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#=3 Noi dung chuong 2
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Khdi niém vé m6 hinh todn hoc
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#>% Khdi niém v& mé hinh toén hoc

* Hé thong di¢u khi€n thuc t&€ rat da dang va cé ban chit vat Iy
khac nhau.

* Can c6 co sd chung d€ phan tich, thi€t k& cdc hé thdng di€u
khi€n c6 ban chat vat 1y khiac nhau. Cd s& d6 chinh 12 todn hoc.

* Quan hé giita tin hi€u vao va tin hi€u ra ctia mot hé thong tuyén
tinh bat bi€n lién tuc c6 thé md td bing phuong trinh vi phin
tuy€n tinh hé s6 hing:

() Hé thong tuyén tinh C(t:)

bat bién lién tuc

n n—1 m
.4 cgt)w1 d nc(lt) va FO oy 4O
dt dt dt dt”

Oy O

+b
bodem! " dt

n: bac cia hé thong, hé thong hgp thic n€u n>m.
a,, b;: thong so cia hé thong
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g3 Mot s6 thi du m6 t3 hé théng biing phuong trinh vi phan

Thi du 2.1: Pic tinh dong hoc tdc dd xe 0 tO

V(T)

dv(t)

M

+ Bu(t) = £ (1)

dt

M: khoi luong xe, B hé s6 ma sdt: thong s6 cua hé thong
f(1): luc kéo cua ddong ca: tin hi€u vao
v(t): tdc do xe: tin hiéu ra
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g3 Mot s6 thi du m6 t3 hé théng biing phuong trinh vi phan

Thi du 2.2: Pic tinh ddng hoc hé thong gidm chan clia xe
if(f‘)

M

l G 2
B X { Md y(t) N de(t)
dt? dt

+ Ky(t)= /(1)

M: khoi lugng tac dong 1€n banh xe,

B hé s0 ma sat, K do ciing 10 xo

f(®): luc do soc: tin hiéu vao

y(#): dich chuyén clia than xe: tin hiéu ra
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g3 Mot s6 thi du m6 t3 hé théng biing phuong trinh vi phan

Thi du 2.3: Pac tinh ddng hoc thang may

2
M, ddfz(t) +Bd);(;) +M,g=Ke(t)+ M, g

M
Buong
thang

(1)

M khoi lugng budng thang, M,: khdi lugng doi trong
B hé s6 ma sat, K hé so ti &

7(t): moment kéo cua ddng co: tin hi€u vao

y(#): vi tri budng thang: tin hiéu ra
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é&a Han ché& ciia m6 hinh todn duwéi dang phuwong trinh vi phén

* Phuong trinh vi phan bac n (n>2) rat kho gidi

Cdle(n)dvlen) o de() | ae(ty=b ETO,

d"'r(t t
0 4 d b T L ( )
dt’ dt’ dt dt"

dr™! "

+b ()

Phan tich hé thong dwa vao mo hinh todn 1a phuong trinh vi
phan gip rat nhi€u khé khin (mot thi du don gidn 12 bi€t tin
hiéu vao, can tinh ddp ¢ng cia hé thong, n€u gidi phuong trinh
vi phan thi khong don gian chit nao!!!.)
Thiét k& hé thong dua vao phuong trinh vi phan hau nhu khong
thé thuc hién dudc trong trudng hgp tdng quit.
= Can cdc dang mo td todn hoc khdc gitp phan tich va thi€t k€ hé

thong ty dong dé dang hon.

A Ham truyén

A Phudng trinh trang thai
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Ham truyén
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g;EED Phép bi€n d6i Laplace

*x Dinh nghia:

Cho f(¢) 1a ham x4c dinh v6i moi ¢ > 0, bién ddi Laplace clia f(¢)
la:

PO} = F(s) = [ f(t)e™de

Trong do:

— s : bién phuc (bi€n Laplace)

— % todn ti bi€n doi Laplace.

— F(s) : bi€n d6i Laplace cia ham £(¢).

Bi€n ddi Laplace ton tai khi tich phan & bi€u thdc dinh nghia
trén hoi1 tu.
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é’w‘g Phép bi€n d6i Laplace (tt)

Tinh chdt:

Cho f(¢) va g(¢) 1a hai ham theo thdi gian c6 bi€n ddi Laplace 1a

I (OF=F(s) {g(}=G(s)

* Tinh tuyén tinh Pla.f(t)+b.g(t)}=a.F(s)+bG(s)
* Dinh Iy chim tré Pf(t-T)=e " .F(s)

? rd t +
* Anh cua dao ham Q<J;,(t)}:SF(S)_f(O )
* Anh cia tich phan 172 jf(f)dz'} _ F(s)

L0 S
*x Dinh 1y gi4 tri cudi lim f(¢) = ling sF(s)
{—o0 S—>
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é?g Phép bi€n d6i Laplace (tt)

oA’ A , N
Bién doi Laplace cua cdc ham co ban:

* Ham nic don vi (step): tin hiéu vao hé thong diéu khi€n 6n
dinh héa

u(t)t
1 néut>0 1
u(f) = , I Pu(t)} =~
0 néut<O ‘ S
0 t
* Ham dirac: thudng dung d€ md td nhiéu
sy |0 néut#0 AN
o néut=0 It P50 =1
[o(0)dt =1 0 !
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é’w‘g Phép bi€n d6i Laplace (tt)

Bién doi Laplace ciia cdc ham co bdn (tt):

* Ham doc don vi (Ramp): tin hiéu vao hé thdng diéu khién theo

do1
r(t)t
t néut=>0 gl
r(t) =tu(t) = , l Q{f-“(f)}:_z
0 néut<O S
0 1 t
* Ham mi
fin
—al Ilé, t2> O —a 1
f)=e“u(t)y=1"° v 1 L {e t-u(t)}=
0 néut<O0 §S+da
0 r
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é’w‘g Phép bi€n d6i Laplace (tt)

Bién doi Laplace ciia cdc ham co bdn (tt):

