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LOI NOI PAU

Thi nghi¢m diéu khién tu dong 1a mon hoc minh hoa va bd sung phan thyuc té
cho gido trinh Ly thuyét didu khién tw dong. Sinh vién tiép cdn cong cu Matlab dé
khao sat va thiét ké hé théng tu dong va khao sat cdc hé théng didu khién tw déng thuc
t¢. Piéu khién tu dong ngay nay c6 mat trong céc linh vuc dién - dién tir, co khi, héa,
giao thdng, qui trinh san xuét & nha may.

Gido trinh gdm c6 bay bai thi nghiém:

1. Khao sit hé thong tu dong diing Matlab.
2. Thiét ké h¢ théng tr dong ding Matlab.
3. Khao sét va md phong hé théng tr dong diing Simulink.
4. Hé thong diéu khién nhiét do.
5. Hé théng didu khién vi tri va tdc dd dong co DC.
6. Hé théng diéu khién sé dong co mét chidu.
7. H¢ théng diéu khién murc nuéc.
Gido trinh diing dé giang day cho sinh vién nganh Dién tir tuv dong hé dai hoc.
Chic chin gido trinh con nhiéu thiéu sét. Tac gia chan thanh cim on céc ¥ kién déng
g6p cla cdc thay cb gido trong bd mon Piéu khién tu dong, cic ddng nghiép, va ban
doc dé gido trinh ngay hoan thién hon. Thu gép ¥ xin giri vé bo mon Didu khién tw
dong, Khoa Cong nghé Dién tir, trudng Dai hoc Cong nghiép Tp. Hb Chi Minh, sb 12
Nguyén Vin Biao, P.4, Q. Govap, Tp. HCM, DT: 38940390.

Tac gid

ThS. Huynh Minh Ngoc



THIET BI CHINH CHO CAC BAI THU'C TAP

I. Thiét bi chinh bao gém cic chirc niing sau:

May tinh Pentium I'V.

Phan mém Matlab 6.5, 7.0 hay cao hon va Simulink.

Dao dong ki va VOM/DMM.

Day ngudn, cable va day c6 chét cim hai dau.

Card PCI -1711.

M5 hinh thuc tap diéu khién nhiét do.

MO hinh thyc tap didu khién téc d6 va vi tri dong co mot chiéu.
M5 hinh diéu khién s6 dong co mot chiéu.

M6 hinh diéu khién mic nudc.

II. Pic trung va chirc ning cia thiét bi chinh

-1 o s W o

Ding minh hoa va bd sung phin thuc té cho gido trinh Ly thuyét diéu
khién tu dong. C6 bay bai thi nghiém chia lam ba phan: Khao sat va thiét
ké hé théng didu khién tu dong dung Matlab, khéo sat cic hé théng didu
khién tuong tu va h&thdng diéu khién roi rac.

. Khao sét hé thong diéu khién tu déng ding MATLAB.

. Thiét ké hé thdng diéu khién tu déng ding MATLAB.

. Khao sit va mé phong hé thong tu dong ding Simulink.
. Hé thong diéu khién nhiét do.

. Hé thong diéu khién téc d6 va vi tri dong co mot chiéu.
. Hé théng diéu khién sé dong co mét chiéu.

. Hé thong diéu khién mirc nudc.



IIL. Céc bai thye tap vé diéu khién tw dong si dung véi thiét bi chinh

STT Danh muc Vat tu
1 | Khao sat hé théng diéu tu | Automatic control | May tinh Pentium IV
dong dung Matlab system  analysis | va phin mém
with MATLAB MATLAB
2 | Thiét ké hé théng diéu khién | Automatic control | May tinh Pentium IV
tu dong dung Matlab system  design | va phin mém Matlab
with Matlab
3 | Khdo sat va mdé phong hé | Analysis and | Mday tinh Pentium IV
théng tu déng  ding | simulation of | va phin mém Matlab
Simulink control  systems
with Simulink
4 |Hé théng diéu khién nhiét | Temperature M6 hinh diéu khién
do Control Systems nhiét do
5 | Hé théng diéu khién tc dd | Speed and | M6 hinh diéu khién
va vi tri ddng co mot chidu | Position Control | tbc do va vi trf dong
systems co mot chiéu
6 | Diéu khién sé déng co mdt | Digital DC motor | M6 hinh diéu khién
chiéu control system s6 dong co mot
chiéu
7 |Hé théng didu khién mirc | Water level | M6 hinh diéu khién

nuoc

control systems

muc nudc trong bon




Bai 1: Khdo sét hé théng didu khién ty dong ding MATLAB

BAI 1
KHAO SAT HE THONG PIEU KHIEN TU
PONG DUNG MATLAB

1.1. Muc tiéu
- Can ban Matlab: gi6i thiéu, mé ta toan hoc hé thong ding hé}m truyén dat,
plflucmg phap bién trang thai, dac tinh dong hoc, khdo sit tinh 6n dinh hé, sai
$0 xac lap.
- Phén tich & mién tan sb: Biéu d Bode, Nyquist.
- Khéo sat hé ding phuong phap quy dao nghiém sé.
1.2. Ngi dung
1.2.1. Phin mém MATLAB va céch sir dung
1.2.1.1. Gi6i thiéu vé Matlab

Matlab dugc phét trién boi cong ty Math Works Inc, 1a mdt chuong trinh phan
tich ma tran, thiét ké diéu khién, nhan dang hé théng va d thi ky thuat.

G6 duong dan: MATLAB khi d6 s& xudt hién déu nhic “>>” hoic double-click
vao biéu trgng Matlab trén man hinh nén.

Matlab cling cé kha néng thi hanh mét day lénh chira trong mot tép tin, tap tin
file.M. M6t chuong trinh c6 thé dugc viét va ghi lai & dang ASCII véi tén tap tin c6
phén mo rong ra trong thu muc ma Matlab dang chay. Tén tép tin phai & dang chir
thuong. Dang tap tin file.M nay duoc coi nhu 14 tap tin hay tip 1énh nguyén ban. Dé
chay chuong trinh tai ddu nhac “>>” danh tén tap tin khong c6 phan mé rong .m.
1.2.1.2. Lénh va Bién sb

Lénh ¢6 dang & hinh sau. Matlab ding phép gan dé dau « = » chi ra rang gén
biéu thirc vao mot bién.
>>bién= biéu thirc

Dang 1énh Matlab

>>: dau nhic 1énh



Bai 1: Khao sat hé théng diéu khién tw dong dung MATLAB

Biéu thitc nhap vao ma khong c6 tén bién thi Matlab tinh todn va két qua dugc
nhé va hién thi sau tir ans. Két qua mot biéu thirc gan vao mot tén bién dé tién cho viéc
stt dung khac. Tén bién c6 thé dén 19 ky tur (bao gdm chit va sd), tuy nhién ky tu dau
tién cia mot tén bién phai bét ddu bang mot chit.

Chubi ky tu:

Mot chudi ky tu néi tiép nhau trong cic ciu sau duogc gdi la mot chudi ky tu
hoic bién cau.

>>C="Good’
Két qua s& la:
C=Good
Bang 1.1. Cac phép todn hoc

+ Cong

- Tru

* Nhén

/ ' Chia

A Iy thira

1.2.1.3. Céc phép tinh todn vector

Mot vector bic n 12 moL diy hang hay day cOt cua n s hang. Dé biéu dién
vector ¢t ta nhép: cac phén t(r nam trong d4u ngodc vudng [], cdch nhau béi dau cham
- phdy (;). Vi du:

>>X=[2;-4;8]
Két qua la:
X=
2
-4
8



Bai 1: Khdo sat hé théng diéu khién tw dong dung MATLAB

Néu cdc phéan tr duge phéan céch bdi céc dau phiy hodc khoang tring thi d6 1a vector
hang. Vi du:

>>R=[tan(pi/4) sqrt(9) -5]
Két qua s& la:
R=
1.0000 3.0000 -5.0000
Chuyén vi mét vector. Vi du:
>>Y=R’
s€ cho ra:
Y=
1.0000
3.0000
-5.0000
Céc vector c6 cung kich thudc c6 thé cong hodc trir. Vi du:
>>P=5*R s& cho ra két qua sau:
pP=
5.0000 15.0000 -25.0000

Toan tir * thuc hién phép tinh nhin twong tng c4c phan tir véi nhau. Vidu: véi X va Y
¢ trén ta co:

S>E=X*Y

Két qua sé la:



Bai 1: Khdo sét hé théng diéu khién twy dong ding MATLAB

Tich vd huéng cia 2 vector X va Y 12 s6 v6 huéng duge xdc dinh bsi Y XiYi. Néu X
i=1

va Y 12 hai vector ¢0t dugc xac dinh ¢ trén thi tich vd huéng cua chung la: S=X"*Y.

Két qua sé& la:

-50
C6 céc ham ctia Matlab dé tinh chuén cua vector. Vi du tinh Norm Euclid
>>N=norm(X)
Pua ra két qua:
N=

9.1652
Géce gitra hai vector X va'Y dugc xdc dinh bfmg X.Y/(ModunX. ModunY). Dong 1énh:
» theta=acos(X'*Y/(norm(X)*norm(Y)))

Két qua la:
theta =

2.7444
trong dé theta dugc do bang radian.
Biéu dién mét vector zero. Vi du:
» Z=zeros(1.4)

Z=

0O 0 0 O
Trong MATLAB (:) ¢6 thé sir dung dé tinh vector hang. Vi du nhu:
» x=1:8
cho ra mét vector hing ctia c4c sé nguyén tir 1 dén 8.

X =



Bai 1: Khdo sat hé thong diéu khién tw dong dung MATLAB

1.2.1.4. Ma tran

Trong MATLAB mdt ma trin dugc tao boi mot day sé trong ngodc vudng. Cac
phin tir trong mdi hang dugc phan biét bai cac khoang tréng hodic ddu phiy. Diu chim
phay duoc dung dé két thic mot hang. Vi du:

» A=[612:-183;249]

Két qua 1a:
A=
6 1 2
-1 8 3
2 4 9

Mot cdt hodc hang cua mot ma trdn c6 thé duoc ky hiéu bang (:). Vi du:
» 13=A(3,:)

Két qua la:

3=

2 4 9
Tuong tu A(:,2) biéu thi tit ca cdc phén tir ciia ¢t thir 2 trong A.

» A(:,2)

ans =

1
8
4
Cong 2 ma tran A va B. Vi du:

»A=[612;-18 3;24 9]



Bai 1: Khao sat hé théng diéu khién tw dong ding MATLAB

A=

L= T |

» B=[123;-246;137]

B =
1 2 3
-2 4 6
1 3 7
» D=A+B
D=
7 3 5
312 9
3 7 16

Trir hai ma trdn A va B. Vi du:

» C=A-B
C=
5 -1 -1
1 4 -3
1 1 2

10



Bai 1: Khdo sat hé théng diéu khién tw dong dung MATLAB

Nhan hai ma tran A va B tir phép tinh A*B néu chiing tuong thich. Vi du:
» E=A*B

6 22 38
-14 39 66
3 47 93

Hai ky hiéu duoc sir dung dé chia ma tran. A\B tuong tmg A™'*B va A/B tuong ung
véi A*B. Vi du:

AX=B

4 -2 -10Tx] [-10
210 12| x, |=| 32
-4 -6 16 |x,| |-16
» A=[4 -2 -10:2 10 -12;-4 -6 16]
A=

4 -2 -10

2 10 -12

4 -6 16
» B=[-10:32;-16]
B=

-10
32
-16
» X=A\B
Két qua la:
X = P

11



Bai 1: Khdo sét hé théng diéu khién tw dong dung MATLAB

2.0000
4.0000
1.0000
Ngoai ra con rat nhiéu ham todn hoc khéc trong file.m.

Nén sir dung chuc ndng inv dé xéc dinh nghich dao ctia ma trdn A roi sau dé xic dinh
ma trén X.

» A=[4-2-10:2 10-12:-4 -6 106]

A=
4 -2 -10
2 10 -12
-4 -6 16

» B:[—]0;32;-16]
B=

-10
32

-16

» C=inv(A)

2.2000 2.3000 3.1000
0.4000 0.6000 0.7000
0.7000 0.8000 1.1000

» X=C*B

12



Bai 1: Khédo sét hé théng diéu khién ty dong ding MATLAB

1
1.2.1.5.Gi4 tri riéng

Néu ma trdn A 12 mot ma trdn ¢6 (nxn) phan tr, thi ¢6 n s6 A thoa mian
Ax=Ax 12 gi4 tri riéng ciia A. Chiing tim dugc bang cich sir dung 1énh eig(A). Gi4 tri
riéng va vector riéng ctia A ciing ¢6 thé tim dwgc bing 1énh [X,D]=eig(A). Cic phin
tir trén dudng chéo chinh ctia ma trdn chéo D 1a céc X, con cdc ¢t ciia ma tran X la
cac vector riéng thoa man AX=XD. Vi du: Tim gia tri riéng va vector riéng cua ma
trdn A cho béi:

» A=[01-1;-6-11 6;-6 -11 5]

0 1 -l
-6 -11 6
-6 -11 5

» [X,D]=eig(A)
X =
0.7071 -0.2182 -0.0921

0.0000 -0.4364 -0.5523
0.7071 -0.8729 -0.8285

13



Bai 1: Khao sdt hé théng diéu khién tw dong dung MATLAB

D=

-1.0000 0 0
0 -2.0000 0
0 0 -3.0000
1.2.1.6.86 phic

Hau hét cac phép tinh s phirc déu c6 thé sir dung duoc trong chuong trinh

Matlab. S6 a0 -1 dugc ngam dinh trudc béi hai bién sb i va j trong chuong trinh.
Néu i va j dugc sir dung cho céc gid tri khdc thi ta phai dinh nghia phan 40 nhu sau:

» j=sqri(-1)

0 + 1.0000i
hodc:
» 1=sqrt(-1)
1=

0 + 1.0000i

Vidu: Tinh Zc cosh g + sinh g/Zc, véi Zc=200+ 1300 va £=0.02 +j1.5
» i=sqrt(-1)

0 + 1.0000i

» 2c=200+300%1;
» £=0.02+1.5%j;

14



Bai 1: Khdo sét hé théng diéu khién ty déng dung MATLAB

» V=Zc*cosh(g)+sinh(g)/Zc
Két qua la:

V=
8.1672 +25.21721

1.2.1.7. P6 thi

Chuong trinh MATLAB c¢o6 thé tao ra cac loai do thi 2-D, 3-D, duong log,
semilog, dd thi cuc, db thi khdi va duong vién trén mdy v&, mdy in kim, may in laser.
Mot sé db thi 2-D c6 thé vé ba"mg cic 1énh plot, loglog, semilogx, semilogy,
polar(‘text’), xlabel(‘text’), ylabel(‘text’), va title(‘text’) c6 thé dirge str dung dé dat
tén va thém cdc chi thich trén dd thi. Cd phap ciia cdc ciu Iénh trén bao gdm céc ky
hidu (.,+,*,0,X) va mau sac (r,b,g,w). Vi du: dong 1énh sau

» plot(t,yl,r',t,y2,'+b")

s& cho mau do trén dudong cong thir nhat va mau xanh trén dudng cong thir hai.
Lénh plot(x,y)- v& do thi y theo x.

Vi du: V& do thi quan hé x-y véi nhiéu bién khéc nhau:
X01 2 3 45 6 78 9 10 11 12
Y0OO051 2 4 7 11 14 15516 16 16 16
»x=[01234567891011 12];
»y=[00.512471114155161616 16];

» plot(x,y)

» grid

» meta EX18

P4 thi x-y cua vi du.
Lénh meta cho phép m¢ file EX18.MET va ghi dd thi vao d6.

15
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Bai 1: Khdo sat hé théng diéu khién ty déng dung MATLAB

Pé thi mit luoi 3 chiéu:

Lénh mesh (Z) tao modt d thi 3 chiéu cla céc phan tir trong ma tran Z. Bé mit
mat ludi duge dinh nghia béi toa dd Z cia cac diém & trén mot 6 ludi trong mit phing
X-Y. Biéu d0 duoc hinh thanh béi su lién két cac dieém gan ké vai cidc duong thang.
Meshdom lam bién d6i pham vi dinh 18 béi vector x va y vao trong cdc day X va Y.

Vi du: Dé c6 db thi Pé cac cia ham Bessel jo /x2+ y*2 trong khoang —12<x<12, -
12<y<12.

Ta c6 cac dong l€nh sau:

» clf;% thay cho clg

» [X,y]=meshgrid(-12:.6:12,-12:.6:12);% thay cho meshdom

» r=sqri(x2+y”2);

» z=bessel(0,r);

» m=[-45 60];

» mesh(z,m)

1.2.1.8. Script - Tap tin .m

Matlab cho phép thuc hién mot chudi 1énh trong mét tép tin. Tép tin nay goi la
M-file vi tén c6 dang filename.m. M{t scripts 1a mgt loai M-file. Mt script 12 mot
chudi cdc 1énh thong thudng va ham duge ding & déu nhéc 1énh.

