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Khéi niém 6n dinh
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g;% Kh4i niém 6n dinh

Pinh nghia dn dinh BIBO

* Hé thong dudc goi 1a dn dinh BIBO (Bounded Input Bounded
Output) n€u ddp tng cua hé bi chin khi tin hiéu vao bi chin.

M mewsne

— e —— -
—

HT én dinh HT & bién gidi on dinh HT khong on dinh

26 September 2006 © H. T. Hoang - DPHBK TPHCM 5




#>3 Thi du minh hoa khdi niém 6n dinh

HT &n dinh HT 6 bién HT khong &n dinh
2161 On dinh
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#>3 Khdi niém 6n dinh

Cuc va zero
*x Cho hé thong ty dong ¢6 ham truyén 1a:
C(s) _bys" +bys™ " +...+b, 5 +b,
R(s) ays"+as" +..+a,_s+a,

G(s) =

* Pat: A(s)=ays" +a;s" ' +...+a, s+a, mAiuso ham truyén

B(s)=bys" +bs"™ " +...+b, _s+b_  tis6 ham truyén

* Cuc: (Pole) 12 nghiém cia miu sd ham truyén, tdc 12 nghiém cia
phuong trinh A(s) = 0. Do A(s) bic n nén hé thong c6 n cuc ky
hiéula p,,1=1,2,.m.

x Zero: 12 nghiém cla tir s6 hAm truyén, tic 12 nghiém clda phuong
trinh B(s) = 0. Do B(s) bAc m nén hé thong c¢6 m zero ky hiéu 1a z,,
1 =1,2,..m.

26 September 2006 © H. T. Hoang - DPHBK TPHCM 7




.

g;% Kh4i niém 6n dinh

Gian do cuc - zero

* Gidn d0 cuc — zero 12 dd thi bi€u dién vi tri cidc cuc va cic zero
clia hé thong trong mit phang phic.

tIm s
X 0
X
Re s
O - - ~ - =
0
X
% > X cuc
O Z€10O
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gg% Kh4i niém 6n dinh

Piéu kién on dinh

* Tinh 6n dinh ctia hé théng phu thudc vao vi tri cdc cuc.

* Hé thong co tit cd cdc cuc c6 phan thuc Am (cé tat cd cdc cuc
déu nim bén trdi mit phang phitc): hé thong on dinh.

x Heé thong c6 cuc c¢6 phan thyc bing O (ndm trén truc 40), cic cuc
con lai c6 phan thuc bing Am: hé thdng & bién gidi On dinh.

* Hé thong c6 it nhAt mot cuc c6 phan thuc dudng (cé it nhat mot
cuc nim bén phai mit phang phitc): hé thdng khong 6n dinh.
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é’":;;. Kh4i niém 6n dinh

Phuong trinh déc trung (PTDPT)

* Phuong trinh ddc trung: phuong trinh A(s) =0
* Da thuc dac trung: da thuac A(s)

Hé thong hoi ti€p Hé thong mod td bang PTTT
R QED [ 1 %(t) = Ax(1) + Br (1)
Chels) C(I)ZCx(t)
H(s) [«
Phuong trinh ddc trung Phuong trinh dac trung
14+ G(s)H(s) =0 det(sT —A)=0
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Tiéu chuéin 6n dinh dai s6
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¢>3 Tiéu chuéin 6n dinh dai s6

Piéu ki€én can

* Diéu kién can dé hé thong 6n dinh 12 tit cd cdc hé so clia phuong
trinh dic trung phdi khdc 0 va cung diu.

* Thi du: Hé thong c6 phudng trinh dic trung:

L s 4357 =25+1=0 Khong 6n dinh
L st 425" +55+3=0 Khong On dinh

L os* 4457 +557+25s+1=0  Chua két luan dudc
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g;EED Tiéu chuéin 6n dinh dai s6: Tiéu chuin Routh

Qui tic thanh lap bang Routh
x Cho hé thong ¢6 phuong trinh dic trung:

n n—1 —
a,s” +a;s  +...+a, s+a,=0

* Mu6n xét tinh 6n dinh cla hé thong theo tiéu chuan Routh, trudc
tién ta thanh 14p bdng Routh theo qui tic:

A Bang Routh ¢6 n+1 hang.

A Hang 1 ctia bdng Routh gom cdc hé s6 c6 chi sd chin.

A Hang 2 cia bang Routh gom cdc hé sd ¢6 chi so 18.