* Ham sin:
) inot n€ut>0
J(®) F(@)=(sinwt).u(t) = {sm v niu
/\ O necut< O
0 i
\/ P{(sinwt)u(t)} = > @ >
S +w

x Bdng bién doi Laplace: SV can hoc thudc bién doz Laplace cua
cdc ham co bdn. Cdac ham khdc cé thé tra BANG BIEN BOI
LAPLACE & phu luc sdch Ly thuyét Dieu khién tu dong.
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ggﬂ".,ﬁ;u Dinh nghia ham truyén

*x Xét hé thong mo td b3i phuong trinh vi phan:

) Hé thong tuyén tinh C({)

bat bi€n lién tuc

n n—1
aodc(t)+a1d C;(lt)+---+a_ dc(t)+a c(t) =
dt” dt” df
b, d"r(t) +b d r(lt) +h dr(t) +b F(t)
dt” dt” dt

* Bién doi Laplace 2 v& phuong trinh trén, d€ y tinh chit 4nh cia
dao ham, gid thi€t di€u kién dau bing 0, ta dudc:

a,s"C(s)+a,s"'C(s)+--+a, ,sC(s)+a,C(s)=
bys" R(s) +bys" ' R(s) ++-+b, SR(s)+b, R(s)
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#>3 Dinh nghia ham truyén (tt)

* Ham truyén cla hé thong:

C(s) bys" +bs" " +--+b, s+b,

R(s) ays"+as" ' +--+a,_s+a,

G(s)=

* DPinh nghia: Ham truyén ciia hé thong la i sé giita bién doi
Laplace ciia tin hiéu ra va bién doi Laplace ciia tin hiéu vao khi
dieu kién dau bang 0.

Ve V4

*x Chu y: Mic du ham truyén dudc dinh nghia 12 ti s6 giita bién
ddi Laplace cla tin hiéu ra va bién doi Laplace clia tin hiéu vao
nhung ham truyén khéng phu thudc vao tin hiéu ra va tin hiéu
vao ma _chi phu thudc vao céu triic va thong so cua hé thong.
Do d6 c6 thé dung him truyén dé€ mo td hé thong.
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g;DED Ham truyén cia cdc phan ti

Cach tim ham truyén
*x BuGc 1: Thanh Iap phuong trinh vi phan mo6 ta quan hé vao — ra
cia phan t bing cdch:

4 Ap dung cdc dinh luat Kirchoff, quan hé dong—dp trén dién
tr8, tu dién, cudn cdm,... d6i v6i cdc phan ti dién.

4 Ap dung céc dinh ludt Newton, quan hé giita luc ma sat va
van toc, quan hé gitta Iyc va bi€n dang cua 10 xo,.. d6i véi
cdc phan tf ¢o khi.

& Ap dung cdc dinh luat truyén nhiét, dinh ludt bdo toan ning
lugng,... d6i vdi cdc phan ti nhiét.

A ooe

* Budc 2: Bi€n ddi Laplace hai v€ phuong trinh vi phin vira
thanh 14p & buéc 1, ta dudc ham truyén can tim.

* Chd y: d6i véi cdc mach dién c6 thé tim ham truyén theo
phuong phdp tdng trd phic.
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!{%’?@ Ham truyén ciia cdc bo diéu khi€n (khéu hiéu chinh)

Cac khau hiéu chinh thu djng

/\l
1 A Ac 1 R 1
* Mach tich phan bac 1: L G(s) =
RCs +1
|
* Mach vi phan bac 1: ¢ Jdx G(s) = RCs
RCs+1
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é’?@ Ham truyén ciia cdc bp di€u khi€n (khéu hiéu chinh)

Cac khau hiéu cl(}inh thu dong (tt)

* Mach s6m pha: A
R, G(s)= K als +1
T (5)=Ke Ts +1
Keq = % T:RzRIC 0(=R1+R2>1
R, + R, R1+R2 R,
/\I
* Mach tré pha: R, L G(s)=K als +1
1 “ Ts+1
- C
' ' a= i <1
K-=1 T'=(R+R)C R, + R,
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ggﬂ".;;u Ham truyén ciia cdc bo diéu khi€n (khéu hiéu chinh)

Cac khau hiéu chinh tich cuc

* Khau ti 1€ P: (Proportional)
/\IRZ G(s)=Kp

Z AR K
. [ G(s)=Kp,+—L
: B R 1
K,=——% K, =——
= TR " RC
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ggﬁ'"};u Ham truyén ciia cdc bo diéu khi€n (khéu hiéu chinh)

Cac khau hiéu chinh tich cuc (tt)

* Khau vi phan ti 1€ PD: (Proportional Derivative)

R,
N G(s)=Kp+Kps
& ! v KP —_— —2 KD —_ _R2C
L. R,
*x Khau vi tich phan ti 1€ PID: (Proportional Integral Derivative)
Z K
” “A—) G(s)=K,+—L+K,s
Vi S
I _ = 1
- > v, K,= _RCG +R,G, K, =———
1 R,C, R,C,
K D — _Rz Cl
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g;DED Ham truyén cia cic d6i tugng thuong gip

Ham truyén dong cé DC

PR —AA—
T L,
U

— L, : dién cAm phin ng — : tdc do dong ca

— R, : dién trG phan ng — M, : moment tai

— U, : dién 4p phan ing — B : hé sO ma st

— E,: stic phan di€én dong —J : moment quan tinh
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!{%’?@ Ham truyén cia cdc déi tugng thutng gip (tt)

Ham truyén dong co DC (tt)

* Ap dung dinh luat Kirchoff cho mach dién phin tng:

U, 0 =i,0R, + L, 1 B, 1 (1)
trong d6:  E,(f) = KD w(?) (2)
K : hé so

® : tr thong kich tu

* Ap dung dinh luat Newton cho chuyén déng quay cia truc d.co:

M(t)=M,(t)+Baw(t)+J di’f) (3)
trong d6: M (¢) = K®i (1) (4)
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!{%’?@ Ham truyén cia cdc déi tugng thutng gip (tt)

Ham truyén dong co DC (tt)
* Bién doi Laplace (1), (2), (3), (4) ta duoc:

