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Phan mo dau

Phan m& dAu

Piéu khién hoc la khoa hoc nghién ciru nhitng qud trinh diéu khién va thong tin trong cdc
mdy méc sinh vat. Trong diéu khién hoc, doi twong diéu khién 1 cdc thiét bi, cdc hé thong ky
thuat, cdc co cé sinh vat...

Piéu khién hoc nghién ciru qud trinh diéu khién cdc doi twong ky thudt dwege goi la diéu
khién hoc ky thudt. Trong dé « Diéu khién tw dong » la co s& Iy thuyét ciia diéu khién hoc ky
thudt.

Khi nghién cuu cdc qui lugt diéu khién cia cdc hé théng ky thudt khdc nhau, nguoi ta su
dung cdc mo hinh todn thay thé cho cdc déi tiwong khdo sdt. Cdch lam nay cho phép chiing ta
mé réng pham vi nghién ciru va tong qudt bai todn diéu khién trén nhiéu doi twong cé mo ta
todn hoc giong nhau.

Moén hoc Diéu khién tw djng cung cdp cho sinh vién cdc kién thirc co bdan vé xdy dung
mé hinh todn hoc ciia mét doi twong va ciia cd hé thong Trén co so do, sinh vién co kha nang
phan tich, ddnh gid chat lwong ciia hé thong diéu khién. Ngoai ra, bang cdc phwong phdp
todn hoc, sinh vién cé thé to”ﬁg hop cdc bo diéu khién thich hop dé hé tho”ﬁg dat dwoc cdc chi
tiéu chat lwong dé ra.

1 Khai niém
Mot hé théng DKTD duoc xay dung tir 3 bd phén chu yéu theo so d6 sau :

lf

» C —>» O >

Trong dé :
- O: dbi twong diéu khién
- C: b diéu khién, hiéu chinh
- M co cau do luong
Cic loai tin hiéu c6 trong hé thong gom :
- u: tin hiéu chi dao (con goi 12 tin hidu vao, tin hiéu diéu khién)
y : tin hi¢u ra
- f:céc tdc dong tir bén ngoai 7;}7 ¢
z
e

: tin hi€u phan hoi
: sai Iéch diéu khién

[—

Vi du vé mgt hé thong diéu khién (r
don gidn Qi

\ =~
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2 Cac nguyén tac diéu khién tw dong

2.1 Nguyén tac gic 6n dinh

Nguyén tic nay gilt tin hiu ra bang mot hang sO trong qud trinh diéu khién, y = const. C6 3
phuong phdp dé thyc hién nguyén tic giir 6n dinh gom :

- Phuong phdp bu tic dong bén ngoai (a)

- Phuong phép diéu khién theo sai léch (b)

- Phuong phdp hon hop (c)

f
M f
u e y u e l y
c —» O —» cC —» O >

M,

u e y
—»(%)—»c—»O >

M, [

c)

2.2 Nguyén tic diéu khién theo chwong trinh

Nguyén tic nay giit tin hiéu ra y = y(t) theo mot chuong trinh di dugc dinh sin. Dé mot tin
hiéu ra nao d6 thuc hién theo chuong trinh, cin phai sir dung mdy tinh hay cac thiét bi c¢6 luu
trit chuong trinh. 2 thiét bi thong dung chita chwong trinh diéu khién 1a :

- PLC (Programmable Logic Controller)

- CLC (Computerized Numerical Control)

3 Phan loai hé théng DKTD

3.1 Phén loai theo dic diém cua tin hiéu ra
- Tin hiéu ra 6n dinh
- Tin hi€u ra theo chuong trinh

3.2 Phén loai theo sé vong kin
- He¢ ho: 1a h¢ khong c6 vog kin nao.
- Hg kin: c6 nhiéu loai nhu h¢ 1 vong kin, hé nhi€u vong kin,...
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3.3 Phan loai theo kha nang quan sat tin hiéu

3.3.1 Hé théng lién tuc
Quan sat duoc tat ca cdc trang thdi cua hé thong theo thoi gian.
MBO té todn hoc : phuong trinh dai s, phuong trinh vi phan, ham truyén

3.3.2 Hé thdng khong lién tuc

Quan sit duoc mot phan cdc trang thdi cua hé théng. Nguyén nhan:
- Do khong the dat dugc tat ca cdc cam bién.

- Do khéng can thiét phai dat du cac cam bién.

Trong hé thong khéng lién tuc, ngudi ta chia 1am 2 loai:

a) Hé thong gidn doan (S discret)
La hé thong ma ta c¢6 thé quan sat c4c trang thai ctia hé thong theo chu ky (T). V& ban chat, hé
thong nay 12 mot dang ctia hé thong lién tuc.

b) Hé th(fng VOl cdc su kién gidn doan (S a événement discret)
- Béc trung béi céc sy kién khong chu ky
- Quan tdm dén cac su kién/ tic dong

Vi du vé hé thong lién tuc, gidn doan, hé thong voi cdc sw kién gidn doan

Bang

l chuyén 1 l

Piston

2
- <
. _____ [ —
m m Piston 1

> A

Bang Béang
chuyén 3 l chuyén 2 .
l o

3.4 Phén loai theo mé ta toan hoc
- Hé tuyén tinh: ddc tinh tinh cua tit ca cdc phan tir ¢6 trong hé thong 1a tuyén tinh. Dic
diém co ban: xép chong.
- H¢ phi tuyén: coit nhat mot dac tinh tinh ctia mdt phén tr 1a mot ham phi tuyén
- Hé thdng tuyén tinh héa: tuyen tinh héa ting phan ciia hé phi tuyén véi mot s diéu
kién cho trudc dé dugc hé tuyén tinh gan diing.
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4 Biéu do dieu khién tw dong trong mét nha may

Quan ly san xuat, Niv 3
lap ké hoach sx.

biéu khién, gidm sat, Niv 2
bao dudng

B¢ didu khién, didu chinh, PLC Niv 1

5 Phép bién déi Laplace
Gia st ¢6 ham f(t) lién tuc, kha tich. Anh Laplace cta f(t) qua phép bién ddi laplace, ky
hiéu 1a F(p) dugc tinh theo dinh nghia:
F(p)=| f (e dt
0

- p:bién laplace
- f(t): ham goéc
- F(p): ham anh

M3t s6 tinh chét ciia phép bién déi laplace

1. Tinh tuyén tinh

L{af,(t)+bf,(t)} = aF,(p)+bF,(p)
2. Anh laplace cta dao ham ham goc

L{f O} = pF(p)~ (0)
Néu cic diéu kién dau bang 0 thi:

L{f"®)}=p"F(p)
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3. Anh laplace cua tich phan ham géc

L{{f(r)df}:T

4. Anh laplace ctia ham gbc c6 tré

L{f(t-n)}=e""F(p)

5. Ham anh ¢6 tré

L{e"f®}=F(p+a)
6. Gi4 tri ddu cua ham gdc
f0)= Ilgg pF(p)
7. Gi4 tri cudi ctia ham gdc
f (o) =Tim pF (p)

ANH LAPLACE VA ANH Z CUA MOQT SO HAM THONG DUNG

f(t) F(p) F(z)
3(t) 1 1
1 1 4
P -1
t L Tz
p2 (Z—1)2
1 1 T%z(z+1)
e»at 1 z
p+a z—e "
l-e™ a (1 T ) z
plp+a) (c=1)(z=e")
sinat a zsinaT
p +a’ 7> —2zcosal +1
cosat p 72 —zcosaT
p’+a’ 7" —2zcosal +1




Chuong 1 Moé ta todn hoc

Chuong 1 ‘
MO TA TOAN HQC CAC PHAN TU
VA HE THONG DPIEU KHIEN TU DPONG

1 Khai niém chung

- Pé phan tich mot hé thong, ta phai biét nguyén tic 1am viéc cia cdc phan tir trong so
dd, ban chat vat ly, cac quan h¢ vat ly, ...

- Céc tinh chat cta cdc phan tir/hé théng dugc biéu dién qua cdc phuong trinh dong hoc,
thuong 14 phuong trinh vi phan.

- Pé thuan lgi hon trong viéc phan tich, giai quyét cdc bai todn diéu khién, nguoi ta mod
ta todn hoc cdc phan tir va hé thong bang ham truyén dat (transfer fuction), phwong
trinh trang thai (state space), v.v

2 Ham truyén dat

2.1 Dinh nghia :
Ham truyén dat ciia mt khau (hay hé thong) la ti sé giia tin hiéu ra véi tin hig¢u vao biéu
dién theo todn ti laplace, ky hiéu la W(p), voi cdc diéu kién ban dau triét tiéu.

U(p) Y(p)
—»| Wp) —>»

. Y(p)

trong d W(p) =P

rong do (p) U(p)

voi
y0) =y'(0)=...=y"0)=0
u0)=w () =...=u™"0)=0

2.2 Phwong phap tim ham truyén dat
Tir phuong trinh vi phan tong quét ciia mot khau (hé thong) ¢ dang
n t t m
AW, g DO du) |y D (1.1)
r 2 dtn b b N dt 2
bién ddi laplace véi céc dicu kién ban dau bang 0 va theo dinh nghia, ta c¢6 dang tong qudt cua
ham truyén dat
b, p"+..+bp+b, M(p)
a,p"+..+ap+a, N(p)
N(p) : da thirc dic tinh

a +aOy(t):bm

m

W(p) (1.2)

Y nghia
- Quan sat ham truyén dat, nhan biét ciu tric hé théng

- X4c dinh tin hiéu ra theo thoi gian (bién doi laplace nguoc)

- Xaéc dinh céac gia tri dau, gia tri x4c 1ap cua hé théng

- Xéc dinh duoc hé sd khuéch dai tinh cta hé théng

10
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2.3 M6t sé vi du vé cdch tim ham truyén dat
Nguyén tic chung :

- Thanh lap phuong trinh vi phén ;

- Sir dung phép bién doi laplace dé dua vé dang ham truyén dat theo dinh nghia.
Vi du 1 : Khuéch dai luc bang canh tay don

F1 F2

e

A

Xét phuong trinh cin bang vé momen :
Fi(t)*a = F(t)*b = Fi(p)*a = Fa(p)*b
E a
E(p) b

Vidu 2 : Bong co dién mot chiéu kich tir doc lap

Gia sir tir thong @ = const, J 12 mémen qudn tinh qui vé truc dong co, B 1a hé s6 ma sit &
truc.
Thanh 1ap ham truyén dat ctia dong co véi:
u: tin hiu vao 1a dién dp phan tng
o: tin hi¢u ra la géc quay cua truc dong co.
Giai:
Phuong trinh quan hé vé dién dp phan tng:

u =Ri+Lﬂ+eu
dt

e, =K, dw
Suy ra

u:Ri+L%+K€d>w (1.3)
Phuong trinh quan h¢ vé momen trén truc dong co:

Kl.CDi:J%+B(o (1.4)
Thay (1.4) vao (1.3), ta duogc:

2
u:i J@+Bw +L Jd ?+B@ +K, o0
K®\ dt K®\ dt dt

11
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L] d’0 RI+LBdw ( RB
u= —+ —+| —+KP o
K® dt K® d | K®
Vay
U(p)= (a2p2 +a2p+a0)a)(p)
. L] RJ+LB RB
voi a, = ya, = 0 =| ——+ K, P
Ko K® K®
Ham truyén dat ciia dong co dién mot chiéu la:
w 1
W(p) = (p) _

U(p) - azpz ta,p+a,

Vi du 3: Tim ham truyén dat cia mach dién tir dung KDTT, gia thiét khuéch dai thuat todn 12
1y tudng.

Vi
o
Ta cé:
iV _cd (1.5)
R, dt
Xét dong dién qua V*
i-v_V _V°:>Vl.:2V++VO (1.6)
Rl Rl

Mit khac, do gia thiét KDTT 1a 1y tuong nén V' = V™.
Tu (1.5) va (1.6)

RCD0 sy, =Ry, = W= RG]
dt dt V.(ip) R,Cp+1
Vi du 4:
u(t)

12
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Mo ta todn hoc

Trong d6: u(t): luu lugng chét 16ng vao; y(t) 1a luu luong chét long ra; A la dién tich ddy cua

bé chét long.

Goi p(t) 12 4p sudt cta chit 10ng tai ddy bé, biét cdc quan hé sau:

y6y=2D (¢ 12 he s6)
r

po=yhny
Tim ham truyen dat cua bé chat 1ong.

Giai )
Theo cic quan hé trong gia thiét, ta cé:
t
=0T,
\r r r
D¢ gia tang chiéu cao ct chat long la:
dh_u() = y(®)
dt A
Tu (1.7) va (1.8), suy ra:

Q:ZM = rA%—I— y(t)=7u(t)

i r A
Ham truyén dat cua bé chat 16ng trén la:
Y K
W(p) = rn_ v _

U(p) rAp+1 Tp+1

2.4 Ham truyén dat cua mét sé thiét bj dién hinh
- Céc thiét bi do luong va bién ddi tin hiéu: W(p) = K

- Pong co dién mot chiéu: W(p)= > K
TLp +T,p+1
- Pong co khong dong bo 3 pha W(p)= K
Tp+1
- Lo nhiét W(p)= K
Tp+1
- Bangtai W(p)=Ke"*

2.5 Dai sé so’ do khéi

(1.7)

(1.8)

Pai s6 so do khdi 12 bién ddi mot so dd phuc tap vé dang don gian hon dé thuén tién cho viéc

tinh toan.

2.5.1 Méc nbi tiép
W(p)=W, W,.. W,

2.5.2 Méac song song
W(p)=W, +W, +..+W,

2.5.3 Méc phan hoi
U(p) Y(p)

[
W, —

W > W(p)=

W
1+WW,

13
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Mo ta todn hoc

2.5.4 Chuyén tin hiéu vao tr trwéc ra sau mot khéi

Ui(p)

Ua(p)

w

Y(p)

—

2.5.5 Chuyén tin hiéu ra tir sau ra treéc mét khoi

U(p)
—p

w

rang:

Qa

Y(p)

-

Y(p)

Ui(p) Y(p)
— | W
T +
W
T Ua(p)
U(p) Y(p)

T>W—>

w

l Y(p)

Vidy 1: DIEU KHIEN MUC CHAT LONG TRONG BE CHUA ,
Cho mét h¢ thong diéu khién tu dong muc chat 16ng trong bé chira nhu hinh vé, biét

G EXD—

- Ham truyén cta bd chuyén doi muc chét long/dong dién

voi T.=1

LT : chuyén d6i mirc chat 1ong
LIC : B hi¢u chinh

LY : chuyén d6i dong dién/ap suét
LV : van diéu chinh tu dong

VT : van diéu khién bang tay

- Phuong trinh vi phan biéu dién qaun hé gitra luu luong va d6 cao cot chit 1ong 1a:

1
G =
17 (P) Tt
9 dh(t)
dt

+h(t)=Q,(t)+Q, (t) voi 6=25

- Ham truyén cua ca b chuyén doi dong dién sang dp suat va van tu dong la:
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Chuong 1 Moé ta todn hoc

Yéu cau : o i )

1. Thanh 1ap so do dieu khién cua hé thong.

2. Tim céc ham truyén dat W, (p), Wy, (p).Wyy, (P)

3. Gia str chua c6 bo diéu khién C(p) = 1. Tim gié tri x4c 1ap cua cdt nudc & ngd ra néu u(t)=
5.1(t) va Q, = 2.1(1).

bS
Q
U [ X Q; H Y
—>(X)—»{ Cp) > Gvp) > G(p) —»| Gur(p)

Vi du 2 : Cho md hinh cia mot bé diéu hoa nhiét d6 chat 16ng nhu hinh v&

T Trong 46 : ) 7
= - Ti:nhi¢tdd ch:c”lt long vao b67
Q. - T : nhiét d6 chat 16ng trong bé

- T, : nhi¢t 40 modi trudng

Biét réng :

- Nhiét lugng chét 16ng mang vao bé : Qi = VHT;

v6i H 12 hé s nhiét ; V 1a luu lugng chit 10ng vao bé.

- Nhiét luvong dién tré cung cép cho bé Qq(t)

- Nhiét lugng chét 16ng mang ra khoi bé Q, = VHT

- Nhiét lugng ton that qua thanh bé do chénh 1éch v6i méi truong Q. = %(T -T,)

Biét nhiét lugng chit 16ng nhan dugc s& lam tang nhiét do chat 1ong theo biéu thirc Q, = c‘fl—T
t

Hay thanh 1ap mé hinh diéu khién ciia bé trao doi nhiét & trén.
Gidi
Phuong trinh can bang nhié¢t cia bé chat 1ong

Ql :Qi+Qe_QO_Qu
Hay

15



Chuong 1 Moé ta todn hoc

C‘f{—TzVHTi+QL,—VHT—T_T“
t

o ¢ Livg|r=var+o+1ir
di \R R

& (ap+a,)T(p)=bT.(p)+0.(p)+c,T,(p)

[b,T:(p)+Q,(p)+¢,T,(p)]

& T(p)=
1pra

M hinh diéu khién 12 :

Q.

apta,

Co

T

Ngoai phuong phap dai s6 so d6 khdi, chiing ta con ¢ thé ding phwong phap Graph tin hiéu
de tim ham truyén dat twong duong cia mot h¢ thong phuc tap.

