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PHAN TICH HE THONG LIEN TUC DUNG
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NoOi dung chwong 5

O Bién ddi Laplace va cac tinh chat

3 Ham truyén va dap trng cta hé thong LTIC
[ So d6 khdi va thwe hién hé thdng

d Ung dung trong hoi tiép va diéu khién




BIEN DOI LAPLACE VA CAC TINH CHAT




Pinh nghia bién déi Laplace

Q Cho f(t) la tin hiéu xac dinh vé&i moi t, bién doi Laplace cua f(t)
la:

F(s) = Tf (t).e Sdt

—00

Trong do:

% S= 0o+ |w: bién phirc (bién Laplace)
% & toan tlr bién dbi Laplace.

% F(9) : bién doi Laplace ctia ham f(t)

d Mién hoi tu (Region of Convergence — ROC) mién s sao cho
tich phan & biéu thrc dinh nghia trén hoi tu.
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Bién doi Laplace ngwoc

A Bién doi Laplace ngwoc ciia ham F(s) 1a:

f(0) = — [""E(s)e¥ds  (ceROC)
21

cC—jw

Q Ky higu: F(s)= L{f(t)}
f(t)=L"{F(s)}

hoac: f(t)«—— F(9)
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Vi du tim bién déi Laplace va mién héi tu

3 Tim bién déi Laplace va mién hdi tu cla cac tin hiéu sau:
a)f(t)=e*u(t),a>0 b)f(t)=eu(-t),a>0 c)f(t)=u(t)
Q Giai

o g (sra)t oo 1
F(s)—jf(t)e S‘dt_jeate Sdt = — 0 —
7 s+a S+a

ROC: Re{s+a} >0

—(s+a)t 0

¢ —st at —st € —00
F(s)_jf(t)e dt_je et = - ==

—00

ROC : Re(s+a) < 0
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Bién doi Laplace mét bén

Q Néu f(t) la tin hiéu nhan qua, bién doi Laplace cua f(t) la:

F(s) = j f (t).e%dt (Bién ddi Laplace mot bén)
d

A Chu y: gidi han 0-bao gdm xung don vij tai goc 0.
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Lién hé gitra bien do6i Fourier va bién doi Laplace

Q Bién ddi Fourier 1a trwdng hop dac biét cta bién dbi Laplace

F (@) =F(9)

S=jw

Trong d6 truc 8o jw 1a mién hoi tu.

plm Alm
§ = Jw s =0+ jo
L -
Re “  Re
Fourier Transform Laplace Transform
l o0 . _ . l .|:'-—|—j|:-: n
) — — Juol _ \ o5t
10 =5 [ Fl@erdo  f0)=5-] " Fls)eds




Bien doi Laplace cua cac tin hiéu théng dung
0 Ham dirac 5(t)

f(t)=0() = F(s)=1 ROC:splane
a Ham ma e &u(t)

f(t) = e u(t) = F(s) :Sia; ROC:Re(s >-a

ad Ham mi e 2u(—t)
f(t)=—-e*u(-t) = F(s)= i; ROC: Re{s < —-a
S+a
Q Ham néac don vi u(t)

f(t)=u(t) = F(s) :i;ROC:Re{s} >0
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Tinh chat cua bien déi Laplace
Q Tinh tuyén tinh:

(1) & Fi(s)

T, (1) © F,(9)

Néu <

thi: — a,f,(t)+a,f,(t) < aF(s)+aF,(s)

3 Vi du:

2 4
2e'u(t) — 4e'u(t) - ROC: Re{s! > -1
(t) (t) <13 si1 ( e{ s} )
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Tinh chat cua bien déi Laplace

A Tinh d&i trong mién thdi gian:
Néu f(t) < F(9)

thi:  f(t—t,) <> € *°F(s)

3 Vi du:

€

-3s

€

-5s

rect(%) =u(t-3)—-u(t—5 <

S
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Tinh chat cua bien déi Laplace

A Tinh d&i trong mién tan so:
Néu f(t) < F(9)
thi:  f(t)e™ <> F(s—5s,)

S
s + 2°
(s+5)

QVidu:  cos(2t).u(t) <

cos(2t)e ™ .u(t) <
= cos(2) (t) (s+5)° +2°
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Tinh chat cua bien déi Laplace
O Dao ham trong mién thoi gian:

Néu f(t) < F(s)

i TO - 10)
dt
d"f (1)

o S "F(s)-s"'f(0)-s"*fP(0)...

AVidu: o(t) 1 = ") o s

f(t) = rect(t_zd') = dzf(t)<—>se‘3‘°’

dt?

