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Tom tit

Bai todn diéu khién tu dong dwoc quyét mét cdch tron ven bang nhiéu phwong phdp khdc
nhau mét khi ham sé truyén cia doi tieong dwoc xdc dinh. Bai bdo nay gidi thiéu mét phuwong phdp
xdc dinh ham sé truyén bang phicong phdp déap img bude, y twong Cua phwong phdp la ding
Matlab dé xap xi ham duwong cong ddp img buéc, tir ham ddp img bwée ding bién doi Laplace
nguwoc suy ra dioc ham sé truyéen. Bang phuong phdp ddp img bude nay tic gia da xdac dinh doc
ham sé truyen cua 7 dang khdc nhau.
Tir khéa: ddp iing bude, ham sé truyeén
Abstract

DEFINING THE TRANSFER FUNCTION BY THE STEP RESPONSE METHOD

Automated control problems are fully resolved by various methods once the transfer function
of the object is determined. This article introduces a method of defining the transfer function by the
step response method. The idea of this method is to use Matlab to approximate function of the step
response curve, from the step response function using the inverted Laplace transform in order to
determine the transfer function. By this method, the author has determined the transfer function of 7
different types.

1. Gioi thiéu

Bai toan didu khién ty dong duoc giai khi biét mé hinh toan cua ddi twong, mé hinh toan
thudng dung 12 ham sb truyén va hé phuong trinh bién trang thai. Ham s truyén va hé phuong trinh
bién trang thai co thé bién doi lan nhau, nghia 14 biét ham s truyén c6 thé suy ra hé phuong trinh
bién trang thai va nguoc lai. Biét ham s6 truyén 1a cai gdc dé giai bai toan diéu khién, do d6 xac
dinh dwgc ham s truyén cua ddi twong co y nghia thuc tidn. Noi dung cia bai bao nay trinh bay
phuong phéap xac dinh ham sb truyén bang dap ung budc. Mot dbi tuong c6 mot ham sb truyén, co
mot dap tmg budc, biét ham s truyén sé biét duge dap tmg budc nhy ham step ciia Matlab. Do do,
xac dinh ham sd truyén tir dp @mg budc 1a bai toan nguoc ciia ham step. Trong bai béo nay tac gia
d3 xac dinh duoc ham sb truyén cua 7 dang.

2. Noi dung
Cac budc ciia phuong phap xac dinh ham s truyén bang dap tmg budc:

- Thu thap dit liéu dap tng budc cua mot déi tuong.
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- Xac dinh truc quan dang ham sd truyén tir d6 thi ciia dap tng budc.

- Dung Matlab xap xi ham ctia dap ing budc.

- Tir ham x4p Xi cta dap tng budc xac dinh ham s truyén.

Thu thap dir lidu dap Gmg budc cia mot ddi twong: Dé thu thap dit liéu dap ing bude ta c6 thé
sir dung thiét bi oscilloscope c6 nhé (storage oscilloscope) dé thu thap dir liéu, mot thiét bi nhu vay
¢6 thé mua dugc ¢ Viét Nam 1a thiét bi ciia hang Tektronic, Hantek.. ., hogc thiét bi tu ché tao.

Cac budc con lai s€ dugc lam sang to qua cac khao sat dudi day.

2.1. Ham truyén bgc mét G(S) c6 dang:

k 4 T
S+a 3 -
2 ;J,v-
Hinh 1. Dap iing budc Cua ham 1
truyen bédc mét. f‘r
0 0 2 4 6 8 10
Dung Matlab dé xap xi dap tmg budc ¢ dang biéu thic (2):
v, (t) =A+Be“" (2)
A 4 A A B
Lay bién doi Laplace (2), ta duoc:  V,(S)=—+— 3
S S-C
Tin hiéu 15i vao 1a ham budc: v, (t) = V.1(t) 4)
C \Y,
Bien doi Laplace (4), ta dugc:  V,(S) = S (5)
Ham truyén H(S): G(S)= Vo(S) = S(A+B)-AC (6)
Vi(S) V(S-C)