3 Phwong trinh trang thai
3.1 Phwong trinh trang théi téng quat

3.1.1 Khai niém

- D6 voi mot hé thdng, ngoai tin hiéu vao va tin hiéu ra can phai xdc dinh, d6i khi ta can quan
sat cdc trang thai khac. Vi du dbi voi dong co dién la dong dién, gia tbc dong co, tén hao,
V.V...

- Khéc vdi tin hiéu ra phai do luong duoc bang cdc bd cam bién, cdc bién trang thii hodc do
dugc, hodc xdc dinh dugc thong qua cac dai lugng khéc.

- TUr d6 ngudi ta xay dung mot mo hinh todn cho phép ta c¢6 thé xdc dinh duoc cic bién trang
thai.

3.1.2 Dang tbng quéat cGa phwong trinh trang thai
Xét hé théng ¢6 m tin hiéu vao va r tin hiéu ra.

u;(t) yi(t)
—Pp —>
Unn(®) H¢ thong V()

Heé thdng ¢6 :

16



Chuong 1 Moé ta todn hoc

U
- m tin hiéu vao: u;(t), us(t), ..., um(t), viét U [ J ,UeR"
um
Vi
- rtin hiéu ra: y(t), y2(b), ..., yi(t), viét Y= [ . J ,YeR’
Y,
X
- nbién trang thai : x;(t), xa(t), ..., Xn(t), viet X —{ , XeR”
xn
Phuong trinh trang thai dang téng quét ciia hé thong dugc biéu dién dudi dang :
X = AX +BU
{Y =CX+DU

Véi  AeR™,Be R™,Ce R™,De R™
A, B, C, D goi 12 cdc ma tran trang thai, néu khong phu thudc vao thoi gian goi 12 hé thong
dung.

Nhin xét :

- Phuong trinh trang thai mo ta todn hoc ctia hé thong vé mit thoi gian dudi dang cdc phuong
trinh vi phéan.

- H¢ thong duogc biéu dién dudi dang cac phuong trinh vi phan bac nhat.

3.1.3 Vidu thanh lap phwong trinh trang thai

Vidul '

Xay dyng phuong trinh trang thdi ciia mot h¢ thong cho dudi dang phuong trinh vi phan nhu
sau :

d’y d
2—2) +245 y=u
dr~ dt
Giai
HE c¢6 mét tin hiéu vao va mot tin hiéu ra.
X =y
bat dy .
X, =—=
2T y

Tu phuong trinh trén, ta c6 :
2%, +x,+5x, =u

Nhu vay :
X =y=1x,
X —Ex —lx +lu
2™ 272
0 1 0
X X
X, -= —lx —
& 2 2 2

17



Chuong 1 Moé ta todn hoc

X = AX +BU

bit A, B, C, D la cdc ma tran tuong ing, suy ra
Y=CX+DU
Vidu2 .
Cho mach dién c¢6 so do nhu hinh v€ sau, hdy thanh 1dp phuong trinh trang thai cho
mach dién nay véi u; 1a tin hiéu vao, u, la tin hiéu ra.

R L
] NN
Ui C = W

Giai
Gia st mach h¢ tai va cac diéu kién dau bang 0. Goi i 1a dong dién chay trong mach, ta c6 :

%:M+Lﬁ+lﬁm
CO

dt
1.
u, =— | idt
el
Dit cdc bién trang thdila:  x, =i,x, =u,, tacé:
X —_5 [ +l
U, = Rx; + Lx, + x, he Lx1 sz Lui R
. hay va x, =u,
Cx, =x, 1
X, =—x
C
Vay :
_R_1 1
X X —
X, 1 0 L%
C

ort 1]

Hoi: Truong hop dat x, =u,,x, =i, phuong trinh trang thdi ciia mach di¢n s€ c6 dang nhu
thé nao ?

Nhdgn xét ' i

- Vi cung h¢ thong s€ c6 nhi€u phuong trinh trang théi khac nhau.
- Ham truyén dat cua h¢ thong la duy nhat.

3.2 X&y dwng phwong trinh trang thai tir ham truyén dat
3.2.1 Khai trién thanh céc thira sb don gian

Néu ham truyén dat duoc biéu dién dudi dang tich cac thira sb nhu sau :
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Mo ta todn hoc

X2

Dit c4c bién trung gian nhu hinh v&, ta 6 :
X, = p;x, + Ku

X, = DX, + X

xn = pnxn +xn—l
Suy ra phuong trinh trang thai 1a :
X P
X 1
2 P> + "

X 0 1 p, 0
y=[0 0 1][)61 X, x”]T

Xn

3.2.2 Khai trién thanh téng cac phan thirc don gian
Néu ham truyén dat duoc khai trién dudi dang :

_Y(p)

n K
W(ip)=) —i—
(7) ,Z:l:p—p,- U(p)

So d6 cau tric nhu sau :

- 25

1

Y

pP—D

K

Y2

}U(p)

1 Xn Kn
P =Py

Nhu vay: pX.=pX,+U =

X, = pXx; tu

19



Chuong 1 Mbé ta todn hoc

X P 1

Xl _ P> n 1 "
Hay 1

X, 0 D, 1

y=[K1 K2 Kn]['xl x2 'xn]T

3.2.3 St dung mo hinh tich phan co ban
Truong hop ham truyén dat ¢6 dang
Y K
P —
U(p) a,p"+..+ap+a,

- _ s e e _'(Vl—l) . _'(VI)
bit x=y.x=X%=y,5=%=y,.,x,=y" X, =y

Suy ra:
X=X
X, = x,
o4 4y K
X, = X —.. X, u
a a a

n n n

3.3 Chuyén déi tr phwong trinh trang thdi sang ham truyén
W(p)=C(pl-A)"'B+D

‘ , MOT SO BAI TAP CHUONG 1 .
Bai tgp 1 DIEU KHIEN LUU LUGNG CHAT LONG TRS)NG’ONG DAN
Cho so d6 diéu khién muc luu luwgng cia mdt duong ong dan chat l1ong nhu hinh vé

FE : do luu lugng

FT: chuyép doi luu lugng/ dong dién
FIC : b0 diéu lghién Iuu lugng
LV FY : chuyén doi dong dién/ap suat
(FE) —»

Biét ham truyén ciia co cdu chuyén doi tir dong dién sang dp suat + van LV + duong dng + bd
Y(p) _ e’
X(p) 22p+1

chuyén dbi tir luu luong sang dong dién 1a H(p) =

Hay thanh 1ap mé hinh diéu khién ctia hé thong.

Bai tdp 2 PIEU CHINH NHIET DO CUA MAY LOAI KHI CHO NOI HOI
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Chuong 1 Mbé ta todn hoc

Nudc trude khi dugc dua vao 16 hoi can phai qua mdy loai khi nham loai bét khi CO,
va O, trong nude. Céc loai khi nay kém tan, chinh vi vay s& lam 4p suét hoi thap, nhiét do
cao. Nudc trong mdy loai khi niy c6 dp sudt thdp va nhiét o bao hoa khoang 104°C. So dd
diéu chinh nhiét d¢ cua mady loai khi nhu sau :

Hoi

1
T
ol &

i —_—
: 1 I
i L — [
| N
v i | —>
o O O
DPén ndi
v hoi
TE : dau do nhiét d¢ TV : van tw dong diéu chinh nhiét do
TY : chuyén d6i dién dp/dong dién LT : bd chuyén doi muc
TIC : bd di€u chinh nhiét d LV : van di€u chinh muc

Ham truyén cia van diéu chinh TV + ndi hoi + bo do TE 1a
—4p
(= =2
X(p) 8p+1
Bo chuyén doi dién ap/dong dién TY c6 nhiém vu chuyén ddi tin hiéu dién ap ( vai micro
volt) ti 1& véi nhiét do thanh tin hiéu dong dién I (4-20mA) dé dua dén bo diéu chinh TIC.
Ham truyén ctia bo chuyén doi TY 1a :

_Ip_ 1
C(p)_Y(p) 0.3p+1

Hay thanh 1ap mé hinh diéu khién ctia hé thong.

Bai tdp 3 PIEU CHINH NHIET DO CUA BO TRAO POI NHIET
So dd cua mot bd trao doi nhiét nhu hinh vé&, trong d6 6,>T;.
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Chuong 1 Mbé ta todn hoc

QT
Q.6 <
— : Chat 16ng can lam néng
Chat  long i X
mang nhiét
|I Y QC,GZ
Qi T2 @
TT : b chuyén doi nhiét do TV : van diéu chinh nhiét do
TIC : b diéu chinh nhiét do FT : b chuyén do6i luu lugng

Yéu cau diéu khién 12 giit cho nhiét d6 ra T, cta chat 1ong can 1am néng khong ddi véi moi
Iuu lugng Qy.

Mot tin hiéu diéu khién X dua dén van s& khong ché nhiét do T, ciia chét 10ng, nhiét do nay
duoc thé hién qua tin hiéu do Iuong Y. Ham truyén cua van TV + bd trao d6i nhiét + bd do

TT1a H(p)=LP) 14
X(p) (2p+1‘)3 ﬂ ’

Iuu luong Qf cia chat 16ng can lam nong thay doi cling 1am anh hudng dén nhiét d6 ra To.

Y(p) _ 2

0;(p)  (05p+1)

. Mit khéc, néu giit tin hiéu diéu khién X khong ddi nhung

Anh huong ciia Qf dén T duoc cho boi ham truyén D(p) =
Hay thanh 1ap mé hinh diéu khién ctia hé thong.

Bai tdp 4 PIEU KHIEN NHIET DO CUA MOT MAY HOA LONG GA (liquéfacteur)
So d6 khoi cua mdt mdy hoéa long ga dugce cho trong hinh sau :

Q2 T i Ji
<« T Q. Ts

M
Galong | Chét lam lanh
I
|
QQ, T] Ql? T4
- > —>

Ga can héa long

Trong dé :

TT : bo chuyén doi nhiét do

TIC : bd diéu chinh nhiét d6

FT, : bd chuyén d6i luu luong (dién tir)

FT, : bd chuyén d6i luu lugng véi do luong tuyén tinh

22



Chuong 1

Mo ta todn hoc

Dé diéu khién nhiét d6 cua ga di duoc héa 16ng, ngudi ta doi luu lugng Q; cua chét
lam lanh bdi bo di¢u khién TIC. Ga trude khi héa 1ong ¢6 nhiét do Ty, sau khi dugc héa 16ng
s€ c6 nhiét d§ T,. Ham truyén cua cdc khau trong so d6 dugc dinh nghia nhu sau :

_ T,(p) _ K" H.(p) = T,(p) H.(p)= T,(p)
= 1vep | P00 =T )
() Y(p) 0.(p)
Hyp =22 | H(p=2LL =y H(p)=0P2 oy
(=2 =1L (=22

Véi K;=2, 7=1 min, ;=4 min.

Hay thanh 1ap mé hinh diéu khién ciia hé thdng.

23




Churong 2 Dac tinh dong hoc

Chuong 2
DPAC TINH PONG HQC CUA CAC KHAU
VA CUA HE THONG TRONG MIEN TAN SO

1 Khai niém chung
- Nhi€m vu ctua chuong : xay dung dac tinh dong hoc ctia khau/hé théng trong mién tan s6. Muc
dich :

+ Khéo st tinh 6n tinh

+ Phan tich tinh chét

+ Tong hop bo diéu khién
- Khau dong hoc : nhiing dbi tugng khac nhau c6 md ta todn hoc nhu nhau dugc goi 1a khau dong
hoc. C6 mot s6 khau dong hoc khong cé phan tir vat 1y nao twong ung, vi du W(p)=Tp+1 hay
W(p)=Tp—1.

2 Phan &rng cua mét khau
2.1 Tin hiéu tdc déng vao mét khau (cac tin hiéu tién dinh)

2.1.1 Tin hiéu bac thang don vj

NI A"
u = =

0 t<0

, 1
Dang tong quét

_U 1 _ UO tZt() >

u(@®)=U,lt—1,)) = 0 t<t, t

2.1.2 Tin hiéu xung don vi 50
di@r) [0 t#0 A
N=0()=——=

u(r)=o(t) 0 { F20
Tinh chét : 1

j S(t)de =1 —T>

0

2.1.3 Tin hiéu diéu hoa
u(t) = Upsin(ot + @)
Biéu dién dudi dang s phic u(r) — Ume’(

wr+)
2.1.4 Tin hiéu bat ky
Pbi voi mot tin hidu vao bat ky, ta ludn c6 thé phan tich thanh tong cia cdc tin hiéu don gian & trén.

2.2 Phan trng cua mét khau
Cho mot khau duoc mo ta toan hoc nhu hinh vé :

U(p) Y(p)
—> Wp +—»
u(® y(t)
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Churong 2 Dac tinh dong hoc

Dinh nghia: Phdn ting ciia mét khau (hé théng) déi véi mot tin hiéu vao xdc dinh chinh la dic
tinh qud d¢ hay dic tinh thoi gian ciia khdu do.

2.2.1 Ham qué dé cua mét khau

Ham qud dp ciia mét khdu la phin vmg ciia khdu doi véi tin hiéu vao 1(2).
Ky hi¢u : h(t)

Biéuthuc:  h(t)=L" {M}

p

2.2.2 Ham trong lwvong cua mot khau

Ham trong lwong ciia mét khdu la phdn iing ciia khdu déi véi tin higu vao &t).
Ky hiéu : o(t)

Bicuthic:  @()=L"{W()} hay @) :%

Vi dy : Cho mot khau c¢6 ham truyén dat 1a

5
Wi(p)=
(p) 2p+1

Tim phéan rng cta khau ddi véi tin hiéu u(t) = 2.1(t-2)-2.1(t-7).

3 Pac tinh tan s6 cua mot khau
3.1 Ham truyén dat tan sé

3.1.1 DBinh nghia:
Ham truyén dat tan sé ciia mét khéau, ky hiéu la W(®), la ti so giiva tin higu ra véi tin
hiéu vao o trang thdi xdc ldp khi tin hi¢u vao bién thién theo qui ludt diéu hoa u(t)=U , sin @t.

-0 trang thai xac 1ap (néu hé théng on dinh): yxi(t)= Ymsin(ot + @)
- Biéu dién du¢i dang s6 phuec :
u(t) — et

i(ar+o)

y.(t)—=>Ye
Vy (Z) B Ymej(a)fﬂ") _Y_
u) U™ U

- Theo dinh nghia: W(jw)=

Nhin xét: Ham truyén dat tan s6
- La mdt s6 phuc
- Phu thudc vao tan so tin hiéu.

Do W(jo) 1a s6 phirc nén c6 thé biéu dién né nhu sau :
W(jw) = A(w)e™®
W(jw)=P(@)+ jO(w)

3.1.2 Céach tim ham truyén dat tan sé tlr ham truyén dat cia mét khau
Co thé chiing minh dugc ham truyén dat tan s dwgc tim duoc tir ham truyén dat cia mot
khau (hé thong) theo quan hé sau :
W(j@)=W(p)|,_,
5
2p+1°

Vi dy : Tim ham truyén dat tan s6 cua khau c6 ham truyén W(p)=

Y nghia cia W(jo)
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Churong 2 Dac tinh dong hoc

- Xdc dinh dugc hé s6 khuéch dai / géc 1éch pha d6i véi tin hiéu xoay chiéu
- Xéc dinh dugc phuong trinh cua tin hiéu ra ¢ trang thai xac 1ap.

3.2 Ddc tinh tan s6

3.2.1 Déac tinh tn sé bién pha (Nyquist)
Xuat phét tir cach biéu dién ham truyén dat tan s6 W (jw) = P(@) + jO(w)
- Xay dyng hé tryc vai truc hoanh P, truc tung Q.
- Khi @ bién thién, v& nén dic tinh tan s bién pha.
Pinh nghia : Pic tinh tan sé bién pha (PTBP) la qui dao ciia ham truyén dat tin s6 W(j@) trén
mdt phang phirc khi wbién thién tiv -co dén oo

Dic diém : 4 Q
- DTBP d6i xtng qua truc hoanh nén chi can xay dung 0% LTI
Y4 dic tinh khi ® bién thién tir 0 dén o va lay ddi
xtrng qua tryc hoanh dé dugc toan bo dic tinh.
- C6 thé xdc dinh dugc mddun A, géc pha @ tir PTBP .