— ()

. Se—SS
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Tinh chat cua bien déi Laplace
Q Dao ham trong mién tan so:

Néu f(t) < F(s)

thi 1 (1) <3 — (S
ds
, L 1
QVidu: e u(t) <
(s+1)
1
te"u(t) &
(1) (s+1)°

t’e'u(t) & 7
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Tinh chat cua bien déi Laplace
A Tich phan trong mién thoi gian:
Néu f(t) < F(S)

thi j f(r)dr < Fis)

F(s)

If(f)dl’(—) Jf(T)dT+ <

—00

dVidu: u(t) <& E
S

1
tu(t) < 7 t?u(t) & 7

t"u(t) < 7
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Tinh chat cua bien déi Laplace
QA Thay dbi thang dé (co/gian)
Néu (1) < F(s)

thi f(at)eiF(Ej (a>0)
a a
L 1
QVidu: e u(t) & —
s+1
» 1 1 1

(a>0)
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Tinh chat cua bien déi Laplace

A Tich chap trong mién théi gian:
f,(t) < F(s)
k f,(t) <> F,(9)

thi  f,(t)* f,(t) < F,(s).F,(s)

Néu -

A Tich chap trong mién tan so:
f,(1) & F(s)
k f,(t) <> F,(s)

i (). 5,0 © = F(9)* Ky (9)
27

Néu -
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Tim bién d6i Laplace thuan

Q S& dung bién déi Laplace cta cac ham co ban

0 S dung cac tinh chat cha bién dbi Laplace dé tinh bién doi
Laplace cua ham phtrc tap dwa vao bién doi Laplace cua cac
ham co ban.

cos(bt)u(r)

sin(bt)u(t)
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Bai tap tim bien doi Laplace thuan

a) f (1) =u(t) —u(t—1)

b) f(t)=e™ " u(t—1)

c) f(t)=e""u(r)

d)f(t)y=e 'u(t—1)

e) f(t)=te"u(t—r)

) @) =smlay(t —7)Ju(t—17)
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& Tim bien do6i Laplace ngwoc

Q S dung cdng thirc bién dbi Laplace nguoc:

1 petjo o
f(t)=—1| F(s).e’ds (ceROC)
271 vc 1o
— Phtrc tap, it khi st dung
Q Phan tich F(s) thanh tong cda cac thanh phan don gian, sau d¢
st dung cac tinh chat cua bién dbi Laplace va tra bang bién doi
Laplace cac ham co ban.

—Don gidn hon, da sb trwong hop st dung cach nay
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Vi du tim bién doi Laplace ngwoc

a Tim f(t), biét F(s) = s -2
s’ + 35 + 2s
a Giai:
Q Phan tich F(s):
2 —_—
F(s) s° -2 1 1 N 1

— = —— 4
s(s+1)(s+2) S Ss+1 s+2

0 Tra bang bién dbéi Laplace, suy ra:

f(t):Ll{—}+ L 2 }:(—1+et+e2t)u(t)

S Ss+1 s+2
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&) Tim bién déi Laplace ngworc ctia ham hivu ti

Q Trong nhiéu trwdng hop F(s) c6 dang ham hivu ti:
F (<) = P(s) _b,s"+h, 8" +...+bs+b
Q(s) s"+a " +..+as+a,

> néu n>m: F(s) la ham hop thirc (proper)
> néu n>m: F(s) 1a ham hop thirc chat (strictly proper)
> néu n<m: F(s) Ia ham khdng hop thire (improper)

Q Khai niém zero va cuc:
> Zero la gia tris lam cho F(s) =0
= Zero la nghiém ctia phwong trinh P(s) =0
» Cuwc la gia tri s lam cho F(S) = o
= Cuwc la nghiém cla phwong trinh Q(s) =0
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Khai trién ham hiru ti thanh cac thanh phan co ban

Q Xét ham F(s) hop thire: F(S) = Ps) (n > m)
S

Gia slr F(s) toi gian va cac cwec cta F(s) la Ly, Ay, Ag,...

0 Néu cac cuc cla F(s) khac nhau:
K, Kk K
2 "

F(s) =
s.+/11 S+ 4, S+,

+ ...

0 Néu F(s) co cwce lap lai, gia st A, 18p lai r lan:

k r-1 k2j k3
F(s) = +> s + ...
s+4, 2(s+4,) s+4,

0 Nhan hai vé voi Q(s), sau d6 can bang hai vé thu dwoc hé
phwong trinh. Giai hé phwong trinh, tim dwoc cac hé so

14 January 2014
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Vi du tim bien déi Laplace ngwoc dung pp khai trién
s° -2
S° +3s° +2s

Q Vi du: Tim bién doi Laplace ngwoc: F(S) =
[ Giai: Phéan tich:
s> -2 K. K, K,

3 2 =T +
S +35“+2s s s+1 s+2

= s° - 2=k, (s+1)(s+2) +k,S(s+ 2) + k,S(s+1)

Kk, +k, +k, =1 'k, =-1
=3, +2k, +k; =0 = k, =1
2k, =-2 k; =1
1 1 1
> F(8)=—=+—+—— =>f{t)=(-1+e" +e*)u(t)

S S+1 s+2
25




Xac dinh cac hé so dung phwong phap Heaviside

k -1
S+ A, S+/1 ZO(S-I-/IZ)r ’

Q Cong thure Heaviside:

F(S) =

» Cac cuwc khong lap:

ki =(s—4 )F(S)‘S:ﬂ1

» Cac cuc lap: gia st cwe boi r

= (s-4)F(9).,

K = 1 d’ (s—=4) F(s)] , 0<j<r)
jl ds’
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Vi du xac dinh cac hé sé ding phwong phap Heaviside