U,(s)=1,(s).R, +L,sl (s)+E,(s) (5)
E (s)=KDw(s) (6)
M(s)=M,(s)+ Ba(s)+ Jsw(s) (7)
M (s)=K®Di,(s) (8)
* Dbat: 7
T, = R—” hing sO thdi gian dién tir ctia dong cd
u
J S e o
1, = 2 hang so thdi gian di€n co cua ddng ca
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!{%’?@ Ham truyén cia cdc déi tugng thutng gip (tt)

Ham truyén dong co DC (tt)

* (5) va (7) suy ra:
U,(s)—E,(5)

I (s)= (57)
() R, (1+T,s)
M(s)—-M ,
G)(S): (S) l‘(S) (7 )
B(+T.s)
x T (5°), (6), (7°) va (8) ta c6 so dd khdi ddong co DC:
M;(%
U,(s) 1/R, 1/B @(s)
— Tesf | Lol | TesT. ]
E,(s)
KO [
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é’@ Ham truyén cia cdc déi tugng thutng gip (tt)

Ham truyén 10 nhiét

Cong sudt dién
(CEy

cdp cho 10 100%

c(?)
Nhiét do lo

c(t)4°C c(h)+°C
R N — /_ S R ———— /___ .......
K K
[(sec) f{(sec)
' o] g 'L._.| g
Ty T Iy P
Ddc tinh chinh xac cua lo nhict Ddc tinh gan diing ciia lo nhiét
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é’?@ Ham truyén cua cic d6i tugng thudng gip (tt)

Ham truyén 1o nhiét (tt)
Ta xdc dinh him truyén gan ding cia 16 nhiét diing dinh nghia:

ce))

)= )

- P = = = — . - - ].
e Tin hi€u vao la ham nac ddn vi(cong suat=100%): R(s)=—
3

e Tin hiéu ra gan diing (hinh vé bén phai) chinh la ham:
c@t)=s¢-1)
trong d6: ()= K1 -e'2)

Dé ding ching minh dudc: 7(s) = £
s+ 158)
K
Nén dp dung dinh 1y chim tré ta dude: C(s) =
21+ I3)
~Tis
Suy ra: G(s) = ke
1+ Ths
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é":b Ham truyén cia cdc déi tugng thutng gip (tt)

Xe O to
V(1) M: khoi luong xe
fity  Bhé so6 ma sat
™ f(t): luc kéo
v(1): toc do xe

dv(t
* Phuong trinh vi phan: M d(t ) +Bv(t) = 1 (1)
. 1
* Ham truyén: G(s) = Vis) _ = G(s)= K
F(s) Ms+B Ts+1
vO1 K = 1 T = M
B B
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ggﬁ'".,;;u Ham truyén cia cdc déi tugng thutng gip (tt)

if@ Hé thong gidm x6c¢ ctia O t0, xe may

M

J_ M: khoi luong tdc ddng 1€n banh xe,
B x PO B hé s6 ma sat, K do ciing 10 xo
f(t): luc do x0c¢

y(#): dich chuyén ctia than xe

2

* Phuong trinh vi phan: M ddy Q + B d);, Q + Ky(t) = f(¢)
1 [

Y(s) 1

* Ham truyén: G(s) = —
F(s) Ms*+Bs+K
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g;% Ham truyén cia cdc déi tugng thutng gip (tt)

Thang may

M_: khoi lugng budng thang,
M khoi lugng ddi trong

B hé s6 ma sat, K hé so ti 1&

My 22

Budng|  Lirens 7(t): moment kéo cua dong co
o (01 : o .
ij thang y(¢): vi tri budng thang

2
« Phuong trinh vi phan:  p, 420 p DD 4 o ki) M, o

dt’ dt
N€u khoi lugng doi trong Y dzy(t) dy(t) _x
bing khoi lugng budng thang: I g2 qf z(?)
Y(s) K

* Ham truyén: G(s)= —
r(s) M, s° +Bs

N€&u khoi luong budng thang khong bing khoi lugng doi trong?
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'y . N L,
#>3 Ham truyén cia cam bi€n

c(1) : - c, 1)

* Tin hiéu ¢, (f) c6 1a tin hi€u ti 1€ v&i c(f), do d6 ham truyén cla
cam bién thudng 12 khau t 1&:

H(s) =Ky,

* TD: Gid st nhiét do 10 thay doi trong tim c(¢) = 0+500°C, néu
cdm bi€n nhiét bi€n doi sy thay doi nhiét do thanh sy thay doi
dién 4p trong tam c, () 0+5V, thi hAm truyén ctia cdm bién 1a:

H(s)=K,, =0.01

/\/ ’/\, / /{’ \ k '/\/ N\ A / / A
*x N€éu cam bi€n c6 tré, ham truyén cam bi€n la khau quan tinh bac

1.
' K
H(s)=—2X
1+T7,s
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Ham truyén cia hé théng ty dong
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#>% Dai s6 so db khoi

Sd do khoi
* Sd do khoi clia mot hé thong 12 hinh vé mo td chifc ning clia céc
phan ti va su tdc ddng qua lai gitta cdc phan ti trong hé thong.
* S0 do khoi ¢6 3 thanh phan chinh 1a
A Khoi chitc nidng: tin hiéu ra bing ham truy€én nhan tin hiéu vao
A B0 tong: tin hiéu ra bing tong dai sd cdc tin hiéu vao
A Pi€m ré& nhanh: tdt cd tin hiéu tai di€m ré nhdnh déu bing nhau

M(s)
U.(s) 1/R, é | 1/B (0(51

e o KO ——
st

[ 1+sT,
EH(S) /<

/

bo tong khoi chitc ning  di€m ré nhanh
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#>% Dai s6 so db khoi

Ham truyén cia cdc hé thong don gidn (tt)

x Hé thong nodi ti€p

..................................................................................................................................................................................................