Hop cong cu h¢ thong diéu khién (Control systems Toolbox) 12 tap hop cac ham
dé m6 hinh héa, phan tich va thiét ké hé théng diéu khién. N6 cung cAp céc cong cu cd
dién nhur la v& Bode, biéu db Nichols, quy dao nghiém sé, ciing nhu cdc k§ thuét hién
dai nhu khéng gian trang thai LQG va thiét ké dit cuc.

Thi du:

>>alpha=50;

>>plotdata

plotdata.m

%Day la script ve ham y=sin(alpha*t)

%Gm«tﬂ aiph_d phai ton fai tffong:workspace truoc de kich hoat script.

16



Bai 1: Khdo sét hé thbéng diéu khién tw dong dung MATLAB

t=[0:0.01:1];
y=sin(alpha*t);

Plot(t,y)
Xlabel(‘“Time(sec)’)
Ylabel(‘y(t)=sin(\alpha t)")
Grid on

Matlab c6 cic 1énh vong ldp nhu for, while va logic nhu la if. Cach sir dung
ching tuong tu trong ngdn ngit Pascal hay C.

Lénh diéu kién: if va switch

Cu phap:

If term command [elseif term command...] [else command] end
Switch term case term command|...] [otherwise command] end
Trong d6 term la diéu kién, command 1 1énh.

Thi du:

>> test=5;

> if test<=2;a=2 elseif test<=5; a=5,¢else a=10, end;

5

>> switch test case 2;a=2,case {3,4,5};a=5,0otherwise a=10,end;

Trong ca hai trudong hop trén, cac 1énh con dugc ngin cach bai déu (;) va dau ().
Trong céc Scripts, thudng ta hay viét mdi 1énh con trong mot dong riéng. Thi du:

>> if test<=2,

17



Bai 1: Khdo sét hé théng diéu khién tw déng dung MATLAB

a=2;
elseif test<=5,
a=5;
else a=10;
end;

>>a

5 .
Vong lap va logic: for va while
Béng vong ldp ta cd thé thuc hién lap lai nhiéu 14n mdt sb 1énh nhit dinh. Cd phép:
For variable=term command end
While term command end
Trong cé hai trudng hop 1énh break déu c6 tac dung két thic vong lap.
Thi du:
>> for k=0:1, k"2, end;

ans =

ans =

>>n=1;

18



Bai 1: Khdo sét hé théng diéu khién ty dong ding MATLAB

>> while 1,n=n+1;m=n"2,if m>10, break;end;end

>>

Bai tap:

1. Cho hai ma tran sau:

A

4 2
[6]‘ 10+~5j}
6j —137
Lr 16 ]

Dung Matlab tinh toédn sau:

B

a) A+B b) AB

QA d) A’
e) B’ f)B’A’
g) AL+ B2-AB

19



Bai 1: Khdo sat hé théng diéu khién tw déng dung MATLAB

2. Cho hé phuong trinh dai sb tuyén tinh:
5x+6y+10z=4
-3x+14z=10
-7Ty+21z=0
Xic dinh gia tri x,y, va z dé tap phwong trinh dai s6 thoa man.

3. Viét mot Matlab Script (T4p tin .m) dé v& ham sau:

4 4
y(x) = —cos@x + —cos 3mx
/4 54

trong d6 ® 1a ngd vao bién & dong lénh. Dat nhan tryuc x 1a time(sec) va truc y 12 y(x).
1.2.2. Ham truyén dat, phwong phép bién trang thai

1.2.2.1. Ham truyén dat

Khai bdo ham truyén:

- Str dung 1€nh tf(num, den): Nhédp da thuc tir s6 num va da thirc mau sb den dudi dang
vector tham s6 ctia s theo trinh tu sb mii ciia s bé dan.

>> h=tf([2 -3], [1 1])

Transfer function:
2s-3

>>

- Khai bdo dud¢i dang ham hitu ty cua s. Trude hét ta phai khai bdo s 13 bién md hinh
TF, sau d6 nhap ham truyén dat duéi dang ham hitu ty cia s.

>> s=tf('s")

Transfer function:

)

20



Bai 1: Khao sét hé théng diéu khién tw dong dung MATLAB

>> h=(s+2)/(s"2+5%s+4)

Transfer function:

s+2

"2 +5s+4

>>
Ham truyén:
Néu P 12 mét vector hang chtra cac hé sb cua da thuc, thi ham roots(P) sé& cho ta
mot vector ¢t cac phan tir cia né la nghiém cua da thirc.
Vi du: Tim nghiém cua da thuc sau:
S° + 95> +31.255" + 61.255” + 67.75s% + 14.75s + 15
Nhép:
» P=[1931.2561.25 67.75 14.75 15]

P=
1.0000 9.0000 31.2500 61.2500 67.7500 14.7500 15.0000

» R=roots(P)
Pugc:
R=
-4.0000
-3.0000
-1.0000 + 2.0000i
-1.0000 - 2.00001
0.0000 + 0.50001
0.0000 - 0.5000i

21



Bai 1: Khéo sét hé théng diéu khién tw ddng dung MATLAB

Néu r 14 vector cot chira cic nghiém cua da thirc thi ham poly(r) cho vector
hang, cc phan tir 12 hé s6 cia da thuc.

Vi du: Nghiém cua da thire la: -1,-2,-3+44,-3-41. Hay xdc dinh phuong trinh da thuc.
» 1=sqrt(-1);

» R=[-1 -2 -3+4*i -3-4*i]

R=

-1.0000 -2.0000 -3.0000 + 4.0000i -3.0000 - 4.0000i
» P=poly(R)
P=

1 9 45 87 50
Tu d6 phuong trinh da thirc 1a;
S* +95® +45s% + 87s + 50=0
Nghiém va zero ciia ham truyén:
Ta sir dung ham tf2zp dé tim zero, nghiém va do loi ctia ham truyén.

Vi du: tim nghi€m va zero cia ham truyén sau:

(s"3+11s"2+30s)

H(s)=
(s"4+9s"3+455s"2+87s+50) .

Nhap :
» num=[1 11 30 0]

num =

1 11 30 O

22



» den=[19 45 87 50]

den =

1 9 45 87 50

» [z,p,k]=tf2zp(num,den)

Ta c6:

-3.0000 + 4.0000i
-3.0000 - 4.0000i
-2.0000
-1.0000

1

Bai 1: Khdo sét hé théng diéu khién tw déng ding MATLAB

Ham zp2tf ding dé x4c dinh ham truyén tir nghiém va xem hé sé khuéch dai ctia hé

théng.

» 2=[-6; -5; 0]:k=1

» i=sqrt(-1);

» p=[-3+4%i;-3-4%i;-2;-1];

23



Bai 1: Khdo sét hé théng diéu khién tw dong dung MATLAB

» [num,den]=zp2tf(z,p.k)
num =
0 1 11 30 O
den =
1 9 45 87 50
Lénh don gian ham r.ruyén: minreal
Tinh ham truyén cia hé thdng nbi tiép: 1énh series.
Tinh ham truyén ctia hé song song: 1énh parallel.

Cho hé théng hbi tiép Am nhu sau:

R(s) + E(s) G(s)

C(s)

[

H(s)

Hinh 1.1

Hoi tiép am: Gk=G/(1+G.H)
Hoéi tiép duong: Gk=G/(1-G.H)
Gk=feedback(G,H) tinh ham truyén hé théng hdi tiép am.

Gk=feedback(G,H,+1) tinh ham truyén hé thong héi tiép duong

Thi du:
>> G=tf([1 1],(1 32))
Transfer function:

s+ 1
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Bai 1: Khdo sdt hé théng diéu khién tw dong ding MATLAB

s"2+3s+2

>> H=tf(1,[1 5])

Transfer function:

>> Gk=feedback(G,H) % Ham truyén kin hé hdi tiép am.

Transfer function:

"2 +6s+5

"3+ 8sM2+18s+ 11

>> Gk=feedback(G,H,+1) % ham truyén kin hé héi tiép duong

Transfer function:

M2 +6s+5

"3 +8s"2+16s+9
>> Gk=feedback(G,1) % ham truyén kin hé hdi tiép am don vi.

(s) + G(s) =C(5)

Hinh 1.2



Bai 1: Khao st hé théng diéu khién tw dong ding MATLAB

Transfer function:
s+1
s"2+4s+3
1.2.2.2. Phwong phap bién trang thai
Phuong trinh vi phén:

dx/dt= Ax(t) + Bu(t)

y=Cx(t)

La hé phuong trinh vi phan bac nhét ctia hé théng va x goi 12 bién trang thai. Uu
diém cua phuong phép bién trang thi 1a cic phuong trinh mé ta hé dwoc giai dé dang
nhd mdy tinh. Ngoai ra phuong phap bién trang thdi c6 thé mé rong dé khao sét hé phi
tuyén. Ta lap cac phuong trinh bién trang thai tir mot phuong trinh vi phan bac n bang
céch chi dinh cac bién trang théi thich hop.

Vi du: 1ap phuong trinh bién trang théi cho phuong trinh vi phan dudi dy:

2d’y/dt3 + 4d’y/dt2 + 6dy/dt + 8y, = 10u(t)

Ta st dung ham ode2phv.m dé chuyén phuong trinh vi phén béc n thanh phuong trinh
bién trang thai.

Cu phap: [A,B,C]=ode2phv(ai k)

» ai=[2 4 6 8]

ai

» k=10
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Bai 1: Khéo sét hé théng diéu khién tw dong ding MATLAB

10

» [A,B,C]=ode2phv(ai,k)
Ham truyén - mé hinh bién trang thai:

Ham [A,B,C]=tf2ss(num,den) s& bién dbi ham truyén thanh moé hinh bién
trang thai.

sM2+7s+2

Vi du: Cho ham truyén
' §s7"3+9572+ 265+ 24

» num=[1 7 2]

num =

1 7 2
» den=[1 9 26 24]

den =
1 9 26 24

» [A,B,C,D]=tf2ss(num,den)

A=
9 26 -24
1 0 O
0 1 O
B=
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Bai 1: Khdo sét hé théng diéu khién tw déng dung MATLAB

D=

0
M@ hinh bién trang thai - Ham truyén:
Cho hé dx/dt=Ax + Bu
Y=Cx + Du
Ap dung bién ddi Laplace suy ra G(s)=C(sI-A)"'B +D

Ham [num,den]=ss2tf(A,B,C,D,i) s& bién dbi phuong trinh bién trang thi thanh ham
truyén.

Vi dyu: Hé thng duge biéu dién bing phuong trinh bién trang théi sau:

dx/dti=Ax+Bu

A=[0 1 O
0 11
-1 -2 -3]

B=[10
0
0]

y=[1 0 0]x



Tim ham truyén G(s)=Y (s)/X(s)
»A=[010;01 1;-1-2-3]
A=

01 0

0 1 1

S
» B=[10; 0;0]
B=

10

0

0
»C=[100]
C=

1 0 0
» D=[0]
D=

0

» [num,den]=ss2tf(A,B,C,D,1)

num =

Bai 1: Khdo sét hé théng diéu khién tw déng ding MATLAB



Bai 1: Khdo sat hé théng diéu khién tw déng dung MATLAB

0 10.0000 20.0000 -10.0000

den =

1.0000 2.0000 -1.0000 1.0000
Do d6 ham truyén la:
G(s)=(10s* + 20s —10)/(s> +2s% —s +1)
1.2.3. Pap ung ciia hé théng
Ham truyén chuén cia hé thong béc 2:
W

G(S = > H -
) s"+2@, s+ w,

1.2.3.1. Pdp iing mién thoi gian

Ta c6 thé diing ham c=stepzwn(z,®,R,a,T,t) dé tinh ddp ung cta hé. O day z-
thong sb suy giam, o, - tin so tuw nhién, R - bién do ham bac thang. Do6i voi hé béc 2
thi a=0, T=0 cdn t- khoang thdi gian can khao sat. Pap ung cuia hé suy giam nhanh va
c6 vot 16 cling dugc khdo sat bz"mg ham trén. Cac ham c=impulse(num,den),
c=step(num,den,t) va c=lsim(num,den,u,t) ciing c6 thé dugc sir dung dé khao sét
dap (mg chuyén tiép hé thong.
Vi du: Xéc dinh dap (g bac thang ctia hé thong véi £=0.6 va m,=5.

G(s)=( ,2)/(s2 + 2EW,s +W,7)

wl

n

s*+ 26w, s+ 0]

R(s) —» L SC(s)

25
s +65+25

Cach 1:
Num=25;
Den=[1 6 25];
Gs=tf(num,den)
T=0:0.02:2;

G(s) =

C=step(gs.,t);
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Bai 1: Khdo sét hé théng diéu khién tw dong dung MATLAB

Plot(t,c) _
Xlabel(‘t-sec’),ylabel(‘c(t)’),grid,pause
Cadch 2:

>> den=[1 6 25]

den =
1 6 25
>> 1=0:0.02:2;

>> c=step(num,den,t);

>> plot(t,c);

>> xlabel('t-sec"),ylabel('c(t)");

>> grid,pause

>>

Két qua la:

T,=0.776667 Phén tram vot 16=9.47783

T,=0.373333
T=1.18667
Fls Edt’ View Insest  Tools Window. Help Rt [ ; :
e 1A i : £ '. - l. y + ¥ _:; f I
0.8} .
g
R ] -
.0,4 - t -i } B
0.2} “.é" .
DD GIS 1I B 1I5 2
tsec

Hinh 1.3.Ddp ung thoi gian
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Bai 1: Khao sét hé théng diéu khién tw dong dung MATLAB

30 Lénh Matlab vé d4p

Lénh step: Cho ham truyén dat cua hé sau: G(s) =—
s +4s+30

rng néc la:

num=30;den=[1 4 30]; G=tf(num,den)

step(G)
Lénh impulse: v& dip ung xung
Cho ham truyén dat cta hé sau: G(s) = — 30 . Lénh Matlab vé dap trng xung la:
s”+45+30

num=30;den=[1 4 30]; G=tf(num,den)
impulse(G)
1.2.3.2. Pdp vng tan sé cia hé théng

Khi £<0.707 thi tan s6 cong hudng (tin sb tai dinh vot 16) , dwoc tinh bai:

w, =w,N1-25%) (1)

Bién do cong hudng (Dinh vot 10) dugc ky hiéu M, va béng:
M, =—2  cho0<(<0,707 (2)
25\1-¢7

Bang thong:

BW:E,?\/(I—ZQ‘:)-%«MQ" —4E% +2 (3)

bdp ung tn sb coa hé théng duoc xac dinh béng ham g=fregs(num, den,w). Pbi véi
hé théng bac 2 v6i E<I thi phuong trinh (1) va (2) c6 thé két hop dé tinh w,, M,,. Tuy
nhién, ta c6 thé st dung ham frgspec(w, mag) dé xac dinh o, M, 0.

Vi du: Cho hé théng dugc md ta boi ham truyén vong kin

4
Gle)= sT+2s5+4
Xdc dinh dép (g tan sé véi céc thong tin ©,, My, Ws.
Cach giai:
>> num=4;

>>den=[124],
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Bai 1: Khdo sét hé théng diéu khién tw dong diung MATLAB

>> w=0:0.1:3;

>> g=freqs(num,den,w);

>> mag=abs(g);

>> frgspec(w,mag)

>> plot(w,mag);

>> ylabel('Bien do"),xlabel('"Tan so-rad/s")
>> grid

>>

Két qua la:

0=1.41, Mp,=1.15, 0g=2.55

Két qua duoc biéu dién trén hinh:

Fis Edit vew Insert Tools Window Help
josda@lixaAs/ |2
¢
L ; ! ! : 1
12 ____,1.2--{___'__-.-
1.1 =
] e s - PR |- -
[=1
k=
gos i
(]
0.8}-- -
0.7 b ¥ ¥ ' V. -
(1] TP ; ........... , ........... i.-, ........... , ......... m
i i i i i G
U'SD 0.5 1 A e R B R
Tan so-rag/s %

Hinh 1.4. Ddp 1ing bién dé tan sé
1.2.4. Pic tinh ciia hé théng didu khién
1.2.4.1. Tiéu chuén 6n dinh Routh-Hurwitz

Ham roots(a) dugc xdy dung dua vao tiéu chuin Routh-Hurwitz s& gidp khao
sat tinh 6n dinh tuyét déi ctia hé.

Vidu: Cho h¢ véi phuong trinh dic tinh:
S* +10s” +35s% +50s +24 =0

33



Bai 1: Khdo sét hé théng diéu khién tw déng dung MATLAB

» a=[1 10 35 50 24]

1 10 35 50 24

» roots(a)
ans =
-4.0000
-3.0000
-2.0000
-1.0000
Vi nghi¢m cia da thirc dac trung c6 phé‘m thuc 4m nén hé 6n dinh.
1.2.4.2. Sai s6 x4c lap

Hai ham errorzp(z,p,k) va errortf(num,den) duoc viét dé tinh toén sai sé xdc lap
cua hé théng khi tin hiu vao 12 tin hiéu bic thang don vi, déc don vi va parabolic don
vi. Ham errorzp(z,p,k) tinh dugc sai s6 xac 1ap khi hé théng duoc biéu didn bing cic
zero, céc nghiém va d¢ loi. O day z 1a vecto cdt chira cac zero ciia ham truyén, p 1a
vecto ¢t bao gém cac nghiém cuc va k 12 d6 loi. Néu bac cua tir sé nho hon miu sé,
tirc 12 n<m thi ta ¢6 n-m sé inf(e) dé chidu cao cua 2 vecto p va z nhu nhau. Ham
errortf (num,den) tim dugc sai s x4c lap khi hé thong dugc mé ta béi ham truyén.