A Phan t& & hang i c¢Ot j cia bang Routh (i > 3) dudc tinh theo
cong thuc:

Ci =Cin jr1 —&iCiq jn
N G
V01 a; =
Ci11
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é’j Tiéu chuéin 6n dinh dai s6: Tiéu chuin Routh

‘)
Dang bang Routh
s =4 €12 = @y C13 = dy C14 = dg
sl ey=gq Coy = 4 Coz = ds Coq = Q5
-2 . - oy - — - . .
&, = Cu | 5" €3 = Cr2— Q| C3p = €13~ QaCp3 | C33 = Cjq — @3Coy | C3q = 15— X3Cys
Ca
_3 —_— — — —— — —_ —— —
@, = G | #® Cq1 =Cop — Qylap| Cyqp = Co3 — Qyls3| Cy3 = Cpq — QyCaq| Cyq = Ca5 —XyC3s
€31
o = Crn-2) P | Gy ™=Chpn—
= 2
ﬂﬂ-l’l & Cp,2
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é’j Tiéu chuéin 6n dinh dai s6: Tiéu chuin Routh

Phat biéu tiéu chuan

* Diéu kién cdn va du d€ hé thdng On dinh 12 tdt cd cdc phan tit
nam & cot 1 ciia bang Routh déu duong. S6 1an doi dau clia cic
phan t & cot 1 cia bang Routh bing sd nghiém cliia phuong trinh
dic trung nim bén phdi mit phang phic.
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g;DED Tiéu chuéin 6n dinh dai s6: Tiéu chuin Routh

Thi du 1
* Xét tinh 6n dinh cda hé thdng c6 phuong trinh dic trung 13:
s*+4s +557 +2s+1=0

* Giai: Bang Routh

s 1 5 1
5 A 2 0
2
r:::'3:l . 5—1.2:2 .
4 47 2
8 ! S 10 0
Gf4:‘_' ¥ 2_"-].:—
9 9 9
) 81 3” 1
U':S :‘}—

* K&t luin: Hé thdng On dinh do tit cd cdc phan t& & cot 1 bing
Routh déu duong.
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ggﬁ'"};u Tiéu chuéin 6n dinh dai s6: Tiéu chuin Routh

Thi du 2
* Xét tinh On dinh clia hé thdng c6 s6 dd khdi:
@
R(s) - - (}(S) (f) G(S)
H(s)=—
H(s) VT s+2

* Gidi: Phuong trinh dic trung ciia hé thong 1a:

1+G(s).H(s)=0
50 1

: =0
s(s+3)(s” +s5+5) (s+2)
& s(s+H3)(s+5+5)(s+2)+50=0
o 465" +16s° +31s° +30s+50=0
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é’j Tiéu chuéin 6n dinh dai s6: Tiéu chuin Routh

Thi du 2 (tt)
* Bang Routh
1 16 30
o 31 50
2, . 16-131-10.83 30 - L.50 = 21.67 0
6 6 6
6 6 50
e 31 x21.67 =18.99
10.83 10.83
o, = 10.83 21.67- 983 50 - _6.84 0
18.99 18.99
50

26 September 2006
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* K&t luAn: Hé thong khong on dinh do tit cd cdc phan ti & cot 1
bang Routh d6i dau 2 1an.
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ggﬂ'"};u Tiéu chuéin 6n dinh dai s6: Tiéu chuin Routh

Thi du 3
* Tim di€u kién clia K d€ hé thong 6n dinh:

R(s) Cix)
1 (5(5) >

K

G(s)=

s(s* +s+1(s+2)

* Gidi: Phuong trinh dic trung ciia hé thong 1a:
1+ G(s)=0
K J—
s(s*+s+1)(s+2)

& 1+

< st 4387 4352+ 25+ K =0
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g;DED Tiéu chuéin 6n dinh dai s6: Tiéu chuin Routh

Thi du 3 (tt)
* Bang Routh
s 1 3 K
§3 3 2 0
2 K
o, 18] 3lal?
3 3 3
1 0
a=> |5| 2-2k
7 #
s’ K
* Diéu kién d€ hé thong 6n dinh:
(9
2——K
< 7 >0 < O<K<E
K>0 9

\
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é’j Tiéu chuéin 6n dinh dai s6: Tiéu chuin Routh
Truong hop dac biét 1

*x NéEu bdng Routh ¢4 hé s6 & cot 1 cia hang nao d6 bing 0, ciac hé
s6 con lai clia hang d6 khdc O thi ta thay hé so bang 0 & cot 1 béi
s0 & duong nho tuy y, sau d6 qud trinh tinh todn dudc ti€p tuc.
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g;DED Tiéu chuéin 6n dinh dai s6: Tiéu chuin Routh

Thi du 4
* Xét tinh 6n dinh cda hé thdng c6 phuong trinh dic trung 13:
s*+25° +4s° +85+3=0

* Giai: ) ) 4 3
Bang Routh
53 2 8 0
2
a=L || 4-lsg=o >
g 2
= 5° >0 3
“ 1 “
g== | ¥ 8-23«0 0
& &
5! 3

* K&t luan: Vi cdc hé sd & cot 1 badng Routh ddi didu 2 1an nén
phuong trinh dic trung cia hé thong cé hai nghiém niam bén phai
mit phang phtc, do d6 hé thong khong on dinh .
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é’j Tiéu chuéin 6n dinh dai s6: Tiéu chuin Routh

Truong hop dac biét 2

*x Né€u bang Routh c6 tat cd cdc hé s cua hang nao d6 bing O:
A Thanh lap da thitc phu i cdc hé sd cia hang trudc hang co tat
cd cdc hé sO bing 0, goi da thic d6 1a Ay(s).
A Thay hang c6 tit cd cdc hé s biang 0 bdi mot hang khac ¢o
ciac hé s6 chinh 12 cdc hé so clia da thitc dAy(s)/ds, sau d6 qua
trinh tinh todn ti€p tuc.