0 Vidy: F(s)=— ot 29
(s+1)(s+2)
a Giai: F(s) = Ky + Kao -+ Koy — Ky
s+1 (s+2)° (s+2)° s+2
8s+10
k1: 23 :2 k20285+10 _
(5+2)7|., (s+1)|_,

d [8s+10 _2
k21 = = 5

dt | (s+1) . (s+1)

1 d* |8s+10 1 4
kzz = 5

2 dt? | (s+1)
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Bai tap tim bién do6i Laplace ngwoc

3 Tim bién dbi Laplace ngwoc cla cac ham sau:

/S—6

a) F(s)=

@ FO=5- ¢
25° +5

b) F(s)=

(b) F(s) s* +3s+ 2
6(s + 34)

(€) )= s(s” +10s+ 34)

28




HAM TRUYEN VA DAP UNG
CUA HE THONG LTIC
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Tinh dap (rng cua hé LTIC dung bién déi Laplace

0 Bién dbi Laplace cho phép tinh dong thoi:
> Dap trng khi tin hiéu vao bang 0 (zero-input response)
> Dap trng khi diéu kién dau bang 0 (zero-state response)
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Tinh dap (rng cua hé LTIC dung bién déi Laplace

0 Vi du: Tinh dap ng cha hé thong LTIC dwdi day:
(D*+5D+6)y(t)=(D+1)f (1)
y(0) =2y (0) =L f(t)=eu(t) = F(s)=
Q LAy bién déi Laplace 2 vé PTVP:
$°Y (5) = 5y(07) = y'(07) +5[ s¥ () = y(07) ] +6Y(s) = sF (5) = f(07) + F(s)

s+4

= (57 +55+60)Y(s)=2s—11=(s+ 1) F(s)
h 3 A

s+2 s+3 s+4

2s+11 N (s+1)

= Y(s)=— S
(s +5s+6) (s°+55+6)
N 7\ -
Pap rng ngd vao bang 0 Pap rng trang thai dau bang 0

= y(t) = (1—23 e -3 - g e ™ ju(t)

F(s)=

J
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Bai tap tinh dap ng ctia hé LTIC ding bién ddi Laplace

Q Tinh dap &ng cla hé thong LTIC dwéi day:
(@) (D?+4D +4)y(t) = (D +4) f (t)
y(07)=-1y'(0") =2, f(t) = 2u(t)

(b) (D*+3D)y(t) = (D +1)f ()
y(0)=1y'(0")=-1 f(t) =u(t)

32




Ham truyén cta hé LTIC

Q Xét hé LTIC mé ta béi phwong trinh vi phan
(D" +aD"" +...+a,)y(t) = (b, D" + B D™ +...+b,) (1)
Q(D) P(D)
0 Gia s diéu kién dau bang 0, Iy bién dbi Laplace 2 vé PTVP:
(s"+as" " +..+a)Y(s)=(b.s"+bs™ +...+b )F(9)

QO Ham truyén cla hé thong:

Y(s) b,s"+bs™+..+b, P(s)
F(s) <s"+as"‘+..+a  Q(s)

H(s) =

— Ham truyén cla hé thdng la ti sb gitra bién dbi Laplace cua tin
hiéu ra va bién doi Laplace cua tin hiéu vao khi DK dau bang 0.
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Bai tap tim ham truyén cua hé LTIC

0 Tim ham truyén cla cac hé thong mé ta béi cac phwong trinh
vi phan dw¢i day:

a) O di’z(t) +5 di;(tt) £2y(t) = 2 dfdit) +3F (1)

y SYO VO Ay g 4O

41 (t
dt’ dt? dt dt +4tQ)




Mo ta hé thong dung ham truyen

0 So do khoi ciia hé thong:

F(s) - Y(s)

0 S& dung ham truyén cé thé:
> Tinh dap ng khi diéu kién dau bang 0
> Khao sat tinh 6n dinh cla hé thong
> Thiét ké hé thdng
> Thuwc hién hé thong
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&) Ham truyén cua hé théng co

0 Hé thdng giam sbc (6 td, xe may):

> Tin hiéu vao: d6 cao mat dwong X m

> Tin hiéu ra:dich chuyén than xe y
> m khoi lwvong than xe, k do cing 10 xo,
b: hé s6 ma sat .

b

Q Phwong trinh vi phdn mé ta quan hé
gitra tin hiéu vao va tin hiéu ra:

d*y(t) . dy(t) _ 1y Gx(1)
m e +b & +ky(t) =Db ~ + kx(t)
= (mD? + bD + k) y(t) = (bD + k) x(t)
P(s)  bs+k

O Ham truyén: H (S) = @ = rnSZ N bS_|_ y

36




Ham truyén cia mach dién

Nt 1H
aQ Xét mach dién voi tin hiéu vao }-(;.) AMN— Y Y Y
la dién ap nguon, tin hiéu ra 1a 00 40
dong dién chay trong mach. N n

Q PTVP mo ta quan hé gil"fa tin hiéu vao va tin hiéu ra:

RY(t) + L di’j(tt) + j y(z)dz = f(t)
IO (O BP C)
o o o
— (D2 +4D + 3)y(t) = Df (t)
= H(s)=—s—

Ls®> + Rs+ 1
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&) Giai mach dién dung bién déi Laplace