Vi du: Xdc dinh hing s6 sai s6 va sai s6 x4c 14p cua hé:

G(s)= 10(s+4)
s(s+1D(s+2)s+53)
» k=10
k =
10

» z=[-4;inf;inf;inf]
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Bai 1: Khdo sét hé théng diéu khién ty doéng dung MATLAB

» errorzp(z,p.k)

Vi du: G(s)=10/(s> +14s+50)
>>num=10

>>den=[1 14 50]
>>errortf(num,den)
1.2.5.Phan tich & mién tan s6

1.2.5.1. Biéu dd Bode

Ham [mag, phase]= bode(num,den,w) cho ta biét bién d9 va géc pha ctia ham
truyén trong day tin sé  dang khéo sét.

Vidu 1: V& biéu dd Bode cho hé théng diéu khién hoi tiép don vi v6i ham truyén hé.

K K
GH(s) = =— >
s(s+2)(s+50) s +52s5°+100s

35



Bai 1: Khdo sét hé théng diéu khién ty déng dung MATLAB

Cho K=1300 chiing ta sir dung dong 1énh sau:
>> clf

>>k=1300;

>> num=[k];

>> den=[1 52 100 0];

>> w=logspace(-1,2);

>> [mag,phase]=bode(num,den,w);

>> dB=20*log10(mag);

>> subplot(211),semilogx(w,dB)

>> title('Bieu do Bien do(dB)- Tan so(w)"),grid
>> subplot(212),semilogx(w,phase)

>> title('Bieu do Pha(do)- Tan so(w)'),grid
>>

Két qua duoc thé hién trén hinh sau:

hure No. 1
Ed:  View Insert Tools Window Help

SHalrAr/peD

Bleu do Blen do{dB) Tan so(w)

50 -

il

Ll E § T ™ T T TTTTT
Pioares 1] [
I

...........

1

e
10
Bieu do Pha(da) Tan so(w)

-100 f=== ;
B -] S -

Y41 ) NP D

S
]

"-250 L
10

Hinh 1.5. Pdp g bién dg - tan 56 va pha - tan sé
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Bai 1: Khdo sét hé théng diéu khién ty dong ding MATLAB

1.2.5.2.Bi¢u db nghiém (Biéu d6 Nyquist)

Ham [Re, Im]=Nyquist(num,den,®) cia MATLAB cho biét phin thuc va phan
a0 ciia ham truyén khi tan sb thay déi trong khoang dugc chi dinh.

Vi du 2: V& biéu dd nghiém Nyquist cho hé théng cua vi du 1 véi K=1300 va
K=2500.

Lénh Matlab:

>> clf

>> k1=1300;

>> k2=5200;

>> w=8:1:80;

>> numl=[kl];

>> num2=[k2];

>>den=[1 52 100 0];

>> [Rel, Im1]=Nyquist(numl,den,w);
>> [Re2, Im2]=Nyquist(num2,den,w);
>> subplot(221),plot(Rel,Im1);

>> title('Bieu do Nyquist, K=1300")
>> grid,subplot(222),plot(Re2,Im2)
>> title('Bieu do Nyquist, K=5200")
>> grid

>>

Do thi duoc trinh bay & hinh vé sau:

s LT
Wisiw  Trwrt  Took  Window  Heo i A

Fihe  Eokk
D@ @&@|x A »~ -~ |22 D ' et
il Bieu do Nygquist, K=1300 Bicu do MNyqulat, K=35200'

2

Hinh 1.6. Biéu do Nyquist
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Bai 1: Khdo sét hé théng diéu khién tw déng diung MATLAB

1.2.5.3. P$ 6n dinh twong ddi
Do lgi va pha t6i han

Ham [Gm, Pm, w,, Wy ]=margin (mag,phase,w) c6 thé duoc sir dung v6i ham

Bode dé udc lugng do loi va pha t6i han 0, vag 0. .

Vi du: Trong vi du 1 cho K=1300 hay tinh d¢ l¢i t6i han ®,. va pha td1 han @,
Tép tin doloi_pha.m

% Tinh do loi toi han, Wpc va pha toi han, Wgc

k=1300;

num=[Kk];

den=[1 52 190 0];

w=.1:.1:20;

[mag,phase]=bode(num,den,w);
[Gm,Pm,wpc,wgc]=margin(mag,phase,w);

fprintf('Do loi toi han=%7.3g',Gm),fprintf('Do loi cat w=%7.3g\n’,wgc)
fprintf('Pha toi han=%7.3g',Pm),fprintf('Pha cat w=%7.3g\n\n',wpc)
Két qua thuc hién:

>> doloi_pha

Do loi toi han=4Do loi cat w= 4.89

Pha toi han= 16.6Phacatw= 10

>>
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Bai 1: Khéo sat hé théng diéu khién tw dong ding MATLAB

1.2.6. Phan tich quy dao nghi¢m sb
Xem tai liéu [1] v& 11 quy tic v& quy dao nghiém sb.
Ham rlocus: v& quy dao nghiém

Thi du: Tim quy dao nghiém s (K>0) cho hé théng don gian

R Ki(s(s+4) >

Ham truyén vong ho: G(s)H(s) = K/(s(s+4))
» axis([-6,0,-3,3])

» axis('square’)

» K=0:0.5:12;

» num=1

» den=[1 4 0]

» r=rlocus(num,den,K);

» plot(r,".")
» grid
g “alQ1x]
Fle Edt ¥iew Incert Tock Window Hep "
[cecaa/lxar/i2pn
3 . T
H H : E H : M
; :
[1] S, H ! RPN Puv
i
1 - -
:
-2} -
.3 1 1 1 * ! I 1
-4 3.9 3 2.5 -2 1.9 1.:.-05 o

Hinh 1.7. Quy dao nghiém 6
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Bai 1: Khdo sat hé théng diéu khién tw dong dang MATLAB

1.3. Thi nghiém

1.3.1. Ham truyén dat, phwong phap bién trang thai

Muc dich: biéu dién hé bang ham truyén va hé phuong trinh trang thai.
Thi nghiém:

10
s"3+8.55"2+20.55s+15
phuong trinh bién trang théi.

Lénh Matlab:

1. Cho ham truyén

. Biéu dién hé dung ham truyén va hé

» num=[10]

» den=[1 8.5 20.5 15]

» G=tf(num,den)

» [A,B,C,D]=tf2ss(num,den)
A =

-8.5000 -20.5000 -15.0000

1.0000 0 0
0 1.0000 0
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Bai 1: Khdo sdt hé théng diéu khién tw dong ding MATLAB

0 0 10

0
2. Hé théng duoc biéu dién bing phuong trinh bién trang thai sau:

dx/di=Ax+Bu

A=[0 1 0
644 0 -16
0 0 -100]
B=[0
0
100]
y=[100]x

Tim ham truyén G(s)=Y(s)/X(s)
» A=[010:64.4 Q -16;0 0 -100]

» B:[O; 0; 1 OOJ

» C=[100]

» D=[0]

» [num,den]=ss2tf(A,B,C,D,1)

num =
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Bai 1: Khdo sét hé théng diéu khién ty déng ding MATLAB

I.Oe+003;"
0 0.0000 0.0000 -1.6000
den =
1.0e+003 *
0.0010 0.1000 -0.0644 -6.4400

Do d6 ham truyén Ia:
G(s)=(~1600)/(s> +100s> —64.4s -6440)

3. Lénh ss:

* Lénh Matlab tao ra hé thong mé ta boi phuong trinh trang thai ¢6 cic ma trén a,
b, c,d:a=[0 1;-3 -2]; b=[0;1]; c=[1 0]; d=0

>>PTTT=ss(a,b,c,d)

Bién ddi mo ta todn hoc tir dang phuong trinh trang thai vé dang ham truyén:
a=[0 1;-3 -2]; b=[0;1]; c=[1 0]; d=0;. Lénh Matlab la:

>>PTTT=ss(a,b,c,d)
>>g=tf(PTTT)
4. Dung tiéu chuén Routh-Hurwitz xét dn dinh c4c hé théng cho 3 ham truyén dugc
khao sat trong thi nghiém.
20 .
s(1+0,1s)(1+0,55)

Hé thong 1: G(s) =

Hé théng 2: G(s)= —C*3) ik,
s(s+2)(s+1)
Hé théng 3: G(s) = — G +D khi K=1,

s(s+3)(s* +8s +20)
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Bai 1: Khdo sat hé théng diéu khién ty dong dung MATLAB

1.3.2. Khio sat hé théng tw dong dung gian do Bode va Nyquist
1.3.2.1. Khio sit hé thong ty dgng diing gian dd Bode

Muc dich: V& bidu dd bién do va pha theo tin s ham truyén hé hé ctia hé théng phan
hdi 4m don vi. Trén db thi do d6 du trit pha, bién do suy ra sy én dinh va chat lugng hé
thong kin.

Thi nghiém:

1. Khao sat hé théng c6 ham truyén hé:

G(s) =- 20
s(1+0,1s)(1+0,55)

20

Taco: G(s)=
() (0.0553 +0,65% +5)

Ham Bode (num,den) vé& bode bién va bode pha.
Lénh Matlab:

>> num=[20]

>> den=[0.05 0.6 1 0]

>> bode(num,den)

>

L W - 7 32

Hinh 1.8. Biéu dé Bode
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Bai 1: Khdo sat hé théng diéu khién tw dong dung MATLAB

2. Cho hé ¢6 ham truyén 1
G(s)=(10s” + 20s —10)/(s> 425> —s +1)
Lénh Matlab:
>>num=[10 20 ~10]
>>den=[12 -1 1]
» bode(num.den)

s+4

1 , 1énh MATLAB vé dd thi bién do - tan s va pha -
sT+3s5+2

3. Cho ham lruyén G(s) =
tan sé la:

num=[1 4]

den=[1 3 2]

bode(num.den)

4. Xét hé sau:

v=[1 0]{"_" }

X

Hé c6 mot ngd vao u va mot ngd ra y. Bang cich dung lénh bode (A, B, C, D)

cua Matlab v€ biéu do6 bode bién do va pha.
Lénh Matlab:
>> A=[01;-25 -4];
>> B=[0:25];
>> C=[1 0];
>> D=[0];
>> bode(A,B,C,D)

>> title('Bieu do Bode'")
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Bai 1: Khdo sét hé théng diéu khién tw dong dung MATLAB

-} FigureNo, 3 008, oo,

File Edt ¥iew Insert Tools Window Help
IDEEH& YA/ PR
Bieu do Bode
20 - —r——rrrr —
- 0 7
g
é-m_ 1
0+
£0
0
45| i
=
)
g 0 1
a
.135\- -
AB0 L il M -R_T—‘T_?'mrm
10" 10° 10" 10°
Frequency (radisec)

Hinh 1.9. Biéu do Bode

Néu ta thay 1énh bode (A, B, C, D) bing lénh bode (A, B, C, D, 1) thi
MATLAB tao ra gian d6 bode giéng nhu vi du trén.

Fle Edit View Insert Toals Window Help

De@& YA~ PPOD

*  Bode Diagram

2 e —

Fraquency (redissc)

Hinh 1.10
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Bai 1: Khao sat hé théng diéu khién tw déng dung MATLAB

1.3.2.2. Khio sit h¢ thong tw dgng dung gian dd Nyquist

Muc dich: tuong tu nhu biéu db Bode, tir ban in biéu db Nyquist cia ham truyén hé
h& cia hé thong phan héi 4m don vi, ta cing c6 thé do do du trix vé pha, bién d suy ra
su On dinh chét lugng cua hé thong kin.

Thi nghiém:

1. Xét 6n dinh hé théng cac ham truyén ho:

K(s+5)

————— vd&i K=1
s(s+2)s+1)

G(s) =

Lénh Nyquist: v& biéu do Nyquist
30

. V& biéu @6 Nyquist.
s°+45+30

2. Cho ham truyén dat ctia hé sau: G(s) =

Lénh Matlab:
num=30;den=[1 4 30]; G=tf(num,den)
nyquist(G)

1.3.3. Khio sat hé thong ding phwong phap quy dao nghiém s6:

Muc dich:

- Khao sét dic tinh cta hé théng tuyén tinh c6 hé sb khuéch dai K thay ddi, tim gia tri
K gi6i han K, dé hé thong én dinh. Ky, 12 hé s6 khuéch dai dé hé thdng c6 nghiém
sé nam trén truc ao.

- Ciing trong phan nay, ta tinh chon K dé h¢ théng c6 cap nghiém s6 khéng ché (cic cuc
cua ham truyén hé kin anh hudng chi yéu dén dic tinh qua d¢) c6 théng so cho trude.

Vi mdi hé théng, ta déu vé dic tinh qua do hé théng kin véi ddu vao ham néc
dé kiém tra.

Thi nghiém:

1. V& quy dao nghiém sb (QDNS) ctia hé c¢6 ham truyén hé:

Gs) = K(s+1)

= - , 0K <eo
s(s +3)(s? +8s + 20)

Tim Kgh va gié tri K dé qué trinh qua d6 cta hé théng kin c6 tinh dao dong voi
tin sé dao dong riéng w, = 4.

Ham rlocus(num,den,K) ding dé v& qu§ dao nghiém sd.
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Bai 1: Khéo sét hé théng diéu khién t ddng dung MATLAB

2. Xem xét hé thong ma ham truyén vong ha G(s)H(s) la:
K
s(s +0.5)(s* +0.65s +10)

_ K
s*+1.1s* +10.35% + 55

G(s)H(s) =

Viét 1énh Matlab vé quy dao nghiém.

Khong c6 zero vong hd, cuc vong hd 1a s=-0.3+3.1480, s=-0.3-j3.1480, s=-0.5 va s=0.
Lénh Matlab:

>>num=(00001];

>>den=[1 1.1 10.3 5 0];

>>K=0:0.1:100;

>> r=rlocus(num,den,K);

>> plot(r,’0’)

>> v=[-6 6 -6 6];axis(v)

>> grid

>> title(‘Root-Locus Plot of G(s)=K/[s(s+0.5)(s"*2+0.6s+10)]’)
>> xlabel(‘Real Axis’)

>> ylabel(‘Imag Axis’)

>>

2 Flgure No. 1 . R R 4= 3

Fle Edt Miew Insert Tooks Window Help )
DERBS YA~ RPLD B
e TR Rontocus Pl of G(sRKAse 0 @0 Esn) T
T I H T Ay
O : 5° a5
. N ‘
3 o [y e
] PN SRR SP 0:9#0
i H 0'
ol - -
£ ¢
q_ '*E -
500 O T Gy
.I'_' o a:. b
4 YRR SO - ]
rp',’:: o° i E By
8 i i i i i
TR R B e &
& Resl Axis

Hinh 1.11. Qup dao nghiém s6 bai 2.
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Bai 1: Khdo st hé théng diéu khién tw dong dung MATLAB

3. Xem xét hé sau:

X = Ax+ Bu
y=Cx+ Du

u=y-r

Trong bai nay ta v& quy dao nghiém trong khong gian trang thdi. Trong vi du

trén cho cic ma tran A, B, C, va D nhu sau:

0 1 0 0
A=| 0 0 1 [ B=| 1
-160 -56 -14 —-14

c=[1 0 0/D=[0]
Dung Matlab vé quy dao nghi€ém.
Lénh Matlab:

Lénh rlocus (A, B, C, D) vé quy dao nghiém. Lénh nay tuwong duong vdi 1énh

rlocus(num, den) trong d6 num, den dat dugc tir I€nh sau:
[num, den]=ss2tf(A,B,C,D)

nhu sau:

num=[00 1 0]

den=[1 14 56 160]
Lénh Matlab:
>>A=[010;001;-160 -56 -14];

>> B=[0;1;-14];

>>C=[100];
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>> D=[0];

>> K=0:0.1:400;

>> rlocus(A,B,C,D,K);

>> v=[-20 20 -20 20];axis(v)

>> grid

Bai 1: Khao sét hé théng didu khién ty dong ding MATLAB

>> title(“Root-Locus Plot of System defined in State Space’)

>>

R R .
L rigure No. 1 #F80a
Fle Edit ¥iew Insert Tools

IDEE® NAA, PO

window Help

Root-Locus Plot of System defined in Stete Space

Imaginary Axs

Hinh 1.12. Quy dao nghiém sé bai 3.
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Bai 1: Khdo sét hé théng diéu khién t dong ding MATLAB

1.4. Kiém tra dédnh gid
1.5. Phin mém ACSYS2002

Phan nay md ta va gidi thiéu cong cu (toolbox) ACSYS (Automatic Control
Systems).