* Chu y: Nghiém cua da thic phu A,(s) cling chinh 1a nghi€ém cua
phuong trinh dac trung.
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PR X P o . < . P
#2 g Ti€u chuén 6n dinh dai sb6: Ti€éu chuan Routh
Thidu 5
* Xét tinh 6n dinh cda hé thdng c6 phuong trinh dic trung 13:
s> +4s*+8s° +8s° +7s+4=0
* Giai: Bang Routh

¥ 1 8 7
5t 4 b 4
1 > I 1 0
== 8——x8=6 7——x4=6
=72 1 1
2 y
{1’4=i 8 3—i~ =4 4
6 6
1
=2 %] 6-2xa=0 4
4 1
= 5 3 0
1 0 1
% =3 1 4-2x0=4
8
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g;DED Tiéu chuéin 6n dinh dai s6: Tiéu chuin Routh
Thi du 5 (tt)

* Da thuc phu:

Ay(s)=4s> +4 = dA;),(S)=8S+O
S

*x Nghiém cua da thdc phu (cling chinh Ia nghi€ém cua phuong trinh
didc trung):

A(s)=4s*+4=0 <& s=x]

* K&t luan:
A Céc hé s cot 1 badng Routh khong doi dAu nén phuong trinh dic
trung khong ¢ nghiém nim bén phdi mit phiang phec.
A Phuong trinh dic tinh ¢6 2 nghiém nam trén truc 34o.
A S6 nghiém nim bén trai mit phang phicla 5 -2 = 3.
He thong ¢ bién gidi on dinh
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é’j Tiéu chuéin 6n dinh dai s6: Tiéu chuin Hurwitz

Qui tic thanh lap ma tran Hurwitz
* Cho hé thong c6 phuong trinh dic trung:
ays" +as" +...+a, s+a,=0

* Mudn xét tinh 6n dinh cia hé thdng theo tiéu chuin Hurwitz,
truGce tién ta thanh 14p ma traén Hurwitz theo qui tic:

A Ma tran Hurwitz 12 ma trdn vudng cap nxn.

A Pudng chéo ciia ma trin Hurwitz 1 cdc hé so'tit a;dén a,, .

A Hang lé cia ma tran Hurwitz gom cdc hé sé ¢é chi so lé theo
th tv ting dan n€u & bén phai dudng chéo va gidm dan néu &
bén trai1 dudng chéo.

A Hang chdn cia ma trin Hurwitz gébm cdc hé s6 ¢o chi sé chdn
theo thit ty ting dan n€u & bén phdi dudng chéo va gidm dan
néu § bén trdi dudng chéo.

26 September 2006 © H. T. Hoang - DPHBK TPHCM 26




g;EED Tiéu chuéin 6n dinh dai s6: Tiéu chuin Hurwitz

Dang ma tran Hurwitz

a, a, a, 0
a, a, da, 0
a, a, das 0
a, a, a, 0
a,

Phat biéu tiéu chuan

* Diéu kién cdn va du dé hé thong on dinh 13 tdt ca cdc dinh thiic
con chita duong chéo cia ma tran Hurwitz déu duong
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ggﬂ".;;u Tiéu chuéin 6n dinh dai s6: Tiéu chuin Hurwitz

Thi du 1

s +4s* +35+2=0

* (Giai: i a, a, O 4
Ma tran Hurwitz  |aq, a, 0 |=|1
0 a a] |0

2 0
3 0
4 2

Cac dinh thic: A, =q, =1

a a; 4 2
A, = = =4x3-1x2=10
a, a, |1 3
a a; 0
b a, a, 4
Ay=la, a, O|=a, =2X
a, a,
0 a a;

*x K&t luan: Hé thong 6n dinh do cic dinh thic déu duong
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* Xét tinh On dinh clia hé thdng cé phuong trinh dic trung 1a:

2
=2x10=20
3
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g;EED Tiéu chuéin 6n dinh dai s6: Tiéu chuin Hurwitz

2 A L. ~ °
Céac hé qua cua tiéu chuan Hurwitz

* He¢ bdc 2 6n dinh néu phuong trinh dic trung thda min dicu kién:
a, >0, 1=0,2

* Heé bdc 3 6n dinh néu phuong trinh dic trung thda min diéu kién:

a, >0, =03

a,a, —ay,a; >0

* He¢ bdc 4 dn dinh néu phuong trinh dic trung thda min diéu kién:
(a.>0, i=04
a|d, — aoa3 > ()

