=2=A, +1 A =1
=
i'(0) = -2.10* = -10* A, + A, +10* A, =-2.10*

Vay: igq(®) =10 —2.10%%71°" + 2 sin(10*1 + 45%) (A)

2. D6 thi dong dién qua do: hinh 4.18c.
Bdi tép 3: Cho mach dién nhu hinh 4.19 véi cac thong s6:
E =150 (V) (mot chiéu)
R =75(Q), R, =10 (Q), R; =30 (), R, =6 (), L =12 (mH)

O ché& d6 x4c lap cit khéa K déng, tai thoi diém ¢ = 0 khéa K mé. Yéu cau:
1. Tinh diéu kién dau doc lap i, (0).

; i R, R, K
2. Tinh néng lugng tich liy ban dau trén dién cam L. —:—oﬁ
t=0

3. Tinh hing s6 thoi gian cia mach dién khi¢>0. g
4. Tinh dong dién qua do trén dién cam L: i L@ [] R, L § R4[
q

—

Gidi:

1. Diéu kién dau doc lap i,(0): Hinh 4.19
Tu so d6 hinh 4.19a ta co: R, R,

E R,

+ _RyR; R, + Ry E i,

'R, +R,

i,(07) =

—
—_
=)

w

150 30
10.30 10+30
10+30

Thay s6: i, (07) = =7,5 (A)

Hinh 4.19a

b

Vi bai toan da cho 1a bai toan chinh nén: i;(0)=i;,(07) =7,5 (A)
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2. Ning lugng tich lity ban dau trén dién cam L:

Wyp (0) = %Liﬁ(O) = %12.10*3.7, 52 = 337,56 (md)
. -3 pL []R
3. Hiing s6 thoi gian: 7 = Ri - 12‘20 ~2 (ms) Z,0) :
4 —
4. Dong dién qua d6 i; (¢):
ong dién qua d6 7, , () Hinh 4.19b
Dong dién xac 1ap méi: iLxlm #H=0 @A)
Lap va gidi phuong trinh dic trung (hinh 4.19b):
R 6
Zy=pL+R,=0 = p=—"2=———_=-500
vEPRT P T 1210
iz,, ()= A" (4) o0
. . . -500¢ 6 \
= i, ) =ig, () +i (t)=Ae @A) L\
Didu kién ddu: i, (0) =i, (07)=7,5 (A) " \\
Thay tai thoi diém £ = 0 ta c6: i;, (0)=A=17,5 T\
. . _500¢ 00 0.05 0.1 0.15 0.2 025 03
Vay dong dién qua dé: U (t)=1,5e @A) Time(s)
Hinh 4.19c¢

D6 thi dong dién qua do iqu (¢): hinh 4.19c.

Bdi tép 4: Cho mach dién nhu hinh 4.20 véi cic thong s6:
J =10 (A) (mét chidu), R, =10 (Q), R, =6 (Q), Ry =4 (Q), L = 0,32 (H)

O ché& d6 xé4c lap cit khéa K & vi tri 1, tai thoi diém ¢ = 0 khéa K dudc chuyén sang vi tri 2.
Yéu cau:

1. Tinh diéu kién dau doc lap i, (0).

2. Tinh néng lugng tich lity ban dau trén dién cam L.

3. Lap va giai phuong trinh dic trung ctia mach dién.

4. Tinh dién ap qua do trén dién tré R: UR ).

D
>

IR

i

i [Jn

Hinh 4.20 Hinh 4.20a

Gidi:

RR, 1 =J E, 1020 =6,25 (A)

1. Diéu kién dau (hinh 4.20a): i, (07) = J = =
R, +R, R, R, +R, 10+6

Vi bai toan da cho 1a bai toan chinh nén: i; (0) =i, (07) = 6,25 (A)

2. Ning lugng tich lity ban dau trén dién cam L:
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Wyp (0) :%Li%(O) =%0,32.6,252 =6,25 (J)

3. Lap va giai phuong trinh dic trung ctia mach (hinh 4.20b): R,
LR —1
Zy(p)= (R, + Ry +—2=8—0 R
pL+ R, Zy(p
o 3 [I=
= Zy(p)=(R, + Ry + Ry)Lp+(R, + Ry)R; =0
(R +R)Ry 64 _ o
(R, +R,+R,)L 6,4 Hinh 4.20b