1.5.1. Cai dat ACSYS

Pau tién nguoi sir dung phai 1am theo budc 1 va budc 2 trude khi sir dung
ACSYS:

1. Tao thu muc C:NACSYS2002.

2. Sao chép tat ca cic tip MATLAB va anh tir thu muc ACSYS2002 trong CDROM di
kém sach vao thu muc C:\ACSYS2002.

Dé chay ACSYS2002, don gian khéi dong MATLAB R12 hay cao hon (Matlab
version 6.0 hay caoh on 6.1, 6.5, 7.0).

Tur diu nhic MATLAB, g6 lénh:
>>cd CAACSYS2002

Ban c6 thé st dung Matlab Directory Browser dé chuyén dén thu myc
ACSYS2002. Tir ddu nhic “>>” trong cira sd 1énh Matlab, ta go:

>>acsys (hay ACSYS).

Hinh 1.13 xuét hién. Dua trén viéc nhén chudt vao bat cr nit ndo, cong cu twong ung
xuat hién.

-J Automatic Control §YStems (.M:’ZSYS) © 2001 & 2002 Farid Golnaraghi and Benj
- gy ot s .

A R Mt

Transfer Function Symbolic Transter Function Calculator

e

B T S B T 2 R T IR P
Transfer Function Tool (Chapter 2)

State-Space Tool (Chapter5)

Routh-Hurwitz (Chapter 6)

Time response Tool (Chapters 7. 8)

Frequency Response Tool (Chapter 9)

Cantrollar Design Tool (Chapter 10)
Sim Lab (Chapter 11)

Virtual Leb {Chapter 11)
Close and Exit

s R S R B L S e

Hinh 1.13 : Cira s6 chinh toolbox Automatic Control Systems(ACSYS )
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Bai 1: Khdo sét hé thbng didu khién tw dong ding MATLAB

1.5.2. M6 ta phin mém

Céng cu ACSYS gom c6 mot sé m-files v 2 GUI (graphical user interfaces) dé
phan tich 10 ham truyén k¥ thuat diéu khién don gian.

Cu thé ACSYS gom ¢6 10 cong cu khéc nhau va mot cdng cu cho chuyén dbi
dai lugng ky thuat gitra hé SI va don vi khéc.

Nhitng thanh phin nay bao gdm cic chu @ khic nhau trong nghién ctru hé
théng diéu khién. Chiing bao gdm:

Tinh toan ham truyén: tfcal.

M0 hinh ky hiéu ham truyén: tfsym.

Coéng cu ham truyén: tftool.

Cong cu khong gian trang théi: statetool.
Cong cu Routh-Hurwitz: stabtool.

Cong ca,j phén tich dap (rng thoi gian: timetool.
Coéng cu phan tich dap tng tan sb: freqtool.
Cong cu thiét ké bo diéu khién: controls.

Thi nghiém md phong SIM: simlab.

Thi nghiém do Virtual: virtuallab.

Transter Funclion Calculator

Multiply two Transfer Functions
Add Two Transfer Functions
Smgle Lnnp Faadhnck

Clnsa and Exit

Hinh 1.14: Cira 56 tinh todn ham truyén.
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Bai 1: Khdo sét hé théng diéu khién ty dong dung MATLAB

~) Help I.).ialog

You must have access to MATLAB Control System Toolbox. To run Programs,
go to MATLAB Command window after clicking each pushbutton.

%]

Hinh 1.15: Hop thoai tro giip MATLAB cho cong cu tfcal.

Céc thanh phan ACSYS hay toolbox ¢6 thé goi truc tiép bang cich go tén & dau
nhéc 1énh MATLAB.

1.5.3.S1 dung cong cu phéan tich khong gian trang thai:

Muc dich: St dung cong cu phan tich khong gian trang thai dé khao sét hé phuong
trinh trang thai, biéu dién hé phuong trinh trang thdi, tinh tri riéng va vector ri¢ng, xdc
dinh ham truyén dat, cuc va zero va xét tinh diéu khién dugc va quan sat dugc.

Thi nghiém:

Budc 1: Khdi dong ACSYS

>> acsys

Budc 2: Chon State-Space Tool tir man hinh menu ACSYS

Ctra s& State-Space Tool xuit hién:

3 Staiw Spacs Toul © Faaid Colnaraphi @ . Mur 1993, 13%F 2003
Cabiudatir Ut Comrinn  Hale

It b duie
Eetor Purmmoters. |

Culoulwta/Dinplay
Eiganvals & wacts od A

Stete-Bpace Calowalions

Caningallriting

[T

Hinh 1.16
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Bai 1: Khdo sét hé thbng diéu khién twr déng ding MATLAB

Thi nghiém: Xét hé sau:

dx/dt=Ax+Bu
A=[0 1 O
644 0 -16
0 0 -100]
B=[0
0
100]
y=[100]x

Budc 3: Nhép chubt vao Enter Parameter dé nhép théng s6 ma trin A va B nhu sau:
Matran A: 0 1 0;644 0 -16;0 0 -100
MatranB:0; 0:; 100

-} State-Space Inpul Window © Farid Golnaraghi & B. Kuo 1993, 1999, 2001
Fio Edt Yew Irset Tooks Wrdow Help Cakulstor Unt Conversion Help (State-Space Tool Input)

The State-Space model (Click blocks to Enter valuas)

" Intin) Conditions

APPLY

m

Hinh 1.17
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Bai 1: Khdo sét hé théng diéu khién e d6ng ding MATLAB

J State Space Input Window & Farid Golnaraghi &t B. Kuo 1993, 1999, 2001

Matrix

Fla Edt View Insort Tools Window Help Cakulstor Lrit Conversion Help (State-Space Tool Input)

The State-Space model (Click blocks ta Enter values)

[ initial Conditions |

Entar the Cosfficiont Matricas. Note: Numbaer of Columns of C and A must be equal.
E.g. For a 3x3 identity matrixtypain: 1 0 001 0;0 0 1

1:0:1 is a3x1 column veclord 100 is & 1x3 row vector

Values

U1 0,644 0-160 0 -100

Hinh 1.18 : Nhdp ma trdn A trong cira s6 Input State-Space

Budc 4: Nhép vao “Eigenval &vects of A” (Tri riéng va vector riéng ctia A”):

4 Slate Spato Teol € Fasid Golnasaphi@ 11 Wus 1993, 1355.2007

Caloulaier  Unk Comviricn Hep

inpet Madule
Entor Parnmaters

Calcylote/Dinplay

Eigenvals & vacis of A

Stasie-Space Calculalions

Comtrailirataliey

ikl

Tima Raiponrss
Nuwtural Responee

Biwp Rasponae

[R——

Cha Inpas -

Undaa

Rasst

Chosn ‘Window

S0e MATLAB Command window for detaiied resuits

Characteristic Polyrnomizl iz:

o1s ~100s  Sdds' 8404

Hinh 1.19



Bai 1: Khdo sét hé thbng didu khién ty ddng ding MATLAB

Ctra s6 1énh Matlab sau khi ta nhap vao “Eigenval &vects of A”:
The A matrix is:

Amat =

0 1.0000 0
64.4000 0 -16.0000
0 0 -100.0000

Characteristic Polynomial:

ans =

s73+100*s72-2265873562520787/35184372088832*s-6440
Eigenvalues of A = diagonal canonical form of A is:
Aeigs =

8.0250 0 0
0 -8.0250 0
0 0 -100.0000

Eigenvectors are

0.1237 -0.1237 -0.0016
0.9923 0.9923 0.1590
0 0 0.9873
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Bai 1: Khdo sat hé thdng diéu khién ty dong ding MATLAB

Budc 5: th'ip chudt vao State-Space Calculation (tinh todn khong gian trang thai).
Cira s 1énh Matlab:

State-space model is:

xl x2 x3
x 0 1 O
x2 644 0 -16
x3 0 0 -100
b=
ul
x1 0O
x2 0
x3 100
c=
x1 x2 x3
yl 1.0 0
d=
ul
yl 0

Continuous-time model.
Characteristic polynomial:
ans =

s"3+100*s"2-2265873562520787/35184372088832*s-6440

Equivalent transfer function model is:
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Bai 1: Khdo sét hé théng diéu khién tw dong dung MATLAB

Transfer function:

4.263e-014 s"2 + 8.527¢-014 s - 1600

s73 + 100 572 - 64.4 s - 6440

pole, zero form:

Zero/pole/gain:

4.2633e-014 (s+1.937e008) (s-1.937¢008)

(s+100) (s+8.025) (5-8.025)
Budc 6: Nhip chudt vao “Controllability”(tinh diéu khién dugc). Cira sd 1énh Matlab:
The controllability matrix [B AB A"2B ...] is =

Smat =

0 0 -1600
0 -1600 160000
100 -10000 1000000

The system is therefore controllable, rank of S matrix is =
rankS =

3

Mmat =

-64.4000 1 00-.0000 1.0000
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Bai 1: Khdo sét hé théng diéu khién tw déng ding MATLAB

100.0000 1.0000 0
1.0000 0 0

The controllability canonical form (CCF) Transformation matrix is:

Ptran =

-1600 0 0
0 -1600 0
-6440 0 100

The transformed matrices using CCF are

Abar =

1.0e+003 *
0 0.0010 0
0 0 0.0010

6.4400 0.0644 -0.1000

Bbar =

Cbar =
-1600 0 0
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Bai 1: Khdo s&t hé théng diéu khién ty dong dung MATLAB

Dbar =

0

Buéce 7: Nh.’?ip chudt vao “Observability” (tinh quan sat dugc). Cira s 1énh Matlab:
The observability matrix (transpose:[C CA CA”2 ...])is =
Vmat =

1.0000 0 0
0 1.0000 0
64.4000 0 -16.0000

The System is therefore observable, rank of V matrix is =

rankV =

Mmat =

-64.4000 100.0000 1.0000
100.0000 1.0000 0
1.0000 0 0
The observability canonical form (OCF) Transformation matrix is:
Qtran =
0 0 1.0000
0 1.0000 -100.0000

59



Bai 1: Khdo sat hé théng diéu khién ty déng dung MATLAB

-0.0625 6.2500 -625.0000

The transformed matrices using OCF are

Abar =
1.0e+003 *

0.0000 -0.0000 6.4400
0.0010 -0.0000 0.0644
0 0.0010 -0.1000
Bbar =

-1600
Cbar =

0 0 1

Dbar =

Tham khao: [1]. B.C. Kuo, M.F. Golnaraghi, Automatic Control Systems, Wiley, 2003

[2].Appendix K: ACSYS2002: Description of the Software, cua sich Automatic
Control Systems, tac gia: B. C. Kuo v a M.F. Golnaraghi, 8" ed. JNXB: Wiley, 2003.
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Bai 2: Thiét ké hé {ﬁéng diéu khién tw déng dung Matiab

BAI 2

THIET KE HE THONG PIEU KHIEN TU
PONG DUNG MATLAB

2.1. Muc tiéu

Trong bai thi nghiém nay sinh vién s& tim hiéu cach thiét ké mot bd hiéu chinh
sém € pha theo phuong phap ding QDPNS theo yéu cau chat lugng cho trudc. Matlab
hé tro mot cong cu rat manh ding dé thiét ké hé théng diéu khién tuyén tinh mot dau
vio mot déu ra dé 1a cong cu sisotool. Dua vao cong cu nay, sinh vién sé& thiét ké duoc
b6 hiéu chinh sém tré pha va nhiéu b hiéu chinh khac mét cach dé dang nho giao dién
dé hiéu, dé sur dung va hd trg nhiéu chirc nang manh c6 trong sisotool.

2.2. N§i dung
2.2.1. Cong cu Sisotool

Dé thuc hién cdc yéu ciu trong bai thi nghiém ndy, sinh vién cin chudn bj k¥
va hiéu 16 trinh tu cdc thao t4c tién hanh thiét ké mot bo diéu khién trong Sisotool.

Sinh vién can tham khao phan phu luc ctia chuong 6 trong sich Ly thuyét diéu
khién trr dong [1] dé lam quen va hiéu o trinh tu cdc budc thiét ké mot bd diéu khién
trong Sisotool. Chi ¥, sinh vién phai doc k§ phan nay dé nim ro tinh ty thiét ké. Néu sinh
vién khong hiéu ky thi s& khong thuee hién dugce cic yéu cu trong bai thi nghiém nay.

Dé kich hoat cOng cu Sisotool, tir cira s6 Command Window g0 Iénh sisotool.
Tién hanh thao tac tir budc 1dén budc 3, cira s& SISO Design Tool xudt hién nhur sau:

Trinh tyu thiét ké nhu sau:
Bude 1: Khai bdo dbi tugng diéu khién

G=tf(20,conv([1 1 0},[1 2]))

Transfer function:

20
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Bai 2: Thiét ké hé théng diéu khién ty dong ding Matlab

$"3+3sM2+2s

H=tf(1,1)

Budc 2: Kich hoat SiSotool

Cira s& SISO Design Tool xuit hién

Budc 3: Nhap déi twong diéu khién vao sisotool.

Trong cira s6 SISO Design Tool chon [File]>[Import...]. Cira s6 Import Data xuét hién.
Dit tén hé théng tiy §, nhu 1a thidu64. Ban dau tét ca céc khdi trong hé théng

didu khién déu c6 ham truyén bing 1, ta thay ddi déi tugng diéu khién (plant) 12 G,

cam bién (sensor) 1a H, bd loc F(prefilter) bang 1, khau hiéu chinh (compensator) C

chua thiét ké nén ciing bing 1. Sau khi thuc hién xong nhap chudt vao niit Ok.

Budc 4: Khao sit hé thong trude khi higu chinh.

Budc 5: Thiét ké khau hiéu chinh.

Buéc 6: Kiém tra lai d4p ing ciia hé thong.

+) SISO Design for System thidugd §8 e e L a8 m—asﬁ-;l@[il
Fie Edt View Compersators Ansyss Took Window Hep

x|

,| Imported mode! data. Right-cick on the plots for design opbions. |Z

— — —— — —

Hinh 2.1
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Bai 2: Thiét ké hé théng diéu khién tw déng dung Matlab

Cira s6 gbém céc vung:

- Ving hién thi so do chu tric cia hé théng dang thiét ké. C6 thé thay ddi chu tric
bing cach kich chudt vao nit [+/-] va [FS] & géc trdi bén duéi. Trong bai thi nghiém
ndy ta sir dung céu tric nhu hién thi.

G: dbi twong didu khién (plant).
H: cam bién hoi liép (sensor).
F: b0 loc (prefilter).
C: bd hiéu chinh can thiét ké.
- Ham truyén cua bd hiéu chinh C(s).
- Ctra b hién thj két qua trong qué trinh thao t4c.
- Quy dao nghiém s6 ciia hé théng vong kin sau khi hiéu chinh .
- Biéu dd Bode bién do va pha cia hé thong vong ho sau khi hiéu chinh.

2.2.2. Thiét ké hé théng didu khién ding phwong phip quy‘dao nghi¢m s bing
Matlab

1. Thiét ké quy dao nghiém: dung ham sisotool.m hoic rltool.m
Thi du: Cho hé théng hdi tiép 4m don vi' ¢6 ham truyén vong ho

1
T s(s+D(s+4)

Gp(s)
Duing sisotool.m:
>>Num=1;

>>Den=[1 5 4 0];

>> sysc=tf(num,den);
>>sisotool('rlocus’, sysc) _
hodc dung rltool.m:
>>Num=1;

>>Den=[1 54 0];

>> sysc=tf(num,den);

>>rltool(sysc)



Bai 2: Thiét ké hé thbng diéu khién tw dong dung Matlab

2. Quy dao nghiém s véi toolbox ACSYS

Cong cu timetool: dat dap {mg thoi gian cta hé thong diéu khién va giéi thiéu
cong cu thiét ké quy dao nghiém. Cong cu timetool ¢6 thé ding dé giai cic bai todn
bao gom xiy dung quy dao nghiém sd. Ban c6 thé diing cong cu tftool dé chuyén ham

truyén tir dang cuc-zero sang dang da thuc.

Céng cu timetool (H2.2) va cira sé nhap ham truyén(H2.3):

Tt Flac pasnt Tomd 3 F il Grlansaghd B 18 Masm 1990, 19992037
M U e

Inpet Module

Finmp Rsspenss
Prenislic Fasposss

Poeol Loces Dasign Toul

J Trarmter Funetion Inpul € Sarkd Cotnaragin i . Kue 1991, 1999.)00)
Fo B wea oot Took wedow Wl Ciowetor Usd Comanson  rom (Trswfer Funcess npwih

The Systes Bivck Disgrom {Chch blocks o Entes Tianafe Fenction)

Cwput

Ewiar Tranalos Funclion (Note: dohoull vwalue comespoads b Gis)«1)
Fos Exnmple o emer: 8 5+ 2 8 4ea 2+ 528 52201008 F0a 20800

Entar tha Conthciants sapaatid by @ spaca: 12011180
Tranvier Funckon A
Hem, Gis} [
Das. Gi} 1120

Hinh 2.3: Cira s6 nhdp ham truyén



Bai 2: Thiét ké hé théng diéu khién ty déng ding Matlab

Xét ham truyén hé cia h¢ théng didu khién vong kin don:

K K
s(s+1D(s+2) s +3s*+2s

G(s)H(s)=

Pé tim quy dao nghiém, kich hoat timetool va nhén vao nit “Enter Transfer
Function”. Nhép gia tri ciia G(s) va H(s). C6 thé gan H(s)=K, nghia 1a K=1, trong
truong hop nay G(s) la:

1

Gs)=——m—mMm8
(s) s*+3s% +2s

G_c(s)=1, H(s)=1, K=1. H‘mh v€ trén minh hoa modun nhdp ham truyén sau khi nhép
gid tri G(s). Tiép theo nhén nit “APPLY” dé tro vé cira sé Time Response Analysis,
nhan niit “Calculate” dé tinh ham truyén.