DPdng nhat (1) va (6) ta duoc:

A=-B

k=-AC/V (7

a=-C
Biét duoc cac hé sb A, B, C ta biét dugc ham truyén

()= Yel8) - _-AC
Vi(S) V(S-C)

File script sau cua tat ca cac khao sat trong bai bao nay gom 2 doan code: doan code bén trén
gia lap dé tao so liéu dap tmg budce, doan code bén dudi sir dung so6 liéu gia lap dé xac dinh ham so6
truyén.
num=15;% gia lap so lieu dap ung buoc
den=[1 5];
step(num,den)
sys=tf(num,den);

[Y, T, X]=step(sys);
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Y=Y’

T=T,

hold on

pause

p0=[1 -1 -1]'; % xap xi ham va ham so truyen
options = optimset('Largescale’,'off");
fun=@(p)(P(1)+p(2)*exp(p(3)*T)-Y);
p = Isgnonlin(fun,p0,[],[],0ptions)
YY=p(1)+p(2)*exp(p(3)*T);
plot(T,YY,'r+"

numtf=-p(1)*p(3);

dentf=[1 p(3)];

sys=tf(numtf,dentf)

hold off
, . \ A A A A k

Code Matlab xac dinh ham so truyén bac mot G(S) = ——

S+a
s Step Response
. i ] Transfer function:
15
g 15 s—5
‘ 'I'|me‘(sec) ) )
(@) (b)

Hinh 2. (a) Po thi ddp irmg buoc, (lien nét): Pdp g budc cua mét doi twong gid lap, (+):
Pap vmg buréc do Matlab xdp xi ham; (b) Ham sé truyén duoe xdc dinh.

Két qua MatLab trén hinh 2a) cho thiy dap ung budc do Matlab xap xi ham hoan toan tring
khép véi dap g budc ciia mot ddi tuong gia ldp ban dau. Hinh 2b) cho thiy biéu thirc ham truyén
duogc xac dinh hoan toan tring khop véi ham truyén gia dinh ban dau.

k

2.2. Ham s truyén bgc hai dgng: G(S) = (S+a)(S+h)
+ +

Hinh 3. Pdp irng budc ham truyén FE)
bdc hai, duwong cong cé diém uon tai
gan Vi tri xuat phat.

LooQOO0a0
O ) i Oy 100

o5 1 152 253 354 45 5
t
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1
0.9
0.8
©_ g
glt) 0.5
Kt)- gty o3
8:? N Hinh 4. Dap Li’?g bude ham truyén béc
0?( 05 1 153 25 3 354 25 < hai la tong hop hai dwong e mii.
t
k
G(S)=———— 8
(S+a)(S+hb)
Dung Matlab dé xap xi dap tmg budc ¢ dang biéu thic (9):
Vv, (t)=A+Be“" +De™! 9)
2 A B D
Lay bién ddi Lapl 9),taduoc: V,(S)=—+—o+—= 10
ay bién doi Laplace (9), ta dug (S) sTs cis E (10)
Tin hiéu 16i vao Ia ham buéc: v, (t) = V.1(t) (11)
Bién d6i Laplace (11), ta duoc:  V,(S) = % (12)
Ham truyén H(S):
2 —
G(S):V"(S):S (A+B+D)-S(AE+AC+BE+DC)+ACE (13)
V,(S) V(S-O)5-E)
Ddng nhit (8) va (13) ta duoc:
k=ACE/V
a=-C (14)
b=-E

Biét duoc cac hé sé A, B, C, D, E ta biét dugc ham truyén bac hai

num=10; % gia lap so lieu dap ung buoc
den=conv([1 5],[1 12]);

step(num,den)

sys=tf(num,den);

[Y,T,X]=step(sys);

