Phan tich mach trong mién
thoi gian
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<+ Ché& do xac lap (steady-state) :

2 KQ
VW

= Bai toan xac lap DC:

uxl=?
@ 12V 2 uF=
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* Tim u_,(t) ? W
+
+ pr—
T& mach phd : ] 10 72K Q) T
mach phoc: —=7J——=-— -
Jot 202 12c0s(250t) V
' —j2K
Nén : Uca =12 —2 = 632/ - 45°(V)
2K — j2K

Va biéu thite xdc lap: u,, = 6~/2 cos(250¢ — 45°)V

C

ECA - ch4.1

CuuDuongThanCong.com


http://cuuduongthancong.com

A

Bai toan qua do :

2 KQ K
= Bai todn qua do : ™ A
+ t=0
12V 2 pF== Yo 3
- 2KQ

* Trudc khi dong khéa K: mach xac lap va ta c6 :
chll =12V

= Sau khi dong khéa va mach xaclap:U_,=6YV.

cxl

» Dang tin hiéu u (t) khi t > 0 (tin hié¢u qua d¢ ) : 1a 1vi giai
cua chuong 6
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< Bai todn qud dj (transient analysis) cho ta két qua diang
tai moi thoi di€ém .

== Bao ham ca nghiém xdc lap.

* Thai gian qua do :

tqd
Ché dd — T Ché dd t
xdclap1 | | T xdaclap2 [
t=0 t=t,

<+ Phan tich qua d¢ = Phan tich mién thoi gian (time-domain
analysis).
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Cac bai toan qua do t

, K
= Bai toan qua do do thong so6 2‘1(5
mach thay déi (Bai toan cé + t=0
khéa) 12V ZJ-LF== u.;(t)
- 2KQ
2 KQ
= Bai toan qua do do tac dong A
lén mach bién thién dét ngot : .
(Bai toan xung). MU B
A E(t)
12V
0 1 ms

ECA - ch4.1

CuuDuongThanCong.com


http://cuuduongthancong.com

Cac phuong phap phan

< Phuong phap tich phan kinh dién 3

< Phuong phap toan tu Laplace *

<» Phuong phap bi€n trang thai

“* Phuong phap tich phin Duhamel va ham Green
¢ Phuong phap hinh anh pha

» Phuong phap s6
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_E“@

4.2.1 Phuong trinh mach va nghiém phuong
trinh vi phan

4.2.2 Diéukién dau (S kién)

4.2.3 Phuong trinh diic trung cua mach qua do

4.2.4 Qui trinh PP tich phan kinh dién.

4.2.5 Khao sit qua d bang tich phan kinh dién
trén mot s6 mach don gian

4.2.6 Mot so vi du dung TPKD.
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= Hé phuong trinh vi tich phan viét theo cac luiat Kirchhoff
cho mach (hé phuong trinh mé ta mach) tai mot thoi di€m
bat ky.

= Riit gon hé phuong trinh moé ta mach theo mét bi€n y(t) nao
dé , ta c6 phudng trinh vi phian tong quat bac n nhu sau :

d” a’”‘1 d
Tta —stay= () (1)

= PP tich phan kinh di€én : tim nghiém qua d0 biing cach gidi
Ptrinh (1) theo ki€u gidi ptrinh vi phan co dién .
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m theo tich pha

= Nghiém cua phuong trinh (1) theo cach giai phuong trinh
vi phan cd dién c6 dang :

y(t) = ¥ (t) + yia(t)
* Trong do :

> Yep(t) nghiém cudng buc .
(nghiém xdc 1ap y,(t) )

> Yq(t) : nghié m phudng trinh thuan nhat.
(nghiém ty do)

ECA - ch4.1
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Xac dinh nghiém

= V§i v€ phai cua phuong trinh vi phian (1) ¢6 dang bat ky,
nghiém nay thudng xdc dinh theo phuong phiap hé so bat
dinh .

= V§i tac dong 1én mach 1a tin hiéu DC, AC hay x&p chong cia
chiing : ta c6 thé ap dung cac phuong phap giai mach xac lap
da hoc trong mon hoc Mach dién 1.

