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LOI NOI PAU

Thi nghiém diéu khién tu dong 1a mon hoc minh hoa va bd sung phan thyc té cho gido
trinh Ly thuyét diéu khién tu dong. Sinh vién tiép can cong cu Matlab dé khao sat va thiét ké
hé thdng tu dong va khao sat cac hé thdng diéu khién ty dong thuc té. Diéu khién ty dong
ngay nay c6 mit trong céc linh vuc dién -dién tu, co khi, hoa, giao thong, qui trinh san xuét
& nha may.

Gi4o trinh gém c6 bay bai thi nghiém:
1.Khao sat hé thong tu dong ding Matlab.

2. Thiét ké hé théng tu dong dung Matlab.

3. Khao sat va md phong hé thong tu dong dang Simulink.
4. Hé thdng diéu khién nhiét do.

5. Hé thong diéu khién vj tri va tbc do dong co DC.

6. H ¢ th dng diéu khién s6 dong co mot chiéu.

7. Hé théng diéu khién muyc nudc.

Gido trinh dung dé giang day cho sinh vién nganh Dién tir ty dong hé dai hoc. Chic
chan gido trinh con nhiéu thiéu sét. Tac gia chan thanh cam on cac y kién dong gop cua céc
thiy cd gio trong bo méon DBiéu khién tu dong, cac dong nghiép, va ban doc dé gi4o trinh
ngay hoan thién hon. Thu gop y xin giri vé bd mén Diéu khién ty dong, Khoa Cong nghé
bién tw, truong Pai hoc Cong nghiép Tp. HCM, BT:8940390.

Tp. HCM ngay 15-7-2008
Tac gia
Th.S Huynh Minh Ngoc



Bai 1: Khdo séat hé théng tw dong dung MATLAB

Bai 1

KHAO SAT HE THONG TU PONG
DUNG MATLAB

1.1. Muc tiéu:

-Can ban Matlab: giéi thiéu,mo ta toan hoc hé thdng dung ham truyén dat, phuong phap bién
trang thai, ddc tinh dong hoc, khao sat tinh 6n dinh hé, sai s6 xéc 1ap.

- Phan tich & mién tan sb: Biéu d Bode, Nyquist.

-Khao sét hé dung phwong phap quy dao nghiém sb .

1.2. N6i dung
1.2.1.Phin mém MATLAB va cich sir dung
1.2.1.1.Giéi thiéu vé Matlab

Matlab duoc phét trién bai cong ty Math Works Inc, 1a mét chuong trinh  phan tich
ma tran, thiét ké diéu khién, nhan dang hé thong va db thi ki thuat.

G0 duong dan : MATLAB khi d6 s& xuat hién ddu nhéc “>>” hodc double-click vao
biéu tuong Matlab trén man hinh nén.

Matlab cting c6 kha nang thi hanh mét day 1énh chara trong mét tap tin, tap tin file.M.
Mot chuong trinh ¢6 thé duoc viét va ghi lai & dang ASCII véi tén tap tin ¢6 phan mé rong
ra trong thu muc ma Matlab dang chay. Tén tap tin phai ¢ dang chit thuong. Dang tap tin
file.M nay duoc coi nhu la tap tin hay tap Iénh nguyén ban. Pé chay chuong trinh tai dau
nhéc “>>"danh tén tap t|n khong c6 phan mo rong .m.
1.2.1.2.Lénh va Bién sb:

Lénh c6 dang ¢ hinh 1.1. Matlab dung phép gan dé dau « = » chi ra rang gan biéu
thitc vao mot bién.
>>bién= biéu thirc
Dang 1énh Matlab

>>: ddu nhic 1énh

Biéu thirc nhap vao ma khong cé tén bién thi Matlab tinh toan va két qua dugce nhé va
hién thi sau tir ans. Két qua mot biéu thirc gan vao mot tén bién dé tién cho viée sir dung khac.
Tén bién c6 thé dén 19 ky ty (bao gdm chit va sd), tuy nhién ky tu ddu tién cia mot tén bién
phai bt ddu bang mot chir.
Chudi ky tu:

Mot chudi ky tir ndi tiép nhau trong cac cau sau duoc gbi 1a mot chudi ky tu hodc bién

N

cau.
>>C="Good’
Két qua sé la:
C=Good
Bang 1.1. C&c phép toan hoc
+ Cong
- Tru
* Nhén
/ Chia
A Illy thira




Bai 1: Khdo sét hé théng tw déng dung MATLAB
1.2.1.3.Cac phép tinh toén vector:
Mot vector bac n 1a mot ddy hang hay day cot caa n s6 hang. Dé biéu dién vector cot
ta nhap : cac phan tir nam trong ddu ngozc vudng [], cach nhau bai dad cham phay (). Vi du :
>>X=[2;-4;8]

Két qua la :
X=

2

4

8

Néu céc phan tir dugc phan céch boi cac dau phay hoic khoang tring thi d6 1a vector hang. Vi
du:
>>R=[tan(pi/4) sqrt(9) -5]
Két qua sé 1a:
R=
1.0000 3.0000 -5.0000
Chuyén vi mét vector. Vi du :
>>Y=R’
s€é chora:
Y=
1.0000
3.0000
-5.0000
Cac vector c6 cung kich thugc c6 thé cong hoac trir. Vi du :
>>P=5*R s& cho ra két qua sau :
P=
5.0000 15.0000 -25.0000
Toan tir * thuc hién phép tinh nhan tuong tng cac phan tr véi nhau. Vi du: véi X vayY ¢
tréntaco:

>S>E=X*Y
Két qua sé la:
E=

2

-12

-40

Tich v huéng ciia 2 vector X va Y 1a sé vo huéng duoc xéc dinh bsi D" XiYi. Néu X va'Y
i=1
Ia hai vector cot dugc xac dinh ¢ trén thi tich vo hudong cua chung la : S=X°*Y.
Két qua sé la:
S=
-50
C6 cac ham cua Matlab dé tinh chuan cua vector. Vi du tinh Norm Euclid
>>N=norm(X)
Dua ra két qua
N=
9.1652
Goc giita hai vector X va Y duoc xac dinh bang X.Y/(ModunX. ModunY). Dong 1énh:
» theta=acos(X'*Y/(norm(X)*norm(Y)))
Két quala:
theta =

2.7444



Bai 1: Khdo sét hé théng tw dong dung MATLAB
trong do theta duoc do bang radian.

Biéu dién mdt vector zero. Vi du:
» Z=zeros(1,4)

/=

0 0 0 O
Trong MATLAB(:) c6 thé sir dung dé tinh vector hang. Vi du nhu :
» x=1:8 ’ )
cho ra mot vector hang ctia cac s6 nguyén tir 1 dén 8.
X =

1 2 3 4 5 6 7 8

1.2.1.4. Ma tran

Trong MATLAB mdt ma tran duoc tao boi mot ddy sé trong ngodc vudng. Cac phan
tir trong mdi hang dugc phan biét boi cac khoang tréng hodc diu phay. Dau chim phay duoc
ding dé két thic mot hang. Vi du:
» A=[612;-183;249]

Két quala:
6 1 2
1 8 3
2 4 9

Mot cot hodc hang cia mot ma tran c6 thé duge ky hiéu bang (2). Vi du:
» 13=A(3,)

Kétquala:
r3 =
2 4 9 2 r M
Tuong tu A(:,2) biéu thi tat ca cac phan tur cua cot thur 2 trong A.
» A(:,2)
ans =
1
8
4

Cong2matran AvaB. Vidu:
»A=[612;-183;249]

A=

6 1 2

-1 8 3

2 4 9
»B=[123:-246:137]
B=

1 2 3

-2 4 6

1 3 7



Bai 1: Khao sat hé théng tw déng dung MATLAB
» D=A+B

D=

7 3 5

-3 12 9

3 7 16
Trir hai matran Ava B. Vidu :
» C=A-B

C=

5 -1 -1

1 4 -3

1 1 2
Nhan hai ma tran A va B tir phép tinh A*B néu chdng tuong thich. Vi du :
» E=A*B

E=

6 22 38
-14 39 66
3 47 93 7
Hai ky hiéu dugc st dung dé chia ma tran. A\B tuong tmg A™*B va A/B tuong tng véi A*B’
L Vi du:
AX=B
4 -2 -10| x, -10
2 10 -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 =

2.0000

4.0000

1.0000



Bai 1: Khao sét hé théng tw dong ding MATLAB
Ngoai ra con rat nhiéu ham toan hoc khéc trong file.m.
Nén st dung chirc nang inv dé xac dinh nghich dao caa ma tran A roi sau do xac dinh ma tran
X.
» 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

» C=inv(A)
C=

2.2000 2.3000 3.1000
0.4000 0.6000 0.7000
0.7000 0.8000 1.1000

» X=C*B

4
1
1.2.1.5.Gia tri riéng:

Néu ma tran A 13 mot ma tran c6 (nxn) phan tt, thi c6 n s6 A théaman Ax=Ax la gia
tri riéng ciia A. Ching tim dugc bang céach sir dung Iénh eig(A). Gia tri riéng va vector riéng
cua A ciing c6 thé tim duoc bang lénh [X,D]=eig(A). Cac phan tur trén duong chéo chinh cua
ma tran chéo D la cac A, con cac cot cua ma tran X la cac vector riéng thoa man AX=XD. Vi
du: Tim gi& tri riéng va vector riéng cuaa ma tran A cho bai:

» A=[01-1;-6 -11 6;-6 -11 5]

A=
0 1 -1
-6 -11 6
6 -11 5



Bai 1: Khao sat hé théng tw déng dung MATLAB
» [X,D]=eig(A)

X =
0.7071 -0.2182 -0.0921

0.0000 -0.4364 -0.5523
0.7071 -0.8729 -0.8285

D=

-1.0000 0 0
0 -2.0000 0
0 0 -3.0000

1.2.1.6.86 phiic : , ‘ q ,
Hau hét cac phép tinh s6 phac déu cé thé st dung dugc trong chuong trinh Matlab. So6

40 v/—1 dwoc ngdm dinh truéc béi hai bién sb | va j trong chuong trinh. Néu i va j duoc st

dung cho céc gia tri khac thi ta phai dinh nghia phan ao nhu sau:

» j=sqrt(-1)

j:

0 + 1.0000i
hoaéc :
» i=sqrt(-1)

0 + 1.0000i
Vi du: Tinh Zc cosh g + sinh g/Zc, véi Zc=200+ 1300 va g=0.02 +j1.5
» i1=sqrt(-1)

i=
0 + 1.0000i

» Z¢=200+300%*i;

» g=0.02+1.5%j;

» V=Zc*cosh(g)+sinh(g)/Zc
Két qua 1a: :

V=

8.1672 +25.2172i

1.2.1.7. Po thi :

Chuong trinh MATLAB c¢6 thé tao ra cac loai do thi 2-D, 3-D, dudng log, semilog, d6
thi cuc, do thi khdi va duong vién trén may v&, may in kim, may in laser. Mot s6 d6 thi 2-D
c6 thé v& bang cac 1énh plot, loglog, semilogx, semilogy, polar(‘text’), ylabel(‘text’) va
text(‘text’) co thé dugc su dung dé dat tén va thém cac Chu thich trén do thi. Ca phap cua
cac cau lénh trén bao gdm cac ky hiéu (.,+,*,0,x) va mau sic (r,h,g,w). Vi du: dong 1énh sau

10



Bai 1: Khdo sét hé théng tw dong dung MATLAB
» plot(t,y1,'r' t,y2,'+b")
s& cho mau do trén duong cong thir nhat va mau xanh trén duong cong thir hai.
Lénh plot(x,y)- v& db thi y theo x.
Vi du : V& d6 thi quan hé x-y véi nhiéu bién khéac nhau :
X01 2 3 456 7 8 9 10 11 12
Y0051 2 4 7 111415516 16 16 16
»x=[0123456789101112];
»y=[00.51247111415516 16 16 16];
» plot(x,y)
» grid
» meta EX18

D thi x-y cua vi du.

Lénh meta cho phép mé file EX18.MET va ghi db thi vao do.

Do thi mit luéi 3 chiéu :

Lénh mesh(Z) tao mot d thi 3 chiéu cua cac phan tir trong ma tran Z. B& mat mét luéi duoc
dinh nghia boi toa d6 Z cuia cac diém ¢ trén mot 6 ludi trong mat phang X-Y. Biéu d6 duoc
hinh thanh bai sy lién két cac diém gan ké véi cac duong thang. Meshdom lam bién d6i pham
vi dinh r6 bai vector X va y vao trong cac day X va Y.

Vi du : Bé 6 d6 thi Dé cac ciia ham Bessel jo /x*2+ y"2 trong khoang —12<x<12, -
12<y<12.

Ta c6 cdc dong l€nh sau:

» clf;% thay cho clg

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

» r=sqrt(x"2+y”"2);

» z=bessel(0,r);

» m=[-45 60];

» mesh(z,m)

1.2.1.8. Script -T ap tin .m

Matlab cho phép thuc hién mot chudi 1énh trong mot tap tin . Tép tin ndy goi 1a M-file
Vi tén c6 dang filename.m. Mot scripts 1a mot loai M-file. MOt script 1a mot chudi cac 1énh
thdng thuong va ham dugc dung & dau nhic lénh.

Hop cong cu hé thong diéu khién (Control systems Toolbox) la tap hop cac ham dé mo
hinh hoéa, phén tich va thiét ké hé thong dleu khién. N6 cung cip cac cong cu cb dién nhu 1a
vé& Bode, biéu d6 Nichols, quy dao nghiém s, cling nhu cac k¥ thuat hién dai nhu khong gian
trang thai LQG va thiét ké dat cyc.

Thi du :
>>alpha=50;
>>plotdata
plotdata.m
%Day la script ve ham y=sin(alpha*t)
%Gia tri alpha phai ton tai trong workspace truoc de kich hoat script.
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 cac Iénh vong lap nhu for, while va logic nhu la if. Cach sir dung chdng
tuwong tu trong ngobn ngir Pascal hay C.

11



Bai 1: Kho sat hé théng tw déng dung MATLAB

Lénh diéu kién: if va switch

Cu phéap:

If term command [elseif term command...] [else command] end

Switch term case term command]|...] [otherwise command] end
Trong do6 term la diéu kién, command la 1énh.
Thi du:

>> test=5;

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

a=

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

a=

5
Trong ca hai trudng hop trén , cac 1énh co dugc ngin cach boi diu ( ;) va dau (,).

Trong céc Scripts, thudng ta hay viét mdi 1énh con trong mot dong riéng. Thi dy :
>> if test<=2,

a=2;
elseif test<=5,

a=9;
else a=10;
end;
>>a

a =
5
Vong lap va logic: for va while
Bing vong lap ta c6 thé thuc hién Iap lai nhiéu 1an mét s6 1énh nhét dinh. CG phép:
For variable=term command end
While term command end
Trong ca hai truong hop 1énh break déu c6 tac dung két thuc vong lap.
Thi du:
>> for k=0:1, k"2, end;
ans =

0

ans =
1

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

12



Bai 1: Khdo séat hé théng tw dong dung MATLAB

16

>>

Bai tap :
1.Cho hai ma tran sau :

A 4 27
16 10++/2]j

6] —-13x
B =
T 16

Dung Matlab tinh toan sau :

a)A+B b)AB
C)A? d)A’
e)B* HB’A’
g) A+ B?-AB

2.Cho hé phuong trinh dai s tuyén tinh :

5x+6y+10z=4

-3x+14z=10

-7y+21z=0
Xéc dinh gia tri x,y, va z dé tdp phuong trinh dai s6 thoa méan.
3.Viét mot Matlab Script (Tép tin .m) dé v& ham sau :

4 4
y(X) = —C0S @X + — C0S 3wX
V4 O

trong d6 o 1a ngd vao bién & dong 1énh. Pat nhan truc x 14 time(sec) va truc y 12 y(X).

1.2.2.Ham truyén dat, phwong phap bién trang thai

1.2.2.1.Ham truyén dat :

Khai bao ham truyeén :

-Str dung Iénh tf(num, den) : Nhap da thirc tir s6 num va da thicc mau sé den duéi dang vector
tham sd cua s theo trinh tu sé mii cia s bé dan.

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

Transfer function:

2s-3

13



Bai 1: Khdo sét hé théng tw dong dung MATLAB
-Khai bao dudgi dang ham hitu ty cua s. Truéc hét ta phai khai béo s Ia bién mé hinh TF, sau
d6 nhap ham truyén dat dudi dang ham hiru ty cua s.
>> s=tf('s")

Transfer function:
S

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

Transfer function:
s+2

s"2+5s+4

>>
Ham truyén:
Néu P 12 mot vector hang chira cac hé sé cua da thic, thi ham roots(P) s& cho ta mot vector
cot cac phan tir cia n6 1a nghiém cua da thuc.
Vi du: Tim nghiém cua da thic sau:
S° + 95° +31.25s" + 61.25% + 67.755° + 14.75s + 15
Nhap:
»P=[19 31.2561.25 67.75 14.75 15]

P=
1.0000 9.0000 31.2500 61.2500 67.7500 14.7500 15.0000

» R=roots(P)
DPuoc :
R =

-4.0000

-3.0000

-1.0000 + 2.0000i

-1.0000 - 2.0000i

0.0000 + 0.5000i

0.0000 - 0.5000i
Néu r 12 vector cot chtra cac nghiém cua da thirc thi ham poly(r) cho vector hang, cac phan tir
1a hé sb cua da thic.
Vi du: Nghiém cua da thac la : -1,-2,-3+4i,-3-4i. Hay xac dinh phuong trinh da thiec.
» i=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

14



Bai 1: Khdo séat hé théng tw dong dung MATLAB

Tur @6 phuong trinh da thuc la;
S* +9s® + 455° + 87s + 50=0
Nghiém va zero ciia ham truyén:
Ta st dung ham tf2zp dé tim zero, nghiém va do loi cua ham truyén.
Vi du: tim nghiém va zero cia ham truyén sau:
H(s)= (s"3+11s"2 + 30s)
(s"4+9s"3+ 45572 +87s +50)

Nhap :
» num=[1 11 30 0]

num =
1 11 30 O
» den=[1 9 45 87 50]
den =
1 9 45 87 50

» [z,p,K]=tf2zp(num,den)
Taco:
Z=

0
-6
-5

p:

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

1
Ham zp2tf dung dé xé&c dinh ham truyén tir nghiém va xem hé s khuéch dai cua hé thong.
» z=[-6; -5; 0];k=1
» i=sqrt(-1);
» p=[-3+4*i;-3-4%i;-2;-1];
» [num,den]=zp2tf(z,p,k)
num =

0 1 11 30 O
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Bai 1: Khao sét hé thong tw dong ding MATLAB
den =

1 9 45 87 50
Lénh don gian ham truyén : minreal
Tinh ham truyén cua hé thdng ndi tiép: 1énh series.
Tinh ham truyén caa hé song song: lénh parallel.
Cho hé thong hoi tiép am nhu sau:

Els) + Eis) G(s) (=)

H(s)

Hinh 1.1
Hoi tiép am : Gk=G/(1+G.H)
Hobi tiép dwong : Gk=G/(1-G.H)
Gk=feedback(G,H) tinh ham truyén hé thong hoi tiép am.
Gk=feedback(G,H,+1) tinh ham truyén hé thong hdi tiép duong
Thi du:
>> G=tf([1 1],[1 3 2])

Transfer function:
s+1

sN2+3s+2
>> H=tf(1,[1 5])

Transfer function:

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

Transfer function:
sN2+6s+5

s"3+8s"2+18s+11

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

Transfer function:
sN2+6s+5

s"3+8sM2+16s+9 ‘ o
>> Gk=feedback(G,1) %ham truyén kin h¢ hoi tiep am don vi.
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Bai 1: Khdo séat hé théng tw dong dung MATLAB

Ris) + Gi(s) Cls)
Hinh 1.2
Transfer function:
s+1
N2 +4s5+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 nhat cua hé théng va x goi la bién trang thai. Uu diém cua
phuong phap bién trang thai 1a céc phuong trinh md ta hé duoc giai d& dang nhd may tinh.
Ngoai ra phuong phap bién trang thai c6 thé mo rong dé khao sat hé phi tuyén. Ta lap cac
phuong trinh bién trang thai tir mot phwong trinh vi phan bac n bang cach chi dinh cac bién
trang thai thich hop.
Vi du: 1ap phuong trinh bién trang thai cho phuong trinh vi phan duéi day:

2dy/dt3 + 4d®y/dt2 + 6dy/dt + 8y = 10u(t)

Ta sir dung ham ode2phv.m dé chuyén phuong trinh vi phan bac n thanh phuong trinh bién
trang thai.