4. Dién ap qua do UR, ®): R, i,
Dién ap xac lap méi: up_ ®»H=0 (V) i, i
Dién ap tu do: ug (t) = Ae 1% (V) R, pL R,
= up (O =up (O +ug  (O)= Ae 10 (V) |
Tim diéu kién ddu: Hé phuong trinh (hinh 4.20¢): Hinh 4.20¢

()i () -13(t)=0

(R, + Ry)iy (t) + Liz,(£) = 0 j

Li} ()~ Ryis(£) = 0 B \\
Thay tai thoi diém £ = 0 c6: BA

1,(0)-6,25—i5(0) =0

16l1 (0) + 0,32l£ (0) — 0 ) 0.2 o.AT"“c(sjoa 038 1

0,327, (0) — 4i3(0) = 0 Hinh 4.20d

£,(0)=1,25 (A)

i,(0)= -5 (A) up, (0) = Ry (0)=10.1,25=12,5 (V)

Giai hé ta dugc: {
Thay tai thoi diém ¢ = 0 vao biéu thitc UR, (t) taco: up 0)=A=12,5 (V)

Vay dién ap qua do: UR, (t)=12,5¢ 1% (V)
D6 thi dién 4p qua do up , (¢) : hinh 4.20d.

Bdi tép 5: Cho mach dién nhu hinh 4.21 véi cac thong s6:
E =120 (V) (mot chiéu)
R, =10 (kQ), R, =32 (kQ)), Ry =240 (kQ), R, =60 (kQ),C =0,5 (uF)
O ché d6 xac lap ct khéa K 6 vi tri a, tai thoi diém ¢t = 0 khéa K dudc chuyén sang vi tri
b. Yéu cau:
1. Tinh diéu kién dau doc lap u(0).

2. Tinh ning lugng tich liiy ban dau
trén dién dung C.

3. Lap va giai phuong trinh dic trung.

4. Tinh dién ap qua do Uc,, (t). Hinh 4.21
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Gidi:
1. Vi bai toan da cho 1a bai toan chinh nén: u;(0) =u-(07) = E =120 (V)
2. Ning lugng tich lity ban dau trén dién dung C:

W (0) = %Cué 0) = %0,5.10‘6.1202 =3,6.107 (J)

R
3. Lap va giai phuong trinh dic trung (hinh 4.21a): —|:2
1 R.R -
Zy(p)=(—+Ry)+ "2~ Zyp) | 1
»C R, +R, 1 [J7: &[]
= Zy(p)=(RyR;,C+ RyR,C+ R,R,C)p+(R;+Ry)=0
R, +R, 300.10° _ Hinh 4.21a

p=- = =-25
R,R,C+R;R,C +R,R,C  12.10°

4. Dién ap qua 4o Uc,, (t):
ug, (£)=0 (V) uc,, (t) = Ae > (V)
uc,, (&) =uc, O +uc, (£)=Ae™" (V)

Thay tai thdi diém ¢ = 0: uc,(0)=A=120 (V) Vay: uc, (t) =120 2" (V)

Bdi tép 6: Cho mach dién nhu hinh 4.22 véi cac thong s6:
E =48 (V), J =12 (A) (mdt chiéu), R, =2 (Q), R, =10 (Q), L =100 (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 dong dién qua do6 trén dién cam L: iqu ).
2. Tinh gia tri dién ap trén dién cam tai ding thoi diém khéa K chuyén ti vi tri @ sang vi
tri b: u;(0).

3. Héi sau khodng thoi gian bao 1au khi khéa K chuyén tit vi tri @ sang vi tri b thi gié tri
dién 4p trén dién cam u; = 24 (V).

4. Vé d6 thi dong dién qua do iqu (t) va &ién ap qua do Ur, (t).

R1 \-b a , Rl
E =07y K
i Z
]z & e oL
L
J
. Hinh 4.22 Hinh 4.22a
Giai:
1. Dong dién qua do iqu @):
Ché do xac lap méi: iy () = % - % —24 (A)
1

Phuong trinh déc trung (hinh 4.22a):
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ZV(p)sz+R1=O = p:—_=__=_20

Dong dién tu do: iLtd @)= Ae 20t A)
Dong dién qué do: i, () =i, () +iz, (1) = Ae™" +24 (A)

Didu kién dau doc lap: iy (0) =i, (07)=—J =-12 (A)

Thay tai thoi diém ¢ = 0 vao biéu thic cta i, (¢):

i, (0)=A+24=-12 = A=-36  Vay: iy ()= —36e7 2% 124 (A)

diy

2. Dién ap qua do: u;, (t)=L o= 0,1.(-36)(~20)e 2% =72¢7% (V)

Vay gia tri dién ap trén dién cam tai thoi diém ¢ = 0 1a: u(0) = 72 (V).