\a1a2a3 — Cloa32 — a12a4 > O

N
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Phwiong phap qui dao nghiém s6
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!gm

Phuong phdp quy dao nghiém s6 (QDNS)

Dinh nghia

x Quy dao nghiém sO 1a tip hop tit cd cdc nghiém cla phuong
trinh dic trung ctia hé thong khi c6 mot thong sd nao d6 trong hé

thay d6i tir 0 — oo.

x Thi du: QDNS ctia hé thong c6 PTDT s*+4s+K=0 c6 dang

nhu hinh vé dudi day:

K=0 $ =0,

K=1 s, =—0.268,
K=2 s, =—0.586,
K=3 5, =-1

K=4 $=—2

K=5 $==2+],
K=6 s, =—2+ jl.414,
K=7 5 =-2+jl.732,
K=8 s ==2+ j2,

26 September 2006

s, =—4

5, =-3.732

5, =—3.414

5y =-3

Sy ==2
$,==2—]

5, =—2— jl.414
$, =—2—j1.732
S, ==2—j2

© H. T. Hoang - DPHBK TPHCM

—————————

__________

I s
2]
Res
-2]
31




ggE'H:D Phuong phép qui dao nghiém sé (QDNS)

Qui tic vé QPNS
x Muo6n 4p dung cdc qui tic vé quy dao nghi€ém s0, trudc tién ta
phdi bién doi tuong duong phuong trinh dic trung vé dang:
N(s) _
D(s)
N(s)
D(s)

Goi n1a so cuc ctia Gy(s) , m 12 sO zero clia G,(s)

1+ K

0 (1)

bit: G,(s)=K

He  1+G,(s)=0

-

Gy (s) =1 Piéu kién bién do
ZGy(s)=(2I+1)z  Dicukién pha
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é;b Phuong phép qui dao nghiém sé (QDNS)
Qui tic vé QPNS

* Qui tdc 1: SO nhdnh clia quy dao nghiém sd = bic clia phuong
trinh dic tinh = s6 cuc clia Gy(s) = n.

*x Qui tdc 2:
A Khi K = 0: cdc nhdnh ctia quy dao nghiém s6 xudt phdt ti cdc
cuc cua Gy(s).

A Khi K tién dén +oo : m nhdnh cia quy dao nghi€ém so tién dén
m zero cla Gy(s), n—m nhdnh con lai ti€n dén oo theo cdc tiém
can xdc dinh bdi qui tic 5 va qui tic 6.

* Qui tdc 3: Quy dao nghiém s6 doi xting qua truc thuc.

* Qui tdc 4: Mot di€m trén truc thuc thudc vé quy dao nghiém so
néu tdng sO cuc va zero clia Gy(s) bén phdi né 1a mot s 18.
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ggﬁ'*:b Phuong phép qui dao nghiém sé (QDNS)

Qui tic vé QDPNS (tt)
* Qui tdc 5: : Géc tao bdi cdc dudng tiém cin clia quy dao nghiém
sd Vi truc thuc x4c dinh bdi :
2+ Dz
n—m
* Qui tdc 6: : Giao di€m gifta cdc tiém cin vdi truc thuc 13 di€m A
cO toa do xac dinh bdi:

(1=0+142,..)

a

n

m
O4==— - = =l va cdc zero cia Gy(s) )
n—m n—m

* Qui tdc 7: : Di€m tich nhap (néu cé) cia quy dao nghiém s6 nim
trén truc thuc va la nghi€ém cua phuong trinh:

aK _
ds
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ggﬁ'“:;;u Phuong phép qui dao nghiém sé (QDNS)
Qui tic vé QDPNS (tt)

* Qui tdc 8: : Giao di€m clia quj dao nghiém s6 vdi truc 4o c6 thé
x4c dinh bing cdch 4p dung tiéu chuin Routh—Hurwitz hoic thay
s=jw vao phuong trinh dac trung.

* Qui tdc 9: G6éc xudt phdt clia quy dao nghiém sd tai cuc phic p,
dudc xac dinh bdi:
0, = 180° + g‘arg(pj - z;) —gafg(l?j —Pi)
. iy
Dang hinh hoc cua c6ng thirc trén 1a:
6,= 180° + (Xgbc tir cdc zero dén cuc p ;)

— (Xgbc tlr cdc cye con lai dén cuc p ;)
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g% Phuong phép qui dao nghiém sé (QDNS)
Thi du 1
x V& QDNS cta hé thong sau diy khi K=0—+co.

i - | G(s) = K
G(s)=
s(s+2)(s+3)
x Giai:
x Phuong trinh dic trung cia hé thong:
K