.0
*

*
-ll‘-“

VvV o

3.2.2 DPéac tinh tan sé logarit (Bode) A
Quan sat sy bié:n thi€n cua bién do va goc pha theo tan sb
Xay dung h¢ gom 2 dac tinh :

A L

\ > logm

* Pgc tinh tin s6 bién d¢ logarit PTBL
- Hoanh d¢ 1a ® hay logm [dec]
- Tung d6 L [dB]. Ham L dugc xac dinh
L =20log A(w)
DTBL biéu dién bién thién ctia hé sd khuéch dai tin hiéu theo tan s tin hiéu vao.

* Pic tinh tan s6 pha logarit PTPL

- Hoanh d¢ 1a ® hay logw [dec]

- Tung 496 @ [rad], dugc xac dinh trong W(jw).

DTPL biéu dién bién thién ciia géc pha theo tan sd tin hiéu vio.

* P3c diém cua dic tinh logarit
Khi hé thong c6 n khau noi tiép :
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Churong 2 Dac tinh dong hoc

L=L+L,+.+L
P=¢Q+Q,+..+9,
4 Pac tinh déng hoc ctia mét sé khau co ban
4.1 Khau ti Ié
W) =K
4.1.1 Ham truyén dat tan sb

4.1.2 Dac tinh Nyquist
P=K
Q=0

4.1.3 Dac tinh Bode
L=20lgK
¢=0

4.1.4 Ham qua do
h(t)=K.1(¢)

4.2 Khau quan tinh bac 1

K
w =
(p) Tp+1

421 Ham truyén dat tan sb

K __ Klw
T°w +1° T’ +1
A= L, @ =—arctgal

VT’ +1

4.2.2 Dac tinh Nyquist
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Dac tinh dong hoc

Churong 2

Nyquist Diagram

10

Real Axis

0.1)

1(K=10,T=

au qudn tinh bac

A

bac tinh Nyquist ctia kh

4.2.3 Dac tinh Bode

201g K —201gT @ +1
—arctgal

L
@

Bode Diagram

1

Lol

S B,

4

4

e o ) S R N

10°

10"

Frequency (rad/sec)

0.1)

1(K=10,T=

au quan tinh bac

N

Pac tinh Bode cua kh

tinh bac nhat nhu sau :

6 thé vé& dic tinh bién pha gan diing ciia kh

* Ddc tinh bién do logarit

au quin

A

Trén h¢ truc logarit, ¢

201gK;
-0 — oo L — L, =201gK - 20Igm;

-0—>0: L1,

Lo(®y)

1/T: Ly(wy) =

- 0=, =

* Dac tinh pha logarit
-0—>0:0—-0;
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Churong 2 Dac tinh dong hoc

-0 Q-T2
-0=0;= 1/T: ¢(w,) = -1/4

Chd y: sai 1éch giita dic tinh gan diing va dic tinh chinh xdc khong dwoc 16n hon 3dB.
4.2.4 Ham qua do

h(t)y=K(1-¢"'")

Step Response
T

L
0 0.1 0.2 0.3 0.4 0.5 0.6
Time (sec)

bic tinh qua d6 cua khau quan tinh bac 1 (K =10, T=0.1)
4.3 Khau dao dong bac 2
2
p2 + Zé:a)op + a)(?

W(p) =K
voi & <1

4.3.1 Ham truyén dat tan sb

e Koy (o - ) 0-- 2Kédw
(@} —(02)2 +48 0 o (@ —w2)2 +4¢ o
2

\/(a)(f—wz)2+4§2w§a)2 (a5 - )
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Dac tinh dong hoc

Churong 2

4.3.2 Dac tinh Nyquist

Nyquist Diagram

10

Real Axis

bic tinh Nyquist ctia khau dao dong bac 2 (K =10, @y = 0.5, =0.9)

4.3.3 Dac tinh Bode

wz

2
0

20l (@ - @) +4¢

2
0

)

L=201gK

Bode Diagram

-

Oy S gy

10°
Frequency (rad/sec)

— 4t

4

— 4+ 4+

135 - -

%
|

180 =~

102

10

0.5,&=0.9)

DPic tinh Bode cta khau dao dong bac 2 (K =10, oy =

Céch v& dic tinh bién pha gan diing :

* Ddc tinh bién do logarit

201gK;
- — o0 : L — L, = 201gKamy” — 401g0;

-0—>0:L->L,

0y = p: Li(yg) = La(0y).

-=
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Churong 2 Dac tinh dong hoc

oy dugc goi la tan sb dao dong tu nhién

* Ddc tinh pha logarit
-0—>0:0—-0;

- Q-

- == 0p: P(,) = -T/2

4.3.4 Ham qua dé

h(t)=K {1—%(‘5@" sin(a)mll — &t +arccos f)}

Step Response

RN
12 8
N -
10F---F S o= IS — =
/ 2
/ N
s |/ / ]
W 6 | // b
/
4+ | // ,
//
2r | 8
O 1 1 1 1 1 1 1
0 5 10 15 20 25 30 35 40
Time (sec)

bic tinh qua do cua khau dao dong bac 2 véi cdc hé s6 & khdc nhau

4.4 Khéau khéng én dinh bac 1
K

W(p) = ﬁ

4.41 Ham truyén dat tan sb

K, Ko
T’w +1 T’w* +1
K
A= ————, @=arctgal -7

e +1°
4.4.2 Dac tinh Nyquist
4.4.3 Dac tinh Bode

L=201gK —201g\T’a* +1

o=arctgal — 7

444 Ham qua dd
h(t)=K (" -1)
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Dac tinh dong hoc

4.5 Khau vi phan ly twéng
W(p) = Kp

4.5.1 Ham truyén dat tan sb

P=0, O=Kw
T

A=K, =—
14 2

4.5.2 Dac tinh Nyquist

4.5.3 Dac tinh Bode
L=20IgK +20lgw

4.6 Khau vi phan bac 1

W(p) = K(Tp+1)

4.6.1 Ham truyén dat tan sb
P=K, O=KTw

A=KNT’w’ +1, @=arctgTw

4.6.2 Dac tinh Nyquist

200

150 -

100

50

= OO TXN
o
+

-50 -

-100 -

-150 -

Nyquist Diagram
T T

1 | | A

-200
-2

Dic tinh Nyquist cia khau vi phan bac nhat

4.6.3 Dac tinh Bode

L=20log K +20logNT @’ +1

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
I
0

2

4 6 8 10
Real Axis
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Churong 2

Bode Diagram

-

T
|
|
|
|
1

-

m---

al

[N
I
I
I
| |
L

L_L1i11L
|
|
|
|
—

%
E

90 -~
455 -
0

10’ 10°
Frequency (rad/sec)

bac tinh Bode ctia khau vi phan bac 1 (K=10, T

10°

0.1)

4.7 Khau tich phan ly twéng

wp = X
p

Ham truyén dat t

an so

4.71

4.7.2 Dac tinh Nyquist

4.7.3 Dac tinh Bode

201g K —201g @

L

4.8 Khau cham tre

W(p) = e

Ham truyén dat t
W(jo)=e"
A=1,

an so

4.8.1

p=-07

4.8.2 Dac tinh Nyquist

4.8.3 Dac tinh Bode

L=0

p=-01
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Bode Diagram

Churong 2

-—F-—I-——d-—F - AF-—-F-—-F-—]--- ==
e T N O N S D
e e B e I S it I - —
e e e B e by e Bl N Ll e B 1= =
- |- — o
| | | | | | |
I Y I R
| | | | | | | | |
e N | R
| | | | | | | I
| | | | | | I
S Py [P —
RN b b 5 e e A D
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i i et Y 2l el i B Ml il i By 1= =7
S N ) A [N T N I P
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10°

rad/sec)
khéu quan tinh bac nhét c6 tré 0.5s (xanh verte)

bic tinh Bode cua khau quén tinh béac 1 (xanh blue) va

10

=10
[0.11]
tf(num,den)

Cac 1énh thuc hién vé dac tinh trén trong MATLAB :

set(W2,’I0Delay,0.5);

w2

num
den
W2=WI;
bode(W1);
hold on
bode(W2);

W1



Churong 3 Tinh 6n dinh ciia hé thong

) Chaong3 )
TINH ON PINH CUA HE THONG PIEU KHIEN TU PONG

1 Khai niém chung
Khao sat mot hé théng diéu khién tu dong duoc mo ta todn hoc dudi dang ham truyén dat :
b,p"+..+bp+b, Y(p)

W(p) = 3.1
() a,p"+..+ap+a, U(p) G-
Phuong trinh vi phan twong tng cta hé thong 12 :
d"y dy d"u du
a +..+a,—+ayy=b,——+..+b—+bu 3.2
" U 0Y =0, " Vg (3.2)
Nghiém cta phuong trinh vi phan (3.2) c6 dang nhu sau :
Y(@) = 3o () + 3,4 (1) (3.3)
Trong do : )
= yo(t) 1a nghiém riéng cua phuong trinh (3.2) c6 vé phai, ddc trung cho qud trinh xdc lap.
] yqd(t) 12 nghiém tong qudt cua (3.2), dac trung cho qud trinh qud do.

Tinh on dinh ciia mét hé thong chi phu thugc vao qud trinh qud dp, con qud trinh xdc lap
la mét qud trinh on dinh.

Dinh nghia :

a) Mot hé théng DKTD 6n dinh néu qud trinh quéa do tit dan theo thoi gian.
limy,,(#)=0
t—o0

b) M6t hé théng DKTD khéng 6n dinh néu qua trinh qud do ting dan theo thoi gian.

im v, (1) = e
¢) Mot h¢ thong DKTD ¢ bién gidi 6n dinh néu qua trinh qua do khong doi hay dao dong khong tat
dan.

Xét nghiém yqq(t) trong (3.3), dang tong quét ctia nghiém qua do nhu sau :

YO =D.Ce™ ="y, (3.4)
i=1 i=1
v6i n 1a bac va p; 1a nghiém cua phuong trinh déc tinh
N(p)=a,p"+..+ap+a,=0 (3.5)

C;lacac hﬁng sb (tinh theo céc diéu kién dau).
* Khao sat cac treong hop nghiém p; :
i) pi la nghiém thuyc

p =0, = Vi =Ce™
0,a,<0
i, = limCe” =€ =0
oo, >0
i) pi la cap nghiém phirc lién hop:
Pin =0T jB = Yoai T Vgain = 2A.e" cos(Bt+9,)
0, <0

lim(y,,, +y,,,,,)=9dao dong, e, =0
T Yga, :
oo, >0
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Két luan :
1) Hé théng diéu khién tu dong on dinh néu rdt ca cic nghiém cua phuong trinh déc tinh cé

phan thyc am.

2) Hé théng diéu khién tu dong khong on dinh néu c6 it nhat mot nghiém cua phuong trinh dic

tinh cé phdn thyc duong.

3) Hé thong diéu khién ty dong & bién gidi on dinh néu c6 it nhat mot nghiém ctia phwong trinh

dic tinh ¢6 phan thie bang 0, cic nghiém con lai ¢6 phan thuc am.

2 Tiéu chuan 6n dinh dai s6

2.1 Diéu kién can dé hé théng 6n dinh
Xét mot hé thong diéu khién ty dong c6 phuong trinh dic tinh tong quat nhu sau
N(p)=a,p"+..+ap+a,=0
Phitbicu: , o , ,
« Diéeu ki¢n can dé mot hé thong DKTD tuyen tinh on dinh la tat cd cdc hé so ciia phwong trinh
dac tinh dwong »

2.2 Tiéu chuan Routh

2.2.1

Voi :

Céch thanh 1ap bang Routh

n

P ayp ap-2 An-4 . ap
n-1
p an| an3 ans e (ap)
n-2
P Cn-2,1 Cn-2.2
)
p €21 C22
I
C1,1 C12
0
P Co.1
an an—2 an an—4
_ an—l an—3 _ an—l an—S
Coag = 3Chnn = >
an—l an—l
G G
|G G
Cop =~
Cia

Quy tic :

2.2.2

MGdi s6 hang trong bang Routh 12 mét ti s6, trong d6 :

Ti s6 1a dinh thirc bac 2, mang ddu 4m. Cot thir nhat cua dinh thic 12 cot thir nhat cia 2
hang dung sat trén hang c6 s6 hang dang tinh ; cot thir hai ciia dinh thire 12 cot dung sit bén
phai s6 hang dang tinh ciing ctia 2 hang trén.

Mau s6 : Tat ca céc sd hang trén ciing mot hang c¢6 ciing mau sd 12 s6 hang & cot tir nhét cia
hang sat trén hang c6 s6 hang dang tinh.

Phat biéu tiéu chuédn Routh
Diéu kign can va dii dé hé thong tuyén tinh én dinh la tit cd cdc sé hang trong cét thi

nhdt ciia biang Routh phdi dwong.

2.2.3

Céc tinh chét clia bang Routh

C6 thé nhan hodc chia tat ca cdc sd hang trén cing mot hang cta bang Routh véi mot s6
duong.

S6 1an d6i du cia cdc sé hang trong cot thir nhat cta bang Routh bang s6 nghiém cia
phuong trinh dic tinh c6 phan thuc duong.
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- Néu trong cot thir nhat cua bang Routh ¢6 mot s6 hang bang 0 thi hé thong ciing khong on
dinh. Bé xéc dinh sb nghiém am, c6 thé thay $6 0 béng sb € > 0 rat bé dé tiép tuc xac dinh
céc sd hang con lai.

- Néu tit ca cdc s6 hang trén cling 1 hang ciia bang Routh bang 0 thi hé théng & bién gidi 6n
dinh.

- Truong hop hé thong c6 khau cham tré, c6 thé khai trién Fourrier ham mii nhu sau :

g EPD P

1! 2!

e

2.3 Tiéu chuéan én dinh Hurwitz

2.3.1 Phat biéu
Diéu kién can va dii dé hé thong tuyén tinh on dinh la cdc hé sé a, va cdc dinh thirc Hurwitz
dwong.

2.3.2 Céch thanh Iap dinh thirc Hurwitz
Pinh thurc A, ¢6 :
- ncotvanhang
- DPuodng chéo chinh cia A, bat dau tir a; lién tiép dén a,.
- Céc sb hang trong cliing mot cot ¢6 chi s6 tang dan tir dudi 1én trén.
- Céc sb hang c6 chi s6 16n hon n hay nhé hon 0 ghi 0.

3 Tiéu chuan 6n dinh tan sé
3.1 Tiéu chuan Nyquist theo dic tinh tan sé bién pha

3.1.1 Phét biéu
Diéu kién can va dii dé mt hé théng kin phdn hoi -1 én dinh la :
- Khi hé hé én dinh hodc 6 bién gidi on dinh, dic tinh tan sé bién pha ciia hé hé khong
bao diém M(-1,j0).
- Khi hé hé khong én dinh, dic tinh tan sé bién pha ciia hé hé bao diém M(-1,j0) m/2 vong
kin khi @wbién thién tiv 0 dén o véi m la sé nghiém ciia phwong trinh dic tinh ciia hé hé
¢6 phan thuc dwong.

3.1.2 Ap dung tiéu chuén

- Tiéu chuéan nay chi 4p dung cho hé kin. Truong hop khong phai hé phan hoi -1 thi chuyén vé dang
phan hoi —1 twong duong.

- C6 thé xéc dinh sb 1an bao N cua dic tinh tin sd (@bién thién tir 0 dén ) v6i diém M nhu sau :

N = Z C(+—°°,0) B Z C(_—oo,o)
2

Voi:
+C* giao diém duong : 12 giao cia W(j®) véi truc thuc, c6 chidu T theo chidu ting cua @,
+C giao diém am : 1a giao cia W(j@) véi truc thuc, c6 chiéu | theo chiéu ting cia @

3.2 Tiéu chuan Nyquist theo déc tinh tan sé logarit

3.2.1 Phat biéu
Diéu kién can va dii dé hé kin phan héi -1 on dinh khi hé hé on dinh (hay 6 bién gidi on
dinh) la s6 giao diém dwong bang soé giao diém am trong pham vi tan sé @dé L(@) >0.

3.2.2 Ap dung tiéu chuén
- Trong dac tinh logarit
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+C* giao diém duong : 12 giao ctia @(®) v6i dudong thang -, c6 chiéu | theo chiéu ting ciia

.

+C giao diém 4m : 12 giao ciia (@) v6i duong thing -w, c6 chiéu T theo chiéu ting cua @
- Tiéu chuan chi 4p dung cho hé kin phan héi -1, hé ho da on dinh.