R(s) Ra(s) C,(5) ECU}
~ (5(5) o Gals) P— —| G,(5) —
R\(s) Cil(s) Rx(s) Cals)
n
Gnt(S) — HGZ(S)
i=l1
T
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#>% Dai s6 so db khoi

Ham truyén cia cdc hé thong don gidn (tt)

x Hé thong song song

R(s)

Rﬂ.ﬂ

Gg(.f}

Cll.ﬂ

R5(5)

Gl(f}

CQ{S}

R,(5)

C,(5)

-------------------------------------------------------------------------------------------------------------

G, <s>=ﬁ1Gi<s>
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#>% Dai s6 so db khoi

Ham truyén cia cdc hé thong don gidn (tt)

x Heé thong hoi ti€p Am *x Hé thong hoi ti€p 4m don vi
o | T L.I{.” ........ » . Em_(rm o
Cﬁz:{ﬂ szt(-”
Hi(s)
G(s G(s)
G, (s) = —2) G, (s) =
1+ G(s).H(s) 1+ G(s)
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#>% Dai s6 so db khoi

Ham truyén cia cdc hé thong don gidn (tt)
*x Hé thong hoi ti€p duong x Hé thong hoi ti€p duong don vi

R(s) E(s) - C(s) R(s) Es) [— - Cls)
—@)—— 6 — — Gs) —

Chr( 5) Cm( 5)

L

G(s) 6. ()~ W)

O = G H ) 1— G(s)
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#>% Dai s6 so db khoi

Ham truyén ctia hé thong hoi ti€p nhi€u vong

x P01 v6i cdc hé thong phic tap gdom nhi€u vong hoi ti€p, ta thuc
hién cdc phép bién doi tuong duong so dé khoi d€ 1am xuat hién
cidc dang ghép noi don gidn (ndi ti€p, song song, hoi ti€p 1 vong)
va tinh hAm truyén tuong duong theo thi ty tir trong ra ngoai.

x Hai so do khoi dugc goi la tuong duong néu hai so do khoi dé co
quan hé giita cdc tin hiéu vao va tin hiéu ra nhu nhau.
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#>% Dai s6 so db khoi

C4c phép bién doi tuong duong sd dd khoi
* Chuyén diém ré nhdnh tir phia truc ra phia sau 1 khoi:

A3 \]
<
Xy
-
X, = X, X, = x, &
¥, =x,G X, =x,.(1/G)=xG.(1/G)=x,
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#>% Dai s6 so db khoi

C4c phép bién doi tuong duong sd dd khoi
* Chuyén diém ré nh4nh tir phia sau ra phia trudc 1 khoi:
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#>% Dai s6 so db khoi

C4c phép bién doi tuong duong sd dd khoi

* Chuyén bd tong tir phia trudc ra phia sau 1 khoi:
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#>% Dai s6 so db khoi

C4c phép bién doi tuong duong sd dd khoi

* Chuyén bd tong tir phia sau ra phia tru6c 1 khoi:

X, =[x —x(1/G).G=x.G—x,
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#>% Dai s6 so db khoi

C4c phép bién doi tuong duong sd dd khoi
* Chuyén vi tri hai bo tong:
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#>% Dai s6 so db khoi

C4c phép bién doi tuong duong sd dd khoi

* T4ch 1 bo tdng thanh 2 bd tong :
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#>% Dai s6 so db khoi

Chd ¥

* Khong dugc chuyén vi tri diém ré nhdnh va bo tong :

* Khong dugc chuyén vi tri 2 bo tdng khi gifra 2 bd tong cé diém ré
nhanh :
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#>% Dai s6 so db khoi

Thi du 1

x Tinh hAm truyén tuong duong cta hé thong c6 so dd khdi nhu sau:
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#>% Dai s6 so db khoi

Bai giai thi du 1: Bién doi tuong duong so dd khoi

* Chuyén vi tri hai bo tdng @ va @,
Rut gon GA(s)=[G5(s)//G,(s)]

G, (s) = G5(s) = G4(s)
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#>% Dai s6 so db khoi

Bai giai thi du 1: Bién doi tuong duong so dd khoi
* Gy(s)=[G,(s) // ham truyén don vi |,
G (s)= vong hoi ti€p[G,(s),G(s)]:

R(s) C(s)
~|Ggl(s) o Gels) -
Gy(s)=1+G(s)
GC(S)= G2(S) _ GZ(S)

1+G,(5).G(s) 1+ Gy(5).[G5(5)— Gy (s)]

* Ham truyén tuong duong clia hé thong:
G, (5)=Gg(s).Ge(s)
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#>% Dai s6 so db khoi

Thi du 2
x Tinh hAm truyén tuong duong cta hé thong c6 so dd khdi nhu sau:

: C(s)
@ Gj{j:l ®

R(slﬁ@
~\ G"'I{_’s']'
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#>% Dai s6 so db khoi

Bai giai thi du 2: Bién doi tuong duong so dd khoi
* Chuyén vi tri hai bo tdng @ va®

Chuyén di€m ré& nhanh @ ra sau G,(s)

R(s) C(s)
4@@— ; Gs) |2

L ]
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#>% Dai s6 so db khoi

Bai giai thi du 2: Bién doi tuong duong so dd khoi

* Gy(s) = vong hoi ti€p[G,(s), H,(s)]
G(s) = [GA(s)// ham truyén don vi |

R{S}E;@
G]f.ﬂ
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#>% Dai s6 so db khoi

Bai giai thi du 2: Bién doi tuong duong so dd khoi
* Gp(s) =[Gy (s) n0i ti€p G(s) ndi ti€p G,(s)]

R(s]%
G‘ﬂ."-']'

* Gg(s) = vong hoi tiép [Gp(s), Hs(s)]

R(s) Eis)
ﬁx% o] 2
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#>% Dai s6 so db khoi

Bai giai thi du 2: Bién doi tuong duong s¢ do khoi
* Tinh toan cu thé:

H
e GA:EI
2
* G G2
? 1+G,H
* G.=14+G, —1+% G;H
2 2
G, =G,.GoG, = G, G, + H, G3:G2G3+G3H1
1+G,H, G, 1+G,H,
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#>% Dai s6 so db khoi