1+G(s)=0 < 1+ (D

=0
s(s+2)(s +3)
* Ciccuc: p; =0 py=-2 p3=-3

* Cac zero: khong ¢o
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¢35 Phuong phép qui dao nghiém s6 (QDNS)
Thi du 1 (tt)

v Hemen: (alzg (/=0)
0[:(2l+1)7z:(2l+1)7z:> <a2=—£ (=D

n—m 3-0 3
\a:;:ﬂ' (l:l)
OA_ZCUC_ZZ“O_[0+(—2)+(—3)]—0__§
n—m 3-0 3

* Di€m tdch nhap:
(& K==s(s+2)(s+3)=~(s"+55" +65)

= Z—K=—(3s2 +10s +6)
A
Do d6 dk _ 0 5y =-2.549  (loai)
ds 5, =—0.785
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g% Phuong phép qui dao nghiém sé (QDNS)
Thi du 1 (tt)

* Giao di€m ctia QPNS vdi truc 3o:
Céch 1: Dung tiéu chuan Hurwitz

() 2 +55°+6s+K=0 (2)
Piéu kién 6n dinh:

k>0 o |K>0 = 0<K<30 = K,, =30
a,a, —ay,a, >0 S5x6-1xK >0

Thay gid tri K,;, = 30 vao phudng trinh (2), gidi phuong trinh ta
duoc giao diém ctia QPNS véi truc 4o

(SI — _5

s> +55° +65+30=0 < s, :j«%

93 = _J'*%
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ggﬂ'*:b Phuong phép qui dao nghiém sé (QDNS)

Thi du 1 (tt)

* Giao di€m ctia QPNS vdi truc 3o:
Cach 2:

(e s> +55°+65s+K=0 (2)
Thay s=jw vao phudng trinh (2):

(jo) +5(jof +6(jo)+K=0 < —jo’-50"+6jw+K =0

{wzo
K =
—j@ +6jo=0 0
e e

5?4 K =0 _{w=i¢6

K =30
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é;b Phuong phép qui dao nghiém sé (QDNS)

26 September 2006

Thi du 1 (tt)

AIm )
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g% Phuong phép qui dao nghiém sé (QDNS)
Thi du 2
x V& QDNS cta hé thong sau diy khi K=0—+co.

R(s) i Cs) B K
G(S)_ 9)
s(s” +8s +20)

x Giai:
x Phuong trinh dic trung cia hé thong:

K
1+G(s)=0 < 1+

s(s* +8s + 20) i}

0 (1)

x Cdccuc: p;=0  DPy3 =—4% )2

* Cac zero: khong ¢o

26 September 2006 © H. T. Hoang - DPHBK TPHCM 41




é?g;. Phuong phép qui dao nghiém sé (QDNS)

Thi du 2 (tt)
* Ti€m can: (alzg (I=0)
a:(21+1)ﬂ:(2l+1)ﬂ:> 4052:—2 (I =-1)
n—m 3—-0 3
=7 (I=1)

O — Qcuc— ) zero [0+ (=4+,2)+(-4-,2)]-(0) 8
n—m 3-0 3
* Pi€m tdch nhap:

(1)< K=—(s"+8s+205s)

N ‘Z_K = (35 +16s +20)
S
JK s, =-3.33 ,,
Do dé —-=0 {Slz _ 5 g (hai diém tich nhap)
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é‘g Phuong phép qui dao nghiém sé (QDNS)
Thi du 2 (tt)
* Giao di€m ctia QPNS vdi truc 3o:
()< 5°+8s*+20s+K =0
Thay s=jw vao phudng trinh (2):
(jo) +8(jw)’ +20(jw)+ K =0

& —jo’ -80° +20jo+K =0

(=0
n {—8w2+K:O _ 1K =0
-’ +200=0 (=420
|k =160
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ggE'H:D Phuong phdp quy dao nghiém s6 (QDNS)
Thi du 2 (tt)

* GoOc xudt phat cia QDNS tai cuc phic p,:
0, =180" —[arg(p, — p,) +arg(p, — p3)]
=180° —{arg[(—4 + j2) — 0] + arg[(-4 + j2) — (4 — j2)]}

=180° — {t + 90}

=180" — {153. 5+90}
0, =—63.5
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é;b Phuong phép qui dao nghiém sé (QDNS)
Thi du 2 (tt)

Ims

720

- +j2
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ggﬂ'*:b Phuong phép qui dao nghiém sé (QDNS)

Thidu 3

x V& QDNS cta hé thong sau diy khi K=0—+co.
C
L/ o G(s) > G(s) = K(s+1)
s(s +3)(s* +8s +20)
x Giai:
x Phuong trinh dic trung cia hé thong:
K(s+1
1+G(s)=0 < 1+ (2 ) =0 (1)
s(s+3)(s” +8s + 20)

x Caccuc: py=0 p,=-3 P3,4:_4ij2

x Cdac zero: z; =—1
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é’?@ Phuong phdp quy dao nghiém s6 (QDNS)
Thi du 3 (tt)

* Tiém can: (alzg (1=0)

0[:(2l+1)7z:(2l+1)7z:> <0{2=—£ (I=-1)
n—m 4—1 3

oy =7 (I=1)