3.3 Tiéu chuan én dinh Mikhailov

3.3.1 Phat biéu

Diéu kién can va dii dé hé thong tuyén tinh on dinh la biéu do vecto da thirc dic tinh
A(j @) xudt phdt tie truc thuc dwong quay n géc phan tw ngwoc chiéu kim dong hé khi wting tir 0
dén oo

3.3.2 Ap dung tiéu chuén
- Tiéu chun ndy dugc dp dung dé xét 6n dinh cho hé bat ky (hovkin)
- Da thic déc tinh 14 da thuc ¢ tir sO ciia ham truyén dat.

4 Phwong phap quy dao nghiém SO

_Phuong phép quy dao nghiém s (QDNS) thuong dung cho hé thong c6 mot thong s6 bién ddi
tuyen tinh. V6i moi gid tri cua thong sO, phuong trinh déc tinh cua hé thong & c6 mot tap nghiém,
moi nghiém duoc biéu dién bang mot diém trén miat phang phic. Khi théng s6 bién ddi, nghiém cua
phuong trinh dic tinh ciing bién ddi theo. Quj dao tao ra tir cdc nghiém ciia phirong trinh ddc tinh
trén mdt phang phirc khi thong sé bién doi goi la quy dao nghiém sé.

4.1 Phwong phap xay dwng QPNS
Xét mot hé thdng tuyén tinh, trong d6 phuong trinh dic tinh chira mot thong sé K bién dbi
dudi dang:
N(p)=N,(p)+KM,(p)=0 (3.6)
v6i N(p), M(p) 14 hai da thitc bac n, m tuwong Gng.
Goi  p;(i=1,2,...,n) la nghi€ém cta phuong trinh N(p) =
p.(i=1,2,...,n) 1a nghiém ctia phuong trinh Ny(p) = 0
pj (G = 1,2,...,m) la nghiém cta phuong trinh My(p) =0
C6 thé viét

No(p)=ﬁ(p—p§) ; Mo(p)zﬁ(p—p})
va N(p)=ﬁ(p—p})+Kﬁ(p—p})

411 Xac dinh diém xuét phat cia QBNS
Piém xuat phét cia QDNS Ia vi tri nghiém khi K = 0. Tir phuong trinh (3.6), diém xuét phat cia
QDNS chinh 1a n nghiém p, ctia phwong trinh Ny(p) = 0.

4.1.2 Xéc dinh diém két thic cia QDNS
Diém két thic cia QDNS 1a vi trf nghiém khi K — 0. Tir phwong trinh (3.6), c6 thé viét :

1 n ) m .
N(p)ZEH(p—p,-)+H(p—p,-)=0 (3.7)
i=1 j=1
RO rang, khi K —e0, nghiém cua N(p) cting chinh la m nghiém pj cua phuong trinh My(p) = 0.
4.1.3 Xac dinh sé lwong quy dao trén mé&t phdng nghiém

Phuong trinh N(p) = 0 ¢6 n nghiém xudt phat, do vay khi K b1en thién s€ vach nén n quy dao trén
mit phang nghiém. Do c6 m diém két thic ctia quy dao nén néu m<n thi :
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- m quy dao xuét phat tir p, va két thic & pj ;
- (n-m) quy dao xuat phat tir p; va tién ra vo cling.

Khi phuong trinh Ny(p) = 0 ¢6 nghiém phtc lién hop thi cip quy dao twong ting ctia né s& d6i xtng
qua truc thuc.

4.1.4 Xac dinh cac dudng tiém can
C6 (n-m) duong thang tiém can cho cdc quy dao tién ra vo cling.
1 n ) m .
-Tam tiémcan: R, =—— pi— D
n—m i,

2k +1

n—m

- G6c tao boi cac duong tiém can va tryc hoanh : ¢, = 7,k=0,1,...,n-m-1

4.1.5 Xéc dinh diém tach khai truc thwe va hwéng dich chuyén ctia quy dao
N

- Khao sat ham sd f(p) = ML(p)) dé xdc dinh huéng di chuyén ciia quy dao
olP

dfd(p ) =0 chinh 1a c4c diém tach khéi truc thuc caa QDNS.
D

- Céc nghiém cta phuong trinh

4.1.6 Xac dinh giao diém cla truc do véi QDNS
Goi Hja. 1a diém ciia QDNS véi truc do. Thay p = ja. vao phuong trinh dic tinh N(p) = 0, @ duoc
xdc dinh tir h¢ phuong trinh :
Real(N(jw.)) =0
Im(N(j@,))=0

Vidu: V& QDNS cua mot hé théng ¢6 phuong trinh dac tinh cé thong s6 K bién thién nhu sau :
N(p)=p’+3p*+(K+2)p+10K =0
Gidi : o i
Trudc tién, ta bién d6i phuong trinh ¢ trén ve dang 3.6 nhu sau :
N(p)=(p*+3p>+2p)+K(p+10)=0
Nhu vay : Ny(p)=(p*+3p>+2p) va My(p)=(p+10)
- Céc diém xudt phét cia QDNS :
Ny,(p)=0 pi 0; p~2 L p'3 2
- Cac diém ket thic cua QDNS :
My(p)=0 p, 10
- Vay c6 3 diém xuét phat, 1 diém két thic nén s& c6 2 quy dao tién ra v6 ciing (tuong tng voi 2
tiém can)
-Tam tiémcan: Ry="7
. . T w3z
- GOc cdc ti€ém can so voi tryc hoanh : ¢, = (2k +1)E = 5,7

- Giao diém véi truc 0 : W, =, /? tai K = 6/7.
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Tinh 6n dinh cia hé tho”ﬁg

Root Locus

30

20—

Imaginary Axis
=y

20

-30,
-10

Real Axis

Hinh v& trén biéu dién Quy dao nghiém s6 ciia hé théng trong vi du trén (duoc vé béng MATLAB).
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’ Chuong 4 ‘ )
CHAT LUQONG CUA QUA TRINH PIEU KHIEN

1 Khai niém chung
Chat luong cia mot hé théng diéu khién tu dong dugc danh gid qua 2 ché d6 : ché do xdc lap
va qua trinh qua d9.

1.1 Ché dé xac Iap
Chat lugng diéu khién duoc d4nh gia qua sai 1éch tinh (hay con goi ,151 sai sb xdc lap)
Sai léch tinh (S,) la sai léch khong doi sau khi qud trinh qud dj ket thiic.

1.2 Qua trinh qua dé

Chat luong ciia hé théng dugc danh gid qua 2 chi tiéu chinh :

a) B¢ qud diéu chi’@h 16m nhdt Opay : 12 sai 1éch cuc dai trong qud trinh qua dd so voi gia tri xac lap,
tinh theo don vi phan tram.

o, =2 Y= w1009 (4.1)
Yoo
b) Thoi gian qud dg 16n nhat T
V& mit ly thuy€t, qud trinh qua dg két thiic khi t — eo. Trong di€u khién ty dong, ta c6 thé xem qua
trinh qué d6 két thuc khi sai 1éch cta tin hiéu dugc diéu khién véi gia tri xac 1ap cua n6 khdng vuot
qua 5% (mot s6 tai liéu chon bién do 1a + 2%). Khoang thoi gian d6 goi 1a Tax.

Thuc té diéu khién cho thay khi glam Cmax thi Tmax tdng va nguoc lai.
Thong thudng, qui dinh cho mét hé thong diéu khién
Omax = (20 +30)%
Tumax = 2 dén 3 chu ky dao dong quanh gid tri xdc 1ap
¢) Thoi gian tang ty : 1a thoi gian tir 0 dén Idc tin hiéu diéu khién dat duoc 90% gia tri xdc lap lan
dau tién.

2 DPanh gia chat lwong & ché dé xac lap
Xét mot hé thong kin phan hoi -1.

U(p) E(p) Y(p)
» Wi(p) >
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Theo dinh nghia, ta c6 :
S, =lime(t) = ling pE(p)
t—o0 p—>

Theo so db khéi & trén, ta c6 : E(p)=—2 )
1+W,(p)
Viy S, =lime(t)=limp—2F) 42)
e p=0" 14+W,(p)

Truong hop hé thong kin bdt ky, ta chuyén vé hé thong kin phan hoi —1 twong dwong va dp dung
cong thirc tinh sai léch tinh cho hé twong dwong nay.

Nhan xét : sai 1¢ch tinh St phy thudc
- Ham truyén dat cua hé hé
- Tin hiéu kich thich.
Ham truyén dat ctia hé ho c6 dang tong quét nhu sau :

K b p"+..+bp+1 K
W, (p)=— =2l AP - o ()
p  ap+..+1 p
v 1a béc tich phan
2.1 Khiu(t) = Up.1(1)
U(p)zl = Srzliné e
P " 1+—W,(p)
p
. Véiv=0:s5 =0
1+K
- Voiv=12,.5=0
2.2 Khiu(t) = Up.t
U(p>=U—2 = § =lim 1(<]
p—>
b p[Hon(p)}
p
- V6iv=0: S =oo
- Veiv=l: 5=
K

- Voiv=23,. 5=0

3 Panh gia chat lwong & qua trinh qua dé
Phai v& duogc dép ing qué do y(t) cua hé thong

3.1 Phan tich thanh cdc biéu thire don gién
Trong phuong phép nay, tin hi¢u ra Y(p) dugc phén tich thanh tong cla cdc thanh phan don
gian. Su dung bang tra Laplace hay ham ilaplace trong MATLAB dé tim ham goc y(t).

3.2 Phwong phap sé Tustin

3.2.1 No&i dung phwong phap

S6 héa tin hiéu lién tuc thanh tin hiéu gian doan dé tim ddp mg thoi gian, nghia 13 : chuyén ham
truyén dat tr hé lién tuc sang hé gian doan.

- Trong hé gian doan, quan tim dén y(kT)

- Bién dbi todn hoc trong hé gian doan 1a Y(z)
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-Pic diém:  y(kT) -> Y(2)
y(k+m)T -> z"Y(z)

Xac dinh mdi lién hé giira hé lién tuc va hé gian doan .
Xét mot quan hé gitta Y(p) va U(p) dudi dang ham truyén dat :

Y 1
W(p) = Yip) _1

Ulp) »p
Phuong trinh vi phan tuong ting 1a :

@)= [u()ar (gia thiét cdc diéu kién

o 0 A
dau bang 0)

Trén duong cong u(t), y(t) chinh 1a dién tich xac /T

dinh boi dudng cong u(t) vdi truc hoanh.
Taco :

Y[k + DT — y(kT) = %[u(k + )T +u(kT)]

4.3)

. kT
Chuyén phuong trinh sai phan ¢ trén sang toan tu Z,
taco:
(z-1)Y(2) ZE(Z+1)U(Z)
_Y(z) T z+l
U(z) 2z-1

~

= W(z)

Tur (4.3) va (4.4), ta c6 mdi lién hé :
1 T z+1 2 z-1
—¢——-— hay pe——"—7
p 2 z-1 T z+1

3.2.2 Cac bwadc tién hanh
- Xéc dinh tin hiéu Y(p) to ham truyén dat W(p) va tin hi¢u vao U(p)

2z-1 S
- Tim Y(z) tuong duong nho thay p = FZ—I vao bicu thire cua Y(p)
z+

- Bién d6i Z nguoc dé tim y(kT)

Vi du : V& dic tinh thoi gian cta hé thong c6 ham truyén dat :
Y 10
W(p)= (p) _ : 2
U(p) p +2p +p+1
vaiu(t) = 1t).
Gidi :
Chon T=1s,taco:
p(p3+2p2+p+1)Y(p)=10

3 2
o, 2zzhfzz=ly of2z=l)y (2220 o 2o
T z+1|\T z+1 T z+1 T z+1

Thay T=1,tacd:

2(1—1)[8(1—1)3 +8(z=1)" (z+D+2(z=1)(z+1)* +(z+l)3}Y(z) =(z+1)'U(2)

(k+1)T

= (a4z4 ‘a7’ +a, 7’ +alz+a0)Y(z) = (b4z4 +b,7° +b,7’ +b1z+b0)U(z)

= a,y(k+4)=-a,y(k+3)—a,y(k+2)—a,y(k+1)—a,y(k)+(b, + b, + b, + b, +b,)

4.4)

4.5)
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Céc hé s a;, by duge xac dinh tir phuong trinh trén. Gia thiét biét trudc cc gia tri du y(0), y(1),

y(2), y(3), ta c6 thé tinh 1an luot cdc gia tri con lai cia tin hiéu ra y(kT).

3.3 Giai phwong trinh trang thai
Nghiém cta phuong trinh trang théi :

X=AX+BU .6)
Y=CX+DU
c6 dang sau :
X()=e"X©0)+ ""PBU(r)dr (4.7)
0
Yt=C e"X(0)+ " "BU(7)dt +DU 4.8)
0
Trong dé6 :
et =L" {(p[ —A)_l}
Ghi chu :
A \ o
1= ] tLZJLX) VG6i Ayqj 12 ma trin ¢6 cdc phan tt @, = (=D det(A;) trong d6 Aj la ma
e

tran c6 duoc bang céch bo di hang thit j, cot thiv i.

Vi du : Cho hé thong duoc biéu dién dudi dang phuong trinh trang thdi :

=5 Ll

Yy =X
Tim dap ing thoi gian cua hé théng véi u(t) = 1(t) voi trang thai ban dau X =[00]"
Giai

Tinh ™
Taco:
1 1
(pI_A)IZ(p+2 -1 le 1 (p+l 1 J: p+2 (p+1)(p+2)
0 p+1 (p+1)(p+2)L 0  p+2 0 R
p+1

et

Theo cong thtic ¢ trén, ta c6 :

o o o 1 e—Zt
t ez(r 7) e (t T)_e 2(t-7) 0 ——e
X(I)ZJ.( . jml(r)df: 2 2

—(1=7)
0 e

3.4 S dung cac ham cua MATAB
- Ham step: tim ham qua d6 cua mot khau
- Ham impulse: tim ham trong lugng cua mot khau

Ham Isim: phan Gng cua khau doi voi tin hi¢u vao bat ky.
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Cdu lénh: LSIM(sys,u,t)

Véi:

+ sys la tén cia ham truyén dat da duoc dinh nghia trudc
+ u la vecto tin hi¢u vao

+ t 1a vecto thoi gian.

Vi du:

t = 0:0.01:2%pi;

u = sin(t);

Isim(Wl,u,t);

4 Panh gia thong qua dé dw trir 6n dinh

4.1 Do dw trr bién do

AL=-L(® )

-

4.2 Do dw triv vé pha
Ap=180+¢(w,)
C6 thé xdc dinh cdc d6 du trit vé bién do, vé pha baing MATLAB
- MARGIN(SYS) : v& dic tinh tan s6 bién pha logarit + ghi cic gié tri vé do du trit 6n dinh
trén dac tinh
- [Gm,Pm]=MARGIN(SYS) : ghi cdc gid tri Gm = AL; Pm = A¢

* Tinh chét : Yéu cau ciia qué trinh diéu khién (tham khao)
AL=6+12dB
A = 45°

4.3 Moi lién hé gitra cdc dé dw trir va chat lwong diéu khién
- Khi tan s cét @ tang : Tmax giam, ¢, giam.
- Khi tang A@ , d6 qua diéu 16n nhat G, gidam.
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5 Tinh diéu khién dwoc va quan sat dwoc cua hé thong
5.1 Diéu khién dwoc

5.1.1 Binh nghia
Xét mot hé théng duoc mo ta toan hoc dudi dang phuong trinh trang thai :
X = AX +BU
{Y =CX +DU
Voi AeR™,Be R™,Ce R™,De R™

Mt hé théng duoc goi la diéu khién dwoc néu tir mot vecto ban dau Xy bat ky, ta luén co
thé tim dwoc vecto tin hiéu Uy dé chuyén hé thong tir trang thdi X, dén trang thdi X, mong muon.

5.1.2 Diéu kién
Xay dyng ma tran diéu khién
=[B, AB, A’B,..., A"'B]
Diéu kign can va dii dé mét hé thong mé td todn hoc dwéi dang phwong trinh trang thdi
diéu khién dwoc la rank(P) = n.

Nhén xét :
- Tinh di€u khién dugc chi phu thudc vao cac ma tran trang thai A, B.
- Lién quan dén viéc chon cac bién trang thai

Vidu:
" Cho hé théng c6 md ta toan hoc dudi dang ham truyén dat nhu sau
Wp)= s

2p +p+4
Gia st dat cdc bién trang théi la :

=Y

X =X,
Xéc dinh tinh diéu khién dugc cta hé thong.
Giai
Tacé :

X =X,

) X, 0 1 || x 0
hay | . |= + u
X, ==2x,—0.5x, +10u X, -2 05| x, 10

Ma tran P

P=[B,AB]= L% {_02 _(;Sj(l(z)ﬂ B L% iﬂ

de‘g(P) =-100 # 0 nén ,rank(P) =2. . 7
Vay hé thong voi cach dat bién trang thai nhu trén 1a dicu khién dugc.