Cu phép : [A,B,C]=ode2phv(ai,k)

» ai=[2 4 6 8]
ai =
2 4 6 8
» k=10
K=
10

» [A,B,C]=0de2phv(ai,k)
Ham truyén-mé hinh bién trang thai : o . )
Ham [A,B,C]=tf2ss(num,den) s¢ bién d6i ham truyen thanh mé hinh bién trang thai.
SN2+7s+2
S"3+9s72 + 26s + 24

Vi du : Cho ham truyén
»num=[17 2]

num =

1 7 2

17



Bai 1: Khdo séat hé théng tw dong dung MATLAB
» 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 0
B=
1
0
0
C=
1 7 2
D=
0

Mo hinh bién trang thai-Ham truyén:
Cho hé dx/dt=Ax + Bu
Y=Cx + Du
Ap dung bién dbi Laplace suy ra G(s)=C(sl-A)'B +D
Ham [num,den]=ss2tf(A,B,C,D,i) s& bién dbi phuong trinh bién trang thai thanh ham truyén.
Vi du : Hé thdng duoc biéu didn bang phuong trinh bién trang thai sau :
dx/dt=Ax+Bu

A=[0 1 0

0 11

12 -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=
0 1 O
0 1 1
-1 -2 -3

18



» B=[10; 0;0]
B=

10

0

0
» C=[100]
C=

1 0 O
» D=[0]
D=

0

» [num,den]=ss2tf(A,B,C,D,1)
num =

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 rng ciia hé thong

Ham truyén chuin cia hé théng bac 2:

2

@,

G(s) =

2428 5+
1.2.3.1. Pap &ng mién thoi gian :

Bai 1: Khdo séat hé théng tw dong dung MATLAB

Ta c6 thé ding ham c=stepzwn(z,®,R,a,T,t) dé tinh dap tng cta hé . O day z- thong sb
suy giam, on-tan so6 tu nhién, R-bién do ham bac thang. Boi va6i hé bac 2 thj a=0, T=0 con t-
khoang thoi gian can khao sat. Bap ang cua hé suy giam nhanh va co vot 16 cting dugc khao

st bang ham trén. Cac ham

c=impulse(num,den),

c=step(num,den,t) va

c=Isim(num,den,u,t) ciing c6 thé dugc sir dung dé khao sat dap tng chuyén tiép hé théng.
Vi du: Xéc dinh dap &ng bac thang caa hé théng véi £=0.6 va on=5.

G(s)=( ®n®)/(s2 + 2Ens +on?)

2

@

R(S)—»

$? +2£ s+ w!

—> C(S)
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Bai 1: Khdo séat hé théng tw dong dung MATLAB

Céch 1:

Num=25;

Den=[1 6 25];

Gs=tf(num,den)

T=0:0.02:2;

C=step(gs,t);

Plot(t,c)
Xlabel(‘t-sec’),ylabel(‘c(t)’),grid,pause
Céch 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

>>

Kétquala:

T,=0.776667 Phan tram vot 16=9.47783

T,=0.373333
T.=1.18667
<} Figure No. 1 =10l =]
Fle Edit Yiew Insert Tools Window Help
DEed&E RA A/ 2P0
| T S S RO S
| i |
I:IEI 0.5 1 1.5 2
t-sec
Hinh 1.3.Ddp ung thoi gian
L énh step: Cho ham truyén dat ciia hé sau: G(s) = ZL Lénh Matlab v& dap g
s +4s+30

nac 1a:
num=30;den=[1 4 30]; G=tf(num,den)
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Bai 1: Khdo séat hé théng tw dong dung MATLAB

step(G)
L énh impulse: v & d ap ing xung
Cho ham truyén dat cua hé sau: G(s) = ZL . Lénh Matlab v€& dap tmg xung Ia:
S$°+4s+30

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

1.2.3.2. Pap wng tan sb caa hé théng:
Khi £<0.707 thi tin s6 cong huong o, duoc tinh bai:

O, =, V(1_2§2) (l)

Bién d¢ cong hudong dugc ky hiéu My, va bang :

M —— 2 @

Yo21-g
Pép tng tan s6 cia hé théng duoc xac dinh bang ham g=fregs(num, den,w). Déi voi hé thong
bac 2 voi E<1 thi phuong trinh (1) va (2) c6 thé két hop dé tinh o, My,. Tuy nhién, ta c6 thé
st dung ham frgspec(w, mag) dé xac dinh r, My, ®B.
Vi du: Cho hé théng duoc md ta boi ham truyén vong kin

4

) s +2s+4
Xac dinh dap Gng tan sb vai cac thong tin @, Mpe, ®g.
Céch giai:
>>num=4,
>> den=[1 2 4];
>>w=0:0.1:3;
>> g=fregs(num,den,w);
>> mag=abs(q);
>> frgspec(w,mag)

>> plot(w,mag);

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

>>

Két qua Ia:

o=1.41, M,,=1.15, ®g=2.55

Két qua duogc biéu dién trén hinh:
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Bai 1: Khdo séat hé théng tw dong dung MATLAB

<} Figure No. 1 = =10] %]
Fle Edit Yiew Insert Tools Window Help
DEedae " A2/ 2P D
15 T T T ! I
1.1 | D=l |
. """"""i'""';:_}" i'"""'""'-' ) .
L : !
|| I SN TR SO I N
o i : :
= : :
R .
m :
08k ----------t LR
1| S SR T oo Dennenes -
(=] P :, ........... :. ........... R , ........... EE N -
05 i i
0 05 1 15 3
Tan so-radfs

Hinh 1.4. Dap ung bién do tan so
1.2.4. Pic tinh cia hé théng diéu khién:
1.2.4.1. Tiéu chuan on dinh Routh-Hurwitz:
Ham roots(a) dugc xay dung dua vao tiéu chuan Routh-Hurwitz s& gitp khdo sat tinh on dinh
tuyét ddi cua hé.
Vi du: Cho hé véi phuong trinh déc tinh:
S* +10s° +35s” +50s +24 =0
» a=[1 10 35 50 24]

a=
1 10 35 50 24

» routh(a)
Hé 6n dinh.
1.2.4.2. Sai s6 xac lap:

Hai ham errorzp(z,p,k) va errortf(num,den) dugc viét dé tinh toan sai s6 xac lap cua
hé thdng khi tin hiéu vao 1a tin hiéu bac 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 dién bing cac zero, cac nghiém
va do loi. O day z 1a vecto cot chira cac zero cua ham truyén, p 1a vecto cot bao gdom céc
nghiém cuc va k 1a d6 loi. Néu bac caa tir sé nhé hon mau sé, tc 1a n<m thi ta ¢ n-m sb
inf(w) dé chiéu cao cua 2 vecto p va z nhu nhau. Ham errortf(num,den) tim duoc sai s6 Xac
lap khi hé thdng duoc mo ta bai ham truyén.

Vi du: Xac dinh hang s6 sai s6 va sai s6 xac lap cua hé:

G(s)= 10(s+4)
S(s+1D)(s+2)(s+5)
» k=10
k =
10
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Bai 1: Khdo séat hé théng tw dong dung MATLAB
» z=[-4;inf;inf;inf]

Z=

-4
Inf
Inf
Inf

» p=[0;-1;-2;-5]

» errorzp(z,p,k)

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

>>den=[1 14 50]
>>errortf(num,den)

1.2.5.Phan tich ¢ mién tan so:

1.2.5.1. Biéu db Bode
Ham [mag, phase]= bode(num,den,m) cho ta biét bién d6 va goc pha ctia ham truyén

trong ddy tan s6 o dang khao sat.

Vi du 1: V& biéu d6 Bode cho hé thong diéu khién hdi tiép don vi voi ham truyén hé.
GH(s) = K = K

s(s+2)(s+50) s®+52s*+100s

Cho K=1300 ching ta str 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

>>
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Két qua dugc thé hién trén hinh sau:

=} Figure No. 1
File Edit Yiew Insert Took Window Hel

Bai 1: Khdo séat hé théng tw dong dung MATLAB

=101 %]

DEEE& KA A/ 2D

Bieu do Bien do(dB)- Tan soiw)

20

™ T T T T T
Por o e e

T T
FR

TTTTY T T
EREE 1 1

o
Eleu do Phaldo)- Tan s00w)

10'

Hinh 1.5. Pdp itng bién dj-tan sé va pha-tan sé

1.2.5.2.Biéu d@6 nghiém (Biéu @6 Nyquist)

Ham [Re, Im]=Nyquist(num,den,») cia MATLAB cho biét phan thuc va phan 4o cta
ham truyén khi tan s thay doi trong khoang dugc chi dinh.

Vi du 2: V& biéu d6 nghiém Nyquist cho hé thong cta vi du 1 véi K=1300 va K=2500.

Lénh Matlab:

>> clf

>> k1=1300;

>> k2=5200;

>>w=8:1:80;

>> numl=[k1];

>> num2=[k2];

>> den=[1 52 100 0O];

>> [Rel, Im1]=Nyquist(num1,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

>>
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Bai 1: Kho sat hé théng tw déng dung MATLAB
Db thi dugc trinh bay & hinh v& sau :
<} Figure No. 1 . =10] x|
File Edit Miew Insert Tool “Window Hel
DB A2/ 220

Bieu do Nyquist, k=1300
0.02 : - 0.2

Bieu do Myguist, K=5200

1 fomme e

Y17 AR S—

0043 anl_z i

Hinh 1.6. Biéu dé Nyquist

1.2.5.3. P9 6n dinh twong ddi

Do lgi va pha téi han

Ham [Gm, Pm, wpc, mgc]=margin (mag,phase,w) c6 thé dugc str dung véi ham Bode dé uée
luong do6 loi va pha toi han @y Vag oge.

Vi dy: Trong vi du 1 cho K=1300 hay tinh d¢ loi téi han . va pha téi han o,
Tap tin doloi_pha.m

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

k=1300;

num=[K];

den=[1 52 100 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

Phatoi han= 16.6Phacatw= 10

>>
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Bai 1: Kho sat hé théng tw déng dung MATLAB
1.2.6. Phén tich quy dao nghiém s
Xem ta i liéu [1] vé 11 quy tic vé& quy dao nghiém sé.
Ham rlocus : vé quy dao nghiém
Thi du : Tim quy dao nghiém s6 (K>0) cho hé théng don gian

R

— 55 Ki(s(s+4)) &

T_

Ham truyén vong hd: 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

<} Figure Mo. 1 =101 x|

File Edt View Insert Took ‘Window Help

Deda xArrs @200

3 I T T i T T T
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L]
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4

|:|1~-1-+-4-:,4---t---{.n----t---'r--------+--------1'---4-----4I---¢--4-54--1-+—-

i
_1 - --_1_.. —
1
: : : $ ! : :
3 | 1 | i | | 1
- -39 -d -2.8 -2 -1.5 -1 -0.5 0

Hinh 1.7. Quy dao nghiém sé
1.3.Thi nghiém:
1.3.1.Ham truyén dat, phuong phép bién trang thai:
Muc dich: biéu dién hé bang ham truyén va hé phuong trinh trang thi.
Thi nghiém:
10
s"3+8.5s"2 +20.55 +15

1.Cho ham truyén . Biéu dién hé dung ham truyén va hé phuong

trinh bién trang thai.
Lénh Matlab:
» num=[10]

» den=[1 8.5 20.5 15]
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Bai 1: Khéo sét hé théng tw dong dung MATLAB
» 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

2. Hé thong duoc biéu dién bang phuong trinh bién trang thai sau:
dx/dt=Ax+Bu
A=[0 1 0
644 0 -16
0 0 -100]
B=[0
0
100]
y=[1 0 0]x
Tim ham truyén G(s)=Y (s)/X(s)
» A=[010:64.4 0 -16:0 0 -100]

» B=[0; 0;100]
» C=[100]
» D=[0]

» [num,den]=ss2tf(A,B,C,D,1)
num =

1.0e+003 *

0 0.0000 0.0000 -1.6000
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Bai 1: Khao sét hé thong tw dong ding MATLAB
den =

1.0e+003 *

0.0010 0.1000 -0.0644 -6.4400

Do d6 ham truyén 1a :
G(s)=(~1600)/(s* +100s* —64.4s -6440)

3. Lénh ss:
Lénh Matlab tao ra hé théng mo ta bdi phuong trinh trang thai ¢6 cac ma tran a,b,c,d : a=[0
1;-3 -2]; b=[0;1]; c=[1 0]; d=0

>>PTTT=ss(a,b,c,d)
Bién d6i mé ta toan hoc tir dang phuong trinh trang thai vé dang ham truyén : a=[0 1;-3 -2];
b=[0;1]; c=[1 0]; d=0;. L énh Matlab la:
>>PTTT=ss(a,b,c,d)
>>g=tf(PTTT)
4. Dung tiéu chuan Routh-Hurwitz xét 6n dinh cic hé thong cho 3 ham truyén duoc khao
sat trong thi nghiém.

Hé thong 1: G(s) = 20
s(1+0,1s)(1+0,5s)

He théng 2: G(s) = —C+9) iy,
s(s+2)(s+1)

Hé théng 3: G(s) = K(+1) khi K=1.

s(s+3)(s* +8s + 20)

1.3.2.Khao sat hé thong tw dong dung gian d6 Bode va Nyquist

1.3.2.1.Khdo sat hé thong tu dong dung gian do Bode:

Muc dich: V& biéu dd bién d6 va pha theo tin s6 ham truyén hé ho ciia hé théng phan
hdi am don vi. Trén d6 thi do do du trix pha, bién dJ suy ra su on dinh va chat luong hé
thdng kin.

Thi nghiém : .
1. Khao sat h¢ thong c6 ham truyén ho:
2
G(s) = 0
s(1+0,1s)(1+0,5s)
Tacod: G(s)= 20

(0.05s° +0,6s° +5)

Ham Bode (num,den) v€ bode bién va bode pha.
Lénh Matlab:

>> num=[20]

>> den=[0.05 0.6 1 0]

>> bode(num,den)
>>
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Bai 1: Khdo séat hé théng tw dong dung MATLAB
m——— _ ol =i

=} Figure No. 1
File Edit Yiew Insert Took Window Hep
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Hinh 1.8. Biéu dé Bode

Phass (deg)

2.Cho hé c6 ham truyén Ia :
G(s)=(10s* + 20s —10)/(s® +2s% —s +1)
Lénh Matlab:
>>num=[10 20 —-10]
>>den=[12-11]
» bode(num,den)

3.Cho ham truyén G(s) = 5 324 > 1énh MATLAB v& d6 thi bién do-tan sb va pha -tin sd
S"+oS+
la:
num=[1 4]
den=[13 2]

bode(num,den)
4. Xét hé sau:

AR
-t o, |

HE¢ c6 mét ngd vao u va mot ngd ra y. Bang cach dung 1énh bode(A,B,C.D) ciia Matlab vé&
biéu do bode bién do va pha.

Lénh Matlab:

>> A=[01;-25 -4];

>> B=[0;25];

>> C=[1 0];

>> D=[0];
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Bai 1: Khdo séat hé théng tw dong dung MATLAB

>> pode(A,B,C,D)
>> title('Bieu do Bode")

J Figure No. 1

File Edit ‘iew Insert Tools ‘Windomw Help
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Hinh 1.9. Biéu dd Bode

Néu ta Fhay 1énh bode(A,B,C,D) béng 1énh bode(A,B,C,D,1) thi MATLAB tao ra gian dd
bode giong nhu vi du trén.
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Bai 1: Khdo séat hé théng tw dong dung MATLAB

J Figure No. 1 EIE|E|
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Hinh 1.10

1.3.2.2. Khio sat hé thong tw dong dung giéin do Nyquist

Muc dich: twong ty nhu biéu d6 Bode, tir ban in biéu d6 Nyquist ciia ham truyén hé ho
cua h¢ thong phan hdi 4m don vi, ta ciing ¢ thé do do du trit vé pha, bién do suy ra sy 6n
dinh chét luong cua h¢ thong kin.

Thi nghiém:
1. Xét 6n dinh hé théng cac ham truyén ho:
G(s) = — B+ ik=1
s(s+2)(s+1)
Lénh Nyquist: v& biéu dd Nyquist
2. Cho ham truyén dat cia hé sau: G(s) = QL . V& biéu d6 Nyquist.
S°+4s+30
Lénh Matlab:
num=30;den=[1 4 30]; G=tf(num,den)
nyquist(G)

1.3.3. Khao sat hé thng dung phwong phap quy dao nghiém so:

Muc dich:

-Khao sat dac tinh ctuia hé théng tuyén tinh c6 hé sb khuéch dai K thay ddi, tim gia tri K
gidi han Kgh dé hé thdng 6n dinh. Kgh 1a hé sb khuéch dai dé hé thong c6 nghiém sé nam
trén truc ao.

-Cling trong phan nay, Ta tinh chon K de hé thdng c6 cap nghiém sb khong ché(cac cuc
ctia ham truyén hé kin anh huéng chu yéu dén dic tinh qua do) co thong sb cho trudc .
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Bai 1: Kho sat hé théng tw déng dung MATLAB
V&i mdi hé thong, ta déu v& dic tinh qua d6 hé thdng kin véi dau vao ham nac dé kiém
tra.

Thi nghiém: ) .
1. V€ quy dao nghiém s6 (QDNS) cua h¢ c6 ham truyén hd:
G(s) = K(s+D) 0<K<oo

s(s+3)(s® +8s5+20)

Tim Kgh va gid tri K dé qué trinh qua d6 ciia hé thong kin c6 tinh dao dong véi tan s6 dao
dongriéng o, =4.

Ham rlocus(num,den,K) d ung d é‘v & qu ¥ d ao nghi ém s 6.

2. Xem xét h¢ thong ma ham truyeén vong hd G(s)H(s) 1a :

K
G(s)H(s) = S(S+O-5)(32 +0.6s+10)

K

s* +1.1s® +10.3s* +5s
Viét 1énh Matlab vé& quy dao nghiém.
Khong cé zero vong ha, cuc vong hd 1a s=-0.3+j3.1480, s=-0.3-j3.1480, s=-0.5 va s=0.
Lénh Matlab :
>>num=[000 0 1];
>>den=[1 1.1 10.3 5 0];
>> r=rlocus(num,den);
>> 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 AXxis’)
>>
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Bai 1: Khdo séat hé théng tw dong dung MATLAB

J [Figure No. 1 EIE|E|

File Edit “iew Insert Tools ‘Window Help

hed& MA A/, BP0

Root-Locus Plat of GI:S:I=K-"[SI:S+D.5:II:52+D.ES+1D:I]

Irmag Axis
O
I:D
i

o)
O o e e oo _
ommﬁfb%o
C}

-|I1 """"""" r c::l """" Fe========== 'i' """""" T""":;L""T """"" =
0 i o)
& | | i | |
-R 4 2 0 2 4 B
Feal Axis

Hinh 1.11. Quy dao nghiém so6 bai 2.
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 thai. Trong vi du trén cho cic ma
tran A, B, C, va D nhu sau:

0 1 0 0
-160 -56 -14 -14

C=[L 0o 0]D=[0]
Dung Matlab vé& quy dao nghiém.
Lénh Matlab:
Lénh rlocus(A,B,C,D) vé quy dao nghiém. Lénh ndy tuwong duong vdi 1énh rlocus(num,den)
trong d6 num, den dat dugc tur [¢énh sau:
[num, den]=ss2tf(A,B,C,D)
nhu sau:
num=[0 0 1 0]
den=[1 14 56 160]
Lénh Matlab:
>>A=[010;001;-160 -56 -14];
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Bai 1: Khao sat hé th("ing tw déng dung MATLAB
>> B=[0;1;-14];

>> C=[100];

>> D=[0];

>> K=0:0.1:400;

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

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

>> grid

>> title(‘Root-Locus Plot of System defined in State Space”)
>>

J Figure No. 1

File Edit %iew Insert Tools ‘Window Help

Ded& A A/ B 20

I Root-Locus Plot of System defined in State Space

=T o T
oL o050

Imaginary Lxis

Real Axis

Hinh 1.12. Quy dao nghiém so bai 3.

1.4.Kiém tra danh gia
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Bai 1: Khdo sét hé théng tw dong dung MATLAB

1.5. Phin mém ACSYS2002

Phan ndy mé ta v a giéi thiéu cong cu (toolbox) ACSYS (Automatic Control
Systems).
1.5.1. Cai d at ACSYS
Dau tién ngudi sir dung phai 1am theo budc 1 va budce 2 trude khi sir dung ACSYS:
1. Tao thu muc C:\ACSYS2002.
2.Sa0 chép tit ca cac tip MATLAB va anh tir thu muc ACSYS2002 trong CDROM di kém
sach vao thu muc C:\ACSYS2002.

Dé chay ACSYS2002, don gian khai dong MATLAB R12 hay cao h on( Matlab
version 6.0 hay cao hon 6.1, 6.5, 7.0).
Tir diu nhic MATLAB, g6 lénh:
>>cd C:\ACSYS2002
Ban c6 thé sir dung Matlab Directory Browser dé chuyén dén thu muc ACSYS2002. Tir diu
nhéc “>>" trong ctra s6 lénh Matlab, ta go :
>>acsys (hay ACSYS).
Hinh 1.13 xuét hién. Dya trén viéc nhan chudt vao bat ca ndt ndo, cong cu twong &ng Xuat
hién.

-) Automatic Control SYStems (ACSYS) © 2001 & 2002 Farid Golnaraghi and Benjamin Kuo [ |[B]X]

Transfer Function Symbolic Transfer Function Calculator

Transfer Function Tool (Chapter 2)

State-Space Tool (Chapter5)

Routh-Hurwitz  (Chapter b)

Time response Tool (Chapters 7. 8)

Frequency Response Tool (Chapter 9)

Controller Design Tool (Chapter 10)

Sim Lab (Chapter 11)

Yirtual Lab (Chapter 11)

Close and Exit

Hinh 1.13 : Cita s6 chinh toolbox Automatic Control Systems(ACSYS )

1.5.2. M6 ta phin mém:

Cong cu ACSYS gom c6 maot sb m-files v & GUI (graphical user interfaces) dé phan tich 10 h
am truyén ky thuat diéu khién don gian.

Cu thé ACSYS gdm c6 10 cong cu khac nhau va méot cdng cu  cho chuyén d6i dai lwong k¥
thuat gitra hé SI va don vi khac.

Nhitng thanh phan nay bao gdm cac chu dé khéac nhau trong nghién ciru hé thdng diéu khién.
Chung bao gom:

. Tinh toan ham truyén : tfcal.

.Mb hinh ky hiéu ham truyén : tfsym.

.Cong cu ham truyén : tftool.

.Cong cu khong gian trang théi : statetool.

. Cong cu Routh-Hurwitz: stabtool.

.Cong cu phan tich d&p tng thoi gian: timetool.

.Cong cu phan tich dap tng t an sb: fregtool.