Y=Y,

T=T,

hold on

pause

p0=[11-30 1 -40]; % xap xi ham va ham so truyen
options = optimset('Largescale’,'off");
fun=@(p)(p(1)+p(2)*exp(p(3)*T)+p(4)*exp(p(5)*T)-Y);
p = Isgnonlin(fun,p0,[],[],0ptions)
YY=p(1)+p(2)*exp(p(3)*T)+p(4)*exp(p(5)*T);
plot(T,YY,'r+"

numtf=p(1)*p(3)*p(5);

dentf=conv([1 -p(3)],[1 -p(5)]);

sys=tf(numtf,dentf)

hold off
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, ) k
Code Matlab xac dinh ham so truyén bac hai G(S) = ———
(S+a)(S+b)
o018 Step Response
o8y Transfer function:
0.14 ~ 10
A2 +17 s + 60
0 0.2 0.4 _nmo(iec) 0.8 1 1.2
a) b)
Hinh 5. Két qua ciia Matlab déi véi ham truyén bdc hai.
N X A ks
2.3. Ham sé truyen dang: G(S) =——
s+a
V() = G(S)V, (8) = —=V/ (5) Vy(s) =%
0 ' (s+a) ' 0 (s+a)
S
v, (t) =ke™ = pe™ k=p,a=-p, G(s) = Py
S—P,

num=10*[1 0]; % gia lap so lieu dap ung buoc
den=[1 5];

step(num,den)

sys=tf(num,den);

[Y,T,X]=step(sys);

Y=Y

T=T"

hold on

pause

p0=[1 -1]'; % xap xi ham va ham so truyen
options = optimset('Largescale’,'off");
fun=@(p)(p(1)*exp(p(2)*T)-Y);

p = Isgnonlin(fun,p0,[],[],options)
YY=p(1)*exp(-p(2)*T);

plot(T,YY,'r+"

numtf=p(1)*[1 0];

dentf=[1 -p(2)];

sys=tf(numtf,dentf)

hold off
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. . ks
Code Matlab xac dinh ham so6 truyén dang G(s) = ——
S+a

Step Response

Transfer function:
10s

Amplitude

L r r B o 2
0 0.2 0.4 0.6 0.8 1 1.2
Time (sec)

Hinh 6. Két qua ciia Matlab d6i Véi ham truyén G(S) = Sk—sa.
_|_

. £ A ks

2.4. Ham so truyen dgng: G(S) =————
(s+a)(s+hb)
AGRCIO 10— —y
° ! (s+a)(s+b) '
Vi ham 16 vao 1a ham budc don vi, ta co:
k k 1 1 k Cat
Vo(s) = = ( - j;vo(t)=—(e ‘e )= p,(e™ —e™)
(s+a)(s+b) b-al\s+a s+b b-a

a=-p,, b=—p,, k= p,(p, — p,) -Vay ham s6 truyén c6 biéu thic la:

G(S) — pl(pz — pS)
(s—p)(s—p,)

num=23*[1 0]; % gia lap so lieu dap ung buoc
den=conv([1 2],[1 4]);

step(num,den)

sys=tf(num,den);

[Y,T,X]=step(sys);

Y=Y

T=T,

hold on

pause

p0=[1 1 1]'; % xap xi ham va ham so truyen
options = optimset('Largescale’,'off");
fun=@(p)(p(1)*(exp(-p(2)*T)- exp(-p(3)*T))-Y);
p = Isgnonlin(fun,p0,[],[],0ptions)
YY=p(1)*(exp(-p(2)*T)- exp(-p(3)*T));
plot(T,YY,'r+"

numtf=p(1)*(p(2)-p(3))*[1 0J;
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dentf=conv([1 -p(2)1.[1 -p(3)]);
sys=tf(numtf,dentf)

hold off
Code Matlab xac dinh ham s6 truyén dang G(s) = ks
(s+a)(s+hb)
Transfer function:
23s
s"2+6s+8
£ . A s A ks
Hinh 7. Két quda cia Matlab d@oi véi ham truyén G(S) = ——F—
(s+a)(s+b)
N p X A A ks+a
2.5. Ham sé truyen dgng (mau bac hai, ttr bac mot): G(s) = ————
(s+b)(s+c)
ks+a 1
Vo(s) =GV, (8) =7— ==
(s+b)(s+c)s
i
= Py P; Ps.\/.i. b a—ck A a
bat V,(s) = + +—: Vi =— = va P =—
Vo(9) (s+p,) (s+p,) s =Ty P c(c—b) Ps = b