5.2 Tinh quan sat dwoc

5.2.1 Binh nghia
Mot hé théng dwoc goi la quan sdt dwgc néu tir cdc vecto U va Y da c6, ta cé thé xdc dinh
duoc cdc bien trang thdi X cua hé thong.
5.2.2 Diéu kién
Xay dung ma tran quan sat
=[C, AC, (A’)C,..., (A)V'C]
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Diéu kién cdn va dii dé mot hé théong mo ta todn hoc dwdi dang phwong trinh trang thdi
quan sdt dwoc la rank(L) = n.

Nhan xét:
- Tinh di€u khién dugc chi phu thudc vao cac ma tran trang thai A, C.

Vidu:
Xét trong vi du ¢ trén, ma tran trang thai C s€ 1a :
C=11 0]

Ma trdn quan sat

e ey (0 ML ¢

Do rank(L.) = 2 nén h€ ¢ trén quan sat dugc.
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’ Chuong 5 '
NANG CAO CHAT LUQNG VA TONG HOP HE THONG

1 Khai niém chung
Trong mot hé thong diéu khién ty dong, vai trd ctia bo diéu khién C 1a :
- Ondinh hoa h¢ thong ]
- Nang cao chat lugng di€u khién.

2 Cac bd diéu khién — Hiéu chinh hé théng
2.1 Khéi niém

- C6 nhiéu loai bo diéu khién (khic nhau vé ciu tao, md ta téan hoc, tic dung diéu khién,...)
- Muyc dich 1a nham thay doi cac gid tri vé AL, A@, tan s0 cat — thay doi chat luong hé thong

U(p) E(p) Y(p)
Wep) | Wip) >

- Sau khi méc bo diéu khién, ta s& c6 :
L =L.+L;
Q=@+ Py

2.2 B6 diéu khién ti Ié P

2.2.1 Ham truyén dat
W(p)=K

2.2.2 DPéac tinh tan sé logarit
L =201gK
¢=0
Nhgn xét :
- Téang (giam) bi€n do trén toan dic tinh
- Khéng lam thay ddi vé pha.

2.2.3 Téac dung diéu khién
2.3 BOo bu séém pha Lead

2.3.1 Ham truyén dat
alp+1

W(p)=K
(p) Tp+1

,a>1

2.3.2 Déac tinh tan sé logarit
¢ = arctg(aTw) - arctg(Tw)

) [
max T \/z
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Bode Diagram

Fd-EJ-FEd-Ed-Ed-EdfF--z-z--F------1
i [ S S upa——
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10 10° 10°

Frequency (rad/sec)

10"

=0.1,a=3)

ha (K=1, T

r

N

U sém p

bac tinh logarit cia bd b

Nhdn xét :

r

A

1
A

4

khuéch dai

I3
A

r

A

N

9

A

¢ sO ¢ vung tan so cao
a trung binh.

Pic tinh bién d6 lam tang h

Géy ra sy vugt pha ¢ vung tan so

2.3.3 Tac dung hiéu chinh

=
Ar Mnuo
= ¢
mm
o &
= Q
<
=
5 &
d\AaW
/%N
- N
\a
g5
Nel
=38
< op
< =]
Aw wnmm
o0
==
©© <
hl
+~ @
%d
=
=
M O
. on
T E
==
mka
N
«Q O
o 3
E=laay
[=]
S5
5 3
< 2
NS
2
> &
& =
5 4
hAe
= Z
> .
£ 3
=
=)
Q
g

2.4 B6 bu tré pha Leg

Ham truyén dat

W(p)

2.4.1

1

a<

Kan+1,
Tp+1

2.4.2 Déac tinh tan sb logarit

arctg(aTw) - arctg(Tw)

(p:

a

T

wmax

<0

:a+1

Sln ¢max
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Bode Diagram

Chuong 6

S ) J-———
i e Bl e e T S e B | 4 - == -
i e e e e el e e B | 4= ===
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at.

an soO ca

N
A

0.1,a=0.5)

r
A

an sO cao

ola:

ong s

bic tinh logarit ciia bd bu tré pha (K=1, T

Frequency (rad/sec)
Dé phat huy wu diém ctia b bii, phan tré pha nén & tan so thap, phan sém pha & tan so trung
th

trung binh.
én cac
JZ

khuéch dai ¢ ving t

,
A

¢ sO
an so
U ndi tiep.
a
S| =2
al

L
T2

N

a,T,p+1
T,p+1

=

|

2.5.2 Déac tinh tan sb logarit

1

T,\a,

ha Leg -Lead

alp+l
<

Tip+1

7z

1

K(
Ti\a

a, <l,a,>1

ré-sém p

Tranh sy chdm pha do bo diéu khién gy ra 1am anh huong dén d6 du trir vé pha.

C6 thé tang hé s6 khuéch dai ciia hé thong ma khong anh huong dén t

Pic tinh bién d6 lam giam h

Gay ra sy chdm pha ¢ vung t

B0 b leg-lead gdm 2 b b

binh hay tan s6 cao. Do d6 diéu ki

Ham truyén dat
W(p)

2.4.3 Tac dung hiéu chinh

Nhdn xét :
25 Boébut
2.5.1

Nhdn xét :
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Chuong 6

2.5.3 Tac dung hiéu chinh

Chon céc thong sd thich hop sé lam tang A¢

Tang hé s6 khuéch dai ciia hé thong.

2

2.6 B¢ diéu khién PI (Proportional Integral Controller)

Ham truyén dat

2.6.1

2.6.2 Déac tinh tan sb logarit

arctg(Tio) - /2

(p:
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05 COB-OTS —OwS- VoD

10°

)

cy (radisec

Frequen

Dic tinh logarit cta b diéu khién PI (K=1, Ti

0.1)

Nhdn xét :

Tang 1 béc tich phan

Gay ra sy chdm pha & viing tan sb thap.

2.6.3 Tac dung hiéu chinh

0 b dicu khién.

ong s

hon th

at 1én vao viéc ¢

Oc ra

Giam bac sai 1&€ch tinh.
Téc dung hi¢u chinh phu thu

2

2.7 Bé diéu khién PD (Proportional Derivative Controller)

Ham truyén dat

2.71

W(p)=K(1+T,p)

2.7.2 Déc tinh tan sb logarit

arctg(Tpw)

(p:
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-
1

-
|
|
N
|
I

-

|

|

|

|

|

|

|

|
-+

30— — — 4 —

|
§

60 — — o —

10’

10°

ad/sec)

cy (r:

Dic tinh logarit ctia by diéu khién PD (K=1, Td

10)

an sO cao.

1
A

an sO cao

1
A

Gay ra su vuot pha ¢ vung t
Tang h¢ so khuéch & t

Nhgn xét :

2.7.3 Tac dung hiéu chinh

G6p phan cai thién Ag.

an sO cao

-> dé bi anh hudng ctia nhiéu.

1
A

,
A A

Tang manh hé so khuéch dai tin hiéu &'t

2

2.8 B6é diéu khién PID (Proportional Integral Derivative Controller)

Ham truyén dat

2.8.1

K
K,+—L+K,p
p

poJ
le’]:

1

—+
Ip

W(p):KP(1+

Tacé:

’j; (1+T,p) (14T p)

(I+Tp+T,Tp°) =

Kp
Ip

K 14y
"U Tp

W(p)

Ki=K/T;

N &N
= I
S
=t
~ K

voi

T, > 4T, (gia thiét T,>T»)

=
N4
[=]
o
o
=
o
M\J\|/
N R
PSS
) <t <t
=
Reo) — —
=
sz |
\r - —
= A
Wc RS IS
Il Il
= - N
<=
g & &~
-
<=
.-
s
O

Hay

=W, (p)*Wp,(p)

Joszn

p

W(p)=KT1(1+

2.8.2 Déac tinh tan sb logarit

Nhdn xét :

La su két hop cua bo diéu khién PI va PD
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2.8.3 Tac dung hiéu chinh
- PI: giam bac sai 1éch tinh
- PD:ting A@

3 Toéng hop hé thong theo cac tiéu chuan téi wu

3.1 Phwong phép t6i wu modun

W.(p)*W,(p)
1+W.(p)*W,(p)
- Mot trong nhiing ti€u chuan dé chon bd diéu khién W(p) 1a tin hi€u ra luén bam theo tin hiéu vao,
nghia 12 Y(p) = X(p) hay W, (p)|=1.V®.
- Thuc &, viéc dat dugc tiéu chuan nay la vo cfmg kho khan do : ban than h¢ thong c6 quén tinh,
dao dong, tre .. Tuy nhién nhimg h¢ thong thyc t€ lai c6 mot déc diém ty nhién hop 1y 1a suy giam
manh ¢ tan s6 cao, nho véy ma no ton tai voi nhidu. ) ‘ ] '
- Pé thoa thuan giita yéu cau 1y tudng va diéu kién thuc té, yéu cau 1a tong hop hé théng sao cho

W, (jo) =1 (*)
trong mot dai tan sé cang rong cang tot.

- Khao sat hé kin phan hoi -1. Ham truyén hé kin 1a W, (p) =

4L

Li

hay néi cich khac L, =201g A, =0. Dai tan s6 lam Ly = 0 cang 16n thi chat lugng hé thdng kin
cang cao.

Phuong phédp nay hién nay chi méi dugc dp dung cho mét 5O h¢ ho dac biét dudi day.
Trudng hop céc hé tong quat, ta dua vé cic hé dic biét nho phuwong phép gan diing.

3.1.1 Hé h& la khau quan tinh bac nhat

K
-Hého : W,(p)=——
Tp+1
A A R KP
- B0 diéu khién W.(p)=—-
T.p
Aoz 1A arA .2 - K . T
- H¢ ho voi b dieu khien: W, (p)=——— Vv0i T,(p)=—+
T, (Tp+1) K,
- Ham truyén hé kin véi bo diéu khién
: K
w =
2 T.p(Tp+1)+K
, K
= W, (p)| =

\/(K—TRTw2)2 +(aT, )

K2
K> +(T; -2KT,T & +T,; T’ &'
Pé diéu kién (*) thoa man trong dai tin s6 cang rong cang tot, ta ¢6 thé chon Ty sao cho :

Do d6 W, ( p)\
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T; -2KT,T =0T, Iy
KP
3.1.2 Hé hé la khau quan tinh bac 2
K
-Hého : W,(p)=
: (1+Tp)(1+T,p)
- B6 diéu khién W.(p)=K, (1+LJ
T.p
- Trudc tién chon Ty = T; dé bu miu sb (T1p + 1). Thuc hién tuong tu ph?m con lai, ta s€ duoc :
T, :L:2KT2 =K, = 4
K, 2KT,

3.1.3 Hé hé la khau quan tinh bac 3

K
-Hé ho: W,(p)=
" (4 Tp)(1+Tp) (14 Top)
. . 1 1+7 p)(1+ T, p T
- B6 didu khién W.(p)=K (1+—+ij:( )0+, )Vc'riT(p):—’
c P d R
Ip Tpp Ky
) T +T, =T,
trong do : o
LT, =TT,
-Pautién, tachon T, =T;;T, =T,
hL+T,

Sau d6 don gian cdc biéu thirc va thyc hién nhu trén, ta duge K, = KT
3

3.2 Phwong phap téi wu déi xirng

- Nhugc diém cia tong hop t6i wu modun & trén 13 hé hé phai on dinh, ham qué do h(t) c6 dang tiép
xuc voi truc hoanh ‘gai goc 0.

- Xét h€ kin phan héi -1, ta c6 :

Wz = W Wk

h

k

Tltw, T-w,
- Tir phuong phap t6i vu modun, thay vi dé [W,( ja))‘ ~1, ta phai xdc dinh bo diéu khién sao cho
‘Wh(Ja))‘ > 1 (%)

- Béc tinh tan so6 logarit mong muon la :

A
N
| N o1
' : | >
; : !
A i
5 >
i
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Dic tinh x4y dung c6 3 phan
+ Tén s6 thap : L cuc 16n dé sai léch tinh bang 0
+ Viing tan s6 trung binh : lién quan tryc tiép dén chat lugng cua hé kin. Viing niy mang tinh chat
d6i xtng
+ Ving tan sb cao : L cuc bé dé giam anh hudng ciia nhidu.
- Pé ¢6 dugc dic tinh mong mudn nhu trén, hé hd véi bo diéu khién c6 dic tinh 1a
W,(p) = 2al D)
p (A+Tip)

3.2.1 Dbi twong la khau tich phan - quan tinh bac nhéat

W(p)=—0=
P p(+T,p)
= W(p=K, (H%p}

3.2.2 Dbi twong la khau tich phan - quan tinh bac hai

K
W =
WP p(+T,p)1+T,p)

- Wc<p>:Kp(1+i+poJ
T.p

1
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’ Chuong 6
HE THONG PIEUKHIEN GIAN POAN
(Hé xung s0)

1 Khai niém chung

- Trong diéu khién, ngudi ta phan thanh 2 loai hé thong : hé lién tuc va hé khong lién tuc. Trong hé
khong lién tuc lai ¢ 2 loai chinh 1a : hé gidn doan (hé xung s6) va hé théng véi cdc su kién gidn
doan. Va dic diém cta hé gidn doan Ia ta chi c¢6 thé quan sat cic trang thdi cuia hé théng mot cach
gidn doan nhung c6 chu ky (T).
- Nguyén nhén hinh thanh cic h¢ thdng gidn doan 1a :

o Sy hinh thanh cua céc by diéu khién s0 : linh hoat, d& dang thay doi va khong ché cdc thong

sO.

o Giam sat cac tin hiéu béng céc thiét bi dién tir sb.
- Qua trinh bién ddi tin hiéu lién tuc thanh gian doan goi la lugng tr héa (trong ky thuat goi 1a léy
mau). C6 3 hinh thirc 1dy mau :

o Theo thoi gian (a)

o Theo muc (b)

o Hoén hop (c)

\ I \

A A A ,

S — R et

< T N i o vannnn

A YT

BRRE '
1 1 1 1 1 > > 1 | 1 | | | 1 >

t t t
a) b) c)

2 Phép bién déi Z
pé thuén tién cho viéc giai quyét céc bai toan lién quan dén tin hiéu gian doan, ngudi ta diing
phép bién doi Z.
2.1 Djnh nghia
Gia st f(t) 1a ham lién tuc duge lugng tr héa bang phuong phap thoi gian véi chu ky 14y mau
T. Trong giai tich, ham f(t) dugc viét nhu sau :

0= FGT)Sa~iT) 6.1)

Trong d6 :
- f(t) : 1a ham lién tuc da duoc léy mau (ham duoc luong tir héa)
- O(t-iT) 1a xung dirac tai thoi diém t —iT

Bién doi laplace cia ham f*(t) nhu sau :

F'(p) :T e dt = T[i f(iT)a(r—iT)}"”dr = if FAT)S(t—iT)e " dt

i=0 ¢

= F(p)= i fGT)e™" (6.2)
i=0

bit  z=e"" (6.3)
Tu (6.2) va(6.3),taco :
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F(z)= z FGT) 6 .4)

F(z) dugc goi 1a bién d6i Z cuia ham gidn doan f(iT). Ky hiéu 1a :
F(z) = Z{f(iT)}
Hay f(T)=Z"'{F(Z)}

Nhdn xét : o
- Bién d6i Z 1a dang bién doi laplace.

- Chi c6 bién d6i Z cua ham gian doan chtr khong c6 bién do6i Z ctia ham lién tuc.

Vi du : Cho ham f(t) = ¢™. Tim bién d6i Z cua ham f(iT).

Gidi .
Ta ¢6 f(t) = ™ nén f(iT) = ™.
Theo dinh nghia

F(2)=) f(T)z =1+ "z +e 77 +..,
i=0

1 __z

—aT -1 —aT
_eaz Z_ea

F(z)= 1
véi diéu kién ez <1.
Mot so sdch dé don gian trong cach viet, nguodi ta bo thoi gian lay mau T, nghia la:

F(2)=Z{f(i)}=—2

z—e "

2.2 Mét sé tinh chat cua bién déi Z
- Tinh tuyén tinh
Z{af,(iT)+bf,(iT)} = aF,(z) + bF,(2)
- Tinh dich chuyén ham gbc
Z{f+1T}=zF(2)—zf (0)

m=1

Z{fG+m)T}= sz(z)—Zf(j)zm‘f'

Néu tat ca cdc diéu kién dau bang 0 thi
Z{fi+mT}=z7"F(z)

- Gid trj dau ciia ham gbc
FO)=limF(z)

- Gid tri cudi cia ham gdc
fo= lziirll(z -DF(2)

2.3 Bién déi Z ngwoc

2.3.1 Trabang
Phan tich ham F(z) thanh cdc thanh phan don gian va thuc hién tra bang.

2.3.2 Phwong phap chubi Ity thira
Theo dinh nghia, ta cé:

F()=Y £z = fO)+ FD) + FRT)Z +..
i=0

Do d6 néu c6 thé phan tich ham F(z) thanh chudi liy thira ¢6 chita cdc thanh phin z7, ta c6 thé biét
duoc £(iT).
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Vidu:
Z
F(z)=———
(@) 22 -3z+2
Phan tich ham F(z) & trén ta duoc :
F()=z"43z27+7z27+15z7" +...