.Cong cu thiét ké bo diéu khién: controls.
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Bai 1: Khdo sét hé théng tw dong dung MATLAB
.Thi nghiém mé phong SIM : simlab.
.Thi nghiém ao Virtual : virtuallab.

J Transfer Function Calculator ® 200182002 Farid Golnaraghi and Benjamin Kuo g@@

Help for 1st Time User |

Transter Function Calculator

Multiply two Transfer Functions

Add Two Transfer Functions

Single Loop Feedback

Close and Exit

Hinh 1.14: Cira s6 tinh todn ham truyén.

J Help Dialog

You must have access ko MATLABR Control Spstem Toolbox. To mwn Programs,
go to MATLAB Command window after clicking each pushbuttan,

x|

Hinh 1.15: Hop thoaqi tro gitp MATLAB cho cong cu tfcal.

Cac thanh phan ACSYS hay toolbox c6 thé goi truc tiép bang cach g6 tén ¢ diu nhic
Iéenh MATLAB.
1.5.3.Sw& dung cong cu phan tich khong gian trang thai:
Muc dich : s dung cong cu phan tich khdng gian trang thai dé khao sat hé phuong trinh
trang théi, biéu dién hé phuong trinh trang thai , tinh trj riéng va vector riéng, xac dinh ham
truyén dat , cuc va zero va xét tinh diéu khién duoc va quan sat dugc.
Thi nghiém:
Budc 1:Khai dong ACSYS
>> acsys
Budc 2: Chon State-Space Tool tir man hinh menu ACSYS
Cira s6 State-Space Tool xuat hién:
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Calculoe/Dizplay
Eigaavala & vacla of A
Simip-Space Caloubalions
Cantrallmhility
Ok envmhility,

Tima Rosponsa
Hatural Responsy
Stap Responae
esgiulas
Olher Inpuls

Lisliting
Halp
Faael

Clas i Windos

Hinh 1.16

Thi nghiém : Xét h¢ sau:
dx/dt=Ax+Bu
A=[0 1 O
644 0 -16
0 0 -100]
B=[0
0
100]
y=[1 0 0]x
Budc 3:Nhép chudt v o Enter Parameter dé nhap théng sé ma tran A v & B nhu sau:
Matran A: 0 1 0;644 0 -16;0 0 -100
MatranB:0; 0; 100
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Bai 1: Khdo séat hé théng tw dong dung MATLAB

J |State-Space Input Window © Farid Golnaraghi & B. Kuo 1993, 1999, 2001

File Edit Wiew Insert Tools ‘Window Help Caloulator  Unit Conversion  Help (State-Space Tool Input)

The State-Space model {Click blocks to Enter values)

y(z) =[ c ]1‘(r)+[ D ]l 7(r) Initial Conditions

APPLY

Hinh 1.17

J State-Space Input Window © Farid Golnaraghi & B. Kuo 1993, 1999, 2001
File Edit Wiew Insert Tools ‘Window Help Calculator  Unik Conversion  Help (State-Space Tool Input)

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

‘%’L A .v(f)+[ B ]l (1)
yo —[ c ]x{f)+[ D ]| 7(7) Initial Conditions

Enter the Coefficient Matrices. Note: Number of Columns of C and A must be equal.
E_g. For a 3x3 identity matrixtypein: 1 0 0:01 0:0 0 1

1:0:1 isa3x] columnvector& 100 is a 1x3 row vector

Matrix Values

A 01 0644 0 -16:0 0 -100

APPLY ‘

Hinh 1.18 : Nhdp ma trdn A trong cita sé Input State-Space

Budc 4: Nhap vao “Eigenval &vects of A” (Trj riéng va vector riéng cua A”):
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Bai 1: Khdo séat hé théng tw dong dung MATLAB

- Ghabe Space Teal © Fadid Golnedaphi B B, Kus 1993, £555.20032
Caodaber L Sofreirien | Heg

e State Space Model

Enlor Prrmmebars dX{ﬂ
CalculwisDisplny df

Y(t) = C x(t) + D u(t)

=A x(t) + B u(t)

Eigaasala & vacla o &

Steie-Space Caloulalions

Tima Rosponsa

Hatural Responss

T D See MATLAB Command window for detailed results
lespulaa
CHhan Mg Characteristic Polynomial is:
Lhliting o =* +100 & £4.4 5! £340 £
Halp
Feaed
Claam Wikl
Hinh 1.19

Ctra s6 Iénh 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 =
s"3+100*s"2-2265873562520787/35184372088832*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
T=
0.1237 -0.1237 -0.0016

0.9923 0.9923 0.1590
0 0 0.9873
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Bai 1: Khdo sét hé théng tw déng dung MATLAB
Budc 5: Nhip chudt vao State-Space Calculation (tinh toan khéng gian trang thai). Cta s6
I[énh Matlab:
State-space model is:

a=
x1 x2 x3
x1 0 1 0
x2 644 0 -16
x3 0 0 -100
b=
ul
x1 0
x2 0
x3 100
c=
x1 X2 X3
yl 1 00
d=
ul
yl 0

Continuous-time model.
Characteristic polynomial:

ans =
s"3+100*s"2-2265873562520787/35184372088832*s-6440
Equivalent transfer function model is:

Transfer function:
4.263e-014 s"2 + 8.527e-014 s - 1600

s"3 + 100 s"2 - 64.4 s - 6440

pole, zero form:

Zero/pole/gain:
4.2633e-014 (s+1.937e008) (s-1.937e008)

(s+100) (s+8.025) (s-8.025) ‘ q i
Budc 6: Nhap chudt vao “Controllability”(tinh dieéu khién duoc). Cira s6 1énh Matlab:
The controllability matrix [B AB A"2B ...] is =
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Bai 1: Khdo sét hé théng tw dong dung MATLAB
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 100.0000 1.0000
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 =

0
0
1

Char =

-1600 0 0

Dbar =
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Bai 1: Khdo sét hé théng tw déng dung MATLAB
B u éc 7: Nh 4p chu 6t v &0 “Observability”(tinh quan sat duoc). Cira s6 1énh Matlab:

The observability matrix (transpose:[C CA CAM2 ...]) is =
Vmat =
1.0000 0 0
0 1.0000 0
64.4000 0 -16.0000
The System is therefore observable, rank of VV matrix is =

rankV =

3

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
-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
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Bai 1: Khdo séat hé théng tw dong dung MATLAB

Dbar =

>>

Tham khao:
[1]. B.C. Kuo, M.F. Golnaraghi, Automatic Control Systems, Wiley, 2003
[2].Appendix K : ACSYS2002: Description of the Software, ctia sach Automatic
Control Systems, tac gia : B. C. Kuo v & M.F. Golnaraghi, 8" ed. ,NXB : Wiley, 2003.
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Bai 2: Thiét ké hé thong tw dong ding MATLAB
Bail 2

THIET KE HE THONG TU PONG
DUNG MATLAB

2.1. Muc tiéu

Trong bai thi nghiém nay sinh vién s€ tim hléu cach thiét k& mot bo hiéu chinh sém
tré pha theo phuong phap dung QDNS theo yéu cau chat luong cho trude. Matlab hd tro
mot cdng cu rat manh dung dé thiét ké hé thong diéu khién tuyén tinh mot dau vao mot dau
ra d6 1a cong cu sisotool. Dwa vao cdng cu nay , sinh vién s& thiét ké dugc bo hiéu chinh
sém tré pha va nhiéu b hiéu chinh khac mot cach dé dang nhe giao dién dé hiéu, d& sir dung
va hd tro nhiéu chiic nang manh c6 trong sisotool.

2.2. Ngi dung
2.2.1.Cong cu Sisotool:

Dé thuc hién cac yéu cau trong bai thi nghiém nay, sinh vién can chuan bi ky va hiéu
1 trinh tu cac thao tac tién hanh thiét ké mot bo diéu khién trong Sisotool.

Sinh vién can tham khdo phan phu luc ctia chuong 6 trong sach Ly thuyét diéu khién
tur dong [1] dé lam quen va hiéu rd trinh tuy cac budc thiét ké mot bo diéu khién trong
Sisotool. Chu ¥, sinh vién phai doc k¥ phan nay dé nim rd tinh tu thiét ké . Néu sinh vién
khong hiéu ky thi s& khong thuc hién dugc cac yéu cau trong bai thi nghiém nay.

bé kich hoat cong cu Sisotool, tur cira s6 Command Window g0 lénh sisotool. Tién
hanh thao tac tir budc 1 dén bude 3 , cira s6 SISO Design Tool xuét hién nhu sau:

Trinh tu thiét ké nhu sau:
Budc 1: Khai bao dbi twong diéu khién
G=tf(20,conv([1 1 0],[1 2]))
Transfer function:
20
SN3+35"2+2s
H=tf(1,1)
Budc 2: Kich hoat SiSotool
Cira s6 SISO Design Tool xuat hién
Budce 3: Nhap ddi tuong diéu khién v ao sisotool.
Trong ctra s6 SISO Design Tool chon [File]> [Import...]. Ctra s6 Import Data xuét hién.

Dit tén hé théng tiy v, nhu 1a thidu64. Ban d au tat ca cac khdi trong hé théng diéu
khién déu c6 ham truy én bang 1, ta thay doi ddi twong diéu khién (plant) 1a G, cam bién
(sensor) la H, bd loc F(prefilter) bang 1, khau hiéu chinh (compensator) C chua thiét ké nén
ciing bang 1. Sau khi thuc hién xong nhap chudt vao nat Ok.

Bugc 4: Khao sat hé thdng trudc khi hiéu chinh.
Budc 5: Thiét ké khau hiéu chinh,
Budc 6: Kiém tra lai dap ung caa hé thong.
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Bai 2: Thiét ké hé théng tw dong dung MATLAB

J SIS0 Design for System thiduf4 E][E|E|

File Edit Wwiew Compensators Analvsis Tools Window Help

[ x o & &= Uiwm I X W

Current Compensz ator
Ii c G
|:[S]= . ‘ﬂ ] =E= Fs

44

Fooot Locus Editor (20 Open-Loop Bode Editor (C)

4 100
3t S
2F ol - — - - - - Fwm ]
11 50 |G 105 dB
Fredq: 1.41 radisec
[ Un=table loop
c = T 100
' -90
At
2t 4
a0 - — - — - — - — - e — - — - — - —
ol
P -28.1 deq
4 . 270 _Freq: 243 radizec T
= -4 2 2 qpF 10" 10° 10! 10°

Feal Axiz Frequency (radizec)

Imparted model data. Right-click on the plats for dezign options.

Hinh 2.1
Ctra s6 gom cac ving:
-\Ving hién thi so do cau tric cua hé thong dang thiét ké. C6 thé thay doi ciu tric bang cach
kich chudt vao nat [+/-] va [FS] ¢ goc trai bén dudi. trong bai thi nghiém nay ta st dung cau
trac nhu hién thi.
G: ddi tuong diéu khién(plant).
H: cam bién hoi tiép(sensor).
F: bo loc(prefilter).
C: bo hiéu chinh can thiét ké.
-Ham truyén caa bo hiéu chinh C(s).
-Ctra s6 hién thi két qua trong qua trinh thao téc.
-Qu¥ dao nghiém sé cua hé thong vong kin sau khi hiéu chinh .
-Biéu d6 Bode bién d6 va pha cua hé théng vong hé sau khi hiéu chinh.

2.2.2. Thiét ké hé thong diéu khién dung phwong phap quy dao nghiém sb b i ng Matlab

1. Thiét ké quy dao nghiém : dung ham sisotool.m hoac rltool.m
Thi du: Cho hé thong hoi tiép am don vi c6 ham truyén vong hé

o
SO s D619

Dung sisotool.m:
>>Num=1,
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Bai 2: Thiét ké hé théng tw dong dung MATLAB
>>Den=[15 4 0];
>> sysc=tf(num,den);
>>sisotool('rlocus’, sysc)
hodc dung rltool.m:
>>Num=1;
>>Den=[1540];
>> sysc=tf(num,den);
>>rltool(sysc)
2. Quy dao nghiém s6 véi toolbox ACSYS:

Cong cu timetool: dat dap tng thoi gian caa hé théng diéu khién va gidi thiéu cong
cu thiét ké quy dao nghiém. Cong cu timetool c6 thé ding dé giai cac bai todn bao gom xay
dung quy dao nghiém s6. Ban c6 thé dung cong cu tftool dé chuyén ham truyén tir dang cuc-
zero sang dang da thuec.

Cong cu timetool (H2.2) va cira s6 nhap ham truyén(H2.3):

T Miskpares Teal € Faikd ooz
mnulsbor Uk Coremenion  HED

Inped Module
Estor Transler Function I

ConleulnbeyDisglmy
Crbculmtn |

Time P posss
Sitnp Reapungn
Impuls

Finmp Ansponen
Prenbiolic Aespons s I

Fook Loows Dosiga Tool
Aot Locus I

Hinh 2.2
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Fie Edt e Drest Took Winde Help Coldsoor  Und Cosreersion e [Transfer Funcnan [ngar

The System Biock Dingms (Chek biocks 1o Enter Tronsfes Function))

Input G_efs} ¥ G(s) ¥ Ouput

His) 4

Erdor Translor Funclion (Mobe: dofaul waluo cormespoads #o Gls]=1)
Fos Bxmmgpie oonter: s"6+ 2 g™ d e g™ s g g he 2 n™ sl s"Fes"2 s pa il

Entir tar Coeficicsts sepasahed by o space: 120110
Transtur Funclinn Cinnticimaty
Hum, Gis) | 1
Din. (ds) | 1320
AFFLY |

Hinh 2.3 : Cita s6 nhdp ham truyén
Xét ham truyén ho caa hé théng diéu khién vong kin don:
GOH(S)=— =
s(s+1)(s+2) s*+3s°+2s
Pé tim quy dao nghiém , kich hoat timetool va nhan vao na t “Enter Transfer Function”.
Nhap gia tri ciia G(s) va H(s). C6 thé gan H(s)=K, nghia la K=1, trong trudng hop nay G9s)
la:

G(s) =

1
s® +3s% +2s
G_c(s)=1, H(s)=1, K=1. Hinh v& trén minh hoa modun nhap ham truyén sau khi nhap gia tri
G(s). Tiép theo nhin nut “APPLY” d tré vé ctra s6 Time Response Analysis, nhan nit
“Calculate” dé tinh ham truyén.
Pé vé& quy dao nghiém , ta nhan “Root Locus”. Hinh vuéng do dinh nghia cuc vong
kin, ta co thé xem bang cach kich hoat Closed-Loop Pole Viewer tir menu View.
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F Time Misparres Teal & Farkd Galnes aghi 8 B Moo 15953, 1955.2002
Oeinultod Uk Coresiron  Hen

Inped Module Inpm = Gc(ﬂ) + G(s} # ﬂ‘u'put

Emter Transier Funchion

CaleulnsmTisplny H(S)

Crdoulaty
Cfﬂ.‘l‘ﬂﬂ-\fﬂﬂﬁ Tranafer Function Numerator Pﬂi}'ﬂmfﬂl"
Timo Hesposss + 5 + 5 5 s
Siup Reapunzs Closed-foop Tranzfer Function Denrominator Folynomial:
=L +15 +35 +235" +s"
Finmp Ansponen
Prenbiolic Aespons s
TF Zeros are: TF Polesz are’
-2 . 3247

Fook Looes Diosige Tool
Aot Locus -0.33764-0.56228i

-0.33764+0.5622E1
Umdies
Halp
Faeut

Clome ‘Windre

’ Hinh 2.4: Tinh todn ham truyén
Nhan vao “Root Locus”, kich hoat SISO design tool cua Matlab.

2 SIS0 Design Tool

File Edit “iew Compensators Analysis Tools  Window  Help
[ x ¢ & & = i T X W9
Current Compenzatar ‘

Clz)= |1

Fooot Locus Editor (0
4 T T T T

Imag Axis

4 1 ] ] 1
5 5 4 3 2

Feal Axiz

Right-click on the plats for more design optiohs.

Hinh 2.5: Quy dao nghiém s6
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-} Closed-Loop Pole Viewer

Clo=ed-Loop Poles

FoX

Pale Yalue

-2.32 1

Damping

Frequency

232

-0.338 £ 0.5621|0.515

0.656

Close

Hinh 2.6: Cuc ciia hé thong vong kin véi K=1.

Cira 6 1énh Matlab thé hién ham truyén :
>> acsys

G=

Transfer function:

SN3+3sM2+2s
Gce=

Transfer function:
1

H=

Transfer function:
1

G*G_c ==>open loop
Transfer function:

SN3+3sM2+2s
G*G_c*H ==>loop
Transfer function:

SN3+3sM2+2s

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

N3+3sM2+2s5+1

system Coefficients are
Closed Loop TF in zero/pole format

Zero/pole/gain:

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

System Zeros are
zeroTF =
Empty matrix: 1-by-0
System Poles are
poleTF =
-2.3247

>>

2.2.3.Thiét ké & mién tan sb

Bai 2: Thiét ké hé théng tw dong dung MATLAB

-0.3376 - 0.5623i -0.3376 + 0.5623i

Vi du : V& biéu d6 Bode, d¢ loi pha t6i han cua hé théng diéu khién.
Cho hé thong hoi tiep &m don vi, c6 ham truyén vong ho

8 8
s(s+1)(s+4) s®+5s? +4s

Gp(s)=

Dung ham sisotool.m dé thiét ké tan sé.

>>num=1;
>>den=[1540];
>> sysc=tf(num,den);

>>sisotool('bode’, sysc)
Thidu:

Cho ham truyén hé : G(s)= !

Lénh Matlab:
>>num=1

num =
1

s(s+1)(s+4)
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Bai 2: Thiét ké hé théng tw déng dung MATLAB
>> den=[15 4 0]
den =
1 5 4 0

>> sysc=tf(num,den)

Transfer function:

SN3+55"2+4s
>> rltool(sysc) % Thiet ke quy dao nghiem

>>
>> sisotool('bode’,sysc) % Thiet ke tan so
>> sisotool(‘rlocus’,sysc) % Thiet ke quy dao nghiem
<) SISO Design Tool g =0l x|
File Edit Wiew Compensatoe Tools  Window Help

[Hxe *es/timEx W

Curent Compensaton
{F 4]} 5]
=)= |1 | _
|_ 4+ F5
Root Locus: Open-Loon Bode Disgram
|:| -
1':' -\_\_‘_‘———\.._\_\_\_VHK_\-¢
-50 '
3
G, 26 dB T

b 00 Free 2 raisec \a:
0 s e Stable loop o o
\ a0 — .
5 : Vs T

i -180 \ |
10 : | 225 P 729 0eg “"‘*&R |
. ) ) : =70 Freg. 0.243radizec T |

=15 =10 -5 i} 5 ”:I_I .1Dﬂ 1u1 .102
Real Axiz

Freguency (radisec)

The Bode Diagram i now visble,

Hinh 2.7: Quy dao nghiém va biéu do 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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<} LTI ¥iewer for SIS0 Design Tool 5 . =10 =l
File Edt ‘Window Help
Step Response Step Response 4 Boce Désgram
1 pr———————— 2 1
b B ]
= = h 2
%r 5 E" b, = A
N = 1
5 i T y £ o
] 0 B ‘: ] ——
0 5 10 0 5 10 2 10" i0?
- r = .
Time (zec) Tima (zec) =3 Fremuency (Fadises)
o
=
§ Bode Disgram Phpguizt Diacram = Nichols Chart
n - = ] i =
= — i] a5
& 100 l ] g~ { g @ -
= 200 ! i —
’!? is — |
= _‘IZI M_R_—— 5 ] 100 I
£ 133 g .o0| i E
g o e 1 03 o & 270 80 40
P .
a e~ Real Axis Open-Loop Phase (deg)
Right-click on the plot areas for more options.