0 Bang cach dwa bién doi Laplace vao mach dién, co thé khao
sat mach dién c6 phan tr L, C nhw mach thuan tro.

0 Céac phan tl co ban trong mach dién:

Do R Ve(t) = Rin(D) — Vo (S) = Rl 5(8)
» Dién dung C: V (t)_—j| (r)dr =V (S)‘é' (s)
di, (1)

> biéncamL: v (t)=L =V, (s) =Lsl, (s)

Q Pinh luat Kirchoff:
> KLC: > i(®)=0 => 1,(5)=0

=1}

> KLV: Z_l (=0 :>Z Vi(s)=0

dt
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Vi du giai mach dién dung bién doéi Laplace

y(1) LA Y(s) 4 S

AN Y Y Y —
40 1 :
f(r)C*E == gF — F(s) =3/

a Dong dién trong mach

V(9=
4+s+3/s
~y(g) = T — y(t)

s’ +4s+3
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Ham truyén cac mach dién théng dung

Q Mach khuéch dai:

R;
R L YWy
AN i
F(s)? >J—+y(g) () F(s) Y(S)

H(s) =k = il
R
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Ham truyén cac mach dién théng dung (tt)

a Mach tich phan:

41




Ham truyén cac mach dién théng dung (tt)

0 Hé théng bac 1:




bang O:

i

b

Q Gid sir m=1,k=2,b=3: = H(S) =

Pap rng cua hé thong

0 Vidu: Tinh dap trng clia hé co hoc dwdi day khi diéu kién dau

X (s) b ¢4 Kk Y(s)
<:r> "2 b k '
S+ ES -+ P

3S+ 2
“ +3s+2

QO Gia s tin hiéu vao Ia ham nac don vi:

x(t) = u(t)

s X(s) ==
S
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Dap trng cua hé thong

A Tin hiéu ra:

1 3s+2
Y(S):X(S)H(S)zgsz+35+2

= Y(S):%_Sill-—l_l_sz = y(t) = (1-€e"' +2e?)u(t)
v : v(it)=1+e"—2e4

S 7 —_—

0]

o

|  bmes ¢




Gia tri ban dau va gia tri xac lap cua dap ng
Q Gia tri ban dau:  y(0") = limsY(s)

a Giatrixaclap:  Y(o) = IianY(s)
S—

aVidu ()= —ot 2
S(s” + 35+ 2)
y(0") =lims 238+2 =
s> §(S° + 35+ 2)
y(0) =lims 35+ 2

>0 §(s® +3s+2) B
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&) Panh gia tinh én dinh caa hé théng

Q Tinh 6n dinh cta hé thdng phu thudc vao vi tri cwe clia ham
truyén H(s):

% Hé thdng 6n dinh néu tat ca cac cwc nam bén trai mat
phang phirc

% HT & bién gi®i 6n dinh néu co cwc don nam trén truc o va
cac cwc con lai nam trén trai mat phang phuec.

% Hé thdng khdng 6n dinh néu co it nhat mét cwe & bén phai
mat phang phlc hodc c6 nghiém I1&p nam trén truc 3o.

. 3s+ 2 .
Q Vidu: H(s)= (& 1351 2) — On dinh
6
H (S) = (3—3)(S+ 2) — Khéng 6” d|nh
s—2

H(s) = (F+3)(5+2) — Bién gi&i 6n dinh
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SO PO KHOI VA THUC HIEN HE THONG
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So db khéi

0 Ghép ndi tiép

F(s)

——

Y(s)

Q Ghép song song

= O - AC
—[H0)]

48




So db khéi

0 Ghép hoi tiép

9.

Y(s)

=S
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Thwe hién hé théng

0 Ba cach thwe hién hé thong:
% Dang truc tiép
% Dang noi tiép
<+ Dang song song
0 S& dung cac phan to:
<+ Mach tich phan
% Mach khuéch dai
<+ Mach cOng

0 Xét hé thdng cé ham truyén v&i n=m:
(néu m<n: thém vao cac phan t& cé hé s6 bang 0)
n n-1
bs' +b s +..bs+h,
s"+a_,s" +..a,5+a,

H(s) =

50




Dang trwec tiép

3 2
b,s”+b,s” +bs+D,
s’ +a,s° +a,S+a,

0 Xéthé bac3:  H(s) =

FS) | bs’+b,s’+bs+h, | YOS
s’ +a,s° +a,S+a,

0
F(s) 1 N . Y(s)
S t+a,s®+as+a,| X S +hsT+bs+h,
\ _J " _J
Y Y
X(s Y(S
Hy(9 =212 H (9= o

F(s) X(s)
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Dang trwec tiép

1 X(s) 3., 2 Y(s)
H,(S)= = H,(9)=b.,s’+b,s"+b,stb, = —~—~
F(9) —(F)—— 2 Y

92




Dang trwec tiép

bs"+b s""+..bs+Db,
s"+a_,s"" +..a,S+a,

0 Tong quat:  H(s) =

S"X(s)
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Bai tap

0 Vé so do dang truc tiép thwe hién cac hé thdng sau:

a) “(5):?32 b) H(s)=j%§




Thyc hién hé thong dang noi tiép va song song

0 Dang nai tiep: Phan tich ham truyén hé thong thanh tich cac
ham truyén bac nhat (twong &ng v&i cwc thuc) hodc bac 2
(twong rng cwe phire lién hop).