O = 2cuc—p zero [0+(=3)+(—4+2)+(-4-,2)]-(-1) _ 10
n—m 4 -1 3

* Di€m tdch nhap:
s(s+3)(s* +8s +20) dK  3s*+26s +77s° +88s+60

(1) K=- — 4n :
(s+1) ds (s+1)
Do dé aK 0 o Si0 =—3,07% ]:1,05 | ?(khf)ng cé
ds s34 =—0,06+j0.97  di€m tich nhip)
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ggﬁ'“:;;u Phuong phép qui dao nghiém sé (QDNS)
Thi du 3 (tt)

* Giao di€m ctia QPNS vdi truc 3o:
(1)< s*+11s° +445° +(60+ K)s + K =0 (2)

Thay s=jw vao phudng trinh (2):
o' —11jo’ —440° +(60+K) jo+ K =0

=0
_{Kzo
o' —440° +K =0 (0 =145,893
{—11w3+(60+K)a)=0 < <\K:32’2
_ <I“:‘_f611’f7 ' loai)

Vay giao di€m can tim 1a:s=%,5,893 HSKD gidi han la: K, =322
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g% Phuong phép qui dao nghiém sé (QDNS)
Thi du 3 (tt)

* GoOc xudt phat cia QDNS tai cuc phic p;:
0, =180+ 5, — (S, + b5 + by)
180 +146,3—(153,4+116,6+90)
0, =-33.7
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é;b Phuong phép qui dao nghiém sé (QDNS)
Thidu3 (tt)  Ims

¥+5,893

5,893
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ggﬂ'*:b Phuong phép qui dao nghiém sé (QDNS)

Thidu 4

* Cho hé thong diéu khi€n c6 so d6 khoi nhu sau:

10

- G(s)=
e 2o T

K

Ge(s)=Kp+—+

S

* Cho K,=2.7, hay vé QDNS ctia hé thong sau diy khi K, =0—>+o0,

biét ring dK,/ ds=0 c6 3 nghiém 1a -3, - 3, 1.5.

* Khi K, =270, K, = 2.7 hé thong c6 6n dinh hay khong?
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g% Phuong phép qui dao nghiém sé (QDNS)
Thi du 4 (tt)

x Giai:
x Phuong trinh dic trung cia hé thong:
L+ G (5)G(s) = 0

— 1+(KP+2'7J( 5 10 ij
s Ns +9s+3

N 10K s 0 )
(s+9)(s* +3)

=

*x Caccuc: p, =-9 p2=+j\5 p3=—j\5

x Cédc zero: z, =0
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ggE'H:D Phuong phép qui dao nghiém sé (QDNS)
Thi du 4 (tt)

* Ti€m can:

_Q@l+hz _ @+ _ {ﬂ/z (1=0)

o
n—m 3-1 -rn/2  (I=-1)
o= 2oue=3izero [-9+(jV3)+(=NI-(0) _ 9
n—m 3-1 2
* Di€m tdch nhap:
s =—3
dKP =0 N 4S2 =3
ds

s53=1.5 (loai)
QDNS c6 hai diém tich nhdp tring nhau tai —3
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ggE'H:D Phuong phdp quy dao nghiém s6 (QDNS)
Thi du 2 (tt)

* GoOc xudt phat cia QDNS tai cuc phic p,:
6, =180° + arg(p, — z;) —[arg(p, — p,) + arg(p, — p;)]
=180" +arg(j+/3 — 0) —[arg(j~/3 - (-9)) +arg(j~/3 - (- jv3))]
\
=180 +90 — {tgl(\f + 90}

9)

6, =—-169°
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é;p Phuong phép qui dao nghiém sé (QDNS)

Foat Locus

Thi du 4 (tt) 10

* Khi K; =2.7, QDNS cua
hé thong nim hoan
toan bén trdi mit phing
phitc khi K, =0—>+o0,
do d6 hé thong on dinh
khi K, =2.7, K, =270.

Imaginary Axis
[}

Feal Axis
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Tiéu chuéin 6n dinh tin s6
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ggﬂ".;;u Tiéu chufin 6n dinh tin s6

Khai niém dic tinh tan s6

x Hay quan sdt ddp dng ctia hé thong tuyén tinh § trang thdi xdc
lap khi tin hi€u vao la tin hi€u hinh sin.

L= Frequency_Response |Z| |E| ['5__(| EEX
File Edit “iew Simulation Formak Tools  Help = PR R

~u Input [rellow] _ Output [iolet)
O = S X » |N|:|rmal ;

S | fl T
| : I

{ II; fi || | f
I

Linear System

Time offget: 0O
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g;EED Tiéu chufin 6n dinh tin s6

Khdi niém dic tinh tan s6

x Hé thong tuyén tinh: khi tin hi€u vao 1a tin hiéu hinh sin thi &
trang thdi x4c 14p tin hiéu ra ciing 1a tin hi€u hinh sin cing tan sd
vG1 tin hi€u vao, khac bi€n dd va pha.

r(Hy=R,sm(a¥) poom c(t)=C,, sm(wt + @)

R(jw) - C(jw)

* Dinh nghia: Pic tinh tin sd clia hé thong 14 ti s6 giita tin hiéu ra
§ trang thai xac lap va tin hi€u vao hinh sin .