3. Thoi gian khi khéa K chuyén tit vi tri a sang vi tri b thi gia tri dién ap trén dién cam
uL(t,) = 24 (V).

942722 = o L2 0,05493 (s) = 54,93 (ms)
20 24

4. D6 thi dong dién qua do iqu (¢) va dién ap qua do ur,, (¢) : hinh 4.22b.

80
60

40

wi(t)

20

0

_200 o_‘1 0.2 0.3 04 Hinh 422b
Bdi tép 7: Cho mach dién nhu hinh 4.23a véi cac thong s6: R =50 (QQ), C =400 (uF). Stic
dién dong e(?) c6 dang nhu hinh 4.23b. Tai thoi diém ¢ = 0 khéa K déng. Yéu cau:
1. Tinh dién ap qua do uc,, () khi ¢t <0, 0 <t <10 (ms), 10 (ms) < t < 20 (ms),
20 (ms) <t < .

2. Vé d6 thi e(t) va dang cuaa do thi ug,, (t) trén cing mdt hé truc toa do.

K){ i, 220 Mm
t=
6(8T> l__C t (ms)
0 10 20 !
Uc
- -50

Sidik: Hinh 4.23a Hinh 4.23b

1. Dién ap qua dé Uc,, (t):

* Khit¢ <0: uc,, =0 (V) Diéu kién dau: up(0)=u-(07)=0 (V)
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Phuong trinh dic trung: RCp+1=0 Nghiém: p = -% _ 50

* Khi 0 <¢ <10 (ms):

bién ap tu do: uc,, (¢) = Ae™ (V) Dién ap xac lap méi: ug, (£)=50 (V)
Dién ap qua do: ug, , (1) =uc,, (t) +uc, (¢)= Ae™ 150 (V)

Thay diéu kién ddu u;(0)=0=A+50 = A=-50

Vay: uc, () = 50(1—e %) (V) v6i0<¢t<10 (ms).

* Khi 10 <¢ < 20 (ms):

Didu kién dau: u.(10 ms) = 50(1 - e °1010") 219,67 (V)

Dién ap xac lap méi: ug () =-50 (V)

Dién ap qua do: uc,, (t) = 69,67¢ 000D _50 (V) v6i 10 <t < 20 (ms)
* Khi ¢ > 20 (ms):

Diéu kién dau: u(20 ms) = 69,67 900027000 _50 — 774 (V)

Dién ap xac lap méi: uc, @#& =0 (V)

Dién ap qua do: uc,, (t) = —7,74e750=002) vy y6i¢>20 (ms).

2. D6 thi e(?) va d6 thi Uc,, (¢): Dung matlab dé vé ta dugc d6 thi hinh 4.23c.

>> x=[-0.005 0 0 0.01 0.01 0.02 0.02 0.08]): 50
>> y=[0 0 S0 S0 -50 -50 0 0O]: 40
>> E=plot(x,y,'r-"') 30

E = 20 1
10
1890011 0 E—

>> tl=linspace(0,0.01):
>> Ugdl=50%* (1-exp(-S0*tl)):

e(t), u(t)

>> t2=linspace(0.01,0.02); =30

>> Ugd2=69.67%exp(-5S0*({t2-0.01))-50; 40

>> t3=linspace(0.02,0.05): 50

>> Ugd3=-7.74%exp(-5S0*({t3-0.02)): 0 0.01 0.02 0.03 0.04
>> plot(tl,Ugdl, 'b-',t2,Uqd2, 'b-',t3,Ugd3, 'b-") Time(s)

Hinh 4.23c¢



4.3 BAITAP VAN DUNG
Bdi tép 1: Cho mach dién nhu hinh 4.24 véi cac thong s6:

e(t) = 22042 sin(314¢ + 45°) (V)
R, =70 (Q), R, =60 (Q), Ry =40 (Q), L =0,3185 (H)