Hinh 2.8
2.2.4.Chuyén tir mé hinh lién tuc theo thoi gian ra réi rac va ng woc lai:
Ham c2d.m
Cu phap :
SYSD = C2D(SYSC,TS,METHOD)
chuyén mo hinh LTI lién tuc thoi gian SYSC ra mé hinh roi rac thoi gian SYSD véi thoi gian
ldy mau TS. Chon lya phuong phép roi rac héa METHOD.
'zoh'  Zero-order hold on the inputs.
‘foh'  Linear interpolation of inputs (triangle appx.)
‘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.
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
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$"2+155.2s+197.2 ‘ o ,
Chuyén sang ham roi rac bang bién doi song tuyén tinh:
» c2d(gs,0.1,'tustin")

Transfer function:
1.697 z"2 - 1.697

z"2-0.1096 z - 0.6772

Sampling time: 0.1
H am d2cm: doi tir roi rac v é lién t uc
Bien doi tir lién tuc sang roi rac va ngwece lai dung Matlab :

Thidu1:Cho hé : G,(s) = ——— Tim Gy(2)
s(s+1)

Ham vd2_14a.m :

numcl=[1];

dencl=[1 1 0];

T=1,
[numz,demz]=c2dm(numcl,dencl,T,'”ZOH’) ;
printsys(humz,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: P6i G(z) sang G(s)
Ham vd2_14.m:

numz=[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 =

0.00078371 s + 1.0017

s"2 +0.99994 s - 0.00015819

1
Gi(5)= s(s+1)
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2.3.Th i nghiém:
Dung cdng cu Sisotool trong Matlab
Nguyén tic thiét ké hé thdng diéu khién dung phuong phap quy dao nghiém sé | a d
wa v a0 ph wong trinh dic tinh caa hé théng sau khi hiéu chinh:
1+G.(s).G(s)=0

@{ |G (8).G(s) =1 ™
ZG,(S)G(s) =-180

Ta can tinh toan cac thdng sé cua bo hiéu chinh Ge(s) sao cho dap (ng ngd ra cua hé
thdng dat dwoc cac chét lugng vé dap (ng qua do va sai s6 xac 1ap nhung phai thoa man diéu
kién bién do va diéu kién pha ¢ (*). Cha vy, trong cong cu sisotool thi ham truyén bo hiéu
chinh C(s) chinh la Ge(s) & (¥).
2.3.1.Thiét ké b hiéu chinh s¢m pha:

Muc dich :

Trong phan nay sinh vién sé& thiét ké bo hiéu chinh sém pha dé hé théng dat duoc
c4c tiéu chuan vé dap ung qua do nhu do vot 16 va thoi gian xac 1ap. Ham truyén sém pha co
dang:

C(s) = Ko 1H9T8 i oo,

1+Ts
T c4c yéu cau vé dap (g qua do ta tim dugc Vi tri cua cap cuc quyét dinh trén QDNS. Sau
d6 ta tinh céc théng sb cua bo hiéu chinh C(s) dé sao cho QDNS cua hé thdng sau khi hiéu
chinh di qua cap cuc quyét dinh nay.
Thi nghiém:
Cho hé¢ thong nhu hinh v& (H2.9):

R(s) + C(s)
—0 " C) " G(s) >
Hinh 2.9
G(S) — L
Cs(s+D(s+2)

a. Dung cong cu sisotool nhap ham truyén hé théng . Dya vao QDNS cua hé théng khao
sat hé thong c6 on dinh hay khong. Giai thich.Vé dap tng qua do cua hé théng voi
dau vao ham niac dé minh hoa hé théng c6 6n dinh hay khong. Luu hinh v& nay dé so
sanh véi dap tng hé théng sau khi hiéu chinh.
b. Thiét ké bo hiéu chinh sém pha dé hé théng c6 dd vot 16 POT nhé hon 20% va thai
gian xac 1ap nho hon 8s. Trinh bay ro qua trinh thiét ké nay.
c. V& dap ung qua d6 cua hé théng sau khi hiéu chinh dé chang minh hé théng dat
duoc c4c yéu cau ¢ cau b. Luu hinh vé nay dé viét bao céo.
Huwéng din :

Nhap ham truyén va khoi dong siso dé import G va H vao sisotool vé&i chd y:
G=tf(20,conv([1 1 0],[1 2])) va H=tf(1,1).

Cira s6 sisotool hién ra nhu sau:
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J SISO Design for System thiduf4 EIE|E|

File Edit %iew Compensators Analysis Tools  Window  Help

[ X 0 ¥ & u|(im I XN

Current Compenzator
li C G
|7E[S]= 1 ‘ M 5

Root Locus Editor (2]

Cpen-Loop Bode Editar (12

4 100
3r o F
2r o--—- — - —_ — - X _______
1t =0 |G 105 dB
Fredq: 1.41 radizec
[ Un=table loop
g = T -100
: -a0
At
a2t 4
AB0 - - — - — - — - — - o — - — - — - —
At
PM:-251 deg
Freo: 2.43 radfzec
4 _o7n LA
-6 -4 -2 o 2 gt 107 10° 10' 10°

Real Lxis Fregquency (radizec)

Imported model data. Right-click on the plots for design options.

Hinh 2.10

Quan sat QDNS ta thdy phuong trinh dic tinh vong kin c6 3 nghiém (dau vudng mau
do):
S1=-3.84, s2=0.419 +j2.24, s3=0.419 -j2.24

Nhan thdy hé thong c6 2 nghiém s2 va s3 nim bén phai mat phang phic nén hé
thong khéng on dinh. Ta ciing c6 thé quan séat trén biéu do Bode va nhan thiy GM=-10.5 dB
<0 va PM=-28.1%<0 nén két luan hé théng khong én dinh. Tuy nhién, & phan thi nghiém nay
ta ding phuong phép quy dao nghiém sb nén s& khodng dua vao biéu do Bode dé danh gia ma
chi dua vao QDNS.

Pé xem dap ung qua do cua hé théng véi dau vao ham nic, vao menu
[Analysis]>[Other Loop Responses]. Cira s6 Response Plot Setup hién ra. Tién hanh cai dat
cac tin hiéu can vé dap ang. O day ta chon nhu hinh bén duéi:
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J [Response Plot Setup -_ : _ . rtoy: veé dap ung
cuia ngd ra y(t)
theo tin hi¢u dau

Loop Transfer: L = CGH . Lz
r c f o [ ¥ vao r(t). bay chinh
Sensitivity: 5 =1/[1+L) la dap ang qua do
Ho e A ~
.T
n

- can ve.
. rtou: veé dap
— Plots — Contents of Plot 1 qu Cua; tin hi¢u
dieu khien u(t).
2 Tore Clozed-Loop: Open-Loop:
2. none v rtoy [FCGS) [ Loop Transfer L
4. none
5 none [ rtow [FCS) [ Compensator C
B. none ™ dutoy (GS) ™ Fiter F
[~ dytay [5] [~ Plant G
Change to: |step - [ ntoy [CGS) [ SensarH
k. | Cancel Help
Hinh 2.11

Vi cira s6 LTI Viewer nay khong hd tro viéc luu hinh V& nén phai chuyén sang ctra s6
Figure bang céch vao menu [File]>[Print to Figure]. Cira s6 Figure hién ra va sau d6 tién
hanh luu hinh V&.
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J LTI Viewer for SISO Design Tool
File Edit ‘Window Help

& &2
Step Response
E T T T T T T
<
=
=
g
- | i i i i i
0 1 2 3 4 a G v
Time [zec)
LTI Wiewer [v RealTime Update
Hinh 2.12

Bay gio thiét ké bo hiéu chinh dé hé théng c6 POT <20% va t,<8s. Ta quay tro lai véi cira
s6 sisotool. Vi trong phan nay ta khéng str dung biéu dd Bode va dé mo rong ving QDNS
nén ta x6a viing biéu do Bode di bang cach vao menu [View] bo diu chon muc [Open —Loop
Bode].

Kich chuot phai vao viing QDNS , menu kiéu pop-up xuét hién:

Lead: bo hiéu chinh sém pha.

Lag: bo hiéu chinh tré pha.

Notch: bo hiéu chinh sém tré pha.

Delete Pole/Zero: x6a cac cuc va zero cua bd hiéu chinh.

Edit Compensator...: thay ddi cac th 6ng sé caa bo hiéu chinh.

Design Constraints: gidi han viing thoa man cac tiéu chuan chét lugng.

Chon [Add Pole/Zero]>[Lead] dé them khau hiéu chinh sém pha vao hé théng. Nhap
chudt vao mat vi tri bat ki trén truc thuc caa QDNS dé xac dinh vi tri cuc va zero cua bo
hiéu chinh, sisotool s& gan tu dong vi tri cua zero nam gan gbc toa dé hon cuc.
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S[=/ed

J SIS0 Design for System thidué4

File Edit WYiew Compensators Analysis Tools  Window Help
[ x ¢ & = e T X W
Current Campenzatar
Clz)= | 0.227 ‘ - H
1 H— Fs
Foot Locus Editar ()
4 T T T T T
3l 4
2k -
1k add PolefZero Real Pole -
% Delete PoleZero Complex Pole
= o Edit Campensatar, .. Inkegrakor 777777t TTTTT
E
I Design Constrainks  k Real Zero -
aarid Complex Zero
2F Zoom » Differentiator -
Lag
-4 I I 1 I Motch I
-G -5 -4 -3 -2 T Ty 1 2
Real &xis
The open-loop Bode plot iz now hidden.
Hinh 2.13

Kich chuot phai vao viing QDNS , ta chon [Design Constraints]>New dé cai do vot 15

EoX

va thoi gian x4c 1ap nhu sau:

=} New Constraint

Constraint Type: |Settling Time W |
Constraint Parameters
Settling Time = |8| | IRC

I

l

[ cance

Helg

I l

Hinh 2.14 a

=} New Constraint

=)oX

Constraint Type: |F‘er|:er|t Cwershoot

Constraint Parameters

Percent Overshoot = |2|:|

Ok

[

] I Cancel

I

Helgp ]

) Hinh 2.14b 7
Sauk khi tien hanh cai dat xong, QDNS luc nay s¢€ thay doi nhu sau:
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J SISO Design for System thidu64 M=1E3

File Edit Wiew Compensators Analysis Tools Window  Help

h X ¢ + 2 imIX W

Current Compenzator
[1+0.4dz) ‘
Cizl= |1 o e .
|7[S] 03 s

Foot Locus Editor (2

& T T I d T

Imag Lxis

s

s

) I I I
-10 - -4 -2 1] 2 4

Feal Axis

o
1
o

I Loop gain changed to 1

Hinh 2.15
Bay gio ta s& di chuyén cac cuc va zero cua bd hiéu chinh C(s) trén truc thyuc sao cho
nhanh QDNS(A) kéo vao viing thoa man thiét ké. C6 2 phuong phép tim cuc va zero caa bd
hi¢u chinh 1a phuong phap duong phan giac va phuong phap khur cuc(sinh vién xem lai sach
ly thuyét ¢é hiéu 2 phuong phap nay). O day ta chon phuong phap khir cuc vi dé thao tac va
truc quan trén cira sO QDNS.
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J SIS0 Design for System thidub4

File Edit Wiew Compensators Analysis Tools Window  Help

[ X 06 £ £ 5 i I N

Current Compenzatar

[ +3] ‘
Cisle [0107 | g et _
5 S " e

Foot Locus Editor (20

L - - . -
B_'_.-' L - Tt wae” _
E - - PR
- - - PR .
. o ¥ tar -
-
- O ST
- - - _
B Fpa2 < i el . .
i e “ LS s
. - - - - -
-
¢ S - tel LT
4 » ’ Sl _ _.‘_
" ’ 3‘7‘--.\\__ - --
s - LR -
- FLRE - ! : T
v ———i_ N - -l
24 » iy v v -

Imag Axis
—_
"

- Al 1
-2flla__.g.a---"'l\:"__J---J'-\.:----’ I“‘_‘ ---”-__-.A: -i —
\ ~ NN - ;
=1 . " ___--'-"'A:\_ emwl ) i 7]
-.\ _,--""--\\ et '\_\_‘_ - # :
_E‘EI'.‘EQE.L . ,-""— . el .- _
\*\ _--'_M"\ ::::’ . :
o T e T e :
-84 so7z-- Teange’ 04 04k |
i - | FE | LAC 1 Ll T ! | =
-14 -12 -10 -G -G -4 -2 ] 2 4

Feal Axis

Loop gain changed to 0,707

Hinh 2.16
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J LTI Viewer for SISO Design Tool M=E3
File Edit ‘Window Help

O & &2

Step Response
14 ! ! : ! ! ! !

Amplitude

o | | | | | | |

0 1 2 3 4 5 G 7 g
Time [zec)

LTI Vigwer v RealTime Update

Hinh 2.17
2.3.2.Thiét ké b 6 hié u chinh tré pha:
Thi dy: Thiét ké khau hiéu chinh tr& pha ding phuong phap biéu do Bode
Hay thiét ké khau hiéu chinh tr& pha sao cho hé théng sau khi hiéu chinh c6 :
K. =5¢M" >40,GM" >10dB.

R(s) + C(s)
— Q0 Gc(s) > 1 )
s(s+1)(0.55+1)
Hinh 2.18
Giai: ‘ o
Ham truyén khau hiéu chinh tré pha can thiét ké la :
l+afTs

G.(s)=K N(a <l

c(8)=K¢ 1o Ts (o <1)

Budc 1: Xac dinh Kc.

Hé s van tdc cua hé sau khi hiéu chinh Ia:

1+ oTs 1 B
1+Ts s(s+1)(0.5s+1)

K, = limsG; (s)G(s) = limsK c
= K. =K, =K, =5.
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Buac 2:
Ham truyén hé G(s):
>> G1=tf(L,conv([L 1 0],[0.5 1]))

Transfer function:

1
05s"3+15s"2+s
bat G, (s) = K.G(s) =5. 1
s(s+1)(0,55 +1)
O E—
s(s+1)(0,55+1)

Budc 3: Xac dinh tan sb cit mai
Céch 1: Tim @ bang phuong phap giai tich. Ta co:
¢, (@:)=-180° + DM~ + 6
= —-90° —arctan(w . ) —arctan(0,5@ . ) = —180° +40° +5°
= arctan(w . ) +arctan(0,5@ . ) = 45°
(@) +(05@.)
1-05(@.)?
= 0,5(@. )’ +15(w.)-1=0
= . = 0,56(rad /sec)
Céach 2: dya vao biéu dd Bode
Tacéh:
¢, (@.)=-180° + dDM ™ +0
= ¢ (7.) =-180° +40° +5
= ¢ (7;) =-135°
V& duong thing c6 hoanh do -135° Hoanh d6 giao diém cua dwong thing ndy véi biéu dd
Bode vé pha ¢, (@) chinh lagia tri tan sé cat moi. Theo hinh vé taco @, = 0,5(rad /sec).

=tan(45°) =1

Budc 4: .
Céch 1: Tinh a tir diéu kién:
gy 1
‘Gl(JwC )‘ =—
o
5 | 1
= S
s(s+1)(05s+1)|_,. @
5 |1
== . ==
j0,56(j0,56 +1)(0,5xj0,56 +1)| «
5 1
— = —
0,56(/0,56° +1)(;/0,282 +1) @
> 1 o133,

~ 0,56x1.146x1,038 &
Céch 2: Tinh a tir diéu kién: L (@) =20l
Dua vao biéu db Bode ta thiy : L, (=) =18dB
Suy ra: 1ga=-0,9
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a=10"7?
o= 0,126
Ta thiy gia tri a sai khac khong dang ké ¢ hai cach. O céac budc thiét ké tiép theo ta chon

0=0,133. 3
Budc 5: Chon zero cua khau tré pha

1 <<@. =056
al
1
Chon 57~ %0°
=al =20
Budc 6: Tinh thoi hang T
1 = ozi =0,133x0,05 = 0,067
T al
=T =150
(20s +1)

Vay: G.(s)=5

(150s +1)

Budc 7: Kiém tra lai diéu kién bién do
Dua vao biéu db Bode ta thiy do du trit bién sau khi hiéu chinh la : GM"=10 dB.
Két luan: Khau hiéu chinh vira thiét ké dat yéu cau vé do du trix bién.

Két qua:

Dung Sisotool vé& biéu d5 Bode

45150 Design for System thidu?

File Edit iew Compensators Analysis Tools  SWindow  Help
[ x o|& & = Iim I X K
Current Compengatar
c G
Cls)= | 071 ‘
+ F
Root Locus Editor (C) Open-Loop Bode Editor (C)
/g8 ——5 — | =0 T r r
| |
5L T
| |
2t 1 =of
| |
1+ 1 o0 [3M: 125 dB
| | Freg: 1.41 rad/zec
B . Stable loop
Ol e g s
-90
q L d
| |
ok _
| | a0 b - — - — - — - o5 L
3k J
P 432 deq
| | Freo: 0.5587 radizec
B — g —m -0k
-6 -4 -2 2 qp° 107 10" 10' 10°
Real Axis Freguency (radizec)
The open-loop Bode plot iz now wisible.
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Hinh 2.19

J SISO Design for System thidu2 Mi=1E3

File Edit “iew Compensators Analysis Tools  SWindow  Help

[ X 0 £ % i I X W2

Current Compengator
1+ 20 CH—G
|7|:[S] = |5 W mmmmeenn [. ..:. ..... ? .] ....... ‘ ' IEI
FS

1 +1.5e+0022] ﬂ

Foot Locus Editor (2
4 T T T I ] T

Imag Axis

4 1 1 1

Real Axis

Dezign constraint: damping » 0,456 [overshoot < 20 ).
Left-click and drag to change damping/overshoat walue,

Hinh 2.20
2.3.3.Thiét ké bo diéu khién sém tré pha:
Muc dich: . o ; i )
Trong phe}n nay sinh vién sé thiét’ké b6 hiéu chinh sém tre pha dé hé Ehéng dat duoc
cac tiéu chuan vé dap ing qué do va chat lugng xac lap. Ham truyén som tre pha cé dang:

1+als 1+ fT,s
C(s)=K K Z(a>1 <1
©)=Ka T 15 Ko i7g @>1A<D
Thi nghi¢m:
Cho h¢ thong nhu hinh vé:

R(S) C(s)
—P0O " Gc(s) G(s)

v

s(s+0.5)
a. Thiétké bo hiéu chinh som tré pha dé hé thong c6 £=0.5, on=5 (rad/sec) va hé s6 van
toc Kv=80. Trinh bay r6 qué trinh thiét ke.
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b. V& dap ung qua do cua hé thong sau khi hiéu chinh vai dau vao ham déc dé chung
minh hé théng dat duoc cac yéu cau ¢ cau a. Luu hinh vé& nay dé bao céo.
Huéng din:

Trudc tién ta thiét ké bo higu chinh sém pha C,(s) = K, 1rals 4 hé thong co
1
i , AU A A LA , x 1+ fBT,s
&=0.5,0n=5 cho doi tuong G(s). Sau do , thiet ké bg hi¢u chinh tre pha C,(s) = K, TiTs
+ 2

cho ddi tuong méi G1(s)=G(s).C1(s). Chii y, sau khi thiét ké xong bo hiéu chinh sém pha ta
phai khai dong lai sisotool va nhap lai ham truyen G va H vai ham truyén G lac nay chinh la
G1(s) va H=1.
Voi £20.5,0n=5 >'s,, =25+ j4.33

~ Do d6, khi thiét k& bo higu chinh sém pha C1(s), dé h¢ thong c6 £=0.5,0n=5 ta s& di
chuyén zero caa C1(s) téi vi tri -0.5(vi tri cuc cua G(s) dé khir cuc nay) va di chuyén cuc cua
C1(s)(phai cach xa gbc toa dd hon zero) sao cho QDNS di qua hai nghiém S;Z . Sau d6 dung
chuét di chuyén nghiém s2(dau vudng mau do) lai vi tri s, , nay.

Két qua: Ham truyén khau sém pha
C1(5)=0.251x(1+25)/(1+0.25)

2.3.4. Thi ét ké bd diéu khién PID bing ACSYS

Thi du 1: Thiét ké PD

Xét hé cd ham truyén sau:

G(s) = 4500

s(s+361.2)

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

-Sai sb x4c 1ap véi ngd vao ham unit-ramp <0.000443.

-Vot 16 cuc dai < 5%.

-Thaoi gian 1én : tr< 0.005 sec.

-Thoi gian thiét 1ap ts<0.005 sec.

Dung ACSYS

Pé xem xét chat luong cua hé ta bat dau dung bo diéu khién ti 16. Khai dong ACSYS, kich
chon Controller Design tool bang cach gb controls ¢ dong lénh Matlab hay nhap vao nut
trong ACSYS.
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Bai 2: Thiét ké hé théng tw dong dung MATLAB

J|Automatic Control SYStems (ACSYS) © 2001 & 2002 Farid Golnaraghi and Benjamin Kuo |Z||§||z|

Transfer Function Symbolic Transfer Function Calculator

Transfer Function Tool (Chapter 2)

State-Space Tool (Chapterb)

Routh-Hurwitz  (Chapter &)

Time response Tool (Chapters 7. 8)

Frequency Response Tool (Chapter 9)

Controller Design Tool (Chapter 10)

Sim Lab (Chapter 11)

Yirual Lab (Chapter 11)

Close and Exit

Hinh 2.21: ACSYS

Canipoh Tosl & Farid Goloarephi & 8, Ko 1993, 153

Coinulaing  Undk Corwesshon  Help
Inpe Module

[Emtor Transtor Funclion ]

CalculateTisplay

Cadoilain ]

T Fesposss
Slep Raspanae

Isgulen
Othes Inpuls

Franuensy Fuspanss
Closed Lonp Mag Fhasa
Mg -Phase (D6

Pl awd Gain Mangin
Dpaen Loop Mygeist
Contraller Desigs Tool

Aol Locusa
Fodu.

Gl Wit |

Hinh 2.22: Cira s6 chinh thiét ké bg diéu khién.
Chon “Enter Transfer Function” va nhap vao ham truyén G(s):
Num G(s): 4500
DenG(s):1 361.2 0
Ké tiép nhap G_c(s) =1 v a H(s)=1.
Nhap ndt “APPLY” tr¢ vé cira s6 chinh va nhan “Calculate” dé danh gia ham truyén vong
kin. Chli y rang ban luon tham khéo cira s Iénh Matlab dé xem thé hién chinh xac ham
truyen.
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Bai 2: Thiét ké hé théng tw dong dung MATLAB

R(s)

—

A 4

Gc(s)

Y(s)

»

G(s)

Hinh 2.23: hé thong diéu khién hoi tiép am don vi.

Estar Transiar Function |

CalculaheDisplay
Cabeulate |

Timp Asspoose
Step Rasponse
esgrulin
‘Othir lapuls

Frogquesoy Fosponso
Clocksnd Lestip Mivg -FPhosas
Mng -Phoze (08}

Pl s G e
Dpen Loop Hynuist

Connodior Dosigs Tool

Aol Lacus
Hoda

Hinh 2.24 : Cita s6 chinh bé diéu khién minh hoa ham truyén vong kin.