Dé vé quy dao nghiém, ta nhan “Root Locus”. Hinh vudng d6 dinh nghia cuc
vong kin, ta c6 thé xem bang céch kich hoat Closed-Loop Pole Viewer tir menu View.

SRR IIR A1 F i Colemiph 8 8.1 199149992007 IR
i Ul

Il Wodule
Eator Transior Function J

Coloulstm/Displmy

T Cwaime |

Tima Raspoese

Siup Fuspones
gulsa
Aamp Ansponse
Paesbolic Aewponse

Fuoot Loows Donigs Toal
Roat Lacus ;

Umbngs

Halp |
Fasst ]

Clusw Windre l

Hinh 2.4: Tinh todn ham truyén
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Bai 2: Thiét ké hé théng diéu khién tw dong dung Matlab

Nhan vao “Root Locus”, kich hoat SISO design tool ctia Matlab.

+J.'SISQ Design Too bl
File Edit Vview Compensators Analysis Tools Window Help
Featim x|

s

" Roct Loous Edtor (C)

T T T T T T T

-.4 L 1 1 - 1
-6 -5 -4 T e 0 1 2
wat d " Real Axis :

/| Right-click on the plots for more design optiﬁns. J

Q.

Hinh 2.5: Quy dao nghiém s

! Closed-Loop Poles -~~~

_PoleValue |

-2.32 1 232
-0.338 £ 0.562i[0.515 0656

_Dampng | Frequency %

Lt

o ]

Hinh 2.6: Cuec cua hé thong vong kin voi K=1.

66



Bai 2: Thiét ké hé théng diéu khién ty dong dung Matlab

Cira sb 1énh Matlab thé hién ham truyén:
>> acsys
G=

Transfer function:

Transfer function:

]

Transfer function:

1
G*G_c ==>open loop
Transfer function:

SN3+3s™M2+2s
G*G_c*H ==>loop
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Bai 2: Thiét ké hé théng diéu khién ty dong dung Matlab

Transfer function:

M3 +3sM2+2s

G*G_c/(1+G*G_c*H) ==> closed loop

Transfer function:

1

"3 4+3sM2+2s+1

system Coefficients are

Closed Loop TF in zero/pole format

Zero/pole/gain:
1

(s+2.325) (s"2 + 0.6753s + 0.4302)

System Zeros are

zeroTF =

Empty matrix: 1-by-0

System Poles are
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Bai 2: Thiét ké hé théng diéu khién tw déng dung Matlab

poleTF =

-2.3247 -0.3376 - 0.56231 -0.3376 + 0.5623i1

>>

2.2.3.Thiét ké & mién tin sb

Vi du: V& biéu dd Bode, d6 1¢i pha tdi han cuia hé thong diéu khién.
Cho hé théng héi tiép am don vi, c6 ham truyén vong hé

8 8

G,(s)= -
() s(s+D(s+4) s*+5s% +4s

Dang ham sisotool.m dé thiét ké tan sb.

>> num=1;

>>den=[1540];
>> sysc=tf(num,den);
>>sisotool('bode’, sysc)

Thi du:

1
s(s+1)(s+4)

Cho ham truyén hé: Gy(s)=
Lénh Matlab:
>> num=1
num =
1
>>den=[1540]
den =

1 5 4 0

>> sysc=tf(num,den)
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Transfer function:

"3+ 58N +4s
>> rltool(sysc) % Thiet ke quy dao nghiem
>> sisotool('bode’,sysc) % Thiet ke tan so

>> sisotool('rlocus',sysc) % Thiet ke quy dao nghiem

RoatLocus - /. .t opendioopBode Diagran

op—-w-- Stable loop

i 90

5 1 35}
: T T N
-10 .225|PM; 729 0eg

A ) . Sy LFred: 0243 radisec )

i W A i a0 e 1) 10 10°

" Real Ads Frecuency (radisec)

. [TheBode Disgrams row vistla,

Hinh 2.7: Quy dao nghiém va biéu dé Bode

Minh hoa két qua:

Plant Output (step)

Control signal (step)

Compensator(Bode)

Closed-loop Bode

Open-loop Nyquist

Open-loop Nichols
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TR ki i =R
Flle Edk Wwindoa Help
Step Response Step Response E Bode Diagram
1 1 =] 1
o o \ E o
= ° \ = 4
§05 §05 . ]
E E \\\\ v§| 0 _
0 0 B A |
0 5 10 T g 1a° 10°
. =
Tine (56C) Time (sec) e Frequency (radsec)
o
3 -
.§ Bode Disgram MNyquist Diagxam a Nicholz Chart
= 0 y =
Fowl T —~] g > 1 § ©
= 200 g i“ (1% SR S 9 =0
B o 2 ] 5 am
g 1% g -0 fid
-360 - = 8. .
4 1 100 4 05 0 &V a0 0
= N
o Frequency (radisec) Real Axis Open-Loop Phase (deg)
Right-click on the plot araas for maote aptions.

Hinh 2.8
2.2.4. Chuyén tir mé hinh lién tuc theo thoi gian ra roi rac va ngworc lai:
Ham ¢2d.m
Cu phap:
SYSD = C2D(SYSC, TS, METHOD)

Chuyén mo hinh LTI lién tuc thoi gian SYSC ra mo hinh roi rac thoi gian
SYSD véi thoi gian 1dy miu TS. Chon lua phuong phap roi rac héa METHOD.

‘zoh' Zero-order hold on the inputs.

'foh' Linear interpolation of inputs (triangle appx.j

‘tustin’  Bilinear (Tustin) approximation.

'prewarp' Tustin approximation with frequency prewarping.
The critical frequency Wc is specified as fourth
input by C2D(SYSC, TS, 'prewarp',Wc).

'matched’ Matched pole-zero method (for SISO systems only).

The default is 'zoh' when METHOD is omitted.
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Thi du:
» num=[0 314 0]

num =

0 314 O

» den=[1 155.15 197.192]

den =

1.0000 155.1500 197.1920

Chuyén sang ham truyén G(s)
» gs=tf(num,den)
Transfer function:

314 s

s"2+ 15525+ 197.2
Chuyén sang ham roi rac bang bién ddi song tuyén tinh:
» ¢2d(gs,0.1,'tustin")
Transfer function:
1.697 z*2 - 1.697

z"2-0.1096 z - 0.6772

Sampling time: 0.1

Ham d2cm: do6i tir roi rac vé lién tuc.
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Bién doi tir lién tuc sang roi rac va nguoc lai dung Matlab:

1
s(s+1)

Thidu 1: Cho hé: G,(s) = Tim Gy(z)

Ham vd2_14a.m:

numcl=[1];

dencl=[1 1 O];

T=1;
[numz,demz]=c2dm(numcl,dencl,T,”ZOH’) ;
printsys(numz,denz,'z')

>>vd2_14a

num/den =

0.36788 z + 0.26424

z"2 - 1.368 z + 0.3679

0,369z +0,2642

G(2)=—
z- —1,368z+0,3679

Thi du 2: péi G(z) sang G(s)

Ham vd2_14.m:

humz=[0.369 0.2642];

denz=[ 1 -1.368 0.3679];

T=1;
[numcl,dencl]=d2cm(numz,denz,T,'zoh');
printsys(numcl,dencl)

>>vd2_14

num/den =



Bai 2: Thiét ké hé théng diéu khién ty déng dung Matlab

0.00078371 s + 1.0017

sM2 +0.99994 s - 0.00015819

G (s)=

s(s+1)
2.3.Thi nghiém
Dung cdng cu Sisotool trong Matlab
Nguyén tic thiét ké hé thong diéu khién ding phuong phép quy dao nghiém sb
13 dua vao phuong trinh déc tinh cia hé théng sau khi hiéu chinh:
1+ G, (5).G(s)=0

{ |G (5).G(s) =1 )

= 0
£G.(s)G(s) = ~180
Ta can tinh toan cac thong sb ctia bd hiéu chinh Ge(s) sao cho dép ung ngd ra
ciia hé théng dat duoc cdc chét luong vé dap tng quéd do va sai sb xdc 1dp nhung phai
théa min diéu kién bién do va diéu kién pha & (*). Chi y, trong cong cu sisotool thi
ham truyén bd hiéu chinh C(s) chinh 1a G(s) & (¥).
2.3.1.Thiét ké bd hiéu chinh sém pha
Muc dich:
Trong phin ndy sinh vién s& thiét ké b hiéu chinh sém pha dé h¢ thong dat
duoc cdc tiéu chudn vé ddp ing qua dd nhu do vot 16 va thoi gian x4c 14p. Ham truyén
som pha c6 dang:

1+ cTs
1+Ts

C(s) =K, , voi o>1.

Tir céc yéu cau vé ddp trng qua dd ta tim dugc vi tri clia cdp cuc quyét dinh trén
QDNS. Sau d6 ta tinh c4c thong sb ctia bd hiéu chinh C(s) dé sao cho QDNS cua h¢

théng sau khi hiéu chinh di qua cap cuc quyét dinh nay.
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Thi nghiém:
Cho hé théng nhu hinh vé (H2.9):

R(s) + C(s)
C(s) G(s)
—s O S -
Hinh 2.9
G5 =—
s(s+1D)(s+2)

a. Dung cdng cu sisotool nhdp ham truyén hé thdng. Dua vao QDNS ciia hé théng
khio sit hé thdng c6 6n dinh hay khong. Giai thich.V& ddp (mg qud do cia hé
thong véi dau vao ham nic dé minh hoa hé théng ¢6 én dinh hay khéng. Luu hinh
v& nay dé so sanh véi dédp tmg hé théng sau khi hiéu chinh.

b. Thiét ké bo hiéu chinh sém pha dé hé thng c6 do vot 16 POT nhé hon 20% va
thoi gian xéc lap nho hon 8s. Trinh bay o qué trinh thiét ké nay.

c. V& dap tmg qua do ciia hé théng sau khi hiéu chinh dé chimg minh h¢ thong dat
dugc céc yéu cau & cau b. Luu hinh v& nay dé viét béo cdo.

Huéng din:
Nhap ham truyén va khoi dong siso dé import G va H vio sisotool v&i chi §:

G=tf(20,conv([1 1 0],[1 2])) va H=tf(1,1).

Cura sd sisotool hién ra nhu sau:
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[ “[L"'I.'.-H'-_'.!I';u e Nl it
Fle Edt wiew Compensators Analysis Tools Window Help
IR xo T Iz N
Current Compensator
(El{e4— o]
w- [T | EEe
_ - _ +/ (H] FS
Root Locus Edtor (C) Open-Loop Bode Ediar (C)
4 . 100
3 sof
2 ok - — - - Mo
1 5p|GM. -105¢8
Freg 1.41 rad/sec
. Unstable loop
g . - : --------- ..1 00 i n
-90
-1
.2 ]
480 - — - — - — - — A — - — = — 4
-3
PM. -28.1 deg
‘. . . 270 lireq. 243 radisec s -
-6 o4 -2 . 0 2 10" 10'| 100 'IEII 107
Real Axis . Freguency (rad/sec)
Imported model data. Right-click on the plots for desagn options.

Hinh 2.10
Quan sit QDNS ta thdy phuong trinh dic tinh vong kin ¢6 3 nghiém (dau vuéng
mau do):
S1=-3.84, $2=0.419 +j2.24, s3=0.419 -j2.24

Nhén thdy hé thdng c6 2 nghiém s2 va s3 nim bén phai mit phing phirc nén hé
théng khong 6n dinh. Ta ciing ¢6 thé quan sat trén biéu dd Bode va nhén thiy GM=-
10.5 dB <0 va PM=-28.1%<0 nén két luan hé thong khong 6n dinh. Tuy nhién, & phén
thi nghiém nay ta diing phuong phép quy dao nghiém sd nén s& khong dua vao biéu do
Bode dé danh gia ma chi dua vao QDNS.

Pé xem dip (g qui dd cia hé thoéng véi diu vao ham ndc, vao menu
[Analysis]=> [Other Loop Responses]. Cira sé Response Plot Setup hién ra. Tién hanh
cai dit cdc tin hiéu can vé dip ng. O day ta chon nhu hinh bén dudi:
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. T to y: vé& dap ung

cua ngd ra y(t) theo
Loop Transfer: L = CGH . e Y N

tin hiéu dau vao r(t).
Sensitivity: S = 1/1+L -~ - N . .
erstiviy: S = 114 Pay chinh 1a ddp ung

qua do can ve.

—Plots —— — Contents of Plot1 — . T to u: vé ddp ung cua
I-E_r#r: : i Closed-Loop: Open-Loop: tin hléu diéu khién
3- none ¥ rtoy [FCGS) I™ Loop Transfer L u(t).

5 :gz: I~ rtou (FCS) ™ Compensator C .
8. none ™ dutoy GS) T FiterF
I~ dytoy () I~ PlantG / - ?’_L D¢ g fle)
Change to: Istep vl I~ ntoy [CGS) I SensorH U o ' ~
0K ' Cancel I Help I k- Pl = A7
< 4 ¢ -
Hinh 2.11

Vi cira s6 LTI Viewer nay khong hd trg viéc lwu hinh vé& nén phai chuyén sang
cuira sO Figure bang cich vao menu [File]>[Print to Figure]. Ctra $d Figure hién ra va
sau d6 tién hanh luu hinh veé.

Han l‘JarSISG Design Tonl’mw%i.dw L

Fie Edt Window Help

Hinh 2.12
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Bai 2: Thiét ké hé théng didu khién t dong ding Matlab

Bay gio thiét ké bo hiéu chinh dé hé théng c6 POT <20% va t,<8s. Ta quay tr&
lai v6i ctra sd sisotool. Vi trong phin nay ta khong st dung biéu do Bode va dé md
rong ving QDNS nén ta x6a ving biéu dd Bode di bang cach vao menu [View] bd dau
chon muc [Open — Loop Bode].

Kich chudt phai vao ving QDPNS, menu kiéu pop-up xuat hién:
« Lead: bd hiéu chinh so¢m pha.
« Lag: bd hiéu chinh tré pha.
¢ Notch: bo hiéu chinh sém tré pha.

o Delete Pole/Zero: x6a cic cuc va zero cuia bg hiéu chinh.

¢

Edit Compensator...: thay ddi céc thong sb ctia bd higu chinh.

Design Constraints: gioi han viing thoéa man céc ti€u chudn chit lugng.

Chon [Add Pole/Zero]->[Lead] dé them khéu hiéu chinh sém pha vao hé thong.
Nhép chudt vaio moét vi tri bat ki trén truc thuc cia QDNS dé xac dinh vi trif cuc va zero
ctia bo hiéu chinh, sisotool s& gan tu dong vi tri cua zero nim gén géc toa do hon cyc.

File Edit View Compensators nndyss Tools Window Help
R xo ¥ e|timI XN
Cutrent Campensatos .
|-c:131. [0227
Root Locus Edtor (C)
4 v v v
3k
2k
1 (EI ) ReaPoe -
g Delete Pole/Zero . Complex Pole
g0 Edit Compensator... Integrator R
i st
T afr Design Corstraints  #;  Real Zero B
Grid ! Complex Zero
2r Zoom [ Dl‘fau'babnt -
; — ]
i Lag
4 L 1 L 1 ! Notch 1
6 5 4 3 9 L—ye———— ] 2
" [The operrioop Bode plt is now hidden. |
Hinh 2.13
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Kich chudt phai vao ving QDNS, ta chon [Design Constraints]->New dé cai do
vot lc‘} va thoi gian x4c 14p nhu sau:

+) New Constraint .= = E]LE&

Constrairt Type: [Settiing Time v
- Constraint Parameters -+ rmens
i Settling Titme « Is| | sec

[ - OK ][ Cancel Jr Help “ ]

Hinh 2.14 a

Constrairt Parameters

Percent Overshoot < |20 |

[ ok ]| cance |[ hew |

Hinh 2.14b
Sau khi tién hanh cai dat xong, QPNS lic nay sé& thay d6i nhu sau:

=) SISO Deslgn for System thidus4 NFRBSARNIIE GG o aeRl: €
File Edit Wiew Compensators Andlysis Tools ‘Window

Exofsltimzx|W

= Currernt Come
. [1 + (.444)
.IT.'.[S]- i ) ® _ﬁm—'ﬂkl

L8

gl

! mag Ads

Hinh 2.15
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Bay gio ta s€ di chuyén céc cuc va zero cta bd hiéu chinh C(s) trén truc thuc sao
cho nhanh QPNS(A) kéo vao vung théa man thiét ké. C6 2 phuong phép tim cuc va zero
cta by hi¢u chinh la phuong phap dudng phin gidc va phuong phép khtr cyc (sinh vién
xem lai séch 1y thuyét dé hiéu 2 phuong phap nay). O day ta chon phuong phap khir cuc
vi dé thao tdc va truc quan trén cira s6 QDNS.