0 Dang song song: Phan tich ham truyén hé théng thanh tong
cac ham truyén bac nhat (twong &ng v&i cuc thuc) hodc bac 2
(twong ng cwe phire lién hop).

)




Thyc hién hé thong dang noi tiép va song song

Q Vidu 1: H(s) c6 cwe thwe don

0 Dang ndi tiép:

4s+28 1
s+1 s+5

H(s) =

a Dang song song:

6 2

H(s) = -
() Ss+1 s+5

H(s) =

4s + 28

F(s)
-—

4 5+28

s +6s+5

s+1

Y(s)

o6




Thyc hién hé thong dang noi tiép va song song

2
0 Vidu 2: H(s) co cuc thwclap H(s) = (8" 308 53-
(s+2)(s+3)
5 2 3

H (s)

" (512 (s+3) (s+3)

F(s)

oS/




Thyc hién hé thong dang noi tiép va song song

10s+ 50
(s+3)(s° +4s+13)

a Vidu 3: H(s) cd cwc phtrc: H(S) =

— H(s) = 2 2S—8

s+3 ?+4s5+13

Thwc hién
dang truc tiép
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Thwc hién hé théng dung OP-AMP

0 Vidu: Vé so d6 OP-AMP thwc hién hé thdng cé ham truyén:

H(s) =

2S+5
s* +4s+10

0 B1: Vé so do thye hién hé thong

—

F(s) -1{7

a1

S

1

29




Thwc hién hé théng dung OP-AMP

0 B2: Bién dbi so do vé dang twong dwong dé co thé thwe hién
bang OP-AMP
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Thwe hién hé théng dung OP-AMP

0 B3: Vé so do thwe hién bang OP-AMP

100K
A'A

A'A

100K

100K

100K
.—\/\/\_-EI> 100K
F(s) 10K —/\V\—
n
= 25K | 1 E':

100K

100K

W

N
_I/
10 pF
]l
11

50K

20K

100K
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LPNG DUNG TRONG
HOI TIEP VA PIEU KHIEN
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ng dung cua ghép hoi tiep

0 Hé thdng cé thé khong thwe hién chinh xac cac yéu cau
mong muodn do:

> Bitac dong bdi sw thay dbi cac thédng sb trong hé thdng
> Bi tac dong bdi anh hwdng cua nhiéu
> Khéng tuyén tinh

— Chat lwong cua hé thong khéng dam bao

0 Khac phuc: ghép hoi tiép.

Error
Plant .
F(s) + E(s) . Y(s)

Input - Output

H(s)
Sensor

Feecdback
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ng dung cua ghép hoi tiep

1 Ung dung 1: giam anh hudng do thay doi thdng so trong hé thong:

* Vidu 1: xét bd khuéch dai hoi tiép

f@ + >l> =1000 and A varies
.? IJ = COonst

A
1+ A

T =

* B9 khuéch dai vong hcr A co truoc!???

, 1 (A 1
«CanT 2> timB: B= A(T — 1). Vi dy can T=10: = =0.099
« Khao sét su 6n dinh khi thong s6 cua hé thong (A) thay doi

900
A=900 (10% low) = l+ (0.099)(900) =9.989 (0.11% low!'!)

1100

A=1100 (10% high) = =10.009(0.09% high!!!)

~ 1+(0.099)(1100)
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ng dung cua ghép hoi tiep

= D nhay cua hé thong hoi tiép: xét ham truyén vong kin

G
T =
1+GH
() (4 1 G H _
T = AG AT = = AG
= 20 = 5 (1 +GH) AC= ({1+GH} {1+G’H}E)
1 1 & AG
AT = AG = AT =
= Qrcmp-c = & (1 T (;‘H) (1 T GH) G
AT 1\ AG AT/T 1 .
—_— = — 1 5 = —
= 7 (1 n (:H) a I Y=3c/c = 1+cn | (40 nhay)
Néu chon GH >>1 thi: g~ |
GH
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ng dung cua ghép hoi tiep

= Vi du 2: xét hé thong khuéch dai sau

power
amplifier

MP3 player b—| G

R« G <12 speaker

. A . A - Aw .
Lam the nao de khac phuc sy thay doi nay?
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ng dung cua ghép

1 Ung dung 2: giam anh huéng cua nhiéu véi hé thong hoi tiép

hoi tiep

Disturbance
Plant Vi)
f) + ?’{"1 — ___é_)_ y(0)
Input — Qutput
rit) H -
Sensor
G ]
— v(t) = 1)+ v(t
YO=1ren? P ien Y
= y(t) = 1 f(r)—l—iv(r)r GH>>
YRR T em ™

—— (Giam nhiéu

6/




ng dung cua ghép hoi tiep

1 Ung dung 3: diéu chinh tinh tuyén tinh cta hé thong
M)

f(t)

Gle)

y(t)
e

el |
i /(1)

H

Open Loop

Ijl/ | ﬂl] {'“]
-1

de

Ngora: T(f)=G(e) =>T'(f)=G'(e)—

Sai1 so:

=T'(f)=G (el -HT ()] =T(f)=

Néucé G'(e)H >>1 thi:

de

d

df

e=f—-HI(f) = —=1-HT'(f)

G'(e)
1+G'(e)H

N
T(f)—H

* T(f): tuyén tinh
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ng dung cua ghép hoi tiep

Trong vi du trén, néu H=0.2 ta cé

()

Open Loop ' 1T

G(e)

Closed Loop

V)

r(f)

-0.1 1 0.1 E?(I) y
. -t

-

f()

0.2 04 0.6

-7

Vi du: xét bo khuéch dai cong suat nhu dudi day, lam thé nao dé

khac phuc méo?