Bai giai thi du 2: Bién doi tuong duong so dd khoi
* Tinh todn cu thé (tt):

G,G; + Gy H,
‘G, = G, _ 1+G,H,
1+ G,H G,G;, +GH
pilsg 1+ 23 3 1]_[3
1+ G,H,
~ G, = G,G; + G5 H,
1+G,H, +G,GH; + Gy H H,

26 September 2006 © H. T. Hoang - DPHBK TPHCM

55




#>% Dai s6 so db khoi

Bai giai thi du 2: Bién doi tuong duong so dd khoi

* Ham truyén tuong duong cia hé thong:

G G,G; + G H,
¢ ¢ . GGy __ 14+ GH,+GGH, +GH H,
146Gy, G,G; + Gy,

"1+ G,H, + G,G,H, + G,H,H,
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#>% Dai s6 so db khoi

Thidu 3
x Tinh hAm truyén tuong duong cta hé thong c6 so dd khdi nhu sau:

64{51

G ® @ C(s)

Gjli} [re—

4
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#>% Dai s6 so db khoi

Huéng dan giai thi du 3: Bién ddi tuong duong so do khoi
* Chuyén b6 tong @ ra trude G,(s),
sau d6 d6i vi tri 2 bd tong @ va®
Chuyén di€m ré nhdnh @ ra sau G,(s)

'(3'1'[5]

¥
$
X -
)
oy
t ®
|
|
|
|
|
|
|
|
|
L
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#>% Dai s6 so db khoi

* Sinh vién tu tinh

K&t qua thidu 3
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#>% Dai s6 so db khoi

Mot sd0 nhan xét

* Phuong phdp bién ddi s6 dd khdi 1a mot phuong phdp don gidn.

* Khuyét di€m cda phuong phdp bién doi so do khdi 13 khong
mang tinh hé thong, mdi sd dd cu thé c¢é thé c¢6 nhiéu cdch bién
ddi khdc nhau, tuy theo truc gidc cia ngudi gidi bai todn.

x Khi tinh ham truyén tudng duong ta phdi thuc hién nhi€u phép
tinh trén cdc phin thic dai s0, doi véi cdc hé thong phic tap céc
phép tinh ndy hay bi nham Ian.

= Phuong phdp bién doi tuong duong so dd khdi chi thich hgp dé
tim ham truyén tuong duong cia cdc hé thong don gidn.

Doi v6i cdc hé thong phitc tap ta ¢6 mot phudng phap hiéu qu
hon, d6 14 phuong phdp sd dd dong tin hiéu s& dugc dé cap dén
muc ti€p theo

,
a
§)
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Q;ED;D S¢ @6 dong tin hiéu

Dinh nghia

R(s) E(s) C(s) R(s) 1 E(s) Gls) 1 Cls)

—— T =
- H

—{Ho —

So do khoi So do dong tin hiéu

x S0 do dong tin hiéu 13 mdt mang gdm cac niit va nhdnh.

* Niit: 12 mot di€m bi€u dién mot bi€n hay tin hiéu trong hé thdng.

x Nhdnh: 12 dudng ndi truc ti€p 2 nut, trén moi nhdnh c¢6 ghi miii tén chi
chiéu truyén clia tin hiéu va cé ghi hAm truyén cho bi€t mdi quan hé
gitra tin hi€u G 2 naut.

* Nt nguon: 12 nit chi cé cdc nhanh huéng ra.

x Nt dich: 1a nit chi ¢cé cac nhanh huéng vao.

* Niit hon hgp: 1a nit c6 ca cac nhanh ra va cac nhanh vao.
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Q;ED;D S¢ @6 dong tin hiéu

Dinh nghia (tt)

* Duong tién: 12 dudng gdm cdc nhdnh lién ti€p c6 cung hudng tin

hiéu di tif ndt nguon dé€n nidt dich va chi qua moi nit mdt lan.
Do loi ciia mot duong tién 12 tich cia cdc ham truyén cla céc

nhdnh trén dudng tién do.

x Vong kin: 12 dudng khép kin gom cdc nhdnh lién ti€p cé cung
huéng tin hi€u va chi qua mdi nit mot 1an.
Do loi ciia mdt vong kin tich clia cdc ham truyén clia cdc nhdnh
trén vong kin do.

R(s) 1 E(s) G(s) 1 Cis) R%ﬂ
— H(s) — H(s)
Duiong tien Vong kin
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é;D S¢ @6 dong tin hiéu

Cong thic Mason

* Ham truyén tuong dudng tf mot nit nguon dén mot nit dich clia hé
thdng tu dong bi€u dién bing s do dong tin hiéu dudc cho bdi:

1
G — X;Ak})k

e, : 1a dd Ioi cua dudng tién thay £ di tw mit nguon dén mit dich dang xét.
e A: 1a dinh thidc cia graph tin hiéu. A dude tinh bang ¢ong thic sau:
=15 s — N
A=1-3L,+>LL — > LLL +
i ij i.j.m

* > L :tong cdc d6 I6i vong cta cdc vong kin ¢é trong graph tin hiéu.
P 3 ' I ’

i
x> [ L - tong cdc tich do 16i vong cia 2 vong kléng dinh nhau.
d T

i
T‘ i K ] = = . - o - o - - -

o ,_ijLij - tong cac tich do 1gi vong cua 3 vong kléng dinh nhau.
WEL

e A, : la dinh thate con cia graph tin hiéu. Ay dude suy ra tr A bing cach bd
di cdac vong kin ¢6 dinh i dudng tién P .
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gg% S¢ @6 dong tin hiéu

Thidu 1
x Tinh hAm truyén tuong duong cia hé théng c6é s6 dd dong tin hiéu
nhu sau: G G4
R(s) @,
x Giai:
A Pudng ti€n: A Vong kin:
P, =G,G,G,G,G, L, =-G,H,
P, =G,G.G,G. L, =-G,G;H,
P, = G,G,G, Ly ==GG,G5H,

L, =-G,G,G,G.H,
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éf.;;u S¢ d6 dong tin hiéu

Thi du 1 (tt)