ECA - ch4.1 11
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= Vé miit toan hoc , nghiém nay dugc xdc dinh tir phuong
trinh dic trung cua mach . Phuong trinh dic trung (PTDT)
xac dinh tu (1) co6 dang :

ap'+a _p" +..+ap+a,=0 (2)

= Cac truong hop nghiém cua phuong trinh dic trung sé cho ta
bi€u thiéc cia nghiém tu do. Cac trudng hgp dé la :

ECA - ch4.1 12
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Cac truong hop nghiem P

a) Nghiém thuc, phan biét: p,,p,.., P,

> Biéu thitc nghiém tu do sé la :

Via(t) = Z Kiepit
i=1

ECA - ch4.1
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b) Nghiém bfi: p, bfir, con laila thyc, don.

> Biéu thitc nghiém tu do sé la :

Via (t) = (Kl T Kzt +...+ Krtr_l )eplt + Z K,-epit

i=r+l

ECA - ch4.1 14
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Cac truong hgp nghié

¢) Nghiém phuc: p,,=-o £ jB, con laila thyc, don.
> Biéu thifc nghiém tu do sé c6 dang :

Vi (1) = Ke ™ cos( [t + @)+ Z K et
i=3

Hay:

Vi () = e ™ [Kl cos(ft)+ K, sin(ﬂt)] + iKiep,-t

ECA - ch4.1 15
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a) Phuong phap rat gon hé phuong trinh mé ta mach :
1. Vi€t hé phuong trinh vi tich phan

2. Riit gon theo bién y(t) can tim, ta c6 phuong trinh vi
phan (1)

3. Suy ra phuong trinh dac trung
NX: Phuong phap tuy phuc tap va doi hoi kinh nghiém rit gon
mach nhung tong quat cho tit ca cic dang mach.

ECA - ch4.1 16
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. Triét tiéu nguon doc lap.
. Thay thé¢ : L -> pL ;M ->pM ; C -> 1/pC.

. Do tdc dong ctia s¢ do dai so 1a 0, nhung nghiém tu

do phai khac khong , nén doi hoi:

= Z.(p) cia mdt nhanh bing 0 : doi véi dong dién.

= Y (p) gitta hai niit bing 0 : ddi véi dién 4p.

= Zml(p) hay Y*(p) béing 0 : d6i v6i cdc dong mac luéi hay
thé niit.

Day chinh la phuong trinh dac trung.

ECA - ch4.1 17
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> N&€u PTDT c6 bac nhé hon bac qua do mach : chi dung cho
ap hay dong do.

> Néu PTPT c6 bac bing bac qua do mach : dung dugc cho tat
ca cac tin hiéu trong mach .

> Khong dung cho cdc mach c6 khép néi va khong tuong ho (do
khong thoa man nguyén 1y 1ap ludn cua phuong phap nay) .

> Khong dung cho cic tin hiéu : dong qua day dan hoic 4p trén

?
cua.
ECA - ch4.1 18
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Picu kién dau (

= Véi phuong trinh diic trung bic n, cic hé so K. c¢6 thé xdc
dinh né&u ta biét dugc cac diéu kién dau (sd kién) :

y(0?) 5 y’(0%) 5 ... ; y-D(0*) .

= So kién co hai loai :
% So kién doc 1ap : u (0*) va i, (0)

< So kién phu thudc : cdc so kién con lai (bao gom
tat ca cac so kién dao ham.

ECA - ch4.1 19
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Xac dinh so kién d

a,) Bai todn chinh : dung luit lién tyc cua dong qua cudn diy va
ap trén tu, con goi la luit déng ma (switching laws) :

u-(0") =u-(07)
iL (O+) — iL (O_)

v' Céc gia tri tai t = 0 dugc xac dinh tu viéc giai mach
khit<0:
11,.(07) = lim (u (¢) > khi 21 < 0)

t—

i, (07) = ltig(}(iL (t) <> khi:t <0)

ECA - ch4.1 20
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Bai toan khong

< Xuat hién “vong dién dung” hay “tap cit cam” : dung luit
lién tuc cua tw thong (loop) va dién tich (node) :

rz LkiLk(O+) = Z Ly (07)
) loop loop

Z Ciue, (07) = Z Crte (07)
_node node

«» Xuat hién ho cdm v6i k =1, dung 1 trong hai phueng trinh:
{leow + Miy,(07) = Lii, (07) = Mi ,(07)
inL2(O+) T MiLl(O+) — inL2(O_) s MiLl(O_)

ECA - ch4.1 21
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Xac dinh so kién pht

= Thong thuong xac dinh tu ba cd so :

~ . Sokién doc lap.

< ii. Gia tritac dong tait=0+.

_ iii. H¢ phuong trinh mo ta mach tait=0*.