Vay f(iT) = 2' -1.
3 LAy mau va giir mau
3.1 Khai niém
Dé c6 thé dua bo dicu khién s6 vao hé théng, can c6 qud trinh 1dy mau va giit mau.

- Léy mau 12 chuyén tin hi¢u lién tuc thanh tin hiéu gidn doan.
- Gilt mau la qué trinh chuyén tin hi€u gidn doan thanh tin hiu lién tuc.

u . ~ ‘ ~
— > Laymau | p| PKso || Gittmau || Wi(p) >

Khao sit mot qua trinh 1dy mau va giit mau don gian nhu hinh v& sau, trong d6 tin hiéu gian doan
khong qua bat ky mét khau bien doi nao.

e(t) —— e*(t — e*(D) — e(t)
—» Laymau | pf DKs6o [ | Gitmau [

E(p) E*(p) E*(p) E(p)

Pic diém thoi gian cua cac tin hiéu trén nhu sau :

€ e*(t) e(t)
A A A
1 * T I
o L R R
L L
EERE EERE |
1 1 1 1 1 > 1 1 1 1 1 > >
¢ T 2T 3T iT ¢ T 2T 3T iT ¢
a) b) 0)

Nhan xét :
2(r) 1a tin hiéu lién tyc timg doan. Sau qua trinh bién ddi (1dy mau va gitr mau), () khéc vdi e(t)
ban dau. Khi tan sb 1dy mau 16n cang 16n (T bé) thi e(r) cang gan gidng dang cta e(t).

3.2 Lay mau
Phuong trinh cua tin hi€u e*(t) sau khi dugc léy mau 12 :
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e(t)= ie(iT)é(z —iT) 6.5)
i=0
Do d6 :
E'(p)=) e(iT)e™ (6.6)
i=0

3.2.1 DBinh nghia
- Mot bo 1ay mau dugc goi 12 1y tuong néu sau khi 14y mau, anh laplace cia tin hiéu lay mau
¢6 biéu thurc nhu trong 6.6.

So db thay thé ciia bo 1dy mau ly twong nhu sau :

T
e(t) e*(t)

E(p) E*(p)

Néu biét anh laplace cta tin hiéu ca 1ay mau E(p), ta c6 thé tim duoc anh laplace cia tin hiéu da
dugc lay mau ly tuéng theo bi€u thuc sau :

‘=L AN
E(p)—TZE(p-I-]nTj-I- 5 6.7)

n=—oo

Ghi chii : ¢6 kha niang nhiéu tin hiéu khdc nhau sau khi dugc 1dy mau sé& c6 phuong trinh todn hoc
nhu nhau.

3.2.2 DBinh ly ldy m&u (dinh ly Shannon)

Mot tin hiéu lién tuc theo thoi gian e(t) chi ¢6 thé phuc hdi sau qué trinh 14y mau néu thoa
man diéu kién :

f22f,. (6.8)
Trongd6é:
- flatan §6 léry mau (f = 1/T) o N
- fmax 12 tan sO cuc dai cta tin hi¢u can lay mau

3.2.3 Tinh chét cla tin hiéu E*(p)

Tinh chit 1

Ham E*(p) tuan hoan trong mit phiang p véi chu ky joy, trong d6 @, = 277[ (T 1a chu ky lay mau)
Tinh chét 2

Néu E(p) ¢6 mot cuc tai p = pl thi E*(p) phai ¢6 cyc tai p=p; +jw, voim =0, £1, £2,...

3.3 Giir mau

3.3.1 Bo& gilr mau bac 0
bic diém cua bo gitr mau bac 0 1a tin hiéu dugc gitr mau khong doi gitra 2 1y 1dy mau va bang gid
tri cua lan gitt mau trude d6 (xem hinh vé trén)

et)=e(O)[1(t)-1t=T)]+e(T)[1¢t—=T) -1t = 2T)] +...

59



Chuong 6 Hé thong diéu khién gidn doan

E(p) :6(0)[l—le_ﬂ}+e(T){le"”T _le—M}...
p D

4 4
=" ]
= = [e(0)+e(T)e™ +e(2T)e™"" +...
L P
] - |
= 1-e Ze(iT)e"”T
Y ZE =0
Két hop voi 6.6, ta duoc
- i 1 - e_pT | *
E(p)= ) E (p) (6.8)
Nhu vay, md té_toain hoc— ctia bd gitt mau bac 0 (Zero Order Hold) 1a :
E*(p) 1—ePT E(P)
P >
p
Ham truyén dat ctia bo giit mau bac 012 :
-
Waon (P) = (6.9)

3.3.2 B0 gilr mau bac 1

Tin hiéu giit mau gitta 2 1an 1dy mau lién tiép nT va (n+1)T 1a
e (t)y=enT)+e'(nT)t—nT), nT <t<(n+1)T

e(nT)—e [(n - I)T]

T
Chung minh tuong ty, ta tim dugc ham truyén dat ctia bd gitt mau bac nhat (First Order Hold) 1a :

2
1+ pT\(1-e""
WFOH(p):( +7{) j( ; j

Nhu vy, so do thay thé ciia b 1ay miu va giit mau 12 :

voi e'(nT) =

Ep T EBO[ " | Ep
g >
p

Chiiy: Bo léy mau va gilr mau trong so dd trén khong thé 12 mé hinh todn hoc cho mét thiét bj cu
theé nao trong thuc té. Tuy nhién, sy két hop gifta bg lay mau va gitt mau lai 1a md hinh chinh xéc
cua bo chuyén d6i ADC va DAC.

4 Ham truyén dat hé gian doan
Pinh nghia . )
Ham truyén dat h¢ gian doan, ky hi€u la W(z), 1a ti s0 giira tin hi€u ra véi tin hiéu vao duoi
dang toan tu z.
Y(2)

W(z)=—22 6.10
(2) U (6.10)

4.1 Xac dinh ham truyén dat W(z) tr ham truyén dat hé lién tuc

4.1.1 Mobi lién hé gitra E*(p) va E(z)
Theo cong thic (6.6), ta c6 anh laplace cta tin hi¢u lién tuc e(t) sau khi dugc lugng tir héa
Ia:
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E'(p)=) e(Te™
i=0
Ciing tin hi¢u lién tuc e(t), sau khi duoc lwong tlr hda va thyc hién bién ddi Z, theo cong thuc (6.4),
taco:

E(z)=) e(iT)z"
i=0
Tir 2 cong thirc & trén, c6 thé thay rang :
E(z)=E'( p)\ 6.11)
E (p)=E(z) (6.12)

z=efT

Vi du : Cho mot tin hi€u lién tuc c6 anh laplace 1a :

E(p)=r——
(p+1)(p+2)
Tim anh E*(p) va E(z).
Gidi
Ta co:
1 1
E(p)= -

(p+1) (p+2)
Tra bang c6 san, ta c6 :

. z ) z _ Z(e—T _e—ZT)

(z—e"T) (z—e"”) (z—e"T)(z—e‘")

T -T 2T
e’ (e —e )

(epT _e—T)(epT _e—2T)

Chii ¥ : chiing ta s& diing ky hiéu sau dé biéu dién anh laplace cua tin hiéu dugc luong tir héa
E'(p)={E(p)} (6.13)

= E(p=

Tinh chét ciia phép bién doi *(p)
Néu ta c6 quan hé

F(p) = H(p).E (p) (6.14)
thi — F(p)=H(@p).E(p) (6.15)

4.1.2 Ham truyén dat hé h&
Xét mot hé ho gidn doan co so dd khéi nhu hinh vé
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Chuong 6
u(t) y(®)
—| Liy mau + gitt mdu —»| Wi(p) —»
a)
W WO o RC
————» Wi(p) — Wip) ——>
Up U T(p) Y ®)
b)
u(t) u(t) y(t)
» Wirep(p) —»
Up) U Y(p)
c)

Ham truyén dat phan lién tuc quy doi Ia :
Woron (P) =W, (P)W,(p)
Tin hiéura la :
Y(P) =W, 00 (DU (p) =W (PIW,(P)U (p)
Thuc hién bién ddi *(p) 2 vé phuong trinh trén, ta duoc
Y (p)={Wi (PIW,(p)} U"(p)
Biét rang bién d6i *(p) va bién doi Z 1a twong dwong, do d6 :
Y(2)=Z{W,(PW,(P)}U(2)
Ham truyén dat hé gidn doan hé vi vay duoc tinh :

Y(z
W, =& = (W, (pW, ()}
U(z)
x -
Truong hop b gitt mau la bac 0, W, (p) = ,tacod:

p
W ()= Y@ =Z{1_6-PT Wh(p)}:Z—_IZ{Wh(p)}
U(2) p Pt

Vi du : Tim ham truyén dat hé gidn doan hé biét W,(p)= I 1
p+

hi€u vao la u(t) = 1(t). Tim phuong trinh cua tin hi¢u ra.

(}idi

Ap dung cong thuc trén, ta c6 :

-1 1 1-e 7
W,()="2 =—
Z p(p+1) z—e

u(t) = 1(t) = U(z):il.

Z(l—eiT) __ 2 _ e’
(z-D(z—€¢") z-1 (z-¢€)

Y(z2)=W,(2)U(z) =

(6.16)

6.17)

va bg gilt mau la bac 0. Gia su tin
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Bién d6i 7", ta dugc
yiT)=1-¢™"

Chiiy : Vo&i hé thong gidn doan, ta chi c6 the biét dugc gian tri cua tin hi€u ¢ ngd ra tai nhirng
thiroi diém 1ay mau. O giita cdc khoang iy mau, ta khong thé biét duoc gid tri chinh xdc cua tin
hiéu.

4.1.3 Hé hd cé bd diéu khién sb
Xét hé ho c6 bd diéu khién sb nhu sau

u(t) u(kT) m(kT) m(kT) y(t)
—» AD —»p| DKsé6 —» DA —>» Wip) —>»
U(p) U'(p) M'(p) M(p) Y(p)
Trong d6 bo diéu khién s6 ¢6 ham truyén 1a :
W (=2 ((ZZ)) hay M (2)=W,(2)U(2)

Taco:
Y(p)=W,(p)-M(p)=W,(p)W,;(p)M (p)
Y (p)={W, (D)W, (m)} M (p)={W,()W,.(p)} W. (p)U (p)
= Y@=Z{W,(pW,(p)}W.(2)U(z)
Y(z)

W(z) :m=z{Wh(p>.Wm<p>}m<z>

U

4.1.4 Hé kin
Xét hé kin gian doan c6 so dd khdi nhu sau

U(p) E'(p) E(p) Y(p)
p Wic(p) —» Whi(p) >

Tacé:
Y(p)=W,(p)-E(p)=W,(p)W,;(p)-E"(p) =W,10,(P)-E" (p)

= Y (P)={Wue() E'(p)
Mat khéc :
E(p)=U(p)-Y(p)=E (p)=U (p)-Y (p)

= Y () ={Wun]} [U()-Y ()]
{WLTQD(P)} -

=  Y(p= ~U (p)
1+{WLTQD(p)}
Z{WLTQD(p)}
h -
ay Y(Z) 1+Z{WLTQD(p)} U(Z)
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W, (2)

= W, (Z)=—1+Wh(z)

4.1.5 Hé kin c6 bo diéu khién sb

U(p) E'(p) M (p M(p) Y(p)

» W@z +—» Wic(p) ——» Wilp) >

?

Chung minh tuong tu, ta dugc :

W, (2)W_(z) . Y(2)
= Tn IR = =7
Wk (2) 1+VVh(Z).VVC(Z) Vo1 VVh(Z) U(z) {WLG (p)VVh(p)}
4.1.6 Hé gian doan diéu khién tlr may tinh
So d6 khéi cua hé théng nhu sau :
u(kT) e(kT) m(kT m(r) y(©)
» Wez) —p»f DA —» Wilp) >
T r(kT) r(t)
AD Wa(p)
U'(p) E'(p) M (p) M(p Y(p)
» Wez) | —p Wiclp) —» Wilp) >
R'(p) R
T \ (P) Wap) ——

Taco :

Y(p)=W,(p)M (p) =W, (p)W,(p).M"(p)
= Y (p)={We(pW(p)} M (p) hay Y(2) = Z{W,;(p)W,(p)} .M (2)
Theo so do thi :

M (p)=W.(p)E"(p)=W,(p)| U (p)-R (p)]
hay M (2)=W.(9)[U(2)-R(2)]
Ngoairado:

R(p)=W,(p).Y (p) =W, () W,(p)W,(p).M"(p)
nén  R(z)=Z{W,;(p)W,(p)W,(p)} M (z)
Suy ra M (2) =W,(2)[U(2)= Z{W,,(p)W,(p)W,(p)} M (2) ]
W, (2)U (2)

1+ W, (2).Z{W, ()W, (p)W,(p)}
Thay vao cong thirc cua Y(z), ta duoc :

Hay M(z)=

64



Chuong 6 Hé thong diéu khién gidn doan

Z .
Y(2)= W.(2) {WLG (p) Wvl(p)} Uz)
1+ W, (2).Z{W,5(P) W, (P) W, (p)}
Hay W(z)= Y(2) _ W, (2)-Z{W,; ()W, ()}
U(z) 1+W.(2.Z{W,; ()W, (p)W,(p)}
Vidu:

Cho hé diéu khién gian doan kin phan hoi -1 trong d6 W.(z) = 2z-1 va W, (z)= Ll . Tim
Z p+

ham truyén dat cia hé thong.

4.2 Xac dinh ham truyén dat tee phwong trinh sai phan
Mot hé thong gidn doan c6 thé dugc cho dudi dang phuong trinh sai phan tong quét nhu sau :

a,y[i+m)T]+...+ay[(+DT|+a,y(T) =b,uli+m)T|+...+bu[Gi+ DT |+bulT)

Gia str cdc diéu kién dau béng 0. Thuc hién bién ddi Z cho ca 2 vé phuong trinh trén, ta dugc :
(anz" +..t+az +aO)Y(z) = (bmz’” +..+bz +b0)U(z)

Vay ham truyén dat 12 :

Y(z) _b,2"+..+bz+b,

Uz) a,z"+..+az+a,

W(z)=

5 Tinh 6n dinh caa hé gian doan

5.1 Mbi lién hé gitka mat phang p va mat phang z
-Nhiclai: z=e"

- Ung vé6i mot diém p=a+jf trong mat phang p s€ cb6 diém
7= """ = ¢ (cos BT + jsin AT trong mit phing z.

- Do |2/ =¢* nén khi o0 < 0 thi
Két ludn : Mgt hé thong gidn doan én dinh khi va chi khi tit cd cdc nghiém ciia phwong trinh
ddc tinh co médun nho hon 1.

z|<1

5.2 Phép bién déi twong dwong
Pé ¢6 thé str dung cdc tiéu chuan on dinh trong mét phang p, nguoi ta sir dung phép bién doi tuong
duong nhu sau :

v+1

7=—"

v—1
- Véi|z|<1 = real(v) <0
- Voi |z| =1 =real(v)=0
- Véi |2|>1 = real(v) > 0

Sau khi chuyén sang mit phang v, ta c6 thé sir dung cdc tiéu chuan 6n dinh ciia hé tuyén tinh dé xét
tinh 6n dinh cta hé lién tuc twong duong.
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Phuluc
CONTROL SYSTEM TOOLBOX & SIMULINK TRONG MATLAB

Ung dung dé phan tich, thiét ké va mo phong cdc hé thong tuyén tinh

GIOI THIEU

MATLAB, tén viét tit cua tir tiéng Anh MATrix LABoratory, 1a mot moi trudng manh
danh cho cdc tinh todn khoa hoc. N6 tich hop cdc phép tinh ma tran va phan tich s6 dya trén cic
ham co ban. Hon nia, cdu triic 6 hoa huéng ddi tugng ctia Matlab cho phép tao ra céc hinh vé& chat
luong cao. Ngay nay, Matlab tr¢ thanh mot ngon ngir « chuan » duge sir dung rong rai trong nhiéu
nganh va nhiéu quéc gia trén thé gioi.