+50V

=50V

Valt)

Méo xuyeén tam
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Poc thém: Ung dung trong dieu khién

0 Phan tich mét hé thdng don gian
A Phan tich hé bac 2

0 Quy dao nghiém sb

0 Sai sb xac lap

Q Cac bd diéu chinh

= Mén hoc “Co s& tw dong” sé de cap chi tiet cac van de
phan tich va thiet ké hé thong diéu khien dung bien doi
Laplace.

/0




Phan tich mét hé thong don gian

) Xét hé thong diéu khién sau:

Input
Potentiometer

E_'[ ) ;
de
* amplifier .

Output

Potentiometer

L D(D+a)8() =K, [ (1)
! 1 a=BlJ,K =K, /J
LaThi page 91-92
f \ _ KG(s)
6 A?— K —{Gs)l— 6,10)|6,(s) = 1+KG(3)9"(S)

/1




Phan tich mét hé thong don gian

1 Bap tmg v6i B,(0=u(t): 8 () = — 2 )
s[1+ KG(s)]
Giasit G(s)=——— =0 (s)=—~ [s(s+8) _ K
s(s+8) sS[1+K/s(s+8)] s(s”+8s+K)
7
»K=7: 6 (s)=— =0 t)=(1-Ze" " +Le " u(t
L (5) (5% +85+7) (1) =(1—3 se u(r)
80 N 0
“ K=80: 6 (5)=—— — 0 (1) =[1-Le™ cos(8 +153")u(t)
s(s”+8s5+80)
K=16: @ (s) 16 =60 (1) =[1—(4t+De " Ju(t)
s K=16: §) = - =] — 17
’ s(s”+8s+16) ’
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Phan tich mét hé thong don gian

L]
-
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
-
L]
L]
L]
L]
L]
L]
L]
L]
L]
L]
L.
Ly ]
L]
L]

ll!hllll

Gi4 tri cua K duoc lua chon dé dat duoc yeu cau k¥ thuat cua he théng

Yéu cau nao la tot cho hé thong?
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Phan tich mét hé thong don gian

- Déap ung

voi B,(H)=tu(t): € (5)=—— K
s (s +85+K)
o 80
Giasu: K =80 =6 (5)=—5—
s (s +8s+80)

= 0 (1) =[-0.1+1+1e™ cos(87+36.87")u(r)

1
Bﬂl

U.ll

Yéu cau nao la tot cho hé thong?
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Phan tich mét hé thong don gian

- Yéu cau thiét ké hé thong:
* Pap ung qua do
* Chi ro PO vo1 kich thich u(t)
* Chiro t, and/or t,
* Chi r6 tho1 gian xac lap t,
= Sai sd xdc lap: chiro ss x.1ap voi cdc kich thich u(t), tu(t) va t>u(t)
* PO nhay cua he Lhéng: do su thay d6i cua thong sO h.théng, nhiéu

Khéng phén tich thdong so nay!!!!
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Phan tich hé théng bac 2

— Dép ung qua d6 phu thudc vao vi tri cua poles va zeros cua T(s).
C6 céch dé xdc dinh nhanh chong cac lhmng s0 (PO, t ., t) cua he
lhung bac 2 khong co diém zero dua vao vi tri ctia cdc p(}lES.

- Chiing ta s& khao sét chi tiét hé thong nay (co sd nghién ctru hé

thong bac cao hon)

-1 Xét hé théng bac 2 ¢6 ham truyén vong kin T(s) nhu sau:

ar
T(s)= ! |
s°+2{0 s+ @
* Hai poles ctia hé théng la: N
cos '

Eﬂdﬂmﬂ“-ﬁ

s plane

SI,Z = _é’wjz i jmjz v ] - élz _'E-'E;n

* Dap L'rng Vo1 u(t):

W’ l s+2¢w, W

Y('?)_ - - T 2
ss +2lws+@ s s +2l0s+@
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Phan tich hé théng bac 2

Y1) =

: e sin(@ A1 -t +cos™ )

1— u(t)
- 1
4
- o,
5
ON1=¢
1 tp I — lﬂﬂe-gﬂﬁ
_1-04167¢ +29178° _1.1+0.125¢ +0.469g“’*|
r d =
mﬂ mﬂ
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Phan tich hé théng bac 2
s

%\E

I —
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Phan tich hé théng bac 2

KG(s) K
[1+KG(s)] s +8s+K

Yéu cau thiét ké: chon K sao cho PO<16%, t <0.5s, t <2s?