<) SISO Design for System thidu64 e -BE= 1 aqe e se vt € | B)X)
Fie Edt Yiew Compensators Analysis Took Window Help

[& x 0 %2 S[twzx|n

v ."Cu.uer\lil"-. . 2 - ' A I_ T,
R . {
PR [ e . i i
i - “ " Root Locus Edtar (€) :
101 ratn v ¥ — e
agy ﬁﬁ LeeUB
r “"'\-"'-. . N - 7
6 boaa,s ,,‘;l.__.
AT
2 _'_)3393-..-.{.‘_
4 o 12 10 »
g \
e b L
oo S
a4,
.5.9'9'177: -
1 NP o e
54 g7zt e X
4 - £13 P P % ,
a2 -0 ) -+ 2 ] 2
Real Axis
- [Loop gan changed 10 0107
Hinh 2.16

<} L) Wewer for SIS0 Design Tool

F Real-Time Update

Hinh 2.17

80



Bai 2: Thiét ké hé théng diéu khién tw déng dung Matlab

2.3.2. Thiét ké b$ hi¢u chinh tré pha
Muec dich: Sinh vién thiét ham truyén khau hiéu chinh tr€ pha c6 dang:

s+(1/ A7)

G ==
W) =Ke =0T

véi B<1

Bai todn dit ra 1a chon gia tri Ke, B va T dé dap ing hé théng thoa man yéu clu
vé sai sd xdc 1ap ma “khong” lam anh hudng dén dap g qud do (anh hudng khong
ding ké).

Thi nghiém: Thiét ké khau hiéu chinh tré pha ding phuong phap QDNS.

Hiy thiét ké khau hiéu chinh G(s) sao cho hé théng c6 so d6 khéi dudi day sau khi
hiéu chinh c6 sai sé déi vai tin hiéu vao 1a ham dbc 12 0,02 va ddp ung qua d¢ thay doi
khong déng ké.

Diing cong cu Sisotool dé thiét ké.

R+ Ge(s) > 10 »C(s)
- s(s+3)(s+4)

Xem [1] vé phuong phip thiét ké khau hiéu chinh tré pha ding QDNS.

: 0,1
Dip 6 1 G (s) = ——
ap 0l G (s) s+0,0017
Thi nghiém 2:
Thi du: Thiét ké khau hiéu chinh tr& pha ding phuong phép biéu do Bode

Hiy thiét ké khAu hiéu chinh tré pha sao cho hé théng sau khi hiéu chinh c6:
K, =5¢M" >40,GM" >10dB.

RGs) Ge(s) 1 Ces)
- 1 s(s+1)(0.5s +1) -

4

Hinh 2.18
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Giai:
Ham truyén khau hiéu chinh tr& pha cin thiét ké 1a:

1+aTs
G.(s)=K,—,(a<l
c(9)=Ke 1+Ts (@<l)

Budce 1: Xac dinh Ke.
Hé sb van tdc cha hé sau khi hiéu chinh la:

1+ oTs 1

K, = lin{} sG.(5)G(s) = l_ing sK .

=>K.=K, => K. =5

Budc 2:

Ham truyén hé G(s):

>> Gl=tf(1,conv([1 1 0],[0.5 1]))

Transfer function:

0.5s"3+15s"2+s

) ) L 1
Pit Gi() =K Gl =57 ey
= G,(u") = >

s(s +1)(0,5s +1)

Budc 3: Xac dinh tan sb cit méi
Cach 1: Tim @, bang phuong phap giai tich. Ta c6:

¢ (@.)=-180" + DM +6

= —90° - arctan(@ . ) — arctan(0,57 . ) = —~180° + 40° +5°

= arctan(@ . ) + arctan(0,5@ . ) = 45°

_, @) +053,)
1-0,5(w, )

=0,5w@.)* +15(@,.)-1=0

= w,. =0,56(rad / sec)

=tan(45°) =1

82
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Cach 2: dua vao biéu dd Bode
Ta cé:

0,@.)=-180° +OM " +8
=@ (@,.)=-180° +40° +5
= ¢ @.)=-135°

V& dudng thing c6 hoanh d6 -135°. Hoanh do giao diém cua duong thing niy véi biéu
do Bode vé pha ¢,(w) chinh 1a gid tri tin s cit méi. Theo hinh v& ta ¢6

@, =0,5(rad / sec) .
Budc 4:
Cich 1: Tinh « tir didu kién:

|Gl(fw;:)|=i
5 | 1

- _
s(s+1)(0,5s +1)|

(74

s=jme

5 | _1

j0,56(j0,56 +1)(0,5%j0,56 + 1)|  a
1

5
0,56(/0,56% +1)(/0,282 +1) &
5 1

= =—=a=0,133.
0,56x1,146x1,038 «

=

Cich 2: Tinh « tir diéu kién: L (@, ) = -20lg
Dua vio biéu d6 Bode ta thdy : L, (zﬁ'c) =18dB
Suy ra: 1ga=-0,9

a=10"’

o= 0,126

Ta thdy gia tri o sai khic khong dang ké & hai cich. O céc budc thiét ké tiép theo ta
chon a=0,133.
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Budc 5: Chon zero ctia khau tré pha

L <o =056
arl

1
Chon 57 =005
= al =20
Buéc 6: Tinh thoi hing T
1 = a'—l— =0,133x0,05 = 0,067
T arl
=T =150

) (205 +1)
Viy: G.(s)=5.205*D
& Gl =31505 1 1)

Budc 7: Kiém tra lai diéu kién bién do

Dua vao biéu d6 Bode ta thdy do du trir bién sau khi hiéu chinh 1a: GM'=10 dB.
Két luan: Khau hiéu chinh vira thiét ké dat yéu cu vé d6 du trir bién.

Két qua:

Diing Sisotool v& biéu dd Bode

~) SIS0 Design for System thidu2 - “BRUMEGe o <tali
File Edt View Compensators Analysis Toos Window Hep

& x of% ¢ x|tim z X[N

" Root Locus Edtor (C) - Open-Loop Bode Edtor ()
4 ] o 50
-3 [] S U
2 <
1 solom 1258
; Froq 1.41 recisec
on
4
L2
-3
' 4

T T Resl Avis

:.;.llheown-looo Bode plot s now visble. I

Hinh 2.19
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+J SISO Design for System thidu2 -ailiiadiliie
File Edt View Compensators Analysis Took Window Help

IR xo xes|mmzx|n

Current Compensator
Fe]-ls—“-,.-____w“m'--

{1 +1.5e+002¢)

Imeg Axis
o

phiddi il i

5 o 3 ; \-

iy o Rewam 3 =

~[Gosn darmping 3 0,456 [ovesshoot < 0] J :

2| Left-click and drag to change damping/ hoot vakae. ot
Hinh 2.20

2.3.3. Thiét ké b diéu khién sém tré pha
Muc dich:

Trong phén nay sinh vién s& thiét k& bo hiéu chinh sém tré pha dé hé théng dat
dugc cdc tiéu chuin vé dap (g qud do va chit luong xdc 1ap. Ham truyén sém tré pha
c6 dang:

1+afs 1+ fT,s
C(s)=K K (a>1,8<1
(5)=Ke 1+Ts 1+T2s( A<
Thi nghiém:

Cho hé thdng nhu hinh vé:

R(s) + C(s)
Ge(s) G(s) >
4
G N -
) =15705
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a. Thiétké bod hiéu chinh som tr& pha dé hé théng c6 £=0.5, wn=5 (rad/sec) va hé
s6 van téc Kv=80. Trinh bay r qu4 trinh thiét ké.
b. V& ddp ing qua do cua hé théng sau khi hiéu chinh véi dau vao ham débc dé
ching minh hé thé-ng dat dugc cdc yéu cau & cau a. Luu hinh vé& nay dé béo co.
Huéng din:
1+afs

Trudc tién ta thiét ké bo hiéu chinh sém pha C,(s) = K, T

1

dé hé théng c6

£=0.5,0n=5 cho déi tuong G(s). Sau d6 , thiét ké bo hiéu chinh tré pha

C,(s) =K, 11:?25 cho dbi tugng méi G1(s)=G(s).CI(s). Chi ¥, sau khi thiét ké

28
xong b higu chinh sém pha ta phai khéi dong lai sisotool va nhép lai ham truyén G
va H véi ham truyén G ldc nay chinh 12 G1(s) va H=1.

Vi £=0.5,,=5 D 5, =—2.5% j4.33

Do d6, khi thiét ké bd hiéu chinh sém pha C1(s), d hé thdng c6 £=0.5,0n=5 ta s&
di chuyén-zero cua CI(s) téi vi tri -0.5(vi tri cuc cua G(s) dé khtr cuc nay)-va di chuyén
cuc cua Cl1(s)(phai cach xa géc toa do hon zero) sao cho QDNS di qua hai nghiém s, .
Sau d6 dung chuét di chuyén nghiém s2(dau vudng mau d6) lai vi tri s, , Nay.
Két qua: Ham truyén khiu sém pha
C1(s)=0.251x(1+2s)/(1+0.2s)
2.3.4. Thiét ké bj diéu khién PID bing ACSYS

B0 diéu khién PID diung dé cai thién d4p tmg ddng luc hoc cling nhu giam hay
loai trir sai s6 xéc 1ap. C6 thé dung cdng cu sisotool hoic ACSYS dé thiét ké bo diéu
khién PID.

Thi du 1: Thiét ké PD
Xét hé c6 ham truyén sau:

4500

)= 3612)

Thiét ké mién thoi gian: Thiét ké bo diéu khién dé hé thdng vong kin théa min yéu
cau sau:

- Sai s6 x4c 1dp véi ngd vao ham unit-ramp <0.000443.
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Bai 2: Thiét ké hé théng diéu khién tw déng dung Matlab

- Vot 16 cuc dai < 5%.

- Thot gian 1€n: tr< 0.005 sec.

- Thoi gian thiét 1ap ts<0.005 sec.
Dung ACSYS

Pé xem xét chit lugng cia hé ta bat dau dung bo diéu khién ti 1&. Khoi dong
ACSYS, kich chon Controller Design tool bing cich g& controls & dong 1énh Matlab
hay nhép vio nit trong ACSYS.

tomatic Control §¥Stems (ACSYS) © 2001 & 2002 Farid Golnaraghi and Benjamin Kuo

Transfar Function Symbolic Transfar Funclion Calculator

Transfar Function Tool  (Chapter 2)

State-Space Tool (Chapter 5)

Routh-Hurwitz  (Chapter 6)

Time responsa Tool (Chapters 7, 8)

Frequency Response Toal (Chapter 3)

Controller Dasign Tool (Chapter 10)

Sim Lab  (Chapter 11)

Virual Lab  (Chapler 11)

Close and Exit
e T A OO, £ T T T e B D NS

Hinh 2.21: ACSYS

N Tnel € Farid Cotmaragha il M. Kass 1110, 19T - WO

!

Hinh 2.22: Cira s6 chinh thiét ké bé diéu khién.
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Bai 2: Thiét ké hé théng diéu khién tw dong dung Matlab

Chon “Enter Transfer Function” va nhap vao ham truyén G(s):
Num G(s): 4500

Den G(s): 1 361.2 0

Ké tiép nhap G_c(s) =1 v a H(s)=1.

Nhip nit “APPLY” tr& vé ctra s6 chinh va nhin “Calculate” dé danh gia ham truyén
vong kin. Chu § rang ban ludén tham khao ctra sd 1énh Matlab dé xem thé hién chinh
xdc ham truyén.

R(s) Y(s)

Ge(s) G(s)

Hinh 2.23: Hé thong diéu khién héi tiép am don vi.

[ e e e b ik ettt bttt -k
» Gamirok Tost € Farld Getearagra(l 0. Xos 1993, 1999 - 2002 N

Cacuus U Cormwion Py

Inpwt Wodule

> Oﬁtput

Eavot Tranater Funchian |

Calcylaba/Disgloy

- Input “~c - ol ; __:G(s)

Caleulosa _!

Time Revpossr

Flap Raaponse

g e

Otho g ula

Fragueacy Rasponse
Clonmd Loup My, Phave

Mag -Phase (D8)

Phaco oed Gesn Mams

Opss Losp Nyrpist

Controor Dosige Too!

oot Locus

Bode

Closrd Loop Nuseralos Foly spmiel;

0361290 vasonst

i 0wt 'l S eas00 b e el st e

Y Wy e e TR

. TF Poia are:

 amany

“A18207

Hinh 2.24: Cira s6 chinh bé diéu khién

minh hoa ham truyén vong kin.




Ctra s6 1énh Matlab:

>> acsys

G=

Transfer function:

4500

s"2+361.2s

Ge=

Transfer function:
1

H=

Transfer function:

1

G*G_c ==>open loop - LB .

Transfer function:

$"2+361.2s

G*G_c*H ==>loop A 3 v
Yy ¥ = G,

Bai 2: Thiét ké hé théng diéu khién t dong dung Matlab
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Bai 2: Thiét ké hé théng diéu khién te dong dung Matlab

Transfer function:

4500

s"2 +361.2s

G*G_c/(1+G*G_c*H) ==> closed loop 50y

Transfer function:

4500

s"2 +361.2s +4500
system Coefficients are

Closed Loop TF in zero/pole format

Zero/pole/gain:
4500

(s+348.3) (s+12.92)
System Zeros are
zeroTF =

Empty matrix: 1-by-0
System Poles are
poleTF =

-348.2793 -12.9207
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Bai 2: Thiét ké hé thbng didu khién t déng ding Matlab

Dé xem chit luong ciia bd diéu khién ti 1¢, ta cin tim quy dao nghiém hé théng.
Nhén vao niit “Root Locus” trong cira sb chinh diéu khién. Diéu nay kich hoat c6ng cu
thiét ké SISO cua Matlab.

Fle Edt View Compensators Analysis Twir'dow
[ xo ¥ exftimz [N

LR I S— L
i i Moot

liﬂ-cli;k on the plots for more design options.

Hinh 2.25: Quy dao nghiém sé.
Hinh vudng mau do trong hinh thé hién cuc caa hé vong kin voi K=1.

Vao menu View, chon System Data

| System Name:  [Viddi0_1

Plant Model: untitledG

Zeros: Poles:
<None> 0
-361

Show Transfer Function l

Sensor Model: untitledH
EI Zesos: Poles:
<None> <None>

-~ - PR i

Hinh 2.26: Cuc va zero cua G va H.
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Bai 2: Thiét ké hé théng diéu khién ti dong dung Matiab

Chon Step Response: xem dédp ng thdi gian hé kin v6i ngd vao ham néc don vi.

R o =]

Fia Ed ew [et Took Wirdow Help

DEEB RAAs BRD

Closed-Loop Poles
Pole Value | Damping _Frequency
129 1 129
2345 1 348
v

Hinh 2.28: Cuc va zero cua hé voi K=1.
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Bai 2: Thiét ké hé théng diéu khién ty déng dung Matlab

Tich hop tiéu chuin thiét ké: Khi bat diu thiét ké bd didu khién, ta xay dung tiy
chon tiéu chun thiét ké c6 sin bén trong cong cu SISO Design dé thiét lap vung cuc
mong muén trén quy dao nghiém. Pé thém rang budc thiét ké, sir dung menu Edit va
chon Root Locus, muc New va sau d6 chon tuy chon Design Constrains nhu hinh sau:

R o ——————— =
Fie J308 view Compensators  Analysis 'I'Dds Wl\dow Heb
il e

N v o l %0
Fl(:r Lo us \dd Pc;le.E;_- 'Y ] I

_— — .
SISO Inol hgugnce, | Dalele oleZu'o

Design Constraints ¥ m

Gid et

' Fs

]

£ I i L L n 1 L
- 400 =350 300 -250 ~200 <150 -100 =50 ]
C Real Axiy

Right-click on the plots for more detxr options. I

Hinh 2.29a

Constraint Type: [Seﬂing Time v }

Constraint Parameters
Settlirig Tine < [0.005] sec

[ oK H Cancel ” Help ]

'.&l"lé;ricanslrp!n .

Constraint Type: |Percent Overshoot v]

Constraint Parameters
Percent Overshoot < [433 |

| ok J[ conce ][ Heo |

Hinh 2.29b: Sir dung Design Constrains tiy chon cho vi du thiét ké (H2.29a) va Thoi
gian lén <0.005 sec va phan tram vot 16 <4.33(H2.29b).