Vé mit ciu tric, Matlab gom mot cua sO chinh va rat nhiéu ham viét sin khac nhau. Céc
ham trén ciing linh vuc tmg dung duoc xép chung vao mot thu vién, diéu nay gitip nguoi sir dung
dé dang tim dugc ham can quan tim. C6 thé ké ra mot s6 thu vién trong Matlab nhu sau :

- Control System (danh cho diéu khién tu dong)
- Finacial Toolbox (linh vyc kinh té)

- Fuzzy Logic (diéu khién mo)

- Signal Processing (xtr ly tin hi¢u)

- Statistics (todn hoc va thong ké)

- Symbolic (tinh todn theo biéu thuc)

- System Identification (nhan dang)

Mot tinh chat rat manh ctia Matlab 14 né c6 thé lién két voi cdc ngon ngit khac. Matlab c6 thé
g0i cdc ham viét bang ngdn ngit Fortran, C hay C++, va nguoc lai cdc ham viét trong Matlab c6 thé
duogc goi tir cac ngdn ngilt nay...

Cic ban c6 thé xem phan Help trong Matlab dé tham khao céch str dung va vi du cua tig Iénh,
hoic download (mién phi) cic file help dang *.pdf tai trang Web cua Matlab o dia chi
http://www.mathworks.com

1 Control System Toolbox

Control System Toolbox 1a mot thu vién ctia Matlab dung trong linh vuc diéu khién tu dong.
Cung voi cic 1énh cta Matlab, tap Iénh ctiia Control System Toolbox s€ gitp ta thi¢t k&, phén tich va
danh gia cac chi tiéu chat lugng cua mot hé thong tuyén tinh.

1.1 Dinh nghia mét hé théng tuyén tinh

1.1.1 Binh nghia bang ham truyén
H¢ thong mjt tin hidu vao/ra

Cau 1énh: sys=tf(num,den,T)

- num: vecto chira cdc hé sd cua da thirc & tir s, bac tir cao dén thép theo todn ti Laplace (h¢
lién tuc) hoac theo todn tir z (hé gidn doan)

- den: vecto chtra cdc hé sb cua da thire & mau sd, bac tir cao dén thép

- T: chu ky ldy mau, chi ding cho hé gi4n doan (tinh bang s)

Vi du: .
Dinh nghia mét ham truyén trong Matlab
F(p)= 32]);2 num=3*[1 2];den=[1 2 4];sys1=tf(num,den);
P +2p+4
F(z)=21%— <06 num=2.1*[1 -0.6];den=[1 -0.56];
z-—=0,56z+0,4
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T=0.5;sys2=tf(num,den,T)

H¢ thong nhiéu tin hiéu vao/ra

U; Y, G, (r) G,(r)
! I G, (r) G, (r)
U, Y,
— — G,(r) G,,(r)
Cau Iénh :

G, (r)
G,,(r)

G,.(r)

Gli=tf(numll,denll,T); GI2=tf{numli2,denl2,T);...; Gln=tf(numin,denlin,T);
G21=tf(num21,den21,T); G22=tf{num22,den22,T);...; G2n=tf(num2n,den2n,T);

Gpl=tflnumpl,denpl,T); GI12=tf{nump2,denp2,T);...; Gpn=tf(numpn,denpn,T);

sys=[G11,G12,...,GIn;G21;G22;...;G2n;...,Gpl,Gp2,...,Gpn];

1.1.2 Dinh nghia bang zero va cuc
H¢ thong mét tin hi¢u vao/ra

Cau lénh: sys=zpk(Z,P,K,T)

- Z,Placac vecto hang chira danh sich cac diém zer6 va cuc cia h¢ thong.

- K1ahg s6 khuéch dai
Chu y: néu h¢ thong khong cé dieém zerd (cuc) thi ta dat 1a []

Vi du:

F(py=—P*2

_— 7=-2;P=[0 -5];K=1;sys=zpk(Z,P,K);
p(p+3)

H¢ thong nhiéu tin hiéu vao/ra
Cau lénh :

G11=zpk(Z11,P11,T); GI12=2pk(Z12,P12,T);...; GIn=zpk(ZIn,PIn,T);
G21=7pk(Z21,P21,T); G22=2pk(Z22,P22,T);...; G2n=zpk(Z2n,P2n,T);

Gpl=zpk(Zpl,Ppl,T); G12=zpk(Zp2,Pp2,T);...; Gpn=zpk(Zpn,Ppn,T);

sys=[G11,G12,...,GIn;G21;G22;...;G2n;...,Gpl,Gp2,...,Gpn];

1.1.3 Phwong trinh trang thai

Cau lénh: sys=ss(A,B,C,D,T)

- ABCD lacic ma tran trang thai dinh nghia hé théng
- Tlachu ky lay mau.

Chuyén ddi gitra cac dang biéu dién

- Chuyén tir phuong trinh trang thdi sang ham truyén
[num,den] = ss2tf(A,B,C,D)

- Chuyén tir dang zero/cyc sang ham truyén
[num,den] = zp2tf(Z,P,K)

- Chuyén tir ham truyén sang phuong trinh trang thai
[A,B,C,D]=tf2ss(num,den)
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1.1.4 Chuyén dbi gira hé lién tuc va gian doan
S6 héa mot hé théng lién tuc

Cau lénh: sys_dis=c2d(sys,T,method)

- sys, sys_dis hé thong lién tuc va hé thdng gidn doan tuong tmg

- Ts thoi gian 1y miu

- method phuong phép lay mau: ‘zoh’ iy mau bac 0, ‘foh’ 1y mau bac 1, ‘fustin’ phuong
phép Tustin...

Vi du: chuyén mot khau lién tuc c6 ham truyén G(p)= 1 sang khau gian doan béng phuong

phdp gitr mau bac 0, chu ky 1dy mau T=0.01s
num=2
den=[0.51]

sysc=tf(num,den)
sysd=c2d(sysc,0.01,’zoh’)

H¢ lién tuc twong dwong ciia mot hé thdng gidn doan
Cau lénh: sys=d2c(sys_dis,method)
1.2 Bién déi so dé twong dwong

1.2.1 Mac nbi tiép

Cau lénh: sys=series(sysl,sys2)

1.2.2 Mac song song
Cau lénh: sys=parallel(sysl,sys2)

1.2.3 Mac phan hoi
Cau Iénh: sys=feedback(sysl,sys2,sign)

U Y
sysl >

sys2 |[4¢——

sign = +1 néu phan hoi duong va sign=-1 (hodc khong c6 sign) néu phan hoi am.
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1.3 Phén tich hé théng

1.3.1 Trong mién thoi gian
Ham qua d¢ h(t)

Cau lénh: step(sys)

V& ham quéa d6 cta hé thong tuyén tinh sys. Khoang thoi gian v& va budc thoi gian do Matlab tu
chon.

Mot s truong hop khic

- step(sys,t_end): v& ham qud do tir thoi diém t=0 dén thoi diém ¢_end.

- step(sys,T): v& ham qud d¢ trong khoang thoi gian 7. T dugc dinh nghia nhu sau
T=Ti:dt:Tf. Dbi v6i hé lién tuc, dt 1a budc v&, dbi voi hé gian doan, dt=Ts la chu ky
1ay mau.

- step(sysl,sys2,sys3,...) : v& ham h(t) cho nhiéu hé thong ddng thoi.

- [y,t]=step(sys): tinh ddp tng h(t) va luu vio cdc bién y va ¢ tuong mg

Ham trong lwgng o(t)

Cau lénh: impulse(sys)

1.3.2 Trong mién tan sb
Pac tinh bode

Cau lénh: bode(sys)
V& dic tinh tan s6 Bode cua hé théng tuyén tinh sys. Dai tan sb v& do Matlab tu chon.

Mot sb truong hop khac

bode(sys,{w_start,w_end}): vé dac tinh bode tir tan sd w_ start den tan s w_end.

- bode(sys,w) v& dic tinh bode theo vecto tan s6 w. Vecto tan sd w dugc dinh nghia bang
ham logspace Vi du: w=logspace(-2,2,100) dinh nghia vecto w gom 100 diém, tir tan sb
107 dén 10%

- bode(sysl,sys2,sys3,...) vé dic tinh bode cia nhiéu hé théng ddng thoi.

- [mag,phi,w]=bode(sys,...) luu tAt ca cac diém tinh todn cua ddc tinh bode vao vecto
mag, phi tmg véi tan s6 w twong tng.

Chd y: D6i véi hé thong gidn doan, dai tin sé dé vé phai théa man dinh 1y Shannon.
Pic tinh Nyquist

Cau lénh: nyquist(sys)
nyquist(sys,{w_start,w_end})
nyquist(sys,w)
nyquist(sysl,sys2,sys3,...,w)
[real,ima,w]=nyquist(sys,...)

DPic tinh Nichols

Cau lénh: nichols(sys)
nichols(sys,{w_start,w_end})
nichols(sys,w)
nichols(sysl, sys2, sys3,...,.w)
[mag,phi,w]=nichols(sys,...)

Tinh toan
Vi du: V& céc dic tinh tan sd cua hé théng sau
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2
@y

D ket
w0=1 ;xi=0.5 ;num=w0"2 ;den=[1 2*xi*w0"2 w0"2] ;G=tf(num,den);
w=logspace(-2,2,100) ;
bode(G,w); % vé& dac tinh bode trong dai tan sb w
nichols(G); % v€ déc tinh nichols trong dai tan sd tu chon ciia Matlab
nyquist(G); % ve& dac tinh nyquist

vOi ap=Irad/s va §=0,5

1.3.3 Mot s6 ham dé phan tich
Ham margin
- margin(;ys ) ’vé dac tinh Bode ctiia hé théng SISO va chi ra d§ du trit bién d9, do du trit pha
tai cdc tan soO tuong Ung.
- [delta_L,delta_phi,w_Lw_phi]=margin(sys) tinh va luu d¢ dy tr bién d vao bién delta_L
tai tn s6 w_L, luu do du trix vé pha vao bién delta_phi tai tn s6 w_phi.
Ham pole

vec_pol=pole(sys) tinh cdc diém cuc cta hé thdng va Iuu vao bién vec_pol.
Ham tzero

vec_zer=tzero(sys) tinh cac di€m zero cua h¢ thong va Iuu vao bién vec_zer.
Ham pzmap

- [vec_pol,vec_zer]=pzmap(sys) tinh céc diém cuc va zero ctia hé théng va lwu vao céc bién
tuong Ung.
- pzmap(sys) tinh cdc diém cuc, zero va biéu dién trén mit phing phic.
Ham dcgain

GO=dcgain(sys) tinh hé s6 khuéch dai tinh cua hé théng va luu vao bién GO.
1.3.4 Mot sb ham dac biét trong khong gian trang thai
Ham c#rl
Cau Iénh: C_com=ctri(A,B)

C_com=ctrl(sys)

Tinh ma tran “diéu khién duoc” C ciia mot hé théng. Ma tran C dugc dinh nghia nhu sau:
C=[B AB A’B ... A"'B] véi Ae K™
Ham obsv
Cau lénh: O_obs=o0bsv(A,C)
O_obs=0bsv(sys)

Tinh ma trén “quan sdt dwoc” O ctia mot hé théng. Ma tran O dugc dinh nghia nhu sau: O=[C CA
CA”...CA™"
Ham ctrbf
Cau 1énh: [Ab,Bb,Cb,T,k]=ctrbf(A,B,C)
Chuyén vé dang chuin (canonique) “diéu khién dwgc” cua mot hé théng biéu dién dudi dang
phuong trinh trang thai. o
Trong d6:  Ay=TAT", B,=TB, C,=CT", T 12 ma trén chuyén di.
Ham obsvf
Cau Iénh: [Ab,Bb,Cb,T,k]=0bsvf(A,B,C)
70



= e <0

e

715001( L L L L L L 04k

Control System Toolbox & Simulink

Chuyén vé dang chuan “quan sit dugc ciia mot hé théng biéu dién dudi dang phuong trinh trang
thai.
Trong d6: Av=TAT"', By=TB, C,=CT"', T 12 ma tran chuyén déi.
1.4 Vidu téng hop
Cho mét hé thong kin phan hoi -1, trong d6 ham truyén cua hé ho 1a
K @

G(p)= *
= v D+ 28w, p+ @

voi K=1, 1=10s, ap=1rad/s va §=0.5

1. V& dic tinh tan s6 Nyquist. Ching t6 rang hé kin khong 6n dinh.
2. V& dép mg qud d6 cua hé kin. ) ) o
3. DBé hé thong 6n dinh, nguoi ta hiéu chinh hé s6 khuéch dai K=0.111. Xac dinh tan s6 cat, do

du trlr bién dg va do dir trir vé pha cua hé thng trong truong hop nay. ‘ '
4. Xaéc dinh cic thong so qua do (thoi gian qua d6 16n nhat Tyax, d0 qué dicu chinh 16n nhat
Omax) cua hé théng da hiéu chinh.

Giai

Caul

>>K=1t0o=10;w0=1;xi=0.5;
>>numl=K;denl=[to 1 0];
>>num2=wO"2;den2=[1 2*xi*w0 wO"2] ;
>>G=tf{numl,denl )*tf(num2,den2)

Transfer function:
1

10sM +11sM3 + 1182 +5

>>w=logspace(-3,2,100) ; % tao vecto tan sb dé v& cdc dic tinh tan sb
>>nyquist(G,w);

Dic tinh duoc biéu dién trén hinh 6.1

D¢ xét tinh 6n dinh cua hé kin ding tiéu chuan Nyquist, trudc tién ta xét tinh 6n dinh cta hé ho.
Nghiém cta phuong trinh déc tinh ctia hé hd dugce xac dinh :
>>pole(G)
ans =
0

-0.5000 + 0.86601

-0.5000 - 0.8660i

-0.1000 . .
Hé hé c6 1 nghiém bang 0 nén & bién gidi 6n dinh.

Nyquist Diagrams Nyquist Diagrams
From: U(1) From: U(1)
1500 T T T

g
—

g

-0

= OIS X

-021

-031

. , . . , .
2 10 8 6 4 2 0 2 B -0.8 -0.6 0.4 -0.2 0
Real Axis Real Axis

Hinh 6.1 : Diac tinh tan sb Nyquist ciia hé hé
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Quan sat dic tinh tdn s6 Nyquist ciia hé hd trén hinh 6.1 (phan zoom bén phai), ta thiy dic tinh
Nyquist bao diém (-1,j0), va do hé hd & bién gidi 6n dinh nén theo tiéu chuin Nyquist, hé théng
kin s& khong 6n dinh.
Cau 2
>>G_loop=feedback(G,1,-1) ; % ham truyén hé kin
>>step(G loop) ;

Step Response

From: U(1)
15 T

Hinh 6.2 :
Pap tng qua d6 hé kin

-
motoof |
5F ]
! 0O 5‘0 160 1 éo 2(;0 250 3(‘)0 3‘50 4(;0 4‘50 500
Time (sec.)
Cau3
>>K=0.111 ;numl=K ; % thay doi hé s6 khuéch dai K

>>GK=tf(numl,denl)*tf(num2,den2)
Transfer function:
0.111

10s™M +11s"3+11s"2+s
>>margin(GK)
Pic tinh tin sé Bode cta hé hd da hiéu chinh duge biéu dién trén hinh 6.3. Tir dic tinh nay, ta cé
thé xdc dinh dugc
AL=18.34dB ; Ap = 44.78° ; ®.=0.085rad/s

Bode Diagrams

Gm=18.344 dB (at 0.30151 rad/sec), Pm=44.775 deg. (at 0.084915 rad/sec)
50 T T T T — T

TR AXC—Z ATEQD AT —

400 e

Frequency (rad/sec)

Hinh 6.3 : Dac tinh tan sb Bode ctia hé hd da hiéu chinh

72



Control System Toolbox & Simulink

Cau 4
>>GK_loop=feedback(GK,1,-1) ;
>>step(GK_loop),

Step Response
From: U(1

inh 6.4
iap tng qua do hé
in da hi€u chinh

Time (sec.)

Str dung con tré chudt va kich vao céac diém can tim trén dic tinh, ta xdc dinh duoc
Gmax=23%; Tmax= 70.7s

2 SIMULINK

Simulink dugc tich hop vao Matlab (vao khoang dau nhitng nim 1990) nhu mot cong cu dé md
phoéng hé thong, gitp ngudi st dung phén tich va tong hop hé thong mot cach tryc quan. Trong
Simulink, hé¢ thong khong duoc md ta dudi dang dong 1¢énh theo kiéu truyén thong ma & dudi dang
so d6 khdi. Vé6i dang so dd khéi ndy, ta c6 thé quan sdt cdc ddp tng thoi gian cua hé théng véi
nhiéu tin hiéu vao khdc nhau nhu : tin hiéu bac thang, tin hiéu sinus, xung chit nhat, tin hiéu ngau
nhién... bang cdch thyc hién mo6 phong. Két qua mo phong cé thé dugce xem theo thdi gian thuc
trén céac Oscilloscope trong moi trudng Simulink, hay trong mdi truong Matlab.