* Co 2 truong phai xac dinh so kién phu thudc :

ECA - ch4.1

CuuDuongThanCong.com

22


http://cuuduongthancong.com

Quan hé giifa cac so kie

1. i.(0") « KCL(node) 6. u,,,(07) <= KVL(loop)
2. u,(0") < KVL(loop) 7. 107 = L (07)
! L

. u,(0") e
3. i5(07) = KCL(node) 0==—= 5 0+ = C(C )
4. u,(0") <« KVL(loop) U Ri,(0")

9. Cac so kién dao ham
con lai cha yéu dao ham

5. ie(t) (0") < KCL(node) ciac pt KCL va KVL

ECA - ch4.1 23
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Dung so do tuong

< Thuc hién thay thé :

oO—— 4+ a @— ae

- T Huo () =i ) ()
o——-1 - b e—— be
< Nguon: e(t) == e(0) j = j0)

** Dung cac ptrinh : KCL & KVL suy ra cac so kién phu thudc.

v’ Luu y: Cac nay khong tinh cac so kién dao ham .

ECA - ch4.1 24

CuuDuongThanCong.com


http://cuuduongthancong.com

Bai toan xac dinh so

1. Dua vao diéu kién lam viéc cia mach 6 t < 0 (trang thdi
nang lugng trude do ) , xac dinh cac gia tri us(0) va i; (0°) .

(MC(O_) — ltl_I)I(} (uC(lL)‘KO)
i,(07)= 11‘1_1)1(} (iL (t)‘mo)

2. Xac dinh so kién doc lap.

3. Xac dinh so kién phu thudc.

ECA - ch4.1 25
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Qui trinh PP tic

<» Giai mach khit <0: Chi tim u(0") va i, (0°)
% Giai mach khi t > 0:
a) Tim nghi€ém xac lap : y,(t).
b) Tim nghiém tu do:
= Tim PTDT.
= Giai PTDT va suy ray(t).

= | Y(H) = yu(t) +yq(t)

< So kién : Tim du s so kién cho bai toan

<» Xac dinh K.: Duwa vao y(t) va so kién , gidi ra cic hé so K.

ECA - ch4.1 26
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4.2.5 Khao sat qua do biang tich
phan kinh dién trén mt s6 mach
don gian :

ECA - ch4.1
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a) Baitoian: Péng nguon ap DC ,

giatriE,tait=0, vao tu dién C
thong qua dién tré R. Tim dién
ap trén tu u-(t) va dong qua tu
ic(t) khit>0?

<« Khit<0: Tacé u-(0)=0.
v Khit>0:
a) Nghiém xaclap : Uoy = E

ECA - ch4.1

CuuDuongThanCong.com
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Mach qua do cap I -

b) Nghiém tu do : Pai sé héa s¢ do , tim Y,(p), taco PTDT :

pC+1/R =0-> p =-1/RC

- Y.P)

Nghiém: u.(t) = E + K,e(/RC)

% Sekien : un(0%) = ua(07) = 0

Vay: ug(t)=E - Ee(VRC)

ECA - ch4.1
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Dang tin !

E T ug(t)
u-(t) = E - Ee(-t/RCO) sy eert TEE g R

io(t) = (E/R)e(-VRC)

* Quan sat trén
oscilloscope , ta co :

10

meg = - " s oE o " s oE o " s oE o " mow

ECA - ch4.1

CuuDuongThanCong.com


http://cuuduongthancong.com

€U

_E‘Q

< Hing s6 thoi gian

(thoi hing) clia mach D SR N s A R R
RC : 100% - [ ---|--- ZZ_/)//

a0 0,633E T -——1"

= RC t/

T
[s] = [Q].[F] y

< Dya trén tin hiéu i i

uc(t) , hing s6 thoi
gian dugc do :

10

meg = - " s oE o " s oE o " s oE o " mow

ECA - ch4.1 31
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< Thoi gian ton tai
qua trinh qua dJ.