JdVidu: T(s)=

Ljﬂ.?
- 6
4

= X4c dinh mién cho phép cua céc poles
PO<16%; t €0.5; t <2

* Xdac dinh quy tich cic poles khi K )
thay do1 (quy dao nghiém s0) ' 7 K=0

s +8s+ K =0
:u?|12=—4im
* Xéc dinh gid tri cua K
25 K<64
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Quy dao nghiém so

- Xét hé thong voi hé sd khuéeh dai K thay d6i nhu sau:

¥

F(s) K G(s) - Y(s)

H(s) |

KG(s)
1+ KG(s)H(s)

Ham truyén vong kin ctia hé thong: T'(s) =

Phuong trinh dac trung cia hé thong: 1+ KG(s)H(s)=0

Chiing ta s€ khao sat quy dao cua nghigm phuong trinh dac trung
(poles cua he lthU) khi K thay doi tir 0 dén oo > Quy dao nghiém $0.
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Quy dao nghiém so

Gid tri cua s trong mp-s lam cho ham truyen vong ho KG(s)H(s)
bang -1 chinh la cac poles cua ham truyén vong kin

1+ KG(s)H (s)=0< KG(s)H(s)=-1

KG(s)H (s)|=1
| ZKG(s)H (s)=+180"(21+1)
[=0,1,2,..

G () (s)|=V/K
L £G(s)H (s)==x180"(21+1) [=0,1,2,..

[ndependent of K
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Quy dao nghiém so

- Quy dao nghié¢m s6 dugc vé tudn theo céc quy luat sau:

Ap dung cdc quy luat dung vi du sau:

]

Vi du 1: v& quy dao nghiém s6 cua hé thong sau khi K thay doi

F(s) 4-@—- K

s(s+1D(s+2)

- Y(s)
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Quy dao nghiém so
Luat #1

Gia su G(s)H(s) ¢6 n poles va m zeros:

n nhanh ctua quy dao nghiém bat dau (K=0) tai n poles.
m trong n nhanh két thic (K=oo) tai m zeros

> LY L] 4{. - i ~ ] - %
n-m nhanh con lai ket thic ¢ vo cung theo ciac duong
tieém can.

Budc 1: V€ n poles va m zeros cua G(s)H(s) dung ky hicu
X va 0
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Quy dao nghiém so

Ap dung buéc #1

Vé& n poles va m zeros cua A Imi 5)
G(s)H(s) dung ky hieu x va o T2
1
Gls)H|s)= +i
(s )t (s) s(s+1)(s+2)
* C6 3 poles: ; A —
P -3 2 1 T I Refs)
s=0,s=—1,s =-2 1.
= Khéng c6 zero
.




Quy dao nghiém so

Luat #2

Cac diém trén truc thuc thudc qui dao nghiém khi bén
phai né co tong so poles thue va zeros thue cua
G(s)H(s) 1a mot so 1é

Buoc #2: Xac dinh cac nghlem tren truc thuc. Chon
diém kiém tra tuy y. Néu tong $6 cua ca poles thuc va
zeros thuc bén phai cua diém nay 12 18 thi diém d6
thudc quy dao nghiem SO.
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Quy dao nghiém so

Ap dung buée #2
AImi s}
T2
4]
¢ - - I
-3 -2 -1 xﬁ I Reis)
.....J'
.:",j
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Quy dao nghiém so

Luat #3
Gia su G(s)H(s) ¢6 n poles va m zeros:

[Cac nghiém s ¢o gia tri lém phai tiém can theo duong thﬁng
bat dau tai diém trén truc thuwe:

ZP:-'ZE:-

§=0,=

n —m
theo hwéng cua goc:
- 21807 (274 +1)

¢
in—m

Buoc #3: Xac dinh n - m tiém can cua cac nghiem. Tai s = g,
trén truc thuc. Tinh va v€ cac duong tiem can theo goc ¢,
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Quy dao nghiém so

Ap dung budéc #3

S=t_’:"{,}=pI +p2 +p3 =0_1_2=_1 lI[H{»ﬂ
3-0 3 2
+180 (27 +1) 1,
C n — m _."i
(=0,1,2,... & EFE AT T R
- i 0 ‘\‘ .._j
qgﬁhz_lgﬂ (2><0+1)=i60ﬂ x
3-0 '3
— "(2x1+1) ‘
+180 +
0="— ; —+180
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Quy dao nghiém so

Luat #4

Phuong trinh dic trung ctia hé thong c6 thé viét 1a: KG(s)H(s) = -1

Piém tach phai théa diéu kién sau:
dK
- = 0
ds

Budc #4: xdc dinh diém tich. Biéu dién K dudi dang:
|
G(s)H(s)
Tinh va gia1 dK/ds=0 dé tim pole la diem tach

K =
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Quy dao nghiém so

Ap dung buéc #4
~1
K= =—sls+1)ls+2
G(s)H(s) ( )( )

K=—-s5"—3s*=2s
dK /ds =—s> —3s* =25

= 32— 6s5—2=0_ 4 4 AAT
s, G- —0amD

R |

>

%
11j

I Refs)
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Quy dao nghiém so

Buadc #5

V& n-m nhanh ket thac o vo cung doc theo cac
duong tiém can

. 1)
| JO- Cho: § = j@

Thé vao: 1+ KG(s)H(s)=0

0 1 :
Rels)
= w=0 or ®==*V2

-+ =]