Bai 2: Thiét ké hé théng diéu khién t déng ding Matlab

Tuy chon rang budc gom:
Settling time (thdi gian thiét 1ap).
Percent Overshoot (phan tram vot 15).
Damping ratio (ti s6 suy giam).

Natural frequency (tén sb tu nhién).

Trong vi du ndy, ta dua vio rang budc thiét ké 12 thoi gian thiét 14p va phan trim

vol 16.

Hinh sau minh hoa vi tri cuc cia hé kin trén qu¥ dao nghiém sau khi dua vao rang
bugc thiét ké. RS rang 1a cuc cua hé khi K=1 khong nam trong ving mong mudn.
Khong thé dung bd didu khién ti 1¢ dé di chuyén cuc cta hé kin xa hon vé& mat phing
trai. Do d6 ta ding bd didu khién PD dé dat duoc diéu nay, b diéu khién PD c6 zero
tai z=-1/0.001772. Thanh phan ti 1¢ Kp=1, sai s6 xdc 1ap véi ngd vao unit-ramp la

es$=0.000443 vé1 Kd=0.001772.

[ X 0o ¥ 2|0
Current Compensatar
= [ ety |_ﬁﬂ£%—‘
s i b . FS
L Root Locus EdRor (), 5 4
6 T T T T T - T T
[
4 L
2L
)
<
= Of------- —i Ll
E
2+
I h
-6 1 1 1 L - L 1
~400 350 © 300 . -250 . -200 | 150 -50 0
FS IR el S Reel Axis : :
| Right-click on the plots for mote design options.

Hinh 2.30: Qup dao nghiém sau khi tich hop rang budc thiét ké la phan tram vot 16 va

thoi gian thiét lap.
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Bai 2: Thiét ké hé théng diéu khién tw déng ding Matlab

+J. Edit Compersator Gl

T po— .

Gain: I‘l—

Format: |Zero/Pole Location

Zeros

Delete Real

Imaginary

Add Real Zerol Add Complex Zero I

Poles

Delete Real Imaginary

Add Real Pole ‘ Add Complex Pole l

UK. I | C.ancel

e

o o [0

Gain: | 1

Format: ]ZeroJPole Location

Zeros Poles
Delete Real Imaginary Delete Real Imaginary
r [ -1/0.001772

4dd Real Zeio I Add Complex Zero ]

Add Real Pole | Add Complex Pole |

oK I Cancel I Help I Apply ' i

Hinh 2.31: Sw thém vao zero cua bo diéu khién C (s) dé tao ra bo diéu khién PD

Quy dao nghiém mdéi xuat hién nhur hinh sau:

File Edt View Compensators Analysis Tools Window Help

ETEE T

IR

1

- Current Compensator
|;s]- [ g

01+ 0.0018s) o0 32 UG

400

300

Root Locus Editor (C)
T T

imag Ads
o

l w

-400 L L

-1000 -900 -800 -700

‘ The compensator C has been updated.

Hinh 2.32: Quy dao nghiém sau khi tich hop zero trong bo diéu khién PD ¢ -

1/0.001772.
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Bai 2: Thidt ké hé théng diéu khién tw déng diung Matlab

Cac bai thuec tap:
1. Thiét ké mau:
Muc dich: sinh vién hay thiét ké b bd sém tré pha hé théng sau:

A

- v §i A=20
s(s+D(s+2)

G(s)

Sao cho: Ky=10, d 6 d v tr it bi én=12 dB, dd dy trir pha 1a 50".
Thi nghiém:

2. Thiét ké hiéu chinh sém tré pha hé théng 2:

C6 ham l;ruyén sau:

80
$(0.02s + 1)(0.05s +1)

G(s) =

Sao cho: Ky=80, do du trir bién=10 dB, do du trit pha la 50°.
Thi nghiém:

3. Xem xét md hinh bac 2 cia hé théng didu khién hanh vi may bay. Ham truyén cia
ddi tuong 1a:

4500K

G (5)= POk
) =51 3612)

Thiét ké bo didu khidn PD véi ham truyén G(s)=Kp +Kp.s dé cic tiéu chudn chét
luong sau thoa man:

- Sai s6 xac 14p v6i ngd vao unit-ramp<0,001.

- Vot 16 cuc dai <5 %.

- Thoi gian 1én tr<0,005 sec.

- Thot gian thiét 1ap ts<0,005 sec.

2.4. Kiém tra ddnh gia
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Bai 3: Khao sét va mé phdng hé théng tw dong dung Simulink

BAI 3
KHAO SAT VA MO PHONG HE THONG TU
PONG DUNG SIMULINK

3.1. Muc tiéu

Simulink 12 mét céng cu rit manh cia Matlab dé xay dung cdc md hinh mét
céch truc quan va dé hidu. Dé mé ta hay x4y dung hé théng ta chi cin lién két cic khdi
¢6 sén trong thu vién cta simulink lai v6i nhau. Sau d6 tién hanh mé phong hé théng
dé xem xét anh hudng cuia bo didu khién dén ddp ng qué d cuia h¢ thong va danh gia
chat lwong hé théng. Sau d6 sinh vién thuc hiém mé phong, khio sit hé théng diéu

khién nhiét d6 va hé théng didu khién téc do va vi tri dong co mét chidu.
3.2, N§i dung

3.2.1. Giéi thiéu vé Simulink

Khéi dong Simulink:

- Khéi dong Matlab.

- G0 1énh simulink tir ddu nhic 1énh.

Cra s6 dau tién duoc trinh bay bai Simulink,
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Bai 3: Khao sat va mé phdng hé théng tw déng ding Simulink

LS imulink Library Browsc i
Fis Edit Yiew Help
D Bﬁ' = Find ||
" Conlinugus: simuink/Conbinuous o N
E E] Simulink Bt ]
i B Continuous -
.1 P Discontiuities il NAS ]
B Discrete 3 \. Discontrullias
.| By Lookp Tables # B
- v B Math Operations Bl Discrete
© i 2] Model Verficakion (]
Cob 2 Modek-wide Uiilties o wiMi| LookUp Tables
i B Ports &Subsystems 1] | ] —
£ LBy signal Attribures B -
: 2] Sional . P T Math Dperatins
. ] Signal Routing .é-;mva
= g:l Sinks £
- P Sources . - ®@ Model Vesilication
- 1+ By user-Defined Functions | pem—
= ﬁ[ Aerospace Blocksat | Mise | Modelwide Utiities
i+ Bl COMA Reference Blockset e
& W Commurications Blockset Ll ggé Poits & Subsystems
¥ Cortral Sy=tem Toolbax (2] WL
E Wi DSP Blockset %’ Signal Athibutes
4 Bl Dials & Gauges Blockset 7] ol
@ WA Embedded Target for Motorola MPCS - ) )
- B Embedded Target for T1C6000 DSP 'h-_ﬂ Signal Rouling
@ KAl Fixed-Poink Blockset b
+ XAl Fuzzy Logic Toobox “;{‘ Srks
- Q) MPC Blocks 2 vyl
+- Bl NCD Blockset -\ | Ssources
@ G Newal Network Blockset ] Mk el
L3 Reak-Tine Windows Target | |w@tay UsarDefinad Functions
r(n K3l Dozl Tieoa WWakchen | pd
Ready L

Hinh 3.1: Cira s6 Simulink.
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Bai 3: Khao sdt va m6 phdng hé thng tw dong ding Simulink

[ simulipk Library Brawseg
File Edit View Help
) @ -5 Find H

PID Controller: Enter expressions for proporbonal, integral. and derfvative terms.
P+|/s+Ds

W] Communications Blockset

M Control System Toolbox

&3~ Bl D3P Blockset

- B8] Dials & Gauges Blockset

t+-- B4 Embedded Target For Motorola MPCS

[t

PID PID Contiolies

pio | PID Contiolles (with
Appeosimale Desivative)

E B i
el Wil Embedded Target for TI C6000 DSP I ,:Ac:(: o‘:- m?ace frdhints
(+1- Nl Fixed-Paint Blocksst =
&+ M| Fuzzy Logic Toolbax 3 | Transfer Fen (with initial

N MPC Blocks 1| Outpute)
1~ B NCD Blockset A | Transfer Fon (with inkial
¥/ W] Neural Network Blockset AL _or1 | slates)

i J8) Real-Time Windows Target 3 =1

H b et
i+ ] Real-Time Workshop Ze10Pole (with inkial

¥ o(s+1) outputs)

i Y] Report Generator i on
- A S-Function demos i o Zeto-Pole [with inkial states)

i1 W] Simiechanics i

- WA SimPowerSystems

& M Simuiink Extras g
. 2] Addtional Discrete d

i... 2] Additional Sirks

... 23| Flip Flops

i B Linearization

‘... 28] Transformations ol

..... W Stateflow &

- B System ID Blocks

@3- B Wirtual Reality Toolbasx

- W xPC Target

R : N L) .

Ry A

Hinh 3.2: Simulink Extras
Khéi chie nang

Khéi thu vién Continuous gdm ¢6 vi phan, tich phan, ham truyén, va khong
gian trang thdi,...

Thi du: khéi Transfer Fen (ham truyén)

F(u)

Fcn
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Bai 3: Khdo sét va mé phdng hé théng ty déng dung Simulink

Tao méi va soan thao luwu dd tin hiéu:
- Sao chép, di chuyén, danh dAu, xo4, hé thong con, ni hai khoi, di chuyén dudng noi,..

Simulink c6 c4c thu vién khdi chudn, dugc td chirc thanh céc khdi con theo chirc

nang. Cic khdi thong dung 1a:
- Sources.
- Sinks.
- Discrete.
Continuous.
- Math Operations.
Tin hiéu va cac loai dir li¢u:
Péi véi Simulink, khai niém tin hiéu chi nhdm vao dit liéu xuit hién & dau ra
ctia c4c khdi chirc ning trong qud trinh md phong. Ta tam hinh dung rang cac tin hiéu

(céc dir liéu) d6 chay doc theo dudng ndi tir dau ra cia khéi chirc ning nay tdi d4u vao

ctia cdc khoi chirc ning khic ma khong tén thoi gian.

M&i tin hiéu thudc so dd clu tric Simulink déu dugc gén mot loai sb liéu nhét
dinh, va do d6 quyét dinh dén dung lwong bd nhé danh cho mét tin hiéu. Simulink hd
tro tht ca cAc loai sb liéu ctia Matlab: double, single, int8, uint8, int16, uint16, int32,

uint32, va Boolean.

Thuw vién sources va Sinks:

- Sources nhu la Constant, Step va Ramp, Signal Generator va Pulse Generator,..
- Sinks: Scope\, XYGraph, ToWorkspace,..

Thu vién Math:

- Sum, Product va Dot Product, Math Function, Gain,..
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Bai 3: Khédo sdt va mb phdng hé théng tw déng dung Simulink

3.2.2. Céc buére tién hanh mo phéng

Tir cira sd thu vién khdi, ta tao méi bang File, New hay md file ¢6 sin File,
Open. Untitled dugc tao ra dau tién va c6 thé dat tén lai béng chon Save As tir menu
File.

Y L, S Pt e A
[] Simulink Library Browse i
T CU

TN Edit View Help
e # Model.+ Ctrl+N
Open... Ctrl+0 Library
Close
Preferences...
&=3- Nl Simulink o] II\
..... B Continuous P
| | ]
E Discontinuities 58 f\n
_____ 2] Discrete il 1Ee l Discontinuities
----- P Look-Up Tables ! | [ ==
.. 28] Math Operations i b Discrete
----- ] Model Verification i :
----- 2 Model-wide Utiities 1 [waa] LookUp Tables
- 2] Ports & Subsystems e .
----- ?¥ Signal Attributes IR Math Operations
----- E_ Signal Routing 5; -+ X
E Sinks ] @
_____ #] Sources b . @ Model Verification
{ i3 User-Defined Functions s = ﬂ
@ W8] Aerospace Blockset P Misc l'wide Utilities
-- W] CDMa Reference Blockset :
W8] Communications Blockset I‘l“ ¥ Ports & Subsystems
ﬁ] Control System Toolbox i El_&_
E DSP Blockssk g F Signal Attributes
@ WA Dials & Gauges Blockset L @ [
&) W] Embedded Target for Motorola MPC5 —' | ional Roui
&) B Embedded Target for TI C6000 DSP E gnalinouing
- W8] Fixed-Point Blockset XV
o : -» 4] Sinks
W8 Fuzzy Logic Toolbox P3N
.. ] MPC Blocks A
- W8] NCD Blockset 4-3Q<- Sources
@ - B8] Meural Network Blockset ¥
E’l Real-Time Windows Target , ﬂ User-Defined Functions
ol Dasl.Tima Warkehnn . =t
< ik JY- I o
Create a new Simulink model Al

Hinh 3.3
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Bai 3: Khdo sat va mé phdng hé théng tw déng dung Simulink

File Edit view Simulation Format Tools Help

DIGESB| L 2R > ofiomd BSE BB+ @

|Ready [100% | I [odeds y

Hinh 3.4

Dé tao mo hinh, ta bAm va tha (drag and drop) céc khéi tir thu vién khdi chuén
vao md hinh. Trong m6 hinh don gian vira tao ra & trén, ta sé dinh vi va sao chép khéi
Sine Wave (s6ng sin) (tir Sources) va Scope (xem dang s6ng) tir Sinks.

E-Et‘ RN RS

D& & R[22 = [Nom S RBE TS
-
Sine Wava Scope

[ test e AR e
Fie Edk View Simulation Format Took

DGHS SBR[ afom  JEHSH BE TS

Read A o]
— |my 'D
Sine Wave Scope
[100% [ [ loded5 4
Hinh 3.5 va 3.6

102



Bai 3: Khdo sat va mé phdng hé théng tw déng dung Simulink

Sine Wave | a output port, va Scope 1a Input port.
Chuén bj md phéng: khai bdo tham sb va phuong phép tich phan.

Chon thong s6: chon Simulation Parameters tir menu Simulation.

Solver | Wakspace IJ’UI Diagrmticsl Mvancedl Heal-TimWorkshopl

Simulation lime

Start time: I 0.0 Stop time: [ 1000.0

Solver opbons
Type: [Vaiable-step v|  |oded5 [Doimand-Pince) B3

- )

Max step sie: I aulo Relative tolerance: ] 1e-3
Min step see: I Absolute tolesance: l

Initial step size:

Output ophions

[Hefine oulput ‘:] Refine factor: I 1

OK l Cancell Help |

Hinh 3.7.

Thoi gian mé phong bt dau tir 0 va két thiic 1a 1000. Nhin vao nit Ok khi 1am
xong.

Nhép déip chudt vao khéi Sine Wave dé hiéu chinh thdng s6, chon tan s6 1a 0.05
rad/sec.
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Bai 3: Khao sdt va mé phdng hé théng tw dong ding Simulink

—Sine Wave

Block Parameters: Sine Wave - 0 00 b gocsin [K)

Oulput & sine wave where the sine type detesmines the computational
technique used. The parameaters in the two types are related through:

Samples per period = 2°pi / [Frequency * Sample time)
Number of offset samples = Phase * Samples per period / (2"pi)

Use tha sample-basad sine type i numarical pioblems due to running for
laige times (e.g. ovearflow in absokste time) occur,

- Pasameters ————— ey

Amplitude

Sine type: | Time based <]

[r

Frequency [rad/sec):

[0.05
Phase (rad}

]

Sample time:

[o

F interprst vector parameters as 1D

[Tk ] caes | Wb | aww |

Hinh 3.8

Pé bit ddu md phdng, chon Simulation, start.

......

I (0)X)

3if Format Tooks Help

— e
AU o ][ S BB T @
Simdation parameters...,  Ctri+E
Mexhanical environment...
v Normal
Accelerator
External
(A ()
L]
Sine Wave Seopa
Start the simulation 1100% lode45 /]
Hinh 3.9.
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Bai 3: Khdo séat va mé phdng hé théng tw déng ding Simulink

Két qua md phong: nhép chudt vao khéi Scope

Hinh 3.10

B¢ két thiic Simulink chon Close tir menu File va tr& vé déu nhéc 1énh Matlab
dé tiép tuc véi Matlab. D& két thic phién SImulink ma khong roi Matlab, ta chi can
dong tat ca cira s6 Simulink. D& thoat ca Matlab va Simulink, chon Exit Matlab.

Trong phan tich va thiét ké hé thong diéu khién hoi tiép, Simulink cung cip tap
cdc khdi mo hinh ham truyén va khong gian trang thai. Hinh v& sau minh hoa cic thu
vién khéi Simulink ctia cdc mo hinh lién quan dén didu khién nhv 1a Continuous va
Simulink Extras. Thi du bd diéu khién PID nim trong Simulink Extras.
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Bai 3: Khdo sat va mé phdng hé théng tw dong ding Simulink

3.3. Thi nghiém
3.3.1. Khio sat hé théng 6n dinh nhiét d¢
3.3.1.1. Khao sat hé h&, nhin dang h¢ théng theo mo hinh Ziegler-Nichols:

Muc dich: Khao st khau quan tinh bic hai, diing dé so sinh v6i mé hinh Ziegler-
Nichols (xem bai 4).