Vo(t) = pe ™ + pe ™ + py; k=psp, + PsP, + PP, + P3Py, @ = P,P,Ps
G(s)= S(p5p4 + PsP + PP, p3p2)+ P, P, Ps
(s+p,)(s+p,)

num=[5 2];% gia lap so lieu dap ung buoc

den=conv([1 3],[1 4]);

step(num,den)

sys=tf(num,den);

[Y,T,X]=step(sys);

Y=Y

T=T;

hold on

pause

p0=[11 11 1]; % xap xi ham va ham so truyen

options = optimset('Largescale’,'off");
fun=@(p)(p(1)*exp(-p(2)*T)+ p(3)*exp(-p(4)*T) +p(5)-Y);
p = Isgnonlin(fun,p0,[],[],options);

YY=p(1)*exp(-p(2)*T)+ p(3)*exp(-p(4)*T)+p(5);
plot(T,YY,'r+")
numtf=[p(5)*p(4)+p(5)*p(2)+p(1)*p(4)+p(3)*P(2) P(5)*P(2)*p(4)];
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dentf=conv([1 p(2)]1.[1 p(4)D);
sys=tf(numtf,dentf)

hold off
L .z A ks +a
Code Matlab xac dinh ham s6 truyén dang G(§) = ————
(s+b)(s+¢c)
07 StepRespuns?
Transfer function:
5s5+2
SN2+ 7s+12
0 0.5 1 1ilme o 2 2 3 3.5
. P i s 5 ks +a
Hinh 8. Két qua cuia Matlab doi véi ham truyen G(S) = ————
(s+Db)(s+c)
2
2.6. Ham sé truyén bac 2 véi cuc phic G(s) = “n

s’ +2lw s+’
o, tan s6 dao dong tw nhién, ¢ hé s6 dém

Dap tng budce don vi: V,(t) =1—%e4“’”‘ sin(w, Bt +60), véi f=1-¢?

Pat v, (t) =1+ pe ™ sin(pt+p,), cac he s6 p,, p,, Py, P, S& dung Matlab dé xac
dinh. @, = p,ps, $@, = P,, @, = P,. Vay ham s6 truyén s la:

G(s) = (plpS)

2
s* +2sp, +(p.P;)

den=[1 8 100];% gia lap so lieu dap ung buoc
step(num,den)
sys=tf(num,den);
[Y,T,X]=step(sys);
Y=Y,
T=T,
hold on
pause
p0=[-11 1 1]'; % xap xi ham va ham so truyen
options = optimset('Largescale’,'off");
fun=@(p)(L+p(1)*exp(-p(2)*T).*sin(p(3)*T+p(4))-Y);
p = Isgnonlin(fun,p0,[],[],options);
YY=1+p(1)*exp(-p(2)*T).*sin(p(3)*T+p(4));
plot(T,YY,'r+"
numtf=(p(1)*p3))"2;
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dentf=[1 2*p(2) (p(1)*p(3))"2];
sys=tf(numtf,dentf)
hold off

2

D,

Code Matlab x4c dinh ham s6 truyén dang G(s) = — -
$*+24w,s + w,

Step Response

1.4

1.2 /A\ |

' : WWH*“* — Transfer function:
g o® 100
<EE(L P

s"2+8s+100

0.4

0.2

0 r

0 0.5 1 e
Time (sec)

Hinh 9. Két qua ciia Matlab déi Véi ham truyén bac hai cuc phuc
. . A .
2.7. Ham sé truyén dang: G(S) = ————— c0 hai cuc phuc
s“+Bs+C
Ta dong nhat vé dang:
aw’

n NPT , .. 1 —Sont o
G(s) = T iolms ol va déap g budce don vi: V,(t) = a(l— Ee 'sin(w, Bt + 9))

