Ch-6: Phan tich hé thong lién tuc dung bién doi Laplace

Lecture-12

6.4. Ung dung trong hoi tiép va diéu khién



6.4. Ung dung trong hdi tiép va diéu khién

6.4.1. Vai (g dung ctia hé thong hoi tiép
6.4.2. Co ban vé hé thong diéu khién ty dong



6.4.1. Vai irng dung cua he¢ théng hoi tiép

a) Thuc hi€n hé théng nghich dao cua hé théng LTI
b) Giam anh hudng cta sy thay doi thong so hé thong
¢) Tuyén tinh hoa hé thong phi tuyén

d) On dinh cho hé thong LTI khong on dinh



a) Thue hién hé thong nghich dio ciia hé thong LTI

O Xét hé thong hoi tiép nhu hinh vé

F(s) —»?— K - Y(s)
H(s)

K
1+ KH(s)

=> T(s)=

[ Néu chon K sao cho KH(s)>>1

—> T(s)= H}s) [Hé thong nghich dao ctia HT LTI H(s)]



b) Giam anh huwéng ciia sw thay doi thong sé hé thong

[ Xét hé thong hoi tiép sau:

J@)

3 Vi du: 1am thé nao dé giam anh huong do su thay d6i cua do loi G

power

amplifier

MP3 player

—

8 <

>

G <12 speaker



¢) Tuyén tinh hoa hé thong phi tuyén

[ Xét hé thong hoi tiép sau:

y(t) I )7(63)

f(t) +_ i e(r) > y(e)
i r(t) 5

Iy I G‘i 1 fl!;r:;
-1

Quan hé vao ra: y(f)=y(e); voi: e(t)=t(t)-By(t)

_dy dyde
df ~dedf  dy dy[, ,dy dy _ dy/de
= de _ ody = 4 de {I'B df} " df _ 1+pdy/de
= df df

Néucod Bdy/de>>1 thi:

d Pl L y(f): tuyén tinh




¢) Tuyén tinh hoa hé thong phi tuyén

J Vidu:

xét bo khuéch dai cong suat 16p B nhu dudi day, lam thé nao dé
khac phuc meéo?

+50V v | Méo xuyen tam




d) On dinh cho hé thong LTI khong on dinh

Xét hé thong hoi tiép sau:

F(s) —»?— H(s) > Y(s)
p

h

Gia stir ham truyén vong hé : H(s)= b :a>0 > khong 6n dinh!!!
s-a
‘ H(s) b
Ham truyén vong kin: T(s)= =) T(s)=
1+BH(s) ) s-a+3b

Vay T(s) én dinh khi chon: B>%



6.4.2. Co ban vé hé thong diéu khién tw dong

a) Phan tich mot hé thong diéu khién don gian
b) Phan tich qua do hé thong bac 2
¢) Quy dao nghiém so6

d) Hiéu chinh hé thong dung quy dao nghiém so



a) Phan tich mét hé thong diéu khién don giin

) Xét hé thong diéu khién don gian

Input
Potentiometer

dc

Output

Potentiometer

[ .
f
£
L T
| /
4 A\
0, —(H— &k H-Gol— 65

/

D(D+a)0(t) =K, f(t)
a=B/J,K,=K,./J
La.Thi page 91-92

KG(s)

T kG




a) Phan tich mét hé thong diéu khién don giin

1 K K
I T(s)= —> 0 _(s)=
S(st8) = 1) s*+8s+K = %) s*+8s+K

Gia sir: G(s)= 0,(s)

 Phan tich qua do: dap urng voi u(t)
—=> 0. (S):l —=> 0_(s)=
S
7
s(s*+8s+7)
80
s(s”+8s+80)

16
s(s”*+8s+16)

K
s(s”+8s+K)

+K=T: 0, ()= = 0, (O)=(1-7"+ e Ju(t)

= 0, (=[1-5 ¢™cos(8t+153")Ju(t)