Cira sb lénh Matlab:
>> acsys

G=

Transfer function:
4500

"2 +361.2s
Gce=

Transfer function:
1

H

Transfer function:
1

G*G_c ==>open loop
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Transfer function:
4500

s"2+361.2s
G*G_c*H ==>loop

Transfer function:
4500

"2 +361.2s
G*G_c/(1+G*G_c*H) ==> closed loop

Transfer function:
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

Bai 2: Thiét ké hé théng tw dong dung MATLAB

Dé xem chit luong cua bd diéu khién ti 1€, ta can tim quy dao n ghiém hé thong. Nhan
vao nut “Root Locus” trong cua s6 chinh diéu khién. Bieu nay kich hoat cong cu thiét ké

SISO cua Matlab.
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Bai 2: Thiét ké hé théng tw dong dung MATLAB

J SISO Design Tool

B(=1E

File Edit Wiew Compensators Analysis Tools  SWindow  Help
= =} +
[; X 0 & & = Liwme I X W? ,
Current Compenzator
C8 C— |
+| Hk— Fs
Foot Locus Editor (C7
E 1 1 1 1 1 1 1
4 _
2L 4
o]
&
o 0p------- —iik s
E
2 -
4L _
_E | | | | | | |
=400 -3a0 -300 -2a0 -200 -150 -100 -a0 ]
Feal Axis
Right-click on the plots for more design options.

Hinh 2.25: Quy dao nghiém S0 .
Hinh vudng mau do trong hinh thé hién cuc cia hé vong kin vai K=1.

Vao menu View, chon System Data
.} System Data

FoX

System Hame: | Widufl 01
Plant Model: untitledG
Zeros: Poles:
<Moner 1]

361

Show Transfer Funchon

Sensor Model: untitledd
E Feros: Poles:
<Monex <Mones

E Show Transfer Function |

'; [ o

Hinh 2.26. cuc va zero cia G va H. ’
Chon Step Response : xem dap tng thoi gian hé kin véi ngd vao ham nac don vi.
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Bai 2: Thiét ké hé théng tw dong dung MATLAB

J Figure No. 4: Step Response |Z||E|r$__<|
File Edit View Insert Tools Window Help

FEHE XA~ 2R

Closed-loop Step Response

Amplitude

i} | | | | | | | |
0 005 01 015 nz 023 03 035 0.4 0.43

Time (sec)

Hinh 2.27: Dap vng unit-step cua hé kin voi K=1.

-} Closed-Loop Pole Viewer |’L||E|[5__<|
Clo=ed-Loop Poles
Pale Walue Damping Freguency o
124 1 1248
-345 1 348
w

Hinh 2.28: cuc va zero cua hé voi K=1.

Tich hep tiéu chuan thiét ké: Khi bat dau thiét ké bo diéu khién, ta xay dung tiy chon tiéu
chuan thiét ké c6 san bén trong cong cu SISO Design dé thiét 1ap vung cuc mong muén trén
quy dao nghiém. Dé thém rang buoc thiét ké, sir dung menu Edit va chon Root Locus, muc
New va sau do chon tuy chon Design Constrains nhu hinh sau:
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Bai 2: Thiét ké hé théng tw dong dung MATLAB

J SISO Design Tool =13
File B[ Wiew Compensators Analysis  Tools  Window  Help
3 oL K2
vook Locus C
Rook Locus Add Pole/Zero
C | Fref Delete Pole/Zero o H
5[5 Tool Preferences. ., y FS
Design Constrainks
Garid Edit...
E T T Zl:":lm b. T T T
Properties...
4L _
2 - -
o
i
=) 0p------- w—ik s
E
oL .
4L _
_E 1 | | | | | |
-400 -3a0 -300 =250 -200 -150 -100 =50 0
Feal Axis
Right-click on the plats for more design options.

Hinh 2.29a

=} Mew Constraint Z”EIE|

Constraint Type: |Seﬂling Titme: W |

Constraint Parameters
Settling Time = ||:|_|:||:|5| | SeC

(o [ cmes |[ ree |

=} Mew Constraint E|EIE|

Constraint Type: |F'er|:er|t Owerzhoot w |

Constraint Parameters

Percent Crvershoot = |4.33 |

[ ok |[ coment |[ vew |

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

Tay chon rang budc gom:

. Settling time(thoi gian thiét 1ap).

.Percent Overshoot (phan tram vot 15).

.Damping ratio(ti s6 suy giam).
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Bai 2: Thiét ké hé théng ty dong dung MATLAB

. Natural frequency (tan sb tu nhién).

, Trong vi du nay, ta dwa vao rang budc thiét ké 1a thoi gian thiét 1ap va phan tram vot
10.
Hinh sau minh hoa vi tri cuc cta hé kin trén quy dao nghiém sau khi dwa vao rang bugc
thiét ké. R6 rang la cyc cua hé khi K=1 khéng nam trong viing mong mudn. Khéng thé ding
bo diéu khién ti 1& dé di chuyén cuc caa hé kin xa hon vé mit phang trai . Do d6 ta dung b
diéu khién PD dé dat duoc diéu nay, bo diéu khién PD c6 zero tai z=-1/0.001772. Thanh phan
ti 16 Kp=1, sai s6 xac lap voi ngd vao unit-ramp 1a ess=0.000443 véi Kd=0.001772.

J SISO Design Tool FEX

File Edit “iew Compensators Analysis Tools  Window  Help

[ x o £ 25 T I X N |

Current Compenzataor
Hﬁ ! | i
F5

Rioot Locus Editor ()
E 1 1 1 1 1 1 1

Imag Axis

2 I

Al

_E | | | | | | |
-400 -350 -300 -250 -200 -150 -100 -50 1]
Feal Axis

Right-click on the plats for more design options.

Hinh 2.30: Quy dao nghiém sau khi tich hop rang budc thiét ké la phan tram vot 16 va thoi
gian thiet lap.

J | Edit Compensator C E“E|E|
Gain: |1 Format: |2-3r-::.-"P'|:|IE Location j
Zeros Poles
Delete Fieal [maginary Delete Feal [maginary
Add Real Zero | Add Comples Zero | Add Real Pole | Add Complex Pole |
] | Cancel Help | Apply |
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Bai 2: Thiét ké hé théng tw dong dung MATLAB

| Edit Compensator C

G ain: |1 Format: | Zero/Pale Location ﬂ
Zeros Polesz
Delete Real Imaginary Delete Real Imaginary
[ 10001772
Add Real Zern | Add Comples Zero | Add Real Pole | Add Complex Pole |
k. | Cancel Help | Apply |

Hinh 2.31 : Su thém vao zero ctia bé diéeu khién C(s) dé tao ra b diéu khién PD
Quy dao nghiém mgai xuat hién nhu hinh sau:

J SIS0 Design Tool

File Edit Wiew Compensators Analysis Tools  Window  Help
[ X o & &= i I X N

Current Competizator ‘

e [T {000

Foot Locus Editor (2
4|:":| T T T T T T T T

300 - -

200 - -

100 -

Imag &xis

] 3 R e = -
j -100 :
-200 - .

=300 -

_4|:||:| | 1 - | | | | | |
-1000 -300 -a00 -ran -G00 -500 -400 -300 -200 -100 ]
Feal Axis

The compenszatar C has been updated.

Hinh 2.32: Quy dao nghiém sau khi tich hop zero trong bé diéu khién PD ¢ -1/0.001772.

Cac bai thue tap:
1. Thiét ké mau: o N ’
Muc dich: sinh vién hay thiét ke bo bu som tré pha hé thong sau:

G(s)=— 2 i A=20
s(s+D(s+2)

Sao cho : Ky=10, d 6 d w tr it bi én=12 dB, d¢ du trit pha la 50°.
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Bai 2: Thiét ké hé théng tw dong dung MATLAB

Thinghi ém : ’
2. Thiet ké higu chinh som  tré pha h¢ thong 2:
CO ham truyen sau :
G(s) = 80
5(0.02s +1)(0.05s +1)
Sao cho : Ky=80, d¢ duy trit bién=10 dB, do dur trix pha la 50°.
Thi nghiém :

3. Xem xét mo hinh bac 2 cua hé thong diéu khién hanh vi may bay. Ham truyén cua doi
tuong la:
G, (s) = 4500K
s(s+361,2)
Thiét ké bo diéu khién PD véi ham truyén G¢(s)=Kp +Kp.s & cac tiéu chuan chit lugng sau
théa man:
- Sai s6 xac l1ap vai ngd vao unit-ramp<0,001.
-Vot 16 cuc dai <5 %.
-Thaoi gian 1én tr<0,005 sec.
-Thoi gian thiét lap ts<0,005 sec.
2.4. Kiém tra danh gia
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Bai 3: Khao sét va mé phdng hé théng tw déng dung SIMULINK
Bai 3

~ KHAO SAT VA MO PHONG
HE THONG TU PONG DUNG SIMULINK

3.1. M uc tiéu

Simulink 13 mot cong cu rat manh ciia Matlab dé xay dung cadc mé hinh maot cach
tryc quan va dé hiéu. D& md ta hay xay dung hé thong ta chi can lién két cac khéi c6 sin
trong thu vién cua simulink lai v&i nhau. Sau do tién hanh mé phong  hé théng dé xem xét
anh huong cua bo diéu khién dén dap ung quéa o cua hé thong va danh gia chét luong hé
théng. Sau d6 sinh vién thuc hiém mé phong , khao sat hé thong diéu khién nhiét do va hé
théng diéu khién toc do va vi tri dong co mét chiéu.
3.2. Ngi dung

3.2.1. GIOI THIEU VE Simulink

Khéi dong Simulink:
-Kheoi dong Matlab.
-G8 Iénh simulink tir diu nhéc 1énh.
Ctra s0 dau tién duoc trinh bay boi Simulink.

(34 simulink Library Browser

File Edit Wiew Help

0 & A find |

Continuous: simulink/Continuous

|- gl Simulink -~
2 Conkinuous
y Discontinuities l’\n
2| Discrete \
#+ Look-Up Tables
23] Math Operations r'\. Discrete
y=fiju}

Dizcontinuities

#+| Model Yerification

23] Model-wide Ltilities

2+ Ports & Subsystems

23] signal Attributes - -

2+ Signal Routing - %

] Sinks ®

%] sources @ Model Verfication

| User-Defined Functions
e §| Aerospace Blocksek Misc Modelwide Utilites
+- Nl CDMA Reference Blackset
+- N Communications Blocksst &é Ports & Subsystems

B Control System Toolbox

Look-Up Tables

M ath Operations

B DSP Blockset

E 2
B Dials & Gauges Blocksst T

Signal Attributes

+
+

+- N Embedded Target For Motorola MPCS
+ N Embedded Target for T1C6000 DSP
+
+

Signal Routing
) )
B Fixed-Point Blockset b )
B Fuzzy Logic Toolbox 8| Sinks
AEN
B MPC Blacks +
+- N MCD Blockset -:-;{- Sources
+- N Meural Mebwark Blockset L
B Real-Time Wwindows Targst 3 UserDefined Functions
o1 Bl Dozl Tirma Werlchan
£ »
Ready

T T T T T ST T Y
Hinh 3.1: Ctra so6 Simulink.
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Bai 3: Khao sét va mé phdng hé théng tw déng dung SIMULINK

1 simulink Library Browser,
File Edit Wew Help

O) & & Find |

PID Controller: Enter expresszions for proportional, integral, and derivative terms.
P+l iz+Ds

+- W Communications Elockset -~

FID
B Contral System Toolbos P Bl

D5SP Blockset
+- gl ockse FID Contraller [with

i FIC . L
¥ EJ Dials & Gauges Blockset Approvimate D erivative)
+- W Embedded Target For Motorola MPCS

+- W@ Embedded Target for TI C6000 DSP
+- W Fixed-Paint Blockset

¥ = foc+ Bu | State-Space [with initial
w= Cx+ Du| outputs]

+-- W Fuzzy Logic Toolbox e Tranzfer For [with initial
B MPC Blocks s+1 | outputs]
+/- | MCD Blockset aE Trangfer Fon [with initial
+- W] Meural Metwork Blockset +1 shates)
B Real-Time Windows Target (1)

Zero-Fale [with initial
=10 [ outputs)

(=11
=+ 1)

+- W Real-Time workshop
EJ Report Generator
+- W s-Function dernos
+-- Wl SirmMechanics
+ EJ SimPower 3ystems
= W Sirmulink Extras
| additional Discrete
o8 o dditional Linear
2| aAdditional Sinks
g Flip Flops
1 Lineatization
2 TransFormations
B Stateflow
+-- W System ID Blocks
+- W Virtual Reality Toolbos
+- W =PC Target

Zero-Pole [with initial statesz]

b

< »
Hinh 3.2: Simulink Extras

Khéi chirc nang ) .
Khoi thu vién Continuous gom ¢6 vi phan, tich phan, ham truyén, va khong gian trang thai,...
Thi du : khoi Transfer Fcn (h am truy én)

—> F(U) —>

Fcn
Tao méi va soan thio luu dd tin hi¢u:
-Sao chép, di chuyén, danh dau, xo4, hé thong con, noi hai khoi, di chuyén duong noi,..
Simulink c6 cac thu vién khoi chuan, dugc td chure thanh cac khoi con theo chic nang.
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Bai 3: Khado sat va mé phdng hé théng tw dong dung SIMULINK
Céc khdi théng dung la :
. Sources.
.Sinks.
Discrete.
Continuous.
.Math Operations.
Tin hiéu va cac loai dir li¢u:

Ddi v6i Simulink, khai niém tin hiéu chi nham vao dix liéu xuét hién & diu ra cua cac
khéi chic nang trong qué trinh mé phong. Ta tam hinh dung rang cac tin hiéu (céc dix
lieu) d6 chay doc theo dudng néi tir dau ra cua khdi chac nang nay téi dau vao cua céc
khéi chirc nang khac ma khong ton thoi gian.

MJi tin hiéu thudc so dd cau tric Simulink déu duoc gan mot loai sb liéu nhat dinh,
va do d6 quyét dinh dén dung lugng bo nhé danh cho mét tin hiéu. Simulink hd tro tat ca
cac loai sb liéu caa Matlab: double, single, int8, uint8, int16, uintl6, int32, uint32, v a
Boolean.

Thuw vién sources va Sinks:

-Sources nhu 1a Constant, Step va Ramp, Signal Generator va Pulse Generator,..

-Sinks: Scope, XY Graph, ToWorkspace,..

Thuw vién Math:

-Sum, Product va Dot Product, Math Function, Gain,..

3.2.1. C4c bwérc tién hanh mé phéng:

Tir ctra s6 thu vién khéi, ta tao moi  bang File, New hay mo file c6 sin File, Open.
Untitled duoc tao ra dau tién va co thé dat tén lai bang chon Save As tir menu File.

[ simulink Library Browser
FIEN Edit View Help

Mew
Open... Chrl+O
Close

Model ¢

Library

Preferences...

=1 gl simulink -~
| Discontinuities An
%] Discrete \ Discontinuities
2+ Look-Up Tables
| Math Operations f“\- Discrete
2] Maodel verification
21 Model-wide Utilities yefuh|  Look-Up Tables
2+ Ports & Subsystems
y Signal Attributes -+ - .
m Signal Routing L% Math Operations
2 Sirks ® o
%] Sources @ Model Verification
2 User-Defined Functions
+- T Aerospace Blockset Misc Model-wide Utilities
+ [ CDMA Reference Blockset
+- N Communications Blacksst 'n'" £ Parts & Subsystems
B Control System Toolbox %c
21 Bl DSP Blockset P? Signal Attributes
+- N Dials & Gauges Blocksst T
+- N Embedded Target for Motorola MPCS . .
+- N Embedded Target for TI Co000 DSP E Signal Routing
+- N Fixed-Paint Blockset o ]
+- N Fuzzy Logic Toolbox b ‘:\' Sinks
B MPC Blocks =
+- N NCD Blockset -EII\E- Sources
+/- N Meural Network Blocksst
W Real-Time Windows Target 2 User-Defined Functions
<. B Daal-Tima Wiarlchon 5

Create a new Simulink madel

Hinh 3.3
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Bai 3: Khdo sét va mé phéng hé théng tw dong dung SIMULINK

=1 untitled |Z| |§| E|
File Edit Wiew Simulation Format Tools Help
=S = = Marmal - i h o
Ready 100% odeds
Hinh 3.4

D¢ tao md hinh, ta bam va tha (drag and drop) céc khéi tir thu vién khoi chuan vao md
hinh. Trong md hinh don gian vira tao ra ¢ trén, ta s€ dinh vi va sao chép khoi Sine
Wave(song sin) (tir Sources Jva Scope (Xem dang song) tir Sinks.

Oz &

File Edit View Simulation Format Tools  Help

B[(=][ES

&3 3 Marmal - & =1 e

[

]

Sine Wave

EEX

File Edit Wiew Simulation Format  Tools  Help

D =Ea L » Mormal ~| | e B E S
Read l'n\ . l:l
U Ll
Sine Wave Scope
Ready 100% odedS
Hinh 3.5 va 3.6
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Bai 3: Khao sét va mé phdng hé théng tw déng dung SIMULINK
Sine Wave | a output port, v a Scope la Input port.
Chuan bj m6 phong: khai bao tham sé va phuong phap tich phan.
Chon thong sd : chon Simulation Parameters tir menu Simulation.

2 Simulation Parameters: test

Salver Wu:urkspau:el.-"[l| Diagnu:ustiu:s| .ﬁ.dvanced| Heal-TimeWDrksth|

Simulation tirme

Start time: | 0.0 Stop time: | 1000.0

Salver optiohs
Type: |"v"aria|:||e-step ﬂ ||:u:|345 [Darmand-Prince] j

Max step size: | auto Relative tolerance: | 1e-3
Min step size: auto Absolute tolerance: | auto
Imitial step size: | auto

Cutput options

A efire outpt ﬂ Refine factar: | 1

Help |

QE. | Cancel

Hinh 3.7.
Thoi gian md phong bét dau tir 0 v & két thdic 1a 1000. Nhan vao niit Ok khi 1am xong.
Nhap dup chudt vao khoi Sine Wave dé hiéu chinh thong so, chon tan so 1a 0.05 rad/sec.
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Bai 3: Khdo sét va mé phéng hé théng tw déng dung SIMULINK

Block Parameters: Sine Wave ]

Sine Wave

Output a sine wave where the zine type determines the computational
technique uzed. The parameters in the bwo twpes are related through:

Samplez per period = 2%pi ¢ [Freguency ® Sample time]
Murber of offzet zamples = Phaze ® Samples per peniod / [27pi]

|lze the zample-bazed sine type if numerical problems due to running for
large times [e.q. averflaw in abzolute time] ocour.

Parameters
Sine type: | Tirne based ﬂ

Amplitude;
1

Biaz:
[

Frequency [rad/sec):
|0.05

Phase [rad]:

[

Sample time;
[

[v Interpret vector parameters az 1-0

k. | Cancel Help Apply

Hinh 3.8

Pé bat dau mo phong, chon Simulation, start.

S=1ES

File Edit Wiew Format  Tools  Help
0 n é ChrH-T J— - @ H @
Simulation parareters...  Ctrl+E
Mechanical environment. ..
w Mormal
Accelerator
External
ﬁU ol
Sine Wave Scope
Skart the simulation 100%: ode45

Hinh 3.9.
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Bai 3: Khao sét va mé phdng hé théng tw déng dung SIMULINK
Két qua md phong : nhap chuot vao khdi Scope

SB LRPLL ARBE

200 400 GO0 200 1000

Time offzet; 0

Hinh 3.10

Dé két thic Simulink chon Close tir menu File va tro vé dau nhic 1énh Matlab dé tiép
tuc véi Matlab. Dé két thic phién SImulink ma khong roi Matlab |, ta chi can dong tat ca
ctra s6 Simulink. Dé thoat ca Matlab va Simulink, chon Exit Matlab.

Trong phan tich va thiét ké hé théng diéu khién hdi tiép, Simulink cung cap tap céc
khbi md hinh ham truyén va khong gian trang thai. Hinh vé& sau minh hoa cac thu vién
khdi Simulink ciia cac mé hinh lién quan dén diéu khién nhu la Continuous va Simulink
Extras. Thi du bo diéu khién PID nam trong Simulink Extras.

3.3. Cac bai thue tap:

3.3.1. Khio sat hé thong 6n dinh nhiét dd

3.3.1.1. Khao sat hé hé, nhian dang hé thong theo méd hinh Ziegler-Nichols:

Muc dich: khao sat khau quan tinh bac hai, dung dé so sanh véi mé hinh Ziegler-Nichols
(xem bai 4).

Thi nghiém: Dung Simulink xay dung md hinh hé théng 16 nhiét vong hé nhu sau:
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Bai 3: Khdo sét va mé phéng hé théng tw dong dung SIMULINK

O =E&E % B =2 2 |N|:|rmal ﬂgﬁ 1~ Wi= B

1 300 Tt
= =
30s+1 1205+ |

Step Transfer Fon Transfer Fend Srope

Ready 100%: oded5

Hinh 3.11. M6 hinh khao sat vong ho.

Step: la tin hi¢u ham nac thé hi¢ phan tram cong Cuat cung cap cho 10 nhiét.

Gia tri cia ham nac tir 0> 1 twong tng cong suat cung cap 0%-->100%.

Transfer Fen-Transfer Fenl: md hinh 10 nhiét tuyén tinh hoa.

a. Chinh gi4 tri cia ham nic bang 1 dé cong suat cung cip cho 10 1a 1009%(Step time=0,
Initial time=0, Final time=1). Chinh thoi gian m& phong Stop time=600 s. M0 phong
va vé qua trinh qua do cua hé thong trén.

b. Trén hinh vé & cu trén, vé tiép tuyén tai diém udn deé tinh thong s6 L va T theo nhu
huéng dan trong bai thi nghiém 4. Chi r cac gia tri nay trén hinh v&. So sanh gia tri
L, T vira tim dwoc véi gia tri caa md hinh 10 nhiét tuyén tinh hoa.

Hudéng dan:
Sauk hi chay xong md phong, dé xem qua trinh qué do cua tin hiéu ta nhap dap chuot
vao khdi Scope. Cira s6 Scope hién ra nhu sau:

100 200 300 400 =00 EO0

Time offzet; 0

Hinh 3.12
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Bai 3: Khado sat va mé phdng hé théng tw dong dung SIMULINK

Vi cira s6 Scope chi c6 thé xem dap (ng hodc in truc tiép ra may in nhung khong luu

hinh v& thanh file *.bmp dugc nén ta phai chuyén Scope nay sang cua s6 Figure dé luu.