Dictinh tansd = C(]. @)
R(jw)

Ngudi ta ching minh dudc:

Pictinh tins6 =G(s)| . =G(jw)

Ss=jw
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é?;;u Tiéu chufin 6n dinh tin s6

DPap ung bién dj — Pap ung pha
* Tong quit G(jw) 13 mot haim phic nén cé thé bi€u dién dudi
dang dai s6 hoidc dang cuc:

- G(jo)=P(o)+ jO(w) = M(w).e’
Trong do:

M(0)=|G(jo)| =P (@) +Q*(®) Dip tng bién do

M}
P(w)

o(w)=2G(jw) = tgl{ Pap tng pha

* Y nghia vatly:
A P4p tng bién do cho biét ti 1& v€ bién dd (hé s6 khuéch dai)
giffa tin hiéu ra va tin hiéu vao theo tin so.
A Pép tng pha cho bi€t @d 1éch pha gitra tin hiéu ra va tin hiéu
vao theo tan sd.
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.

= | > ,9 o A ’
#2g Tiéu chuan 6n dinh tan sé
Biéu d6 Bode — Biéu do Nyquist
* Biéu do Bode: 13 hinh v& gém 2 thanh phan:
A Biéu do Bode vé bién dj: 13 d6 thi bi€u dién mdi quan hé giira
logarith ciia d4p ng bién dd L(w) theo tan sd

L(w)=201gM (®w) [dB]

A Biéu do Bode vé pha: 1a dd thi bi€u dién mdi quan hé giira
ddp tng pha @(w) theo tan sd
C4 hai do thi trén déu dugc vé trong hé toa dd vudng géc vdi
truc hoanh  dudc chia theo thang logarith ¢6 so 10.

* Biéu do Nyquist: (dudng cong Nyquist) 12 d6 thi bi€u dién dic
tinh tan s6 G(jw) trong hé toa do cuc khi @ thay doi tir 0—oo.
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¢>3 Tiéu chuéin 6n dinh tn s

Biéu dd Bode

Bi€u do Nyquist

Liw)tdB
40 Do did trit bién - i9(w)
0 + : 1 i
1 Do du 1t bien
5
0,1 . w=0 Plw)
=20 ¢ o -
A @) y De
= 0 1 o, 2 o
90__0 : B 0 H0 = Do du trii pha
i Dy
-180
=3701 Do dud trii pha
L ——
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g;EED Tiéu chufin 6n dinh tin s6

Pic tinh tan sé cua cac khau co ban: Khau ti 1é

* Ham truyén:  G(s)=K
* Pic tinh tan s0: G(jw)=K
A Bién do: M(w)=K =  L(w)=20IgK

A Pha: o(w)=0

T
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¢>3 Tiéu chuéin 6n dinh tn s

Pic tinh tan s6 cua cac khau co ban: Khau ti 1¢

t (@), dB
01gK 4 jO(®)
5 | 0 1 g
10°! 100 10 ®
G(jo Plw)
-5 -
tAdw), do K
+90° 1
L1 0 1 lg @
10°! 10° 10! @
-9004
Bieu do Bode Bieu do Nyquist
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é’j Tiéu chufin 6n dinh tin s6

Pic tinh tan sé cia cdac khau co ban: Khiu tich phan 1y tuéng

* Ham truyén:  G(s) = 1
s
. AN : 1 2
* Dictinhtinsd: G(jo)=——=—j—
jw @
|

A Bién d0: M(w)=— = L(w)=-201gw
@

A Pha: () =—90°
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¢>3 Tiéu chuéin 6n dinh tn s

Piic tinh tan sé cia cdc khau cd ban: Khau tich phan Iy tuéng

P

tL(e), dB

—20dB/dec

n¥

0 1 lgw
10-1 1 10! @
-20
tdw), do
+90%+
1 0 1 leo
10! 109 10! w®
_900

Biéu do Bode

/()

Biéu do Nyquist

26 September 2006
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é’j Tiéu chufin 6n dinh tin s6

Pic tinh tan s6 cia cac khau co ban: Khau vi phian 1y tuéng
* Ham truyén: G(s)=s
* Pictinhtin s6: G(jw)= jw

A Bién do: M(w)=w = L(w)=201gw

A Pha: @(a)) — 900
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¢>3 Tiéu chuéin 6n dinh tn s

Pic tinh tan s6 cia cac khau co ban: Khau vi phian 1y tuéng

t L(®w), dB :
+20$B/d€€" JL}Q(@
20 '
w—> D
1 lgw
10! @ |
w=10 P (f“)
td ), do
+90°
1 0 . S
10°! 109 10! @
_ooo4
Bi¢u do Bode Biéu do Nvquist
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é?;;u Tiéu chufin 6n dinh tin s6