* DPinh thtc cia so do dong tin
hieu: A=1—(L +L,+ L, + L)+ LL,

* Cac dinh thic con:

A =1
A, =1
Ay =1-1,

* Ham truyén tuong du’dng cia hé thong:
G, = (PA + BA, + BA;)

G,G,G,G,G; + G,G,G,G. + G,G,G,(1+ G,H,)

G . =
“ 1+G,H, +G,G,H, + G.G,G.H, +G,G,G,G.H, + G,H,G,G.H,

26 September 2006 © H. T. Hoang - DPHBK TPHCM 65




é;i;u S¢ @6 dong tin hiéu

Thi du 2
* Tinh ham truyén tuong duong ctia hé thdng c6é so d6 khdi nhu sau:
H(s)
%_Gm Q%_G’@ e © MA@ [ 1@ )
Ha(s)
Hi(s)
* Giai: H,
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é’?@ S¢ @6 dong tin hiéu

Thi du 2 (tt)

A Pudng tién:

B, =G,G,G, L, =-G,H,

P, =G H,G, L, =-G,G;H,
Ly =-G,G,G;
L,=-G;H H,
Ly =-G\GyH,
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é’?@ S¢ @6 dong tin hiéu

Thi du 2 (tt)
* DPinh thtc cia so do dong tin
Mew  A=1— (L, + L, + L+ L, + L)
* Cac dinh thic con:
A =1
A, =1
* Ham truyén tuong duong cﬁa hé thong:
Gy = (PA +PA,)

G,G,G, + G,G;H,
th

1+G,H, +G,GH; +G,G,G; + GGH H, + GG H,
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é;D S¢ @6 dong tin hiéu

Thidu 3
*x Tinh ham truyén tuong duong ctia hé thdng c6 so d6 khdi nhu sau:

Gy

Hj
R(s) 2 2 @é_ — @ - @ C(s)
®® T GIT1%1s

* Giai:

C(s)
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gg% S¢ @6 dong tin hiéu

Thi du 3 (tt)
Gy
Crg

_H3
@
Rl:ﬂ 1 1 @ ¢ & |1 m 1 1 CA{.ﬂ
O ® ® |o )
@ —~H, @
—H,
A Pudng ti€n: i A Vong kin:
P =G,G,G, L, =-GH,
P, =G, L, = _GleHl
Ly =-G,G,G;
Ly =-G,
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gg% S¢ @6 dong tin hiéu

Thi du 3 (tt)
* DPinh thtc cia so do dong tin
AL (L +Ly+ L+ L+ L)+ (L L, + L Ly + L, Lo+ L, L)— L, L,Ls

* Cac dinh thic con:
A =1
Ay=1-(L,+L,+L,)+(LLy,)

* Ham truyén tuong duong cua hé thong:
Gy = (PA +BHA,)

Tisé = GG,G, + G,(1+G,H, + GG,H, + G,G,H, + GH,G,G,H,)
Miu s6' =1+ G,H, + G,G,H, + GG,G, + G,G,H, + G, + G,G,G,H, H,
+ G,G,H, + GG,G,H, + G,G,G,H, + GG,G,G,H, H,
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!gm

Phuong trinh trang thai
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g;% Trang thdi cia hé thong

x Trang thdi: Trang thdi cia moOt hé thong 12 tAp hdp nhd nhat
cic bién (goi 12 bién trang thdi) ma néu biét gid tri clia cdc bién
nay tai thoi di€m ¢, va bi€t cdc tin hiéu vao § thdi diém ¢ > ¢, ta
hoan toan cé thé xdc dinh dudc ddp tng ciia hé thdng tai moi

thoi di€m ¢ > ¢,

Hé thong bic n c6 n bién trang thdi. C4c bi€n trang thdi cé thé

chon 12 bi€n vat Iy hodc khong phai 1a bién vatly.

x Vector trang thdi: n bién trang thdi hdp thanh vector cot goi 1a
vevtor trang thai.

x=[x x .. xn]T
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é;b Phucong trinh trang thai

* Bing cdch st dung cdc bién trang thdi, ta c6 thé chuyén phuong
trinh vi phdn bdc n m6 ta hé thong thanh hé gom n phuong
trinh vi phdn bdc nhdt, (h¢ phuong trinh trang thai)

{x(t) = Ax(¢) + Br(?t) *)
trong do c(t)=Cx(t)

a, ap a, | b, |
A= a:22 “on B= b:2 C=lc, c, c,]

a, a, ... 4, b,

Chui y: Tuy theo cdch ddt bién trang thdi ma mot hé thong coé thé
duoc mo td bang nhieu phuong trinh trang thdi khdc nhau.
N€u A 12 ma trdn thudng, ta goi (*) 1a phuong trinh trang thai &
dang thudng, n€u A 12 ma trdn chéo, ta goi (*) 1a phuong trinh
trang thdi & dang chinh tic.
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é?@ Vai thi du vé phuong trinh trang thdi

Thi du 1: Hé thong giam xdc cta 6 td, xe may

* Phuong trinh vi phén: iﬂﬂ
2 M
w0 P 0= )
< t dt J_ {1(.*)
) Dat ) B
(x,(1) = ¥(¢t) X, (1) = x, (t)
<x2<t> 0 ~ <fcz<r>=— X, ()~ xz(t)+—f(t)
0 1] o
{xl(t)} ¥ B {xl(t)} L)
o< O] | Ty T IO |
L= O]P(t)}
%2 (1) T 0 1] 0
@{X(t):Ax(t)JrBf(t) A=| K B| B=| 1| Cc=[l 0
y(t) = Cx(t) | M M. | M |
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Q;ED;D Vai thi du vé phuong trinh trang thdi

Thi du 2: Pong co DC

PR —AA—
T L,
U

— L, : dién cAm phin ing — : tdc do dong ca

— R, : dién trG phan ng — M, : moment tai

— U, : dién 4p phan ing — B : hé sO ma st

— E,: stic phan di€én dong —J : moment quan tinh
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g;ﬂ“.,ﬁ;u Vai thi du vé phuong trinh trang thdi