Thuyc hién diéu nay bang céch nhap chuot vao 6 Parameters. Ctra s6 Parameters hién ra,
nhap chudt vao trang Data history va tién hanh cai dat cac théng s6 nhu hinh bén dudi:

) 'Scope’ parameters g|§|@

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

[ iLirit data paints to last |

v Save data to workzpace

Y ariable name; | ScopelData

Format: |Structure with tirne: j
] | Cancel | Help | Apply
Hinh 3.13

Tién hanh chay mé phong lai dé tin hiéu luu vao bién ScopeData. Chu y 14 néu sau khi
khai b4o ma khéng tién hanh mé phong lai thi tin hiéu s& khong luu vao bién ScopeData
mac di trén ctra s6 Scope van ¢ hinh vé.

Sau dé vao cira s6 Command Window nhap Iénh sau:

>> plot(ScopeData.time,ScopeData.signals.values) %ve dap ung

>> grid on % ke luoi

Luc nay ctra s6 Figure hién ra véi hinh vé gidng nhu hinh vé & cira s6 Scope. Vao menu
Insert/Line, Insert/Text dé tién hanh keé tiép tuyén va cha thich cho hinh v&. Két qua cudi
cung nhu hinh bén duéi.

) Figure No. 1

File Edit Yiew Insert Tools Window Help

EEHES A AL BET

J00%

Hinh 3.14

Vao menu [File]> [Export] dé luwu thanh file *.bmp nhu & bai thi nghiém 1.
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cua dac tinh role c6 tré.
Thi nghiém:

Bai 3: Khao sét va mé phdng hé théng tw déng dung SIMULINK
3.3.1.2. Khéo sat mé hinh h¢ théng 6n dinh nhiét, diéu khién ON-OFF:
Muc dich: khao sat hé thong (HT) on dinh nhiét d6 diéu khién ON-OFF, xét anh huong

M® hinh duoc khao sét twong ty véi HT 6n dinh nhiét do caa bai 4(véi thong sé khac). So

@6 khdi nhu sau:

[ dkndvongkin =3
File Edit “iew Simulation Format  Tools  Help
O =E& &% B i » Mormal MR B E )
T Il P .| =m0 > ]
Lok YL L 1) Ll Ll -
30=+1 120=+1
Step \T/ Relay Transfer Fen Transfer Fend Soope
_,}50
Fain
Ready 100% odeds
Hinh 3.15
Trong do:

-10 nhiét dwoc biéu dién bang hai khau quan tinh ndi tiép.

-Pau vao: u=ham nac , dat 100 (nhiét do dat 1000C).

-Tin hiéu ra do & Scope.

-Sum lay hiéu s6 tin hiéu dat va phan hoi.

-Relay 1a khau role c¢6 tré(Smith trigo), diéu khién On-off..

-Gi tri do loi ¢ khoi Gain =50 dung dé khuéch dai tin higu ngd ra khoi Relay dé quan sét
cho r6. Luu y rang gié tri nay khong lam thay doi cau trdc cua hé thong ma chi ho trg

viéc quan sat tin hiéu.

a. Chinh thoi gian md phong Stop time=600s dé quan sat dugc 5 chu ki diéu khién. Khao
sat qua trinh qué d6 cua hé thong vai cac gia tri ciia khau role theo bang sau:

Ving tré Ng0 ra cao Ngd ra thap
(Switch on/off point) (Output when on) (Output when off)
+1/-1 1(Céng suét 100%) 0(cong suat 0%)
+5/-5 1(cong suit 100%) 0(cong suat 0%)
+10/-10 1(c6ng suat 100%) 0(cong suat 0%)
+20/-20 1(cong suit 100%) 0(cong suat 0%)

b.Tinh sai s6 ngd ra so véi tin hiéu dat va thoi gian dong ngat wng voi cac trudng hop cua
khau Role & cau a theo bang sau:

Ving tré Ael

Ae2

Chu ki dong ngat(s)

+1/-1

+5/-5

+10/-10

+20/-20

Nhan xét anh huéng cia ving tré gtén sai s6 ngd ra va chu ki dong ngat cua khau role(khoang
thoi gian ngd ra khau role thay doi 1 chu ki).
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Bai 3: Khao sét va mé phdng hé théng tw déng dung SIMULINK
Bai tap:
Thuc hién lai bai thi nghiém véi so d6 moé phong nhu sau:

_lol x|
File Edit Wiew Simulation Format Tools  Help
D|ﬁﬂ§|éﬁﬁ|fﬁfi|ﬁb®|b llNu:urmaI j

|
Scope
2 5
ML~ —
— F+1 0.3=+1
Step Relay Transfer Fen Transfer Fond
Ready 11007 I I lode4s #

Hinh 3.16
3.3.1.3. Hé thong diéu khién nhi¢t d9 hiéu chinh Ziegler-Nichols (diéu khién PID):
Muc dich: Sir dung hiéu chinh Ziegler-Nichols (PID) cho HT diéu khién nhiét 6 dang
khao séat. Tir d6 so sanh chat luong cua hé théng ¢ hai bo diéu khién PID vai bo diéu
khién On/off.
Thi nghiém:
B0 hi¢u chinh c6 ham truyén: PID=K, +Ki/s +Kg.s
Trong do: Kp=(1.2*T)/LK; Ki=Ky/(2*L); Ky=0.5*K,*L
Trong d6 L, T, K 14 cac gia tri da tim duoc & phan 3.3.1.1. Chi y gia tri K da cho trugc ¢
m6 hinh ham truyén 10 nhiét K=300.
Xay dung mé hinh hé théng diéu khién nhiét d6 PID nhu sau:
=1 dkPID_nd
File Edit Wiew

SN EEEEN Format  Tools  Help

ODEE&| & 3 Mamal - & = &
1 300
] [ 1A — *-;'I w1
i+ =1 05+ 120541 "'I
;ep PID Controller  Saturation Transfer Fen Transfer Fenl Scope

-t

Gain

Ready 100% odeds

Hinh 3.17
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Bai 3: Khado sat va mé phdng hé théng tw dong dung SIMULINK
trong do:
.Tin hiéu d¢au vao ham n4c u(t)=100(twong trung nhiét do dat 100°C).
.Khau bao hoa Saturation cd gidi han upper limit=1, lower limit=0(tuong trung ngd ra bo
diéu khién c6 cong suat cung cap tir 0% dén 100%).
B0 diéu khién PID c6 thong s can tinh téan.
. Transfer Fen-Transfer Fenl : mé hinh 10 nhiét tuyén tinh héa.
Bai tap :
Thuce hién lai bai thi nghiém theo so d6 mé phong nhu sau (H3.18):

=] dknd_pid * -0 x|
File Edit “iew Simulation Formak  Tools  Help
D|E‘NE§|%E|5Q"|HE—®|P llNu:urmaI |
] ]
Scope Scope?
10 1 1
Ini Out1 — e —
- = =
Step FID Contraller Transfer Fen Transfer Fendl Soope
Rearh [ rineg, I I lndeds -
Hinh 3.18

Bén trong bo diéu khién PID(H3.19)
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Bai 3: Khao sét va mé phdng hé théng tw déng dung SIMULINK

i1 dknd_pid/PID Controller

File Edit Wiew Simulation Format Tools  Help
O = & 4 |Nomal | i T
—>|K-
kp
e N —
In
" 1l Integratar :l
Outd
>~K_ ] dusdt
KD Crerivative
< >
Ready 100%: ode4s
Hinh 3.19

3.3.2. Khio sit mé hinh h¢ thong diéu khién vi tri va téc d§ dong co' DC:
3.3.2.1. HT diéu khién dung mot khau hiéu chinh PID vi tri:
Khao sat mo hinh tuyén tinh cé so d6 khoi sau:

Ud + BBD

PID bCo 1

Trong d6 : Ud 1a tin hiéu dat; PID 1a bo hiéu chinh; BBD 1a b bién d6i cung cip dién &p
thay d6i dugc cho dong co mot chiéu kich tir doc 1ap DCo;w,0 1a tc do truc dong co va vi
tri cua tai, quan hé qua hé sé giam téc n; y 1a hé s6 phan hoi vj tri.

a.Khao sat HT diéu khién vi tri hiéu chinh PD c6 tinh dén su bao hoa cua bo bién ddi
BBD vai cac ngd vao khac nhau.

b. Khao sat HT khi hiéu chinh PD va PID véi ngd vao ham déc.

Sinh vién tham khao bai thi nghiém 5 dé biét rd phuong trinh m6 ta dong co DC. Tix
phuong trinh md ta dong co, ta c6 so dd khoi biéu dién mé hinh dong co nhu sau:

Trong do:

. Phan ng : R=1 Ohm, L=0.03H > Tdt=0.03s.
.Ce: hﬁng sb dién tir, Ce=0.2V.s/rad.

. M : moment dong co, Mc : moment can.

U : gia tri dién ap dat vao dong co.

87



Bai 3: Khao sét va mé phdng hé théng tw déng dung SIMULINK
J - moment quén tinh cua cac phan chuyén dong, J=0.02 kgm/s?.

Q : toc do quay cua dong co (rad/s).

0 : vi tri goc quay cta dong co (rad).

N : ti s6 truyén, trong khao sat : n=10.

Véi diéu kién khong tai Mc=0, thu gon so d6 khdi thanh :

U 0]
3334 1

(s+31.2)(s +2.14)

A 4

Khio sat md hinh diéu khién tbc do dong co DC :
Tuong trng so d6 Simulink:

=1 PIDtocdoDC

File Edit “iew Simulation Format  Tools  Help
O E2EES % B 2 [ 2 |N-:urma| j@ =W &
. aEEg 1 E
FID > 312 =214 [
Step FID Controller S aturation Transfer Fen Transfer Fend Zcope
4,{1
Gain
Ready 100%: odeds
Hinh 3.20
Trong do :

.Tin hiéu dat dau vao ham nac u(t)=100 (twong trung toc do dat 100).

.Khau béo hoa Saturation c6 gi6i han 1a +30/-30 (twong trung dién &p cung cip cho phan

{rng dong co tir -30V dén +30V).

Transfer Fcn-Transfer Fenl thé hién md hinh téc d6 dong co DC.

a. Chinh thoi gian md phong Stop time =10s. Thuc hién khao sat hé théng véi bo diéu
khién P(Ki=0, Kd=0) va tinh do vot 15., sai sé xé&c lap, thoi gian xéac lap caa ngd ra
theo bang sau:

Kp 1 10 20

50

100

POT

ExI

txI

Nhan xét chat lwong cua hé théng thay doi nhu thé nao khi Kp thay doi. Giai thich.
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Bai 3: Khao sét va mé phdng hé théng tw déng dung SIMULINK
b. Thuc hién khao sat véi bo diéu khién PI(Kp=2, Kd=0) va tinh d¢ vot 16, sai sé xac lap,
thoi gian xac lap caa ngo ra theo bang sau:

Ki 0.1 0.5 0.8 1 2

POT

ExI

txI

Nhan xét chat luong cua hé thong thay doi thé nao khi Ki thay déi . Giai thich . So sanh
chat lugng bo diéu khién P1 véi bo diéu khién PI.

¢. Thuc hién khao sat hé théng vai bo diéu khién PID (Kp=2, Ki=2) va tinh do vot 16, sai
sb xac lap, thoi gian xéc lap caa ngd ra theo bang sau:

Kb 0.1 0.2 0.5 1 2

POT

ExI

txI

Nhan xét chat lugng cua hé théng thay doi thé nao khi Kd thay doi . Giai thich . So sanh
chét lugng bo diéu khién PID véi bo diéu khién P va PI.

d. Nhan xét anh huong cua céc khau P, 1, D 1én chat luong hé thong.
3.3.2.2. Hé thong diéu khién dung hai hi¢u chinh PID vi tri va téc d¢:
Muc dich: Khao sat HT diéu khién vi tri hiéu chinh PID vé&i ngd vao ham déc c6 phan hoi
tdc do, so sanh véi hé théng khéng cé phan héi toc do.
So @6 khdi nhu hinh sau: trong d6 BBD va bo hiéu chinh vong vi tri PID1 bi bao hoa(gigi
han bién do); a 1a hé s& phan hdi téc do.

Ud + > o 1 0
'O 5| PID @, PID | | °®° " BCo TP
1 2 '
(0
Y

Tuong tng so dd Simulink.
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Bai 3: Khdo sét va mé phéng hé théng tw dong dung SIMULINK
=10l %]

File Edit View Smulstion Formst Tools Help

DEE& iR = - RELY &) » lINn:\imaI vI

1

Do —_
l + L] —
il I PID _"E’;"_' > e e |yl B
- n
Lmp gl -~ FID 3 aind e Bidnp oo TEEn AL fute-Soale

uration M Graph

Galn¥

Gaind

e

Gain

Ready 100% | I oredS 4
Hinh 3.21

Bai tip wng dung

3.4. Kiém tra danh gia
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Bai 4: Hé thdng diéu khién nhiét dé
Bai 4
HE THONG PIEU KHIEN NHIET PO

4.1.Muc tiéu
-Lam quen voi dbi tuong 10 dién.
-So sanh nguyén 1y diéu khién ON-OFF va tuyén tinh trong diéu khién nhiét do.
4.2.N0i dung
Gdm c6 bd diéu khién va 1o dién c6 so do sau:

Nguén
} Mach i Mach Day
bat Piéu khién Pong lyc dot
nhiét do bK
TC
Phan hoi Mach Cap
Po va chi thi nhiét dién
BO PIEU KHIEN NHIET LO BIEN

Hinh 4.1a: Hé thong diéu khién nhiét do

Lo dién — Thermocouple
0=
Khuéch
dai
220 VAC | M ach cong
| suat ADC
Vixuly -
. .z ) , y Giao tiep
Giao tiep |Bus dia chi »| nhap
XUAt B o
Busdirtiéu Busdirtiéu

Hinh 4.1b : Hé thong diéu khién nhiét @6 dung vi i Iy
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Bai 4: Hé thdng diéu khién nhiét dé

Lo dién ¢ day dung loai 1o nueéng dan dung 220 V da bi loai bo phan diéu khién
nhiét do.

Bo diéu khién gdm mach do nhiét do sir dung cap nhiét dién(Thermo Couple-cé dién
ap ra thay doi theo nhiét do), mach diéu khién dung khuéch dai thuat toan va bo chap
hanh(mach dong luc) dung TRIAC déng ngét ngudn dién ludi cung cip cho 10 khi ap qua
zero(zero switching).

Véi bo dieu khién nay , c6 thé chon mot trong hai nguyén tic diéu khién ON-
OFF(dung role c6 tre) hay tuyén tinh (PID). Trong truong hop sau, bo chap hanh hoat dong
theo nguyén tic diéu rong xung, dam bao cung cap cong suit cho 10 ti 1¢ véi tin hiéu diéu
khién tuong tng bo diéu khién 1a hé s6 khuéch dai (khau P).

4.2.1. H am truyén 10 dién va md hinh cia Ziegler-Nichols:

Lo nhiét c6 dau vao a dién &p (hay cong suat) cung cap cho day dién tré va ngd ra 1a
nhiét do bén trong 16. D& lap ham truyen 10 nhiét ta phai khao sét phuong trinh vi phan mo
ta cac quan hé nhiét do va nang lugng. Bay la mét bai toan phuc tap neu mudn md ta chinh
Xac ham truyén phi tuyén caa hé thong

Mot cach gan dang, ta c6 thé xem mai trudng nung la ddng chat, dang nhiét. Tur
phuong trinh can bang ning luong : dién niang cung cap s& dugc dung dé bl vao nang
lwong nhiét truyén ra bén ngoai va tich nhiét vao mdi truong nung, ta tinh dugc ham truyén
10 12 bac nhat, c6 dang nhu sau:

K

Ts+1
Trong do :
P: cong suit cung cap.

0: 1a o tdng nhiét nhi¢t o ngd ra so véi nhiét G modi truong.

K: 14 hé sb ti 1& cho biét quan hé vaora & ché d6 xac 1ap.

T: 4 thoi hang, thé hién quan tinh nhiét hé thong.

M5 hinh ham truyén nay cho thiy qué trinh qua d6 vé6i ddu vao ham nic c6 dang ham mil.
Thuc t& cho thdy mo hinh trén chi 1a gan dang, hé thong c6 bac cao hon nhung qua trinh
qgé d6 dau vao ham néc van la khong vot 16, co dang nhu hinh sau khi cho nhiét do dau
bang 0.

| 1|0

1 ngo ra xac lap
0,75 tiép tuyén /
0,5
0,25 |L T
é N
0
0 0,5 1 1,5 2 t

Theo Ziegler-Nichols thi mot hé théng nhu vy c6 thé dugc biéu dién duéi dang ham

truyén sau :
KefLS
H(s) =
®) Ts+1
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Bai 4: Hé thong diéu khién nhiét do
bao gdm mot khau quan tinh hé sé khuéch dai K va thoi hang T, va khau tré thoi gian L, céc
thong s6 nay cé th lay duoc khi ké tiép tuyén & diém uén cho db thi qua d6 ham nac nhu
hinh v& bén. Hé sé khuéch dai K dugc tinh nhu sau :

_ Nhietdoxaclap

%congsuat
Khi nhiét d6 ban dau khéc khong, K duogc tinh tor d6 tang nhiét do ngd ra so vai moi
truong . Bé &p dung cho hé tuyén tinh, ta 13y khai trién Taylor cia e™, ham truyén tré nén :

H (s) — L
(Ts+1)(Ls+1)

T6m lai, Ziegler-Nichols xap xi ham truyén 10 véi hé bac nhit c6 tré hay hé tuyén
tinh bac hai, va cho phép tim ham truyén bang thuc nghiém khi vé qua trinh qua do hé thong
véi ngd vao 1a ham nac.
4.2.2.Nguyén ly diéu khién ON-OFF (diing khau role cé tré) :

P
dﬁ{:@ e | =4 +ﬂ13e }{M ﬂeni|_.'.’;}
min
& phdn hdi
Hinh 4.2

Phuong phap dleu khién ON-OFF con dugc goi la phuong phap déng ngat hay ding
khau role ¢6 tré : co ciu chap hanh s& dong ngudn dé cung cap cho nang luong ¢ muc tdi da
cho thiét bi tiéu thu nhiét néu nhlet do dat B4z 16n hon nhiét do 10 Ophan néi, NGuoc lai mach
diéu khién s& ngat mach cung cap nang lugng khi nhi¢t d6 dat nho hon nhiét d¢ thuc cua lo.

Mot viing tré dugc dua vao dé han ché tan sé dong ngat nhu so do khdi trén : ngudn
chi dugc dong khi sai léch nhiét do e 16n hon mot luong A va ngat khi e bé hon A. Nhu vay,
nhiét do phan hoi Opnan nsi S& dao dong quanh gia tri dat 045 VA 2A con duge goi la ving tré
cua role.

Khau role co tré con goi la mach so sanh Smith trong mach dién tir, va nhu vay A 1a
gia tri thém hay ngudng.

Diéu khién ON-OFF ¢6 uu diém la:

-Thiét bi tin cay, don gian, chic chén, hé thong luén hoat dong dugc véi moi tai.
-Tinh toén thiét ké it phirc tap va can chinh dé dang.

Nhung c6 khuyét diém 1a sai s6 xéac 1ap s& 16n do hé chi can bang dong quanh nhiét do
dat va thay doi theo tai. Khuyét diém nay c6 thé duoc han ché khi giam ving tré bang cach
ding phan tir dong ngat dién tir & mach cdng suat.

Viéc diéu khién nhiét o véi chat lugng cao c6 thé thuc hién bang so do diéu khién
tuyén tinh véi ham truyén hiéu chinh thich hop.

4.2.3. Nguyén ly diéu khién tuyén tinh:

Khéc véi nguyén Iy ON-OFF chi c6 hai gia tri cong suit & ngd ra, so d6 diéu khién tuyén
tinh cung cap cong suat cho tai thay doi mot cach lién tuc theo sai léch giira nhiét do dat va
nhiét do thuc. Bo hiéu chinh xur Iy tin hiéu sai léch dit - phan hi, cho ra tin hiéu diéu khién
lam sai léch tién vé zero véi dic tinh qua d6 mong mudn. Nhu vay & ché do xac lap , nhiét do
10 va cdng suat cung cap cho 10 s& c6 mot gia tri xac 1ap, phu thudc vao dic tinh hé thong .

Chét lugng hé thong nhu vay s& phu thudc vao théng sé cua so d6 hiéu chinh. Mét
trong nhitng nguyén li hiéu chinh thuong dung Ia PID(vi phén tich phan ti I€), va trong bai
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Bai 4: Hé thong diéu khién nhiét do
thi nghiém ta ding P (diéu khién ti 18) vi khdng thé thuc hién céc thoi hang cia mach vi tich
phan (& day co tri sé khé I6n) bang mach analog.

Nhu vy, khau hiéu chinh chi 1a mach khuéch dai c6 hé s thich hop, dung hoa giira
d6 chinh xac va chét lugng qua do vi néu ting hé sé khuéch dai, sai s6 s& giam nhung s&
xuét hién dao dong va vot 16 & ngd ra.
So d6 khéi hé théng diéu khién tuyén tinh nhu sau:

P K #
T e ] L,

; (TS + DS +1)

%)

Hinh 4.3
HC: ham truyén bo hiéu chinh, trong thi nghiém nay chi la bo khuéch dai.