Thi nghiém: Dung Simulink xay dung mé hinh hé théng 10 nhiét vong hd nhu sau:

ﬁ‘j ‘n.!’d';.ﬁ.'l rangho i

Fie o Edit Wiew  Simulation  Format  Tools  Help

DISHS | $ LR > soma HSE | BE TS

J 1 = JE
- 30s+1 120s+1
Step Transfer Fen Transfer Fent Scope
Ready [100% | | [odeds Y

Hinh 3.11. M6 hinh khao sdt vong ho.
Step: 1a tin hiéu ham ndc thé hién phin trim cong cut cung cip cho 16 nhiét.
Gi4 tri ciia ham nic tir 0> 1 twong tng cong sudt cung cip 0%-->100%.
Transfer Fen-Transfer Fenl: mé hinh 10 nhiét tuyén tinh héa.

a. Chinh gia tri cia ham néc bang 1dé cong suat cung cap cho 16 1a 100% (Step time=0,
Initial time=0, Final time=1). Chinh th¢i gian m6 phong Stop time=600 s. M phong
va vé qud trinh qué do cua hé théng trén.

b. Trén hinh v& & cau trén, v& tiép tuyén tai diém ubn dé tinh thong s6 L va T theo nhu
huéng dan trong bai thi nghiém 4. Chi rd c4c gi4 tri nay trén hinh vé&. So sénh gia tri
L, T vira tim dugc véi gia trj ctia md hinh 10 nhiét tuyén tinh héa.
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Bai 3: Khdo sét va mé phdng hé théng tw déng dung Simulink

Hué6ng dan:

Sau khi chay xong mo phéng, dé xem qua trinh qué d¢ cua tin hi¢u ta nhip dip
chudt vio khéi Scope. Cira s Scope hién ra nhu sau:

oo Biibe ot g,

A, e ke

Hinh 3.12

Vi cira s6 Scope chi ¢6 thé xem ddp (ng hodc in truc tiép ra mdy in nhung
khéng luu hinh vé& thanh file *.bmp dugc nén ta phai chuyén Scope nay sang cira sb
Figure dé luu. Thuc hién didu nay bang cich nhap chudt vio & Parameters. Cira b
Parameters hién ra, nhap chu6t vao trang Data history va tién hanh cai dit cic thong sd
nhu hinh bén duai:
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Bai 3: Khdo s4t va mé phdng hé théng tw déng ding Simulink

General | Data history | Tip: try right clicking on axes

I~ Limit data paints to last} I 000

¥ Save data to workspace

Variable name: | ScopeData

Format: Structure with time L!
oK Cancel Help Apply
Hinh 3.13

Tién hanh chay mé phong lai dé tin hiéu luu vio bién ScopeData. Chd ¥ 1a néu
sau khi khai bdo ma khéng tién hanh mé phong lai thi tin hiéu s& khéng luu vao bién

ScopeData mic dil trén cira sé Scope van ¢6 hinh vé.
Sau d6 vao ctra s6 Command Window nhap 1énh sau:
>> plot(ScopeData.time,ScopeData.signals.values) %ve dap ung
>> grid on % ke luoi

Lic nay cira sd Figure hién ra voi hinh vé gidng nhu hinh v& ¢ cira s6 Scope.
Vao menu Insert/Line, Insert/Text dé tién hanh ke tiép tuyén va chi thich cho hinh v&.

Két qua cudi cting nhu hinh bén duéi.
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Bai 3: Khdo sét va mé phdng hé théng ty dong ding Simulink

FIeEdt'-'iewlnsertYodsWouHab

SES(k A -y

T T

Hinh 3.14
Vao menu [File]-> [Export] dé luu thanh file *.bmp nhu & bai thi nghiém 1.
3.3.1.2. Khéo sit md hinh h¢ théng én dinh nhiét, didu khién ON-OFF

Muc dich: Khao sit hé thong (HT) 6n dinh nhiét do diéu khién ON- OFF, xét anh
hudng cua dic tinh role ¢6 tra.

Thi nghiém:
M6 hinh dugce khao sat tuong tu véi HT 6n dinh nhiét dj cla bai 4 (v6i théng
sb khéc). So db khéi nhu sau:

Fig Edl View Slmidlon Format Tools  Heip

DIGES xma,af_u'-r‘“—jum He Y RET® |

Ready [10ge% I fodess y

Hinh 3.15
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Bai 3: Khao sat va mé phong hé théng tw dong ding Simulink

Trong dé:

- Lo nhiét duoc biéu din bang hai khau quan tinh ndi tiép.

_ Diu viio: u=ham néc, dat 100 (nhiét do dat 100°C).

- Tin hiéu ra do & Scope.

_ Sum l4y hiéu s tin higu dat va phan hoi.

- Relay la khau role c6 tré (Smith trigo), diéu khién On-off..

~ Gi4 tri o lgi & khdi Gam =50 ding dé khuéch dai tin hiéu ngo ra khoi Relay dé
quan sat cho rd. Luu y ring gid tri ndy khong lam thay ddi cAu triic ctia hé thong
ma chi hd tro viéc quan sat tin hi¢u.

Chinh thoi gian m6 phong Stop time=600s dé quan sdt dugc 5 chu ki diéu khién.

. Khio st qué trinh qué d6 cla hé théng véi cdc gid tri cta khau role theo bang sau:
B Viing tré Ngé ra cao Ngo ra thap
(Switch on/off point) (Output when on) (Output when off)
+1/-1 1(cong sudt 100%) 0 (cong suat 0%)
+5/-5 1(cong suat 100%) 0 (cdng suit 0%)
+10/-10 1(cong sudt 100%) 0 (cong suit 0%)
+20/-20 1(cong suat 100%) 0 (cong suit 0%)

b. Tinh sai s6 ngd ra so véi tin hiéu dat va thoi gian d6ng ngat mg vai cic trudong hop
cta khiu Role 6 cau a theo bang sau:

—

Ving tré

Ael

Ae2

Chu ki dong ngit(s)

+1/-1

+5/-5

+10/-10

+20/-20

khau role (khoang thoi gian ngd ra khéu role thay d6i 1 chu ki).

Nhan xét anh hudng cua ving tré den sai so ngo ra va chu ki déng ngdt cua
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Bai 3: Khdo sét va mé phdng hé théng ty déng ding Simulink

Bai tip:
1. Khéo s4t md hinh hé théng én dinh nhiét, diéu khién on-off, xét 4nh hudng cia dic

tinh role c6 tré. Dau vao u=1(t).

Khao sét thyc hién lai bai thi nghiém véi so ¢6 mé phong nhur sau:

N
Scope1 !
!
2 5
=l o = — == |
- s+1 0.3s+1 L
Step Relay Transtar Fon Transtet Fon1d Scope |

RIS e S G e e e el Py v PR T  at

Hinh 3.16

3.3.1.3. H¢ théng didu khién nhiét d hi¢u chinh Ziegler-Nichols (didu khién PID):

Muyc dich: St dyng hi¢u chinh Ziegler-Nichols (PID) cho HT diéu khién nhiét d6
dang khao sét. Tir d6 so sanh chat lugng clia hé théng & hai bo diéu khién PID véi bd
diéu khién On/off.

Thi nghi¢m:

B§ hiéu chinh ¢6 ham truyén: PID=K, +Ki/s +K4.s=K , (1 + }-l-— +T,s)
S

Trong d6: K,=(1.2*T)/L; K;=K,/(2*L); K¢=0.5*K,*L

Hay K, =1.2-E;Tf =2L;T, =L/2
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Bai 3: Kh&o sét va mé phéng hé thng ty dong dung Simulink

Trong d6 L, T, K 12 céc gia tri da tim dugc & phén 3.3.1.1. Chu y gid tri K da
cho truée & mo hinh ham truyén 15 nhiét K=300.

Xay dung mé hinh hé théng diéu khién nhiét d PID nhur sau:

C oAby
Fle Edt view [E

DsES| 2R 2] = [Nomal HEREEAR =R

I 4 300 | !
FID > P 1 <
P hal 30s+1 120s5+1 L
Step PID Controller Saturation|  TransferFen Transfer Fen Scope

%

Gain

Ready [100% [ [ [ode4s Y|
1
Hinh 3.17
Trong d6:

- Tin hiéu diu vao ham nic u(t)=100(twong trung nhiét do dat 100°C).

- Khau bao hoa Saturation c¢é gi¢i han upper limit=1, lower limit=0(twong trung ngo
ra bd didu khién c6 cong sudt cung cép tir 0% dén 100%).

- B0 didu khién PID c6 théng sb can tinh toan.

- Transfer Fen-Transfer Fenl: mo hinh 10 nhiét tuyén tinh héa.
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Bai 3: Khao st va mé phdng hé théng tw dong dung Simulink

Bai tip: 2. Hé thong diéu khién nhiét d6 hiéu chinh Ziegler-Nichols:

Thuc hién lai bai thi nghiém theo so dd mo phong nhu sau (H3.18):

E’dkl‘ld | pid . diieici - S e i

- .-L_IX'
File - Edit . View . Simulation... Format. - -Tools = Help oot

Dlﬁ-"ﬂéléﬁ %Elﬂﬁ'a‘s—@;) l."INorrnaI ']
(. ]
Scope1 Scopez2

s+1 s+5
Step PID Controller Transter Fon Transfer Fen1 Scope

RAary Hnne, B [ [rdads p

Hinh 3.18

Bén trong bd diéu khién PID (H3.19)

CJ dknd_pidPID Controtier SRR
Fle Edit Yiew Simulation Format Tools Help

O FEHEG| &2 > = [om MR

— i

Kp

—"D———l*l

s
In1 Integrat @@
n or
Ki Outt

du/dt
KD Duiutih
L e s st g M o o o s S o it ] 25
Ready [100% | | [oded5 A

Hinh 3.19
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 Bai 3: Khéo sét va mé phong hé théng tw ddng ding Simulink

3.3.2. Khio sat md hinh h¢ thong diéu khién vj tri va téc d dong co DC
3.3.2.1. HT diéu khién diing mét khéau hi¢u chinh PID vj tri

Khéo sat m6 hinh tuyén tinh c6 so db khéi sau:

Ud + (0] 0

—()—>{ P> BBD PCo s

v
A 4

A4

\ 4

Trong d6: Ud 12 tin hi¢u dat; PID 12 bd hiéu chinh; BBD 12 b bién dbi cung cép
dién 4p thay ddi dugc cho dong co mot chidu kich tir doc 1ap PCo;0,0 12 tbe dd truc
ddng co va vi trf clia tai, quan hé qua hé sé giam toc n; y 1a hé sé phan hi vj tri.

D¢ ¥, khi diéu khién vj trf véi ddu vao ham nic, tbc 46 w clia ddng co s& gidm
vé zero trong trang thai xac 1ap, khi ma truc dong co da di chuyén dén vi trf méi. Véi
d4u vao ham déc, tbc do dong co sé 1 khong ddi khi x4c 14p dé c6 ngd ra vj tri ting
(giam) tuyén tinh.

a. Khao st HT diéu khién vj tri hiéu chinh PD c6 tinh dén sy bao hda ciia bd bién ddi
BBD véi cdc ngd vao khéc nhau.

Khi xét dén sy bao hda ctia b didu khién (khi dién dat vao dong co bi gidi han)

hé théng c6 so d6 khéi nhu sau:

Ud + 0] 0

— Ol rp o - —>| 1

PCo S

v

v
v
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Bai 3: Khdo s4t va mé phdng hé théng tw ddng dung Simulink

Xay dyng so d6 mo phong Simulink diing mét by PID.

Hinh 3.20

Trong dé:
gainl: khéi phan hdi vj tri, gainl=1.

gain2, gain3: ti 1& cdc tin hiéu dé tién quan st trén cing dd thi; gain2=0,5 va
gain3=0,1.

B¢ bién dbi (Gain) cung cip cong sudt cho ddng co ¢6 mé hinh 12 bd khuéch dai (&
dﬁy K3D=5).

b. Khao s&t HT khi hiéu chinh PD va PID véi ngd vao ham déc.
Chinh théng s6 PID: Ki=48,83; Kp=29; Kd=2,913

Dung menu Simulation/start dé chay m6 phong hé théng khi hi¢u chinh PID.
Sinh vién tham khdo bai thf nghiém 5 dé biét r& phuong trinh mé ta déng co DC.
T phwong trinh m6 ta ddng co, ta ¢ so dd khéi biéu dién md hinh ddng co nhu sau:
Mc

U y [ M |- ® 1 9
R 1 -
— O 1+T,.s Ce J.s

A 4

A 4
=
Ly

Ce £
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Bai 3: Khdo sdt va mé phdng hé théng tw déng ding Simulink

T, =

!

e

Trong dé:

. Phin tmg: R=1 Ohm, L=0.03H = Tdt=0.03s.

. Téc d6 xac lap =100 rad/sec ¢ I=4 A, U=24V

. Ce : hang sb dién tir, Ce=(24-1%4)/100=0.2V .s/rad.

.M : moment dong co, Mc: moment can.
U : gid tri dién ap dit vao dong co.
J : moment quan tinh cta cic phan chuyén dong, J=0.02 kgm/s’.
 : toc d§ quay cia dong co (rad/s).
0 : vi tri géc quay cua dong co (rad).
N : ti s6 truyén, trong khao sat: n=10. |

Vi didu kién khong tai Mc=0, thu gon so d6 khdi thanh:

333.4 1
— (s+31.2)(s +2.14)

Y
—
=]
1>
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Bai 3: Khdo sét va mé phéng hé théng tw déng diing Simulink

Khio sit mo hinh diéu khién téc do dong co DC:

Tuong ung so dd Simulink:

(%! PiDtocdoDC iRl i
File Edt View Simulation Format Tools Help

DIGHS SRRB|2C| > s SmSe RETS

.! . 3334 1 D
E“ &) n ZE N ESE 214 e |
Step PID Controller Saturation, Transfer Fen Transter Fent Scope

o

Gain

12

Y

Ready [100% I [ loded5 /4h
Hinh 3.21

Trong dé:
Tin hiéu dat ddu vao ham nic u(t)=100 (twong trung tbe do dat 100
Khau béo hoa Saturation c6 gidi han 1a +30/-30 (tugng trung dién 4p cung cép cho
phan Ging dong co tir -30V dén +30V).
Transfer Fen-Transfer Fenl thé hién mo hinh téc d6 dong co DC.
- Chinh thoi gian m6 phong Stop time =10s. Thuc hi¢n khdo sit hé thong véi bd diéu
khién P(Ki=0, Kd=0) va tinh d6 vot 16, sai sé xdc lap, thoi gian xé4c ldp cua ngd ra
theo bang sau:

Kp 1 10 20 50 1@\0

Nhén xét chat luong cta hé théng thay déi nhu thé nao khi Kp thay déi. Giai thich.
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Bai 3: Khdo sét ya mb phdng hé théng ty ddng dung Simulink

b. Thue hién khdo st véi bo diéu khién PI(Kp=2, Kd=0) va tinh d vot 18, sai sb xac
1ap, thoi gian x4c 1ap clia ngd ra theo bang sau:

K; - 0.1 0.5 0.8 1 2

ta
_ |

Nhan xét chit lugng clia hé théng thay ddi thé n2o khi Ki thay d6i. Giai thich.
So sanh chét lugng b didu khién PI v6i b diéu khién PL.
. Thuc hién khao sat h¢ théng véi bd diéu khién PID (Kp=2, Ki=2) va tinh 43 vot 1,
sai.sd xé4c 1ap, thoi gian x4c 1dp clia ngd ra theo bang sau: ’

Kb 0.1 0.2 0.5 1 2

Nhan xét chét lugng cia hé théng thay ddi thé n2o khi Kd thay dbi. Giai thich.
So sanh chét lugng b didu khién PID véi bd diéu khién P va PL.

d. Nhén xét anh hudng cta c4c khau P, I, D 1én chét lugng hé théng.
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Bai 3: Khdo sét va mé phdng hé thbng ty dbng dung Simulink

3.3.2.2. Hé théng diéu khién duing hai hi¢u chinh PID vj tri va toc d¢

Muc dich: Khéo sat HT diéu khién vi trf hiéu chinh PID véi ngd vao ham dbc
¢6 phan hdi téc d0, so sanh véi hé théng khdng c6 phan héi tc do.

So dd khéi nhu hinh sau: trong d6 BBD va bd hiéu chinh vong vi tri PID1 bj
bio hoa (gi6i han bién d5); a 1a hé sb phan héi tde do.

Ud +

_QD_> PID ’O I;ID __,I,BBD > pCo [ E‘%e

] -

M

Twong ng so dd mo phong Simulink hé thdng diéu khién ding hai higu chinh
PID vj trf va téc do:

o

L]
>+ + U Dco — L 8 »>
PID [ PID 3 > > 10s J Mux

' = Pong | Toazcfer Fe ™
Vidddje | s PPV el | sval PR Thnn  Bio | o g S
bdal ) Bda | » -
GainS
Gain3 Mux
05
Gain2
<{Je
Gainl

3.4. Kiém tra dénh gid
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