- K=80: 0_(s)=

« K=16: 0_(s)= =) 0_(t)=[1-(4t+1)e™ Ju(t)




a) Phan tich mét hé thong diéu khién don giin

.................. S within 2% the FV
PO=21% | [N ke
...................... 1. b i Sl S -
011 L/ :
- /K=16:
i E ;
%1 [ ; K7 T .
- Khong co
(07— PO vat,
f 5t ; s
] Lt ‘
* PO: percentage-overshoot * t,: peak time
* t.: rise time - t.: settling time

Nhi¢m vu: Tim gia tri cua K dé dat yéu cau mong muon




a) Phan tich mét hé thong diéu khién don giin

O Phan tich x4c 1ap: sai s6 xac 1ap

e(t)=0; (1)-95 (1) => E()=0;(5)-0, (s)=0; (s)[1-T(s)] =0; ()

1+KG(s)

=y €, = lim e(t) =) ey = hm sE(s) =lims 0;(s)
=0 —0 s—0 1+KG(s)

= V61 0;(t)=u(t): dat K,= lin(l) [KG(s)]( hang so sai s0 vi trf)
S—

= e, =e,=lims L7s 1
s—0 1+KG(s) l-l—K

= V&1 0.(t)=tu(t):dat K, = 11rr(1) s[KG(s)] (hang so sai sO van toc)
S—

1/s2 1
—) e, =¢.=lims
> 50 1+KG(s) K,



a) Phan tich mét hé thong diéu khién don giin

= Véi 0,(t)=0.5tu(t): dat K,=lim s’ [KG(s)] (hang s sai so gia toc)

s—0

/s 1
=) €y =€,= lims
s—0 1+KG(S) K,

= Cu thé cho hé thong dang xét: G(s)=1/s(s+8)

=1im [KG(s)] = =y ¢e,=0
s—0
K,=1lims[KG(s)] =K/8 o= ¢,=8/K
s—0
K,=1lim sz[KG(s)] =0 =) €,=®
s—0

H¢ thong nay con goi la hé thong diéu khién vi tri, c6 thé dung dé
diéu khién van toc, khong thé dung dé diéu khién gia toc!!!

Nhi¢m vu: Tim gia tri cua K va cac khau hi¢u chinh dé h¢ thong
trén co thé diéu khién ca 3 loai!!! + bdao dam yéu cau qua do!!!




b) Phén tich tich qua d$ hé thong bac 2

J Muc dich: xac dinh nhanh chong cac thong s6 (PO, t,t) cuahé
thong bac 2 vo1 T(s) khong c6 diém zero dwa vao vi tri cua cac

poles cua no. 5

®
T(s)= .
) s’ +2Lm s+’

J Tai sao chi xét cho hé théng bac 2 nay: co so cho cac h¢ théng bac
cao hon néu thoa mot s6 nguyeén tac:
= B0 tri cac poles khac & rat xa truc 40 (jo) so vdi cuc cta hé thong
bac 2 chtra trong ham truyén vong kin T(s) cua hé thong bac cao
nay.

= B0 tri cac cap pole-zero ¢ rat gan nhau

Khi d6 ddp g quad do ciia hé thong bdc cao gan giong nhw ciia
hé thong bac 2 co trong ham truyén vong kin 1(s) cua no




b) Phan tich tich qua d hé thong bac 2

2

, ®
3 Vi tri c4c poles cua hé thong bac 2: T(s)= n
i p > thong b (8= o s’
Jo ¢
EE - 0, 1-C
| \\\ (Dn
AN s-plane
$,,=— (0, £jo,1-C cos ¢ | o
_C(Dn i P 7
S2 ):(':/_ ________ _(Dn /1 . C,Z
2
_|_
 Bap tng qua do: Y(s)=1 On _1 s+200,

ss’ 20w stw: s 2w sto)

1
= y(t)=[1- e " sin(w, /1 - t+cos ')Ju(t)
J1-¢




b) Phan tich tich qua d hé thong bac 2

1

y(t)=[1- ﬂ e ' sin(w_+/1—{ t+cos ) Ju(t)

w(t,)
4
f=——
é/a)n
;= T
: . T on1-¢
[ 2
Ly 2 PO =100
~1—0.4167§+2.917§Zt 1.140.125¢ +0.469¢
r = d ™~
a)l’l a)n




b) Phan tich tich qua d hé thong bac 2

|r'#>

1=0154 .
= 0.167 )
]