Thi du 2: Pong co DC (tt)
* Ap dung dinh luat Kirchoff cho mach dién phin tng:
U.(t)=i ()R, +L, d’;f )L E (1)
trong d6:  FE (t)= K®w(t)

K : hé so
® : tr thong kich tu

* Ap dung dinh luit Newton cho chuyén déng quay cia truc d.co
(d€ don gidn gid st moment tdi bing 0):

de(t)

M((t)=Bow(t)+J =

trong d6: M (t) = K®i (1)

(1)
(2)

(3)
(4)
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é:‘..i;u Vai thi du vé phuong trinh trang thdi
Thi du 2: Pong co DC (tt)

di0)_ Ry, ) KO 1
F e BB (0= e+ U0
v )& W 00 _KO w()——w(t)
* BB:'[Z {xl (t) — lw (t)
X, (2) = (1)
x1<r>—— () - S0+ U, 0
* 5) & (6)= I L, Lw L,
B0 =" 0050
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é:‘..i;u Vai thi du vé phuong trinh trang thdi

Thi du 2: Pong co DC (tt)

4 _& - KD -1
x;(2) _| L, L, x;(2) N L— U ()
O] | K0 B 0] | Y|
<:>< . J J -7
x,(?)
=0 1
o) [ ]LZUJ
— {x(t) = Ax(t)+BU (1)
w(t) = Cx(1)
R, KO h
o — Lw Lw | 7 —
trong do: A= kb B B= LO” c=[0 1]
J J | - -
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¢>3 Céch thanh lap PTTT ti¥ PTVP

Trudng hgp 1: V€ phai cia PTVP khong chita dao ham cua tin hiéu vao
*x Hé thong mo ta bdi PTVP

n n—1
d"c(t) ra d c_(lt) beta de(t)
dt” dt” dt

a, +a,c(t)=byr(t)

* Dit bi€n trang thdi theo qui tic:

A Bién dau tién dit bing tin hiéu ra: x, (1) =c(?)
A o A P -= - Y N .
Bién thu i (i=2..n) dit bang dao ham X, (¢) =%, (£)

cta bi€n tha i—1: .
x3(1) = x,(?)

Xn (t) = xn—l (t)
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¢>3 Céch thanh lap PTTT ti¥ PTVP

Truong hop 1 (tt)

* Phuong trinh trang thaz: {

trong do: )
| x,(?) | 0
X, () O
x(t)=| A=| -
X, (1) %n
%, (0) T
C=[1 0

%(t) = Ax(t) + Br(¢)

c(t) = Cx(t)
1 0 0 | 0 |
0 1 0 0
: B —
0 0 1 0
. | ) . ﬂ b_O
a a dy | 4y
0 0]

Ching minh: xem LT DKTD, trang 64-65
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.

¢>3 Céch thanh lap PTTT ti¥ PTVP

x Dit cdc bién trang thai:

Thi du truong hgp 1

*x Vi€t PTTT mo td hé thong c6 quan hé vao ra cho bdi PTVP sau:
2E(1) + 56(0) + 6¢() +10¢() = (1)

N

(xl(t):c(t)
X, (1) = X%, (¢)

| X3(2) = X, (2)

* Phuong trinh trang thai: {x(f) = Ax(1) + Br(t)

c(t)=Cx(1) L
trong do: 0l To’
0 1 oo 1 0] B= 12) = ¢
A=| 0 0 1 (=10 O 1 a 0-5_
B B 4 |5 3 5 o
| 4y a4y Gy | i c=[1 0 0]
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¢>3 Céch thanh lap PTTT ti¥ PTVP

Trudng hgp 2: V€ phai cia PTVP ¢é chita dao ham cua tin hiéu vao

*x Hé thong mo td bdi PTVP:

n n—1
a, d clt) +a, d C_Et) +--+a, de(t) +a,.c(t)=
dt” dt” dt
n—1 n—2
b, d r(lt) b d r(t) . dr(t) P
dt"” dt"” dt

Chu y: dao ham & v€ phdi thdp hon dao ham & v€ trdi 1 bac

* Dit bi€n trang thdi theo qui tic: x, () =c(2)
A NG A o A - Y , ° A . .
B%in da/u .tle.n dat bavng Eln hi€u ra\. X, (£) = %, (1) = Br(?)
A Bién thu i (i=2..n) dat bing dao ham .
chia bién thit i—1 trir | lugng 6 16 vai %30 =%(0) = Bor(?)
tin hiéu vao: :

Xn (t) — xn—l(t) o ﬁn—lr(t)
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.

¢>3 Céch thanh lap PTTT ti¥ PTVP

* Phuong trinh trang thaz: {

trong do:
| x,(?) |
Xx,(?)
x()=|
X,1(1)
X, (1)

26 September 2006

Truong hgp 2 (tt)
x(t)=Ax(t)+ Br(t)
c(t)=Cx(?)

0 1 0
0 0 1
A= 5
0 0 0
. & a1 d, 2
| Yo dy d
c=[1 0 0 0]
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¢>3 Céch thanh lap PTTT ti¥ PTVP

Truong hgp 2 (tt)

Cdc hé s6 Btrong vector B x4c dinh nhu sau:

b :Z—O
0
b —
B, =" ajlﬁl
B, = b, — al:iz —a,f
B = by —afo— P, —--—a,, 5

a

Ching minh truéng hdp n=3: xem LT DKTD, trang 67-68
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¢>3 Céch thanh lap PTTT ti¥ PTVP

Thi du truong hgp 2

*x Vi€t PTTT mo td hé thong c6 quan hé vao ra cho bdi PTVP sau:
26 (1) + 5E(8) + 6¢(1) +10¢(f) = 107(£) + 207(1)

x Dit cdc bién trang thai:

* Phuong trinh trang thaa:

trong do:
0

A=| 0
_4

| 4o

N

0 10
0 0 1
-5 -3 -25

(x, (1) = c(?)