Truée khi khéa K déng mach dién 6 ché& do xac lap, tai thoi diém t = 0 khéa K déng. Yéu
cau:

1. Tinh diéu kién ddu doc 1ap i (07), i, (0°).
2. Tinh diéu kién dau phu thudc Ig, 0).

3. Tinh dong dién qua do6 trén dién tré R : iqud (t).

4. Tinh dong dién quéa do trén dién cam L: i, L@
’ ’ Hinh 4.24
Bdi tap 2: Cho mach dién nhu hinh 4.25 v6i cac thong sé:
E, =40 (V) (mot chiéu), ey(t) = 220\/§Sin(314t + 600) W)
R, =20 (Q), Ry, =60 (Q), By =400 (), C =3,1847 (uF)
Truée khi khéa K chuyén tit vi tri @ sang vi tri b mach dién & ché& d6 xac lap, tai thoi
diém ¢ = 0 khéa K dudc chuyén tit vi tri @ sang vi tri b. Yéu cau:

1. Tinh diéu kién dau doc lap u.(0). R, b o R,

2. Tinh gié tri dién ap uc ). X

3. Tinh dién ap qua do trén dién dung C: uc,, (). &0 IIZ [] R,

4. Tinh dong dién qué 4o trén dién dung C: i (¢). te -I_ E,
Hinh 4.25

Bdi tép 3: Cho mach dién nhu hinh 4.26 véi cac thong s6:
E =40 (V) (mdt chiéu), R, =1 (Q), R, =3 (), L =80 (mH)
Trude khi khéa K d6ng mach dién & ché& do xac lap, tai thoi diém ¢ = 0 khéa K déng. Yéu cau:

1. Tinh diéu kién dau doc lap i7,(0). K
2. Hang s6 thoi gian 7 ctia mach dién khi khéa K déng. R P
3. Tinh dong dién qua d6 trén dién cam L: iqu (). . [ —
4. Tinh di¢n 4p qué do trén dién cam L: uy,_(f). E
q
3
Hinh 4.26
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Bdi tép 4: Cho mach dién nhu hinh 4.27 véi cac thong s6:
E =160 (V) (mét chidu)
R, =20 (Q), R, =60 (Q), Ry =25 (), L =400 (mH)
Truéc khi khéa K mé mach dién & ché d6 xac 1ap, tai thoi diém ¢ = 0 khéa K md. Yéu cau:
1. Tinh diéu kién dau doc lap i7,(0).

K.%’
2. Tinh nghiém ctua phuong trinh dic trung. e
e e A o R, R, i
3. Tinh dong dién qua d6 trén dién cam L: L @). — L
4. Tinh dién ap quéa do trén dién cam L: u; L@ E
q
. 3
ur,
Hinh 4.27

Bdi tép 5: Cho mach dién nhu hinh 4.28 véi cac thong s6:
E =100 (V) (mot chiéu)
R, =8 (kQ), R, =12 (kQ), R, =10,2 (kQ), C =1,6667 (uF)

Biét khi khéa K déng, mach dién & ché& d6 xac lap. Tai thoi diém ¢ = 0 khéa K dude mé ra.
Yéu cau:

1. Tinh diéu kién dau iR3 (0%).

2. Tinh dién 4p trén dién tré R, 6 ché& d6 xac lap méi IRy ®).

3. Tinh dong dién qua dd iR3 . (¢) khi t>0". R, R, ip
! 1+
. AL . eA . N
4. Tinh dién ap qua do UR, 4 () khi ¢>0". E K c
) R, T
u(t) t=0
Hinh 4.28

Bdi tép 6: Cho mach dién nhu hinh 4.29 véi cac thong s6:
E, =100 (V) (mdt chiéu), E, =120 (V) (mot chiéu)
R, =9 (kQ), R, =15 (kQY), R; =80 (), C=2 (uF), L=5 (mH)

O ché d6 xac lap ct khéa K 6 vi tri a, tai thoi diém ¢t = 0 khéa K dudc chuyén sang vi tri
b. Yéu cau:

1. Tinh céc diéu kién dau: i, (0%), i (0%), uc(0").

2. Lap va giai phuong trinh dic trung. R, <a b R, L i
3. Tinh dién ap qua d6 uy  (¢) véit > 0.

qd _ K E

1 t=0 2

e[] o
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