—

| ]

—%

1

Lo

[P0 = 100e ]

r =10

Z
’f_ - —12

J_,_.-f"
\“'*--
]
~ - 0 ;gﬂ"'hﬂg &8 gﬂg %uid z1—0.4167(4—2.917(2
© — qﬂ%‘e & 2| & IE[ gl I o




b) Phan tich tich qua d hé thong bac 2

KG(s) K
[1+KG(s)] s*+8s+K

Yéu cau thiét ké: chon K sao cho PO<16%, t<0.5s, t<2s?

dVidu: T(s)=

= Xac dinh mién cho phép cua cac poles
PO<16%;t <0.5; ¢ <2

= Xac dinh quy tich cac poles khi K
thay do1 (quy dao nghiém so)

s*+8s+K =0
=5, =—4EV16-K
= Xac dinh gi4 tr1 cua K

25K <64




¢) Quy dao nghiém so

O Xét hé thong vdi hé s6 khuéch dai K thay doi nhu sau:

F(S) :@ " K . G(S) > Y(S)
H(s)
Ham truyén vong kin cua hé thong: T(s)= KG(s)
1+KG(s)H(s)

Phuong trinh dic trung cta hé thong: 1+KG(s)H(s)=0

Chung ta s€ khao sat quy dao cuia nghiém phuong trinh dac trung
(poles cua hé thong) khi K thay doi tir 0 dén oo = Quy dao nghiém so.



¢) Quy dao nghiém so

Gi1a tr1 cua s trong mp-s lam cho ham truyen vong ho KG(s)H(s)
bang -1 chinh la cac poles ctia ham truyén vong kin

1+ KG(s)H(s)=0 < KG(s)H(s)=—1

:{ KG(s)H (s)|=

ZKG(s)H(s)=%180°(21+1)
[=0,12,...

. { G(s)H (5) =YK

ZG(s)H(s)==%180°(21+1) [=0,1,2,...

Independent of K



¢) Quy dao nghiém so

- Quy dao nghiém s dugc phac hoa tuin theo cac quy ludt sau:

Ap dung cdc quy ludt ding vi du sau:

F(s)

L)

V& quy dao nghiém so6 cua hé thong sau khi K thay doi

N

1 K

1

s(st1)(s1+2)

> Y(s)




¢) Quy dao nghiém so

Luat #1

Gia su G(s)H(s) co n poles va m zeros:

n nhanh ctia quy dao nghiém bat dau (K=0) tai n poles.
m trong n nhanh két thiic (K=00) tai m zeros
n-m nhanh con lai két thic & vé cung theo cac duong
tiem can.

Budc 1: VE n poles va m zeros cua G(s)H(s) dung ky hi¢u
X vVa 0




¢) Quy dao nghiém so

Ap dung buéc #1
V¢ n poles va m zeros cua A Im(s)
G(s)H(s) dung ky hi¢u x va o 2
1
Gls)H\s)= i
( ) ( ) S(S+1)(S+2)
= Co 3 poles: 3 F—x—% 1 Rﬁ;)
s=0,s=-1,s=-2 1,
= Khong c6 zero
-2




¢) Quy dao nghiém so

Luat #2

Cac diém trén truc thwe thudc quy dao nghiém khi bén
phai no co tong so poles thuwe va zeros thuc cua
G(s)H(s) 1a mot so 1€

Budc #2: Xac dinh cac nghiém trén truc thuc. Chon
diém kiém tra tiy y. Néu tong so cia ca poles thuc va
zeros thuc bén phai cua diém nay 1a 18 thi diém do
thudc quy dao nghiém so.