Simulink hoan toan twong thich véi Matlab, nhung
nod la m(f)t‘ dao diép dd hoa. Vi vay tat ca cdc ham (O < Simulink Library ... ! E@—I
Matlab déu c6 thé truy cép dugc tir Simulink, ngay ca —

0= 42 ¢

cic ham do nguoi st dung tao ra. Nguoc lai, cac két
qua tim dugc trong Simulink déu c6 thé dugc st dung -8 il
3 khai théc 51 trudme Matlab +- 3 Continuous

va khai aci rong moi truong a, ab. 7 7] Discrete

Cuoi cung, Simulink cho ’phep nguoi su dul}g kha 4 3] Functions & Tables
nang tao ra mdt thu vién khoéi riéng. Vi dy, néu ban - 2 Math
muon lam viéc trong Iinh vuc di€u khién ciac may dién, +- 2] Nonlinear

L 1A ~ A , . A Tn +- ¥ Signals & Systems

ban c6 thé tao ra mot thu vién ri€ng chira cdic mé hinh 4. B8] Sinks
may dién . Nhu vay, voi cong cu Simulink, ta c6 thé +- 23] Sources
tu tién hanh mé phong thi nghiém, quan sat két qua, +- Wl Control System Toolbox

kiém chimg vé6i 1y thuyét trudc khi tién hanh thi || ¥ Statsflow
+- W Sirmulink Extras
nghiém trén mo hinh that.

2.1 Kheéi dong Simulink

Dé khoi dong Simulink tir modi truong Matlab, ta || Smuink leaded
g0 dong 1énh simulink. Liic nay mot ctra s6 nhu trén il

hinh 6.5 s& xudt hién, trén d6 c6 cic thu muc chinh va
cdc thu vién con cua Simulink. Dé bit dau lam viéc, ta
tao ctra s0 m&i bang cich kich vao biéu tuong « New ».
C6 8 thu vién chinh ctia Simulink duoc phan loai nhu
sau :
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- Continuous : hé thdng tuyén tinh va lién tuc

- Discrete : hé théng tuyén tinh gidn doan

- Nonliear : md hinh héa nhirng phan ti phi tuyén nhu role, phan tir bdo hoa. ..
- Source : cdc khéi ngudn tin hiéu

- Sinks : cic khi thu nhan tin hi¢u

- Function & Table : cac ham bac cao cua Matlab

- Math : céc khdi cia simulink v6i cdc ham todn hoc twong tng ctia Matlab

- Signals & System : céc khdi lién hé tin hiéu, hé thong con...

2.2 Tao mét so dé don gian
Pé 1am quen véi Simulink, ta bat dau bang mot vi du don gian : phan tich ham qué do cia mot
@
PP+ 28w, p+ @,
de duogc so do mo phong nhu hinh 6.6 nhu sau :

khau bac hai c6 ham truyén G(p)= vOi mp=1rad/s va £=0,5. Cdc budc thyc hién

1 1
5 P
2=+5+1
St=p Transfer Fen Scope

Hinh 6.6 : Mot so ¢6 Simulink don gian

- Khéi dong Simulink tir Matlab bang dong 1énh simulink

- Trong cura s6 chinh cua Simulink, chon biéu twong « New » dé tao ctra s6 tng dung.

- Mubn tao mot khéi trong cura s6 ung dung, ta tim khdi d6 trong cdc thu vién cua Simulink, kich
chon va kéo né vao ctra sO ung dung. Vi du, dé tao khoi Step, ta vao thu vién Simulink ->
Continuous -> Sources -> Step, khdi Transfer Fen trong Simulink -> Continuous -> Transfer
Fen...

- Pé dat thong s6 cho timg khdi, ta mé khdi d6 ra bang cach double-click chudt vao né. Liic nay
dat cdc thong s6 theo hudng dan trén man hinh.

- Duong ndi gitra céc kh01 dugc thyc hién bang cdch ding chudt kéo cic miii tén ¢ dau (cudi)
mdi khdi dén vi tri can nbi.

Sau khi tao duoc so dd khdi nhu hinh 6.6, ta c6 thé bét’ dau tién hanh md phong (voi cac tham s6
mac dinh) bang cach chon Simulation -> Start. Xem két qua mo6 phong bang cach md khoi Scope
nhu hinh 6.7.

¥ Scope EEJE|
EEEIEEE

Hinh 6.7 : Két qua md phong
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Dé xem dong thoi tin hiéu vao va ra trén cliing mot Scope, ta tao so dd mod phong nhu hinh 6.8. Két
qua md phong biéu dién trén hinh 6.9.

0 21| 4B | &

. L]
I 4 1 Scope
245+
Step Transfer Fon
Hinh 6.8

Time offzet; 0

) ) Hinh 6.9

2.3 Mot so khoi thwong dung

Thw vién « Sources »

Step Tao ra tin hi¢u béc thang lién tyc hay gidn doan.

Ramp Tao tin hi¢u doc tuyén tinh (rampe) lién tuc.

Sine Wave  Tao tin hi¢u sinus lién tyc hay gidn doan.

Constant Tao tin ’hiéu‘khéng doi theo thoi gian. i . .

Clock Cung cap dong ho chi thoi gian md phong. C6 thé xem dugc « dong ho » nay khi

~ dang thyc hién m6 phong. '
Chii y : Mudn khoi clock chi ding thoi diém dang mo6 phong, tham so6 Sample time dugc dat nhu

sau

— 0 : h¢ lién tuc
— >0 : hé gidn doan, clock ltic nay s& chi s6 chu ky lay mau dit trong Sample time.

Thw vién « Sinks »

Scope
XY Graph

To Workspace

Hién thi céc tin hiéu duoc tao ra trong md phdng.

V& quan hé giira 2 tin hiéu theo dang XY. Khoi nay can phai c¢6 2 tin hiéu
vao, tin hiéu thir nhat twong Gmg véi truc X, tin hiéu vao thir hai twong tng
véi truc Y.

Tat cac céc tin hiéu ndi vao khi nay s& duoc chuyen sang khong gian tham
s6 ctia Matlab khi thyc hién moé phong. Tén cia bién chuyén viao Matlab do
nguoi su dung chon.

2.3.1 Thuw vién « Continuous »

Transfer Fcn

State Space

Integrator
sDerivative
Transport Delay

M6 ta ham truyen ctia mot hé thong lién tuc dudi dang Da thirc tr s6/Pa thirc
mau s6. Cac hé sd ciia da thic tir s6 va miu s6 do nguoi sir dung nhép vao,
theo bac giam dan cua todn tir Laplace. Vi du dé nhap vao ham truyén c6

dang —2i+i T ta nhap vao nhu sau :Numerator [2 1], Denominator [1 1 1].
N

Mo ta ham truyén cta mot hé théng lién tuc dudi dang phuwong trinh trang
thdi. Cac ma trén trang thai A, B, C, D dugc nhép vao theo qui udc ma tran
cua Matlab.

Khau tich phan.

Khau dao ham

Khau tao tré
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Thw vién « Discrete »
Discrete Transfer Fcn

Discrete State Space

Discrete-Time Integrator
First-Order Hold
Zero-Order Hold

Mo ta ham truyén cta mot hé théng gian doan dudi dang Pa thire tir
s6/Pa thirc mdu s6. Céc hé s6 cta da thic tir s6 va mau s do nguoi sir
dung nhép vao, theo bac giam dan cta todn ti z.

Mo ta ham truyén ctia mot hé thong gian doan dudi dang phirong trinh
trang thdi. Nguoi su dyng phai nhap vao cic ma tran trang thai
A,B,C,D va chu ky liy mau.

Khau tich phan cua h¢ thong gian doan.

Khau gitr mau béc 1. Nguoi su dung phai nhap vao chu ky lay mau
Khau gitt mau bac 0. Ngudi sir dung phai nhap vao chu ky 1dy mau.

Thuw vién « Signal&Systems »

Mux

Demux
Inl

Outl

Thw vién « Math »

Abs
Gain

Sign

Sum

24 Vidu

Chuyén nhiéu tin hiéu vao (v6 hudng hay vecto) thanh mot tin hiéu ra
duy nhat dang vecto. Vecto ngd ra c6 kich thudc bang tong kich thudc
clia céc vecto vao. SO céc tin hiéu vao duoc dinh nghia khi m¢ khoi
Mux. Vi du, néu dat tham sd number of inputs 12 3, nghia 1 ¢6 3 tin
hi€u vao phan biét, vd hudng. Néu dat number of inputs 1a [1 2] thi co
2 tin hi€u vao phén biét : tin hi€u thu nhét vo hudng, tin hiéu thu hai
1a vecto 2 thanh phan.

Chuyén 1 tin hiéu vao thanh nhiéu tin hiéu ra, nguoc véi khdi Mux.
Chén mot cong vao. Khbi nay cho phép giao tiép giita so dd chinh va
so do con.

Chén mot cong ra.

Tin hi¢u ra 1a gid tri tuyét dbi cua tin hiéu vao.
Tin hiéu ra bang tin hiéu vao nhan hé sé Gain (do ngudi sir dung dinh
nghia).
Tinh d4u cua tin hiéu vao,  bang 1 néu tin hiéu vio > 0
bang 0 néu tin hiéu vao = 0
bang -1 néu tin hiéu vao < 0
Tin hiéu ra 12 tong cua céc tin hidu vao.

Dé m6 phong ,hé théng trong vi du & muc 1.4, ta tao so dd khoi trong Simulink nhu hinh 6.10. Thay
do6i hé so khuéch dai K (K=1 va K=0.111), ta dugc cac dap tng qua d6 cua hé kin trén hinh 6.11 va

6.12.

L

Step

1 o [
1052+5 =+s+1
K. Gl G2 Scope

Hinh 6.10 : So & m6 phong trong Simulink
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* Scope =]t / Scope
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Time offzet: 0O

Hinh 6.11 : Pdp ung qui do (K=1) Hinh 6.12 : Bdp tmg qud d6 (K=0.111)

2.5 LTI Viewer

Nhu ta dé biét, khi thyc hién mé phong trén Simulink, ta chi c6 thé quan sat dugc cdc dic tinh
thoi gian cua hé théng. Dé c6 thé phan tich toan dién mot hé théng, ta can cdc dic tinh tan s nhu
dic tinh Bode, dic tinh Nyquist, quy dao nghiém sb v.v...

« LTI Viewer » 1a mot giao dién do hoa cho phép quan st ddp ing cia mot hé thong tuyén
tinh, trong linh vyc tan s6 ciing nhu thoi gian, ma khong can g6 lai 1énh hay 1ap trinh theo ting
dong 1énh nhu trong Control System Toolbox. N6 sir dung tryuc tiép so do khdi trong Simulink.

2.5.1 Kh&i dong LTI Viewer

Dé khoi dong LTI Viewer tir Simulink, ta chon menu Tool -> Linear Analysis.
Lic nay, Matlab s€ m¢ 2 cua $6 moi:
- Cira s6 LTI Viewer (hinh 6.13) ¢6 2 phan chinh:
o Phan cira s6 d6 hoa ding dé biéu dién céc duong dic tinh.
o Thanh cdng cu phia duéi chi dan céch sir dung LTI Viewer
- Cira s0 chua cdc diém input va output (hinh 6.14). Cac diém nay duoc diing dé xdc dinh diém
vao/ra trén so @6 Simulink can phén tich.

= X Model_Inputs_and_Outp... [= |[0]X]
; I File Edit W“iew Simulation Format Tools
i = == B @ | » =
0.8F
et BN P
ol Input Point Qutput Point
To specify the inputs and outputs
0.4+ of the analysis model,
drag and drop the abowe blocks
on the appropriats signal lines.
02
D L L 1 1
ful oo 0 ne ne 1
Uge the Imput/OutputPoint blocks to define the linear model.
F|100% ode45
Hinh 6.13 Hinh 6.14

2.5.2 Thiét lap cac diém vao/ra cho LTI Viewer

29 &

Diing chudt kéo ré cdc diém “input point”, “output point” trén cira sd hinh 6.14 va dit 1én cdc vi tri

tuong tng trén so dd Similink.
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Chu y: Viéc chon cdc diém dat “input”, “output” phai phi hop yéu cau phan tich. LTI Viewer tinh
ham truyén bang cdch tuyén tinh héa hé thong véi 2 diém input/output da dugc dinh nghia. Khi vé
cdc ddc tinh tan so ciing nhw thoi gian, LTI s dung cdc hé thong da duoc tuyén tinh hoa nay.

2.5.3 Tuyén tinh héa mét md hinh

D¢ tim md hinh giita 2 diém input/output di dinh nghia, ta thyc hién nhu sau:

Chon ctra s6 LTI Viewer (hinh 6.13) — Chon memu Simulink — Get linearized model

Liic nay, trong phan do hoa ctia cira s6 LTI Viewer s& xuat hién dit tinh qud d6 ciia md hinh tuyén
tinh héa tim duogc.

Pé xem céc dic tinh khdc trén LTI Viewer, ta chi viéc kich chudt phai vao phﬁn dd hoa, chon menu
Plot Type — chon loai dic tinh can quan sat.

Ghi chi:

- Ctr mdi lan thyc hién tuyén tinh héa mot mo hinh (Simulink — Get linearized model) thi LTI
Viewer s& nap md hinh hién hanh tai cia s6 Simulink vao khong gian ctia né. Néu giita 2 1an
thuc hién tuyén tinh héa, mé hinh khong c6 su thay ddi (cdu triic hay thong sd) thi 2 mé hinh
tim dugc twong g s& giéng nhau.

- C6 thé bat/tat dic tinh ctia mot hay nhidu mo hinh di tim dugc trong LTI Viewer bang céch:
kich chuét phai vao cua s6 d6 hoa — chon Systems — chon md hinh can bat/tit. Tién ich nay
rat can thiét khi ta mudn so sdnh tic dong do su bién ddi mot thong s6 nao d6 dén hé théng.

2.5.4 Lwu va st dung cac théng sb ctia md hinh tuyén tinh héa
- Dé lvu m6 hinh tuyén tinh héa vira tim duoc, chon memu File — Export...
- Dé st dung cédc thong s6 ciia md hinh :

o Dang ham truyén [num,den]=tfdata(« bien file »,’v’)

o Dang phuong trinh trang thdi [A,B,C,D]=ssdata(« bien file »)

2.5.5 Vidu s dung LTI Viewer

Gia str ¢d c6 ham md hinh md phong trén ciia s6 Simulink nhu hinh 2.6. St dung LTI Viewer dé
quan sat cac dac tinh sau:

- Dic tinh tan sb Nyquist ciia hé hé khi chua hiéu chinh (K=1) va di hiéu chinh (K=0.111).

- Dic tinh tan s6 Bode cua hé hé da hiéu chinh .

- Pdc tinh qua d6 cua hé kin chua hi€u chinh va da hiéu chinh.

THUC HIEN

Theo yéu cau dit ra, ta can phai c6 4 hé thdng c6 thong sé va cau tric khac nhau: hé ho véi K=1, hé
hé v6i K=0.111, hé kin K=1 va hé kin K=0.111. Do vy, ta can thuc hién 4 1an tuyén tinh héa dé c6
dugc 4 mo hinh khic nhau trong LTI Viewer. Cac budc thuc hién tuan tu nhu trong hinh 6.15.
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Hinh 6.15 : So @0 va céu tric dé tuyén tinh héa

Sau 4 1an tuyén tinh héa trong LTI Viewer, ta dugc 4 h¢ thong 1an luot 12 baitapl_simulink_I dén
baitap1_simulink_4 (so do trong Simulink c6 tén 1a baitap1_simulink).

Trén ctra s6 d6 hoa ldc nay sé hién thi déng thoi dac tinh qué d6 cua ca 4 mo hinh ¢ trén.
- Pé xem dic tinh Nyquist cua hé hé trude va sau hiéu chinh:

o Kich chudt phai vao phan dd hoa, chon Systems, chon 2 md hinh 1 va 2.

o Tiép tuc kich chudt phai vao phan d6 hoa, chon Plot Type — Nyquist.

Trén cira s6 dd hoa s& xuat hién 2 dic tinh Nyquist voi 2 mau phan biét.

- Dé xem dic tinh qué do cua hé kin trudc va sau hiéu chinh:

o Kich chudt phai vao phén dd hoa, chon Systems, chon 2 mo hinh 3 va 4.

o Tiép tuc kich chudt phai vao phan db hoa, chon Plot Type — Step.

Céc dic tinh khéc duoc tién hanh mot cach tuong tu.
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