“* Mot cach qui uéc :

t

qd ™

R

E_}}______ “cft) ]
|- 0,25k ,//‘«'//
=== tqd i ke
10
“%.. " omom " omom " omom P
ECA - ch4.1 32
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Mach qua d capI -

<» Péng ngudn ap DC , gia tri E vao
mach RL tait=0,tacoé:

u (1) = Eeto

i (t) = E/R(1- )

< Véi t=L/R = thoi hing cia mach
RL. Va thoi gian qua do ciing la :

ta=31

ECA - ch4.1
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MO hinh Thévenin & ¢

a) Riit gon so do :

Circuit 2 | Rtu a
resivsvtl:l:ces Inductor | n Inductor
and ok - Thevenin YT 6_) or

Capacitor Capacitor
sources _
b b

Representation of an arbitrary
circuit with one storage element

ECA - ch4.1 34
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Gidi han —

du,. N
— U, =V
dt C TH

Rth 3
+
\'"/ Cxw
™ Ve —> I{THC:
b
Case 1.1

Voltage across capacitor

= 1%L

dt

+ Ry, =V

Case 1.2
Current through inductor

ECA - ch4.1

CuuDuongThanCong.com

= 1

Obtain the voltage across the capacitor
or the current through the inductor

uc_forced

uc_transient

lL_forced

lL_transient

35
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* Solve the DC steady-state circuit before switching (on/off) : Find
values of u (0) and i (0°) .

“* Write a differential equation for the circuit at time t> 0 :

a) Reduce the circuit to its Théevenin or Norton equivalent (The
energy storage element (capacitor or inductor) is the load) .

b) The differential equation will be either in terms of u.(t) ori(t) .
c) Solve for the forced response : Yio ceq(t) -

(t) = K.ettD,
(Capacitive circuits: t = R;,.C ; Inductive circuits: 1 = L/R;y )

d) Write the transient response Ytransient

The complete response in the form: y(t) = y;, ..q4(t) + K.ett7)

+ ldentify the circuit initial conditions y(0*): by using on-off laws .
< Solve for the value of K.

ECA - ch4.1 36
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Dung moé6 hinh Theé

Find i (t); t>0

=60

~

=602

Y i(®)

.

< fort<0:

60 =62 Vi)

24V

solution: 1,(07) = ?

ECA - ch4.1
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+ Initial conditions :
solution: 1,(07)=1,(07) = %A
+» Evaluating at 0*:
16
K, =—
3
Vi = 0 , 16 -—
" Ans: i,(H)=—e ;>0
R, = 6+(6]/(6+6)) 3
t

S . _E .
fo (t) B Kle ;1>0 ECA - ch4.1 38
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= P6ng nguon 4p DC , gia tri E ,
tai t =0, vao mach RLC néi tiép, t=0
tim dién ap trén tu u.(t) va dong
qua tu i(t) khit>0?

R L
AN f\f\f\_¢
I (1) "
C= u.(t

Giai

“Khit<0: Tacéu-(0)=0 ;i (0)=0

< Khit>0:

a) Nghiém xaclap: u.y =E

ECA - ch4.1
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Mach qua do cap II -

b) Nghiém tu do : Paiso héasc do, tacé PTPT :

p’+ (R/L)p+1/LC=0

R

Gia si¢ PTDT cé 2 nghiém : Pio = _Zi A

(Trong do : A’ =(R/2L)?> - 1/LC)
= u.(t)=E+Ke" +K,e™

o Sokien: 4.(0)=1u.(0)=0 u'C(O+)=lC(£ Llﬂg ) o

< TimK,,K,: u(0H=E+K,;+ K, =0
uc’(09) =Kp, + K;p, = 0.

ECA - ch4.1 40
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Dang tin hié¢u ¢ mach

E E ¢
>Tagla1ra K—z—\/’%' — i EU[J[:| i T I

»Nghiém bai toan qua do :

Uc(t)=E+—= NIX [pze“t—ple"zt]

du,

n 2L\/_ Lo -e”]

1 p
t = In| =2
’ 2@ [plj

ECA - ch4.1 41
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uc(t) |

= Pién tro téi han R, (Q): E -

7 i
Rth_z\/g(g) 0

] . . . . SCC
= Cdc ché€ d) ctamachecapIl: 1 0 1 2 3 4 5 6 7
. A R ic(t)
i. Khong dao dong : -
(R>Ry) |
ii. Dao d(’jng . (R < Rth) R i d
iii. Toihan: (R=R,) e

1 0 1 2 3 4 5 6 7
ECA - ch4.1 42
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Po dién tro téi han R,

1. Dung mach nhu hinh bén:

2. Chon VR rat bé dé mach
¢ ché& do dao dong.

May phét
sOng

IL

VR

3. Ting dan dan VR d€ c6 dang song
téi han . Gia tri dién trg tdi han :

R, = VR

ECA - ch4.1
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