{_-j(l)
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Sai so xac lap

1 Sai sb xdc lap la su sa1 khac gitra tin hiéu vao 1(t) va ra y(t) tai xlap

e(t)=f()=y(1) = E(s)=F(s)=Y(s)=F(s)1-T(s)]

= e, =lme(r)=1m sE(s) =lm sF(s)[1-T(s)]

f—yo0 s—) s—(

* Voif(t)=u(t): e, =e,=Im[l-T(s)] =le. =1-T(0)

s—()

= Vi f(t)=tu(t): e, =e, = lim [1-T(s)]
- s—0 K

if T(0)=1 =le, =—T"'(0)

e V&i f(O)=(1/2)2u(t): e, =e, = lim L)

! s—() 5§

if T(O)=1and T'(0)=0 =le,=-T"0)/2

E;'J
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Sai so xac lap

-1 Vi hé théng hoéi tiép don vi:

F(s) LI—* G(s) I

* Pinh nghia cdc hang so sau:

. H::‘ing sb sai 8O vitri: K, = limﬂ[ KG(s)]
F—

* Hang s0 sa1 80 van toc: K, = lim s{ KG(s)]
§—()

» Hang s6 sai s6 gia toc: K, = lim s°[KG(s)]
s—0

~ Y(s)
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Sai so xac lap

= Céac sa1 s0 xac lap duogc tinh nhu sau:

| 1/ s 1 1/ 5° 1
e, =lims = ce.=lims

1

s=0 1+KG(s) 1+K, =7 550 1+KG{~..} K

1_!

lf'!. 1
e, = lim s
s—0 1+KG{5} K

[

= Phan loai hé thong diéu khién:

* He thfing loai 0: e =finite; .= e _=co. Vidu: G(s)= s+2

| ’ (s+1)(s+10)
. Hé lhéng lﬂai l: B€=O; E:r=ﬁni[e; ep=m* Vidu: G(s) = |

| s(5+8)

» He théng loa12: e=e =0; ep=ﬁnite. G(s) co 2 poles tai géc toa do

« He théng loa1g: co6 g poles tai géc toa do
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Sai so xac lap

= K&t luan: voi hé thong hoi tiép don vi viéc tang so poles tai goc toa
do s€ cai thien chat luong cua hé thong ¢ che do xac lap.

Vay co6 nén ting so poles tai goc toa do?

ZP;'_Z‘Z;'

- 1807 (27 +1)

n-=—m

/
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Sai so xac lap

-J N6i chung trong thiét ké hé thong nguoi ta phai xdc dinh rd e

Vidu: F(s) =? " K o G(s) > Y(s)
I
G(S) — — T(S) _ KG(S) - K
s(s+8) 1+ KG(s)] s>+8s+K

Yéu cau thiét ké: chon K sao cho PO<16%, t.<0.5s, t.<2s,
e.=0 va e <0.15

= Dam bao yéu cau qué do: 25<K<64

* Dam bao yéu cau xdc 13p: ¢, =0e, =8/ K;e, =
=8/ K<0.15 = K 2>253.34

« Két luan: 53.34< K <64
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Pidu chinh hé théng

- Trong vi du trudce ta thﬁy chat luong xac lap tot nhat khi K
I6n nhat!!!
K=64 = (er)min =8/ K =8/64=0.125
Néu yéu cau thiét ké Ia e <0.125?
y JO

L6

Doi sang trai
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Pidu chinh hé théng

- Hé thong c6 bd diéu chinh:

KG(s)

F(s) 4@?—@—-

* Vi du:
|
s(s+8)
e, =8/ K<0.05= K =160

G(s)=

(Gi1a su chon:

» Y (s)

s PO<16%; t, <0.5; 1, <25e. =0;e <0.05

s+ 8 K
G.(s)= = KG.(5)G(s) =
() s+ 30 c($)G(s) s(s+30)
600
Va chon K=600: = I'(s)=—
s+ 305 +600

k=600 T 777777 194
X T 10
s > - .
-ap _15 0
Y T 10
k=so0 | | -194
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Pidu chinh hé théng

rs)=—N . pO<16%; 1 <05 1. <2;e. =0;e. <0.05
5 +30s5+600 ' '

=, =600 :(w. =15 = =0.61
" 1 n

o= 4/1520.066<2

* o,
< PO=89% <16%

w1, =0.0747 <0.5

{ e, =0
e, =0.05

Dat duwoc moi yéu cau thiet ke!!!
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Pidu chinh hé théng

* Vo1 he lhcrng diéu khién hoi uep don vithi G (s)=1/s s€ bao dam
cai thién chat luong xac lap. Tuy nhién lai lam giam chat lwong qua
do, va tinh on dinh cua hé Lhmng! 1 Dé dung hoa nguo1 ta chon G_(s)

nhu sau:

1 1
(Kﬁ’]c=KFJ'G”(0}=(Hfﬁ]Kf’ :}(E"‘)"*FH(K;;)E {E'T=1+Kp

(K,). =K,.G(0)=(alB)K, =(e,) =1/(K,) <e¢, =1/K,

(KH)L- = KEI'GE(D} =(H"fﬁ) K = (EF]E - ”(‘KH)E < EF’ - IIKH
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