¢) Quy dao nghiém so

Ap dung budéc #2
& Im(s)
42
1i
i e— e : >
-3 -2 -1 0 1 Re(s)
...j
2




¢) Quy dao nghiém so

Luat #3
Gia sur G(s)H(s) c6 n poles va m zeros:

Cac nghiém s ¢6 gia tri lo'm phai ti€m can theo duong thing
bat dau tai di€ém trén truc thue:
Z Pi — Z L
B n—m
theo hwdong cua goc:

+180° (24 +1)
9, =

s = o,

n-—m

Budc #3: Xac dinh n - m tiém can cua cac nghiém. Tai s = o,
trén truc thyc. Tinh va v€ cac duong tiém can theo goc ¢,




¢) Quy dao nghiém s0

Ap dung buéc #3
s=g = PtRtR 07172 $ o)
3—0) 3 A
y 180 (20+1) 13
2 n—m
_ -l—x———-H : >
6—011121'°° -3 - o ’ ! Rﬂ(ﬂ‘]‘
(" + 0 “-j
g, = £180(2x0+1) _ oo 1
3—-0 1=
— . ‘
_I_
LTI




¢) Quy dao nghiém so

Luat #4

Phuong trinh dic trung ctia hé thong cé thé viét 1a: KG(s)H(s) = -1

Piém tach phai théa diéu kién sau:

Budc #4: xac dinh diém tach. Biéu dién K dudi dang:
—1
Gls)H(s)
Tinh va gia1 dK/ds=0 dé tim pole l1a di€ém tach

K =



¢) Quy dao nghiém so

Ap dung buéc #4
B —1
G(s)H(s)
K=-s"—3s>-2s
dK / ds=—-s’—3s* =25
= —3s"—6s-2=0__3

= —1.577%4, < 0.4226

= —S(S + 1)(S + 2)




¢) Quy dao nghiém so

Bwoc #5

V€ n-m nhanh két thuc ¢ vo cung doc theo cac
dudng tiém can

[ng 5)
Tjj .
A Cho: 5§ = jw
. Thé vio: 1+KG(S)H(S):O
1 Re(s)
> w=0 0r w-= i\/z
— -j(D




d) Hiéu chinh hé thong dung quy dao nghiém so

0 Trong vi du phan 6.4.2a ta thay: e =0; e, =8/K; e, =00

O Trong vi du phan 6.4.2b ta thay dé dat duoc cac yéu cau:
PO<16%, t<0.5s, t.<2s thi 25<K<64

S YS§S—

Néu yéu cau thiét ké 1a e <0.125?
y JO

Do1i sang trai

Zp. 2

S =0,
Nn—m
Noi tiép G(s) v6i G(s):
— g
6 G.(s) = f BQ‘) dieu
S + ﬂ : chinh




d) Hiéu chinh hé thong dung quy dao nghiém so
[ Hé thong c6 bd diéu chinh:

F(s) —(H)— G .(s) —{ KG(s) ~Y (s)

Vi du:
|
G(s)= ; PO<16%; t <0.5; t <2;e =0;e <0.05
s(s+8) :
PO=16% 1 Jo
e,=8/K <0.05=K >160 \\/ ]
L K=900 —\.
Gia su chon: ' N
s+8 K el I
G.(s)= => KG,(s)G(s)= ¥—T1——*—o0
s+30 S(S+3 O) 230 /// 0
600 900 —1"
Va chon K=600 = T(s)=— K=500—
s“+30s+600 /
PO=16%




d) Hiéu chinh hé thong dung quy dao nghiém so6

—> 0,=v600; {o,=15 ™= [ =0.61
(= —4/15=0.266<
Coy,

= <\ PO=8.9%<16%

. £,=0.0747<0.5

{ e, =0
e.=0.05

Pat dwoc moi yéu cau thiét ké!!!




d) Hiéu chinh hé thong dung quy dao nghiém so

Q G(s)=1/s (bd tri pole tai 0) s& bao dam cai thién chat lugng
xac 1ap. Tuy nhién la1 lam giam chat lugng qua do, va tinh 6n
dinh cua hé thong!!! D€ dung hoa nguoi ta chon G_(s) nhu sau:

G(S):‘H_a o va B chon rat nhé va ty s6 o/p rat 16n
’ s+ 3
2 hi-2 ?
— s=0, = " m hau nhu khong thay do61
n-m
K.) =K..G.(0)=(a/p)K, = (&), = L o=t
(Kp), =Kp-Ge(O=(a/p)K,, Ve MK, 14K,

(Ky), =Ky G (0)=(a/B)K, 1= (e;) =1/(K,) <e, =K,

(Kq), =Ko -Ge(0)=(a/B)K, = (e, )c =1/(K, ). <e,=1/K,