Ta dung Matlab xap xi v,(t) ¢ dang: v,(t) = p, + p,e ™ sin(p,t + p;). Do d6 ham sb
tuyén sé la:
2
(PPs) /Py
2
52+2p3+(p2p4/p1)

num=80;% gia lap so lieu dap ung buoc

den=[1 8 100];

step(num,den)

sys=tf(hum,den);

[Y,T,X]=step(sys);

Y=Y

T=T;

hold on

pause

p0=[1-11 1 1]"; % xap xi ham va ham so truyen
options = optimset('Largescale’,'off");
fun=@(p)(P(1)+p(2)*exp(-p(3)*T).*sin(p(4)*T+p(5))-Y);
p = Isgnonlin(fun,p0,[],[],0ptions);

G(s) =
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YY=p(1)+p(2)*exp(-p(3)*T).*sin(p(4)*T+p(5));
plot(T,YY,'r+")

numtf=((p(2)*p(4))"2)/p(1);

dentf=[1 2*p(3) (p(2)*p(4)/p(1))"2];
sys=tf(numtf,dentf)

hold off

A

Code Matlab x4c dinh ham s truyén dang G(S) = 5———
s°+Bs+C

Step Response

1.4

121

1 Aty 4
0s f\ bbb et Transfer function:

80

s"2+8s+100

Amplitude

0.6

0.4

0.2

Time (sec)

A

Hinh 10. Két qud ciia Matlab doi véi ham truyén G(S) = 57—
s°+Bs+C

2.8. Mgt khdo sdt thuc té: Sau day 1a mot vi du xac dinh ham s truyén ciia mot may phat
dién chay khong tai, van tdc quay may phat cd dinh twong ng véi tan sé 50Hz, dién ap budc dugc
cép vao cudn day kich tir may phat, s6 liéu dap tng budc duogc thu thap bing mot thiét bi tu ché tao,
c6 giao dién diéu khién va hinh dang dap timg budc & hinh 11.

T TRANSFER FUNCTT — e S — o

ON
path iy

file Tool Help

STEP RESPONSE

Hinh 11. Pdp img buréc ciia Mt mdy phat dién thu thap diz liéu bang thiét bi tur ché tao.
Tir d6 thi dép g budc, ta xac dinh ham sb truyén c6 dang bac hai do c6 diém udn gan gdc
toa do. S6 liéu dap ung budce duoc luu thanh file data.m trong thu muc caa MatLab. Chay file script
bén dudi Matlab cho két qua trén hinh 12.
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data;

T=Time*0.001;

p0=[11-30 1 -407];

options = optimset('Largescale’,'off");
fun=@(p)(p(1)+p(2)*exp(p(3)*T)+p(4)*exp(p(5)*T)-Response);
p = Isgnonlin(fun,p0,[],[],0ptions)
YY=p(1)+p(2)*exp(p(3)*T)+p(4)*exp(p(5)*T);
plot(Time,Response,'+r',T,YY,'b")
numtf=p(1)*p(3)*p(5);

dentf=conv([1 -p(3)1.[1 -p(5)]);
sys=tf(numtf,dentf)

hold off

Code Matlab xac dinh ham s truyén caa mot khao sat thuc té.

4

3.5

al

Transfer function:
65.82

251
2k

1.5F

"2 +8.696 s + 18.72

1+

05 £

o ¢

-0.5
0

r c ¢
0.5 1 15 2

(12a) (12b)
Hinh 12. a) (dwdng +): Pap tmg budc tir s6 liéu thu thap, (duong lién nét): PS thi ham
Matlab xap xi sé liéu b) Két qua MatLab xac dinh ham sé truyén.

3.Két lugn

Qua 7 khao sat vai s6 liéu gia lap ta da xac dinh dugc ham sé truyén hoan toan chinh xéac véi
ham s6 truyén gia dinh ban dau, nhu vay cic sai s6 xac dinh ham sb truyén bang phuong phap dap
{mg budc c6 thé co 1a: Sai s6 do thu thap dir liéu dap ung budc va nhan dinh truc quan khong chinh
xac vé dang ham sd truyén, do d6 xac dinh ham s truyén 1a cong viéc cua ngudi cd chuyén mén sau.
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