Phuong phap diéu khién cong suat dugc dung 1a diéu rong xung. Tai s& nhan cong
suat trong khoang Ton cua chu ki T khéng doi. Cong suét trén tai co thé diéu khién duoc
bang céch thay d6i do rong xung twong ddi a:

A=Ton/T.

Va cong sudt cung cap cho tai :

P=a*Pmax.

Pmax : cong suat cyc dai ung vai truong hop a=1, khi phan tir diéu khién cong suat la
TRIAC d@ong mach lién tuc.

Vi TRIAC chi ngit mach khi dong qua n6 vé zero, chu ki T phai da Ién dé cho
TRIAC c6 thé dan dién trong nhiéu chu ki dién ap ludi (tan sé ludi dién 12 50 Hz).

Trong bai thi nghiém, T khoang 3 gidy, bo thi nghiém c6 chi thi hé s6 a theo don vi %
goi 1a %cong suat.

4

—

ton : thol gian TRIAC ddong
T : chu ki diéu khién

Hinh 4.4
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Bai 4: Hé thong diéu khién nhiét do

4.3. Thi nghiém: Sinh vién doc tham khao [2]
4.3.1. Po qua trinh qua dd hé hé, diu vao ham nic

. Muc dich:
V& dac tinh qué do hé ha, suy ra ham truyén 10 dién theo mé hinh Ziegler-Nichol.
. Thi nghiém:
Dit ché do vong ha (cong tic chon ché ¢ HO-KIN bat qua ha), ding bién tré dat chinh cong
suét ra bang 20%, ghi nhiét do 10 ting 1 phdt trong khoang 30 phut vao bang 1, vé dic tinh
qué d6 nhiét d6 ngd ra trén hinh 1 cua cao céo va tra loi cac cau hoi trong bao cao. (xem lai
phan huéng dan).
Bang 1: Quatrinh quéa d o h éh & khi cung ¢ 4p 20% c dng su at.
T(min) (O |1 |2 |3 |4 |5 |6 |7 |8 |9 |10 |11 |12
T°C
ATC
T(min) |13 |14 |15 |16 |17 |18 |19 (20 |21 |22 |23 |24 |25
T°C
ATC
T(min) (26 |27 |28 |29 |30 |31 |32 |33 |34 |35 |36 |37 |38
T°C
ATC

Hinh vé 4.5: Qua trinh qua dé hé ho, dau vao ham ndc.

—#— Nhigt 16 do (o C

0 5 0 15 20 25 i} s 40 45

Tinh toan céc hé s6 caa ham truyén 10 theo kiéu mau cua Ziegler-Nichol:

4.3.2. Di¢u khién ON-OFF
. Muc dich:
Khao sat hé théng diéu khién nhiét ¢ theo nguyén tic diéu khién ON-OFF.
. Thi nghiém:
M¢ cira 10, ding quat dé ha nhiét do 10 xuéng duéi 50°C, dit ché don vong kin(cong tic chon
chét d6), chuyén cong tic phuong phap diéu khién sang ON-OFF, bat cong tic PO-DAT
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Bai 4: Hé théng diéu khién nhiét do
sang DAT, chinh bién tr& dé c6 nhiét do dat 1a T(°C)=100°C. Bat cdng tic Po-bit sang Bo
dé thi nghiém. Bong dién 10, ghi qua trinh tang nhiét trong 30 phit.

Két qua ghi theo bang 2 va vé QTQD nhiét do 10, % cong suat cung cap trén cing db
thi. Sai s6 nhiét do caa hé théng duoc diéu khién ON-OFF tinh bang sai léch dwong +el va
am —e2(viét ¢ dang +el/-e2) cua bién d6 duong cong dao dong nhiét do ngd ra so vai gia tri
dat khi nhiét d6 ngd ra c6 dao dong 6n dinh, con goi 1a ché do tua xac 1ap.

Bang 2: Bang két qua diéu khién ON-OFF, nhiét do dat 100°C.

T(min) |10 [1 |2 |3 |4 |5 |6 |7 |8 |9 |10 |11 |12
T°C
%CS
T(min) |13 |14 |15 |16 |17 |18 |19 (20 |21 |22 |23 |24 |25
T°C
%CS
T(min) |26 |27 (28 |29 |30 |31 |32 (33 |34 |35 |36 |37 |38
T°C
%CS

—#— Nhigtdd doioC

5 10 15 20 25 30 35 40 45

Tur hinh v QTQ D, xac dinh ving tré cua khau role va sai sb thuc té. Giai thich ly do tai sao
sai so dieu khién lai kha I6n so véi ving tre.

4.3.3. Piéu khién tuyén tinh.
. Muc dich:
Khao sat hé thong diéu khién tuyén tinh nhiét 6 véi hiéu chinh P (bd hiéu chinh 1a bo
khuéch dai tin hiéu sai s6 nhiét do).
. Thi nghiém:

M¢ cira 10 dé ha nhiét do xudng dugi 50°C, van giir nhiét o dat 1a 100°C, chuyén

cong tac phuong phap diéu khién sang tuyén tinh (P1). Po nhu phan 4.3.2 trong 30 phut.
B4o céo két qua ghi theo bang 3 va v& QTQD nhiét do 10, %cdng suat trén cling dd thi.
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Bai 4: Hé thdng diéu khién nhiét dé
Bang 3:

T(min) | 0 1 2 3 4 5 6 7 8 9 10 |11 |12
T°C
%CS
T(min) |13 |14 |15 |16 |17 |18 |19 |20 |21 |22 |23 |24 |25
T°C
%CS
T(min) |26 |27 |28 |29 |30 |31 |32 |33 [34 |35 |36 |37 |38
T°C
%CS

—#— Nhigt dd do (o C

0 5 0 15 20 25 ] s 40 45

Pénh gia thoi gian qua do, do vot 16 va sai s6 xac 1ap.

Nhan xét vé chat luong diéu khién (sai s6 xac 1ap va dic tinh qua do).

Két luan : So sanh két qua diéu khién tuyén tinh (hiéu chinh P) véi diéu khién ON-OFF, giai
thich.

4.4. Kiém tra danh gia

-Sinh vién nop bao thi nghiém cudi mdi budi hoc.

-Giang vién danh gia va cho diém.

Trich dan : bai thi nghiém Hé théng diéu khién nhiét do , cua Bo mén biéu khién tu dong,
Khoa bién - bién tir, Bai hoc Bach Khoa Tp. HCM,

97



Bai 4: Hé thdng diéu khién nhiét dé
4.5 PIEU KHIEN NHIET PQ BANG CAC PHUONG PHAP

PIEU KHIEN CO DIEN

Muc tiéu:

Bai thi nghiém nay gilp sinh vién 1am quen véi dbi tuong 10 nhiét, mot déi tuong hay
gap trong cong nghiép va phuong thic diéu khién ching bang céc phuong phap diéu khién
cb dién dong thoi biét cach viét chuong trinh thyuc hién thuat toan diéu khién va giao dién
ding ngdn ngit 1ap trinh Borland C++ Builder 5.0/Visual C++ 6.0 trén co sé hé thong may
tinh, card PCI 1718HDU/PCI 1711 va dbi tuong 10 nhiét.

Noi dung :
-Piéu khién ON-OFF.
-Piéu khién PID.

So d0 khdi va két noi ciia hé thong diéu khién nhiét do d ung PC:

AO Piéu khién e
(Voltage) P cong >
suat
Thu thap, hién
thi va diéu A
khién nhiét do PCI-1711 Lo nhigt
trong thdi gian  jo——
thuc
Al Tin hiéu nhiét do Mach
(Voltage) | bign doi [
PC, Windows XP
Hinh 4.6
Thi nghi¢m:
1. Viet chuong trinh diéu khién nhiét @6 dung ngbn ngir 1ap trinh Borland C++ Builder
5.0.

2. Viét chuong trinh diéu khién nhiét do dung ngdn ngit 1p trinh Visual C++6.0.
3. Viet chuong trinh dieu khién nhi¢t do ding ngon ngir 1ap trinh Borland Delphi 5.0.
4. Viét chuong trinh diéu khién nhiét do dung ngdn ngtr 1ap trinh Visual Basic 6.0.

Trich dan : bai thi nghi¢m Diéu khicn nhiét do bang cac phuong phép diéu khién co dién, cua
Bo mon biéu khién tu dong, Khoa Bién - Bién tir, Pai hoc Bach Khoa Tp. HCM, 2008.
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Bai 5: Hé thdng diéu khién téc dé va vi tri dong co mét chiéu
Bal 5

- HE THONG DPIEU KHIEN
VI TRi VA TOC PQ PONG CO MQT CHIEU

5.1.Muc tiéu
Khao sat trong ché do xac 1ap hé thdng truyén dong dién dong co mat chiéu kich tir
bang nam cham vinh ctu (dong co chap hanh mat chiéu) khi:
. Diéu khién téc do: dic tinh co hé ha va vong kin.
. Diéu khién vi trf : c6 va khong c6 phan hoi toc do vai cac bo hiéu chinh khac nhau.
5.2.N¢i dung

5.2.1. Phén diéu khién téc d:

GND  +1Ev  —12v
+30y o~
1 -30v déng od
) E s ‘4 = |= |1
-
" '
U
i
2 =
=]
Khuéch dai
- -, i
cong sudt : I
H shunt
P @.1 ok

____________________________

& VR2

Hinh 5.1: So dé nguyén Iy b diéu khién déng co chdp hanh

5.2.1.1.B diéu khién toc d

C6 so d6 nguyén ly nhu hinh 1, bao gém:
. Mach dong lyc 1a mot bo khuéch dai mot chiéu cong suit, cap dién + 30V tir bén ngoai, ngd
ra ndi véi dong co mot chiéu qua tram ndi. U va I 13 cac tram dung dé do.
. VR1 14 bién tr& dit tin hiéu toc do.
U1 lam chtic ning diéu khién.
. Ngoai ra con ¢o dau ra + 12V lam tin hiéu dit.
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Bai 5: Hé thdng diéu khién téc dé va vi tri dong co mét chiéu
5.2.1.2. Nhom ddng co may phat : (hinh 5.2)

D1 Fi L1
— — 8 S
Shit] Swa| SHg S
FTi x)
+ O + MF RT
::::::::::: :::.':::'.:: FT Tl TE '|'3 _|,_4
pz [=] =] Fe FTz L2
5 & & R,

. Hinh 5.2: So do nguyén ly nhom dong co may phat )
Hinh 5.3 cho ta so do khoi bo diéu khién toc do, tin hiéu phan hoi toc do lay tir may phat toc
FT:
Mt

l

W 4 HCw CH >| DC >

pht 6c d &

Hinh 5.3 : So d@6 khoi b¢ diéu khién toc do
Trong do :
W 4 : téc do dit , w: toc do dong co.
HCw : khdi hiéu chinh téc d9.
CH : khéi chap hanh, 1a mach khuéch dai cong suét.
DC : dong co co tdi- twuong tng moment can M.
5.2.1.3. Thiét bi do dé khao sat HT diéu khién toc d :
Gom bo hién thi sé dong dién, dién 4p dong co trén mat bo thi nghiém va mot volt ké sé @é
do céc dién ap can thiét khac (tin hiéu dat va phan hoi toc do).
Bo diéu khién téc do, dong co , va tai da ndi san theo h inh 5.4 cho ca bai thi nghiém :
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Bai 5: Hé thdng diéu khién téc dé va vi tri dong co mét chiéu

Nhdm ddng ca - mdy phdt

Nguén F1{F2[FTIFT4D1(D2

+30v L2 .
L1 [T -
+|G |- (U1 LAlL2
Dién trd tdi
Bédié'u?c}zign
e A
Phit tdc Gnd

Hinh 5.4 : So d6 néi day cho thi nghiém diéu khién toc dg dong co -
5.2.2. Phin diéu khién vi tri :

___________________________ 5O Bt KHIEN Tﬁ;ﬁ b6
DPONG COMOT CHIEU
Vitridat s HC vi tri . .. | MACH H AN NN
(Uaat) N (PID) U dk vi'trl HC técde | poNG LUC ~ \ /;' DONG €O
. I_]l]hflll 1|6i ....................... ||
Bo bin i N
vi tri/ dién dp Phan héi vi tri 56 '-.\___/Jl
_____ BO PIEU KHIEN VI TRI PHAT XUNG

Hinh 5.5 : So do khoi bé diéu khién vi tri.

Dé diéu khién vi tri , ta thém vao phia truéc bo diéu khién téc do cua phan 5.2.1 bo
diéu khién vi tri nhu trén hinh 5.5. B¢ diéu khién vi tri xir 1y sai léch vi tri dat va phan hoi,
cho ra tin hiéu diéu khién dong co sao cho sai | éch nay tién vé zero véi qua trinh qua do
mong mudn.
5.2.2.1. B diéu khién vi tri:

. Khéi hiéu chinh vi tri (PID vj tri).
.Khéi bién d6i vi tri/ dién &p.( h inh 5.6)
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Xung A, B

Pém lén

cua PG
— »|

Bo xit ly

chiéu quay

Bai 5: Hé thdng diéu khién téc dé va vi tri dong co mét chiéu
B§ phan hoi vi tri

10bit cao

[
P

Bo
—® 12bit

i

tra sai so.

Chiéu quay thuin

dém p D/A hai p| AP m. p‘han. 1\101 vi trl
cuc tinh cho biét chieu quay

Pém xudng

Hinh 5.6 : So' d6 khoi bé bién doi xung PG ra dp.

!

Chiéu quay ngudc

Hinh 5.7 : Dang xung ra cua bo phat xung PG.

5.2.2.2. Thiét bi do cho thi nghiém diéu khién vj tri:

. Truc dong co mang kim chuy én dong trudc bang chia 200 vach/vong cho phép danh gia
chuyén dong thuc cua hé thong.
. Trong bai thi nghiém ta ding mot von ké sé dé do dién 4p dat va dién 4p phan hoi dé kiém
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Bai 5: Hé thdng diéu khién téc dé va vi tri dong co mét chiéu

[
L[HCA Q = [HCW| > [CH] - DA - s |5
Ud - | phitdedd

[ V/é” phvitd

Hinh 5.8: So do khoi hé thong diéu khién Vi tri.
So do khdi bo diéu khién vi tri duoc cho ¢ hinh 5.8, trong do:
HCO: bd hiéu chinh v i tri.
HCw: hiéu chinh tdc do.
U d: tin hiéu dat.
0: vi tri, 1 tich phan cua tin hiéu toc do o.
V/0: khéi bién doi vi tri dién ép.

5.2.3.Truyén dong dién déng co DC diéu chinh ap phan ung:
5.2.3.1. Ham truyén dong co:

Khi bo qua phan ang phan wng va gia sir cac phan tir trong hé thong la tuyén tinh, c6
cac phuong trinh sau:

U:E+Ri+Lﬂ
dt

M, -M, =332
dt
M, =C.i
E=C.@
trong d o:

U : dién &p hai dau phan ung.

| : dong dién qua dong co.

R,L: dién trd, t v cam mach dién phan ang.

E, Mge: s uc dién dong, moment quay cua dong co.

J: moment quan tinh cia cac phan quay va M, 1a moment can.

Tir phuong trinh trén , c6 thé suy ra ham truyén dong co nhu hinh sau :
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Bai 5: Hé thdng diéu khién téc dé va vi tri dong co mét chiéu

U I/R N ve x [1] o
E®_f’“[1+suzwz] 1Ce =T

| Fl—

Hinh 5.9 : So' d6 khéi déng co mét chiéu khi tir thong khong doi.

5.2.3.2. Dic tinh co' cia ddng co :
Trong ché d6 xac 1ap, moment dong co bang moment can, sut ap qua tu cam L bang

Zero.
Wd dk
~° Jre PSTw F>s{pc &>
Y
Hinh 5.10 : Ham truyén hé thong diéu khién toc dg.
Trong do :

-K : ham truyén bo chap hanh CH, 1a hang sé.

-wd : 1a tin hiéu toc do dat, cd dang dién ép.

-y : hé s6 phat toc.

5.2.3.3. Ham truyén caa khau hiéu ¢ inh P1 trong bai thi nghiém :

Ttr h inh v& ¢6 th é tinh tin hiéu ra Out caa khau diéu khién P theo hai tin hiéu vao Inl v &
In2 (khi TO n 6i v 6i T2).

sR,C, +1 R
HC(s) = —22—(In, + =>1n,)
2 r 2 RS 7 N
bé c6 hiéu so gitra tin hiéu toc do dat oq va phan hoi y.o khi dung mach dién trén , ta phai
dao cyc tinh &p ra cia may phat toc.

5.3. Thi nghiém : Sinh vién dgc tham khao [2]

Trong bai thi nghiém, chi can ndi day giira céc b didu khién theo so' d6 kém theo ting
phan, cac day noi bén ngoai thiét bi d& duoc noi san.
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Bai 5: Hé thdng diéu khién téc dé va vi tri dong co mét chiéu
5.3.1. Thi nghiém diéu khién téc do:
5.3.1.a. Thi nghiém h¢ hé:
. Muc dich: V& dic tinh tbc d6 o=f(I) khi 4p dat vao dong co khong dbi, suy ra cac théng sb
tinh cua hé théng.
. Th i nghi ém:
-N&i ngudn 12 V, GND cho bién tré dat téc do nhu H5.11.

? Vﬁ ? : u
' Vee 4o e
E 2 Vae ddng
VR . Khiuéchdai cd
. céng sudt 1
;l.;'ef
:GHD

Hinh 5.11: Noi day thi nghiém hé ho.
-Nbi ngd ra bién tro dat toc do Vref dén ngd vao bo khuéch dai cong suat Vin. Chinh Vref
=1,5V, do U,I dong co, dién 4p ra m ay phét tbc Uf trén tram FT khi thay doi dién tro tai RT
ctia may phat. (Xem phan mé ta thiét bi thi nghiém).
-Ghi két qua vao theo nhu bang 1 dé viét bao céo. Trong d6 toc d6 dong co  tinh bang
rad/gidy, suy ra tu ti 1¢ : 0=Uf/y.
.y: hé s6 phét téc tinh bang V/(rad/gidy), tinh tir quan hé : &p phat toc 8,2 V tuong ung toc do
quay 1000 vong /phdt.
- V& dic tinh toc do w=Ff(1) trong do thi theo nhu & bang 2, véi chll y o tinh bang rad/sec; suy
rahésé C, = i, wo: 1a tbc do dong co khi khdng tai li twong (Itc dong qua dong co bang

@y

khong-twong &ng tung do giao diém dac tinh téc do Vi tryc tung).
1(A)
U(v)
Uf(V)
w(rad/sec)
Bang 1: Két qua thi nghiém hé ho Vref=1,5 V.
Bang 2: bic tinh toc do o=f(1) (tbc do theo dong dién) cua hé hé, truc hoanh 1a dong dién.
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Bai 5: Hé thdng diéu khién téc dé va vi tri dong co mét chiéu

B T S B . e T R e e L e T e L B
i i i ] i i ] i i ] 1 [ i 1 [ i 1 [ 1 i ]

[ 1 ] ] 1 1 ] 1 1 ] 1 I i 1 [ i 1 [ 1 1 ]
| T T T e T e N A N R TN R Y A A T R . |
i i i ] i I ] i I i 1 i i I i i 1 i 1 I ]
e Tl SR R e B S B S e S e T LT e e ] B e LI S |
[ 1 1 ] 1 1 1 1 1 1 1 1 1 1 [ 1 1 [ 1 1 ]
T
[ i | ] 1 i ] i 1 ] 1 1 1 1 1 ] 1 [ 1 1 ]

[ 1 | ] 1 1 ] 1 1 1 1 [ i 1 [ i 1 [ 1 1 ]

G R TIPSR I I RN R R TR [ R R R PR A PN SRR N e |
[ 1 1 ] 1 1 ] 1 1 1 1 [ 1 1 [ 1 1 [ 1 1 ]

1 1 i ] d 1 ] 1 1 ] 1 [ 1 | [ i 1 [ 1 | i
[ T T e T e o O T e S B
[ 1 1 ] 1 1 ] 1 1 1 1 1 1 1 [ 1 1 [ 1 1 ]
=sdeszskasds=zskasdeszsk=sdszsk=zdaszkcsdzszsksdascsb=dszka=lza=skada=k=d
I I 1 ] I I ] I I ] I I i I I i I I 1 I ]

I 1 1 ] 1 1 ] 1 1 1 1 1 1 1 ! 1 1 ! 1 1 ]
ATt rTAaTTrTAaATTrTaTTrTaAT Tttt TrTaAT T rTaATTrTaTTretITTre|o
I I 1 ] I I ] I I ] I I i I I i I I 1 I ]
SRR (NN TR (U U | N [ O [ T U (U Y N R U (R U N I
i i i ] i i ] i i ] 1 i i i [ i i i 1 i ]

[ 1 ] ] 1 1 ] 1 1 ] 1 I i 1 [ i 1 [ 1 1 ]
ATt rTAaTTrrTAaTTrTAaTTrrTAaAT STt T rTT AT T rTTAT T TTATTTTNTTTT
i i i i i i i i i i i i i i i i i i i i i
B S e . L R o T e o I e e e e A e M N L

[ 1 1 ] 1 1 ] 1 1 1 1 [ 1 1 [ 1 1 [ 1 1 ]

i i i i i 1 ] i i ] 1 i i 1 [ i 1 i 1 1 ]

bién &p: U=?

Suy ra ¢ toc do khdng tai Iy tuong (khi I=0):  @o="?
Hang s6 dién tir ciia dong co: Ce=?

5.3.1.b. Thi nghiém hé vong Kin:

. Muc dich : khao sat dic tinh toc do h & théng kin véi cac khau hi éu chinh khéc nhau.