X, (1) =%, (1) — pr (1)
5, (1) = 5,(1) — Byr(0)
(X(¢) = Ax(¢) + Br(¢)

le(e) = Cx (1)

I
B = ,32
s
c=[1 0 0]
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¢>3 Céch thanh lap PTTT ti¥ PTVP
Thi du truong hgp 2 (tt)

* Cdac hé sb ctia vector B x4c dinh nhu sau:

by 0
:—:—:O
A= =3
<16,2:1’91—6111 1:10—5><O:5
a, 2

b,—af,—a,fp _20-5x10-6x%0
Py =
\ a, 2
0

= B=| 5
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¢>3 Thanh lap PTTT tit PTVP ding phuong phép toa d6 pha

* Xét hé thong mo ta bdi phuong trinh vi phin

n n—1
dy d C(t) + q d—cigt) T ta, dC(t) T anC(f) -
dt" dt" di
m m~1
b en e, D b
dt" dt” di

*x Dit bi€n trang thdi theo qui tic:
A Bién trang thdi dau tién 12 nghiém cua phuong trinh:

n n—l
@), ad 50, an 60 &gy

dt"  a, dt"” a, dt a,
A Bién thtt i (i=2..n) dit dao ham X, (2) =X, (¢)

pien -l x3(6) = %,(1)

Xn (t) = xn—l(t)
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¢ Thanh 14p PTTT tit PTVP ding phuong phép toa d6 pha

|

x(t)=Ax(t)+ Br(t
* Phuong trinh trang thai: (7) (t) r(?)

c(t)=Cx(?)
trong do:
) ) 0 | 0 0 [0
x, (1) 0 0 1 0 0
X (t . . . : _|:
x(t) = 2,( '|oa-| - - . B=|:
: 0 0 0 | 0
X, (t) _ a_n _ a1 . ) _ ﬁ 1
i i L 4 dy dy dy | B
C = {b’” D b—o 0 O}
dy 4y dy
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#>3 Thi dy thanh 1ap PTTT tit PTVP ding PP toa db pha

x Vi€t PTTT mo td hé thong c6 quan hé vao ra cho bdi PTVP sau:
26 (£) + E(8) + 56(E) + de(t) = #(t) + 3r(2)

x Dit bién trang thdi theo phuong phdp toa dd pha, ta dugc phuong
trinh trang thai:
{x(t) = Ax(t) + Br(?)

c(t)=Cx(1)
trong do:
0 1 0 0 1 0 (0
A=| 0 0 1 |=| 0 0 1 B=|0
4 D 4 Iy 25 —05 1
4 a a, | ) o

C{b2 b b‘)}:[l.S 0 0.5]

a, dy d
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¢>3 Thanh lap PTTT ¥ s¢ d6 kh6i

Thi du

*x Hiy thanh 1ap hé phuong trinh trang thdi mo ta hé thdng c6 so do

khoi nhu sau:

R(s) 8 |

10

C(s)

s(s+1)(s+3)

x Dit bi€n trang thai trén so d6 khoi:

R(s)

1] X5(s) R

1

X,(s) _

10

X,(s) C(ﬁ)

(s+1)

(s+3)
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¢>3 Thanh lap PTTT ¥ s¢ d6 kh6i

Thi du (tt)
x Theo sd d6 khoi, ta co:
OXI(S):%Xz(S) = sX,(s)+3X,(s)=10X,(s)
= X () =-3x(t)+10x,(¢) (1)
CX,(5) =Xy () = Ky (9)+ Xy(s) = X()
s+1
= 5(0) =—x,() +x,(0) (2)
e X.(s)=L(R(s)=C(s)) = sX,(5)=R(s)~X,(s)
S
(3)

= X)) =—x0)+r()
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¢>3 Thanh lap PTTT ¥ s¢ d6 kh6i
Thi du (tt)

x K&t hop (1), (2), va (3) ta dudc phuong trinh trang th4i:

(5 ()] [-3 10 O x, ()
XM= 0 -1 1|x,@)]|+
_X3(I)_ -1 0 O__x3(t)

—— ~ —

R0 1 X0

J/

*x D4p ung ciia hé thong:

_xl (t)_
ct)=x@0=[ 0 0]x@)
é | X3 (t)_

_O_
0
_1_
——
B
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ggﬂ“:b Tinh ham truyén tot PTTT

x Cho hé thong mo t bdi PTTT:

%(t) = Ax(¢) + Br(?)
c(t) = Cx(t)

* Ham truyén cta hé thong la:

C(s) _

R(s)

G(s)= C(SI — A)'IB

Chung minh: xem LT DKTD, trang 78
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éﬁa Tinh ham truyén tot PTTT

Thi du
*x Tinh ham truyén cia hé thong mo ta bdi PTTT:

%(t) = Ax(¢) + Br(¢)
c(t) = Cx(¢)

N Loz _13} B- m Cc=[1 0]

* Gidi: Him truyén cliia hé thong 1a:

G(s) = ;g =C(sI-A)'B

trong do
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éf‘@ Tinh ham truyén tot PTTT

Thi du (tt)

(sI—A)= SB ﬂ B {_02 _13} i} B s_+13
(sT—A)"' = {S - }1 :

2 s+3|  s(s+3)=2.(=1)

C(sT-A)' = |1 o]{s+3 1}:

s*+3s+2 —2

|
T

1

s*+3s+2

_ 1
C(sI—A)'B= s+3 1
( ) s2+3s+2[ ]L
3s+10
= G(s)=
() s*+354+2

31 3(s+3)+1
s +3s5+2
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é"‘,ﬁa Nghiém cua phuong trinh trang thai

* Nghiém cua phuong trinh trang thai x(¢) = Ax(¢) + Br(t) ?

x(t) = D(£)x(0") + j@(t — 7)BR(r)dr

Trong do: DO(t) = Y [D(s)] ma tran qua do

DO(s)=(sI - A)"

Cht'ng minh: xem Ly thuy&t Piéu khié€n ty dong

x D4p ung cia hé thong?
c(t) =Cx(¢)

Thi du: xem TD 2.15, Ly thuyét Biéu khi€n tu ddng
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#>3 Tém tit quan hé giita cdc dang mo ta todn hoc
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