. Thi nghiém:

N&i so do diéu khién tdc d6 nhu hinh 5.12, dat Vref=3 V, tin hiéu dat toc do

nay gitt nguyén cho dén hét thi nghiém diéu khién téc do hé kin trong muc 5.3.1.b

— A T

Veo CE 1 T= S — -
= c2 Vi, .y
vR/ '"’VV\_|H +— L

+1l=
g Rl

7 =
—3 ref T@ R : 5
1 | Khofchdai

: a2 1 cong suat
. £ > :
_iGho Qut |
= . — U1B i
& FT N i
To mdy sl g a

phdt 8 VR2

H inh 5.12: Néi déy b diéu khién hé kin.
i)Khao sat dic tinh cia hé thong khi dieu khién ti 1¢ (P): dat Vref=3 volt.

NGi T1 va TO d € U1A 1a mach khu éch dai DC. Thay ddi tai RT cia may phat, ghi gia trj dién
ap, dong dién caa dong co, dién 4p may phat toc(do tai tr am FT) theo nhu bang 3 dé viet bao

cao.

I(A)

U(v)

Uf(V)

w(rad/sec)

‘ Bang 3 : Dic tinh téc do khi dieu khién 1i ¢ (P).
Nhan xét vé kha nang cai thién d6 sut doc theo tai khi c6 phan hoi toc do.
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Bai 5: Hé thdng diéu khién téc dé va vi tri dong co mét chiéu
i)Khéo sat dic tinh caa h¢ théng khi thay d(x)iW Kp: dat Vref=3 V.
Néi hai dau bién tré VR2 vao T1 va TO dé c6 thé thay doi h¢ s6 khuéch dai bo hi¢u chinh (hé
so Kp). Chinh bien tro theo chieu kim dong ho den cuoi dé co hé so khuech dai I6n nhat.
Thay doi tai RT cua may phat dé lay so liéu, két qua ghi theo bang 4 dé viét bao cao.
I(A)
U(v)
Uf(V)
w(rad/sec)

Bang 4 : Dic tinh tc do khi diéu khién 1i 1¢ (P) v6i Kp 16n.
iif)Khéo sat dic tinh cia h¢ thong khi di€u khién tich phén ti 1§ (PI): dat Vref=3V.
N&i T2 vao TO @& ULA lam 6t khau PI. Thay déi tai RT cta mdy phat dé Idy sb lieu, két qua
ghi theo bang 5 d¢ viét bao cao.
I(A)
U(v)
Uf(V)
w(rad/sec)

Bdng 5 : Ddc tinh téc do khi diéu khién tich phan ti 1é (PI).
V& dic tinh toc d6 cac khao sat trong phan i), ii), iii) trén cing mot hinh vé nhu ¢ bang 6. Nén
st dung cuing ti 1& dé dé& so sénh cac truong hop. Cho nhan xét va giai thich két qua vé sai sd
xéc lap caa hé théng diéu khién téc do véi cac bo hiéu chinh khéc nhau khi tai thay doi.

[ T | g [ A T Y S A |
1 I I 1 I 1 1 I 1 I 1 1 1 I 1 1 I 1 I 1 1
1 | ] 1 | I I | 1 | | [} L} | I 1 | 1 | [} 1
1 T T e T o T R T R R S R A N
1 I 1 1 I 1 1 I 1 I I 1 1 I 1 1 I 1 I 1 1
Cl e R R R R S el R B e e e o e I R e i e
1 i i 1 I 1 i i 1 I i i 1 I 1 i I 1 i i 1
1 I [ 1 I I 1 I 1 I 1 I 1 I 1 1 I 1 I I 1
N T T O O N e R R B
1 I I 1 I 1 1 I 1 I 1 1 1 I 1 1 I 1 I 1 1
e T T T
1 | I | [ I I [ 1 | | I | 1 I | I | | I |
1 I [ 1 I 1 1 I 1 I I I 1 I 1 1 I 1 I I 1
1 b A A e B R R R R A R M R iy R M S M R M
1 I I 1 [ I 1 I 1 I | I i | I 1 I 1 | I 1
U A [ TR [N R [N SN [N S [ AU USSR S (U N DU NP PR R |
1 I I 1 I 1 1 I 1 1 1 1 1 I 1 1 I 1 I 1 1
1 | I 1 | I I | 1 | | I 1 | I 1 | 1 | I 1
AT TrTcAaTTrcAaTTrTaTTrTaT T T T T T T T T T T T T T T TT T T T T
1 1 1 1 I 1 1 I 1 1 1 1 1 I 1 1 I 1 1 1 1
mdeebkesdeesbesdeacbbedeacsbadecbesdlaslecalaclcalacalaalaesl calea sl =l
1 I I 1 I 1 1 I 1 I 1 1 1 I 1 1 I 1 I 1 1
1 I 1 1 I 1 1 I 1 1 1 1 1 I 1 1 I 1 I 1 1
cTaATTrcaTTrcAaTTrrTAaT T rrTcaT T T T Tt T T rT T T rT T T TSI T T T T
1 I I 1 I 1 [ I 1 I I i 1 I 1 1 I 1 I i 1
T T [ 1 [ A Uy U T U O (R M |
1 I I 1 I I 1 I 1 I I I 1 I I 1 I I I I 1
i i i i i i i i i i i i i i i i i i i i i

Bang 6: Do thi dac tinh toc dé(té'c do theo dong dién) khi hiéu chinh P, PI.
(truc hoanh la dong dién, truc tung 1a cac dic tinh téc do).
5.3.2. Thi nghi¢m diéu khién vi tri:
N&i day st dung chung cho tat ca cac phan thi nghiém ¢ muc 5.3.2.
. Cap dién 220 VAC cho b diéu khién vi tri.
. Hé théng duoc khao sat & ché o khdng tai (cac cong tic dién tro tai cia may phat o vi tri ho
mach).
. Cong tic RESET/RUN ¢ vi tri RESET, dé reset b phan hoi vi tri va khong cho hé théng
hoat dong. Bo phat xung PG d4 dugc ndi san, tai chan Uty c6 dién ap phan hdi vi tri (phan
anh sai léch vi tri hién tai so véi vi tri ban dau-khi RESET hé thong-xem | ai 5.2.2.1 giéi thiéu
dac tinh cam bién vi tri.
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Bai 5: Hé thdng diéu khién téc dé va vi tri dong co mét chiéu

C11 _
E 76
R14
T5 I/ C10 R13 T7
10K = Iy A AN o]
R10 uzB R15
h Ud R11 22K

6 & AN
Lﬂ}“& AN
22K Ri12

Hinh 5.13: So d6 nguy én li mach diéu khién vi tri.
5.3.2.1. Khao sat hé thong diéu khién vi tri khéng c6 phan hoi toc do:
. Muc dich: Khao sat dic tinh tinh va dong cua hé thdng diéu khién vi tri véi cac bo hiéu
chinh P va Pl véi ngd vao la ham nac.
. Thi nghiém:
N&i day chung cho muc nay: sir dung ca hai bo diéu khién téc do va vi tri.
i)Khao sét khau hiéu chinh P (ti 1&) cho bo diéu khién vi tri:
i) Khao sat khau hiéu chinh PI (tich phan ti I&) cho bo diéu khién vi tri:
5.3.2.2. Khao sat h¢ thong diéu khién vi tri c6 vong phan hoi tbc do:
. Muc d ich: khao sat anh huong cua vong tbc do dén chat lugng cua hé diéu khién vij tri.
. Thi nghiém:
Thyc hién néi day cho 2 vong héi tiép véi vong vi tri diéu khién Pl va vong téc do dicu
khién P nhu sau:
Nhan xét vé do chinh xac cua hé thong diéu khién vi tri va vot 16 caa HT véi dau vao ham
nac khi c6 va khong c6 vong phan hdi toc do. Tir 6 néu téac dung caa vong phan hoi téc do.
Cha y: Do tam phan héi vi tri bi han ché & xap xi 2V(xem ly thuyét phan 5.2), vot 15 16n c6
thé 1am sai tin hiéu phan hoi dan dén hé thdng khéng hoat dong duoc & gia tri dat 16n, phan
biét véi sy mat on dinh cua hé thong.

5.3.Nhén xét danh gia

Trich dén: bai thi nghiém Hg thong dicu khién téc do va vi tri dong co mot chiéu, ciia Bo m
on biéeu khién ty dong, Khoa bién - bién tir, Bai hoc Bach Khoa Tp. HCM.
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Bai 6: Hé thdng diéu khién s6 déng co mét chiéu
Bal 6

HE THONG DIEU KHIEN SO
DONG CO MQOT CHIEU

6.1.Muc tiéu

-Lam quen véi hé thong sir dung may tinh s6(PC) dé diéu khién vong kin mot ddi tugng cu
thé trong bai 1a dong co mét chiéu.

-Khao sat anh husng cua cac thanh phan diéu khién PID trén dic tinh tinh va dong cua hé
théng diéu khién toc a6 dong co mot chidu bang cach quan sat anh huong cua ting théng sé
trén qué trinh qua do cua hé thong véi dau vao ham nac.

6.2. Ngi dung

B6 thi nghiém bao gom :

-Bo diéu khién bao gdm mach giao tiép , may tinh va mach dong luc.

-Dong co mot chiéu co bo phét toe xung.

-Bo cap dién mot chiéu +/- 24V.

-Chuong trinh diéu khién.

—>| biéukhién bong
luc
D/A H@

May tinh Giao tiép

Dit

A/D Phan hoi

SO LIEN TUC

Hinh 6.1 :So dé khoi bai thi nghiém
6.2.1. Bo diéu khién :
Bo diéu khlen dong co chua trong hop riéng, c6 so d6 khdi nhu hinh 6.2, bao gom :
-Card giao tiép twong tw va sé gom co :

Bo6 chuyén ddi twong tu-s6 ADC0809 8bit cho phép may tinh thu thap va tinh toan sé liéu
diéu khién dong co. Trong thi nghiém nay, toc do, dong dién, va dién &p dong co dugc  doc
vé may tinh s6. May tinh ciing ghi lai va trinh bay d6 thi qua trinh qua do dé ta phan tich dic
tinh hé théng.

Chuyén doi s6-twong tu (DAC) 8 bit AD7520 ndi port A ciia PIA 8255, bién doi tin hiéu diéu
khién tir s6 ra dién ap, giit nguyén trong chu ki lay mau lam thanh bé gii bac 0 (ZOH).

-May tinh AT c6 card giao tiép PROTOTYPE ADAPTER(TK-1), dia chi $300-$31F(c6 thé
dung card PCI 1711/PCI 1718HDU).

-Bo khuéch dai cong suat c6 mach bao vé dong dién, s dung ngudn +24V khuéch dai tin
hiéu diéu khién (tir ngd ra DAC) dé cung cép cho dong co DC.
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Bai 6: Hé thdng diéu khién s6 déng co mét chiéu

— oA oA | Y
' —KHUECH | -4y
TT 7T DAI CS =
ﬂ_PH.ﬂ.TTEjG
? VREF XUNG
. e "DIGITALIO
DEN — ' '
oC 25[%, 8255 0/
" DATA
A

Hinh 6.2 : So d6 khoi bé diéu khién déng co.
6.2.2. Bong co mot chiéu.
6.2.3. Chuong trinh diéu khién.
6.3. Thi nghiém : sinh vién doc tham khao [2]
6.3.1. Thi nghiém khao sat hé ho :
6.3.2. Thi nghiém h¢ vong kin 1(Khong c6 phan hoi dong dién)
6.4. So dd khéi hé théng diéu khién toc d6 dong co

Wd e Idat U dk I w
—p| ramp ( ) DKw _’O_> bK > ZOH ™ BDK » P.Co
TI dco Tin hi éu phan hoi
w dco
'~
Digital Analog

Hinh 6.3 So d6 khdi HT diéu khién dong co
6.5. Nhan xét danh gia :

Trich dan : bai thi nghiém Piéu khién s6 dong co DC, ctia Bo mon Piéu khién ty dong, Khoa
bién - Dién tir, Pai hoc Bach Khoa Tp. HCM.
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Bai 7: Hé thdng diéu khién muc nuéc
Bai 7
HE THONG PIEU KHIEN MUC NUOC

7.1.Muc tiéu

Sinh vién xay dung md hinh toan hoc bdn don va ding Simulink md phong hé bon
don;va khao sat hé théng diéu khién muc nudc cu thé.
7.2.N¢i dung

Dung may tinh c6 sir dung card giao tiép PCL818L/PC | 1711 dé diéu khi én bdn
nudc. Card dung doc gia tri tir cam bién va xuét ra dién ap diéu khién bom nuéc vao bon.
C6 sir dung XPC-target trong Matlab va c6 viét chuong trinh két néi bang Visual C hay
Borland C++ Builder.
So d6 khéi hé théng diéu khién bon nuéc:
XPC-Target:
xPC Target 1a giai phap cua Matlab nham dwua cac két qua md hinh hé théng ding
Simulink vao hé théng chay thoi gian thuc. xPC target can c6 mot may tinh chu va may
tinh dich ghép néi voi nhau qua cong RS-232 hay mang Ethernet, chuong trinh diéu
khién dang ma thyc thi, tao ra bai Real Time Workshops va Visual C++, XPC target duoc
chuyén tir may cha dén may dich, may tinh dich c6 céc card giao tiép véi ddi tuong sé
diéu khién di tuong theo thoi gian thuc, cac dap tng duoc giri 18n may cha va cac tinh
chinh giri xubng may dich. May tinh chi cai hé diéu hanh Windows 95, 98, 2000, Xp hay
NT4. May tinh dich khdng can ciu hinh manh (CPU 386, RAM 8MB), khong can hé diéu
hanh nhung BIOS phai tuong thich may PC, mainboard c6 san cac slot gan card giao tiép
va ¢ cong COM(dung chipset tuong thich UART) hay card mang, chi can 6 dia mém con
o cuang va man hinh khong can thiét. Su giao tiép gitra hai may tinh thyc hién qua cong
cong COM hay mang Ethernet.

XPC Target hd tro giao tiép qua cong COM va mét sb card giao tiép cua cac hang
Advantech, ADDI-DATA, National Instruments, Real time devices,... Sinh vién doc thém
trong tai li¢u[4].

7.3.Thi nghiém
7.3.1.M06 phéng bon chira I . )
u(t) : tin hiéu vao , h(t): tin hiéu ra la chiéu cao cot nudc, toi da 40cm.

dh(t)/dt= (1/A).(K.u(t) —C.a. ,/2gh(t) ) @

Cho:

A: tiét dién ngang cua bon chira=100cm?.

a: tiét dien van=0,5 cm?.

C: hé s xa=0,6.

g: gia téc trong trudng=981 cm/s’

u(t): [0->1]; tbi da 12V, ngau nhién.

K: hé sé dic trung cho cong suét 16n=18 lit/pht=300 cm?/s.
Xay dung mo6 hinh m6 phéng :

u Mo | v
hinh
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Bai 7: Hé thdng diéu khién muc nuéc

So dd md phong luu & tap tin bondon.mdl
M6 phong hé¢ thong véi u(t) ngau nhién

=] bondon
File Edit Wiew Simulation Format  Tools  Help
D|E—“E§|$E|EJQ|} IINn:-rmaI ;”@ﬂ”ﬁﬂ\@
B [ B [ :
Scope? Scope To o mspaced
Random S aturation Gainz = Bondon = Scope
Mumber
- u
Ta WMotkspace

Undao the previous action: Add Line 100% | | lode45 A

Hinh 7.1: So'd6 mé phéng bon don.

Ei bondon/Bondon

File Edit Wiew Simulation Format Tools  Help
ODEeEd& @ =8B =2 - » = |Noma s
-
1
g J'r -:
Integratar
Fecn
) —
b
< >
Ready [100%%, | | |odeds 2

Hinh 7.2 : Bén trong subsystem “Bondon” )
Gain la K=300, Gainl la 1/A=1/100, Khoi Fen  1a
C*a*sqrt(2*981*u[1])=0.6*0.5*sqrt(2*981*u[1]). Khai tich phan c6 gii han cao nhat la
40.
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Bai 7: Hé thdng diéu khién muc nuéc

Két qua mo phong
Ng6 vao u(t)

Ng0 ra h(t)
7.3.2.5S0' do mo phong I1:

1~ Single_Tank

File Edit “ew Simulation Faormak Tools  Help
D|@E§|%E|QE|P llNu:urmaI j|@|ﬂ||]
I tank_input.mat I }{12 P Lt hlftj—.-—D

From File ain Tank Dynamic b
Sawe zampled data I-IZI
u
Ready |100% |odes 4
Hinh 7.3.

Thong sé bon nuéc :
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Block Parameters: Tank Dynamic

Subsyzstem [mazk]

Parameters
inimum crosz area [cma)

]

b amirum crozs area [cmz)

200

Outlet area [cm]

07
Tank height [cm]

40

b airmum pump flow [cm3dsec]

180

b axirnuim pump voltage Malt]

IE

Digcharge constant

06

o]

Cancel

Help

£

Bai 7: Hé thdng diéu khién muc nuéc

Két qua md phong:

U(t):
H(t):

7.4.Nhan xét d¢anh gia.

Hinh 7.4

7.5.Khao sat mé hinh diéu khién bon nudc cua hang Festo.
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Bang bién d6i Laplace

PHU LUC

Phu luc

STT | Anh laplace F(s) Ham thoi gian f(t)

1 1 Ham Dirac &t)

2 1 Ham ndc don i us(t)=1(t)
S

3 1 Ham ddc (h am RAMP)= t.1(t)
s?

4 n! t"(n= s6 nguyén dwrong)

n+1

5 1 e
S+a

6 1 te®
(s+a)’

7 n! t".e® (n= sé nguyén duong)
(s+a)™

8
_ ! (e —e ) (axh)
(s+a)(s+p) (B-a)

o ! i(1—e""‘)
s(s+a) a

10
1 1 et o
s(s+a) o

11
2# iz(at -1+ e_“t)
s°(s+a) o

12 1 1 1 2
= S t- S 4 (t+S)e
s’(s+a)’ az[ a ( a) ]
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Phu luc

13 S (1-at)e™
(s+a)’
14 ! sinant
s+’
15 s COSant
s+’
16 w? 1- cosant
s(s” +@?)
17 o, (s +a) wrJa? + ol sin(w,t+0)véi 0 =tan (@, / )
s+’
18
a)n2 3 Zw” ~e™ +————sin(w,t+6), vdi
(s+a)(s” +w)) a”+o; a’+o,
0 =tan (o, /)
19 (02 9 ot o3 2
n e “"sinw,\1-&°t (&1)
$* + 28w, S+ of 1-&°
20 a)z (0] Lt 2 , —1
n 1- L—e " sin(w,1-&°t+0),véi @=cos &
s(s® + 28w, s+ w?) 1- &2
(&<1)
21 2 02
. >n - On_g-tot sin(w,\1-E°t—0) véi 6 =cos™ &
$°+2éw,5+ o, 1- &2
(&<1)
22 o (s+a) a’ -2aéw, +w’
n n n A—éont o g2 %
S2 + 260 S+ a)n\/ 12 e sin(w,1- &% 1+ 0) véi
}1_ 2
9=tan—1u§ (&1)
a_é:a)n
23 >

n

s?(s® + 28w, s+ w?)

_2 1 e oisinge J1- 22 t+0), véi

@, @?\1-E?

6 =cos (252 -1) (&<1)
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Phu luc
Céc ham MATLAB dung trong Control systems toolbox (mét s6):

Tén ham MO0 ta churc nang

abs Tinh gié tri tuyét doi

Acos Tinh arcos

Ans bién duoc tao ra trong biéu thirc

Asin Tinh gia tri arcsin

Atan Tinh gid tri arctan (2 quadrant)

Atan?2 Tinh gid tri arctan(4 quadrant)

Axis chirati ¢ truc bang tay trén do thi.

Bode tao ra do thi dap ¢ng tan s6 Bode.

c2d chuyén d6i thé hién hé théng bién trang thai lién tuc thoi gian sang thé hién
hé thdng roi rac thoi gian.

Clear Xo04a workspace

CIf X0a xir 6 do thi

Conj Tinh lién hop phtrc (complex conjugate)

Conv Nhan hai da thirc (convolution)

Cos Tinh gid tri césin

Ctrb Tinh ma tran diéu khién duogc

diary Luu phién lam viéc vao tap tin dia

D2c chuyén ddi hé bién trang thai roi rac thoi gian sang hé lién tuc thoi gian

Eig Tinh gid tri riéng va vector riéng.

End két thuc cau trdc diéu khién

Exp Tinh liy thira véi co s6 e.

Expm Tinh Iy thira ma tran véi co s6 e.

eye tao ra ma tran don vi.

Feedback | Tinh két ndi vong kin cia hai hé .

For tao ra vong lap

Format thiét 1ap dinh dang hién thi ngo ra.

Grid on Thém luéi vao d6 thi hién hanh.

Help In danh sach cta chu dé HELP(trg giup).

Hold on gitt dd thi hién hanh trén man hinh

' J-1

imag Tinh phan ao cua s6 phuc.

impulse Tinh dap tng xung don vi cia hé thong.

Inf thé hién khong xéac dinh

] J-1

legend dat chd thich trén do thi hién hanh

Isim Tinh dap ung thoi gian cua hé.

minreal RUt gon ham truyén

Nichols Tinh toan d6 thi dap ung tan sé Nichols

Nyquist Tinh toan dap ng tan sé Nyquist

Plot v& do thi tuyén tinh.

Pole Tinh cuc cua hé

Rlocus Tinh quy dao nghiém sb.

Roots Tinh nghiém cua da thuc.

Ss tao ra doi tuong mo hinh khéng gian trang thai.

Step Tinh dap tng nac don vi cua hé thong.

Tf tao ra ddi twong mo hinh ham truyén.

Xlabel Thém nhan vao tryc x ciia dd thi

Ylabel Thém nhén vao truc y cua do thi.
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