Piic tinh tan so cua cdac khau co ban: Khau quédn tinh bac 1

1

* Ham truyén: G(s) =
Ts+1

1 K(1-Tjw)

* Pic tinh tan s0: G(jw) = —
' o) Tio+l 1+Tw°

A Bién do: M (w) =

\/1 + T w?
* Pha: p(0)=—tg" (Tw)
* V& gan ding bi€u dd Bode bién do:

A @< p : dudng thang nim ngang trung truc hoanh

A w >% . dudng thang c6 do doc —20dB/dec

26 September 2006 © H. T. Hoang - DPHBK TPHCM

= L(w)=-201g\1+ 0’

68




¢>3 Tiéu chuéin 6n dinh tn s

Piic tinh tan sé cia cdc khau cd ban: Khau quéan tinh bac 1

tL(@), dB
071 tan s6 gay
lg w
10" @
—20dB/dec

&

Biéu do Bode

tjO(a
@ — 00 1 Po)
@=0
G(je)
Biéu do Nvquist
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é?;;u Tiéu chufin 6n dinh tin s6

Piic tinh tan so cia cdac khau co ban: Khau s¢m pha bac 1

* Ham truyén:  G(s)=Ts+1

* Dictinhtanso: G(jw)=Tio+1

A Bigndo:  M(@)=V1+T*0" —  L(w)=20lg\1+T20’
A Pha: () =tg  (Tw)

* V& gan ding bi€u dd Bode bién do:

A @< p : dudng thang nim ngang trung truc hoanh

A w >% - dudng thang c6 do doc +20dB/dec
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¢>3 Tiéu chuéin 6n dinh tn s

Piic tinh tan sé cia cdc khau cd ban: Khau sém pha bac 1

{ L(), dB
i Srem— , 20db "lft;." -~
Z lgw
104 10° 7 100 %

X

=aky tan sd giy
L] ﬂ(a y j“é
1000 [
8 b

10°! 100 YT 10 P

Biéu do Bode

I J‘Q{ @)

@ —

] G {J‘l'{rj

Flay)

Bicu do Nvquist
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ggﬂ'"};u Tiéu chufin 6n dinh tin s6

Piic tinh tan s6 cia cdc khau co ban: Khau dao dong bac 2

. 1
* Ham truyén: G(s)= 0<¢&<l
g (5) T%s* +2&Ts +1 (O<s<
* Pictinh tan sd: G(jw) = 7 :
—T w" +2&Tjw+1
1

A Bi1én do: M (w) =

J(1-T20%) + 48T’

= L(w)=-20lgy/(1-T20?)? + 42T 20’
28Tw j
1-T*w?

* V& gan ding bi€u dd Bode bién do:

A Pha: o(w) = —tg(

L w<1/T : dudng thing nim ngang trung truc hoanh
L@>1/T : dudng thing c6 do doc —40dB/dec
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¢>3 Tiéu chuéin 6n dinh tn s

Piic tinh tan so cia cdac khau co ban: Khau dao dong bac 2

t (@), dB

tan s6 gay

26 September 2006

B
_— L Ao
b a=0
128
G(jm)
o= 1T
Bicu do Bode Bicu do Nvquist
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é’j Tiéu chufin 6n dinh tin s6

Pic tinh tan sé cua cac khau co ban: Khiu tri hoan

* Ham truyén:  G(s)=e ™

* DPic tinh tin s0: G(jw)=e 7

A Bién do: M(w)=1 - L(w)=0

A Pha: o(w)=-Tw
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¢>3 Tiéu chuéin 6n dinh tn s

Pic tinh tan sé cua cac khau co ban: Khau tri hoan

1L(e), dB
0 |-1 0 1 lgw
10°1 100 10! @
4 d;ﬂ(r]}, do
| 4 0 1 lg @
I (2
_gol‘.'l
~180° +

Biéu do Bode

 J(@)

_ny
.,

Bicu do Nyquist

26 September 2006
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é?;;u Tiéu chufin 6n dinh tin s6

Piic tinh tan s cua hé thong
* Xét hé thong ty dong c6 ham truyén G(s) cé thé phan tich thanh
tich cia cdc him truyén co ban nhu sau:

[
G(s) =] [ Gi(s)
i=l1
R ) [
x DPic tinh tan so: G(jo)=]]G(jow)
i=1
[ [
A Biéndo: M) =[[M(0) = L= L(»)
i=1 i=1

/
A Pha: p(0) =D ¢ (o)
=1

= Bi€u dd Bode ctia hé thong (gém nhiéu khiu ghép ndi ti€p) bing
tong bi€u dd Bode cla cdc khau thanh phan.
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é?;;u Tiéu chufin 6n dinh tin s6

Vé gan ding biéu do Bode bién d§ béing dudng tiém can

* Gid st hAm truyén cla hé thdong c6 dang:
G(s) = Ks“G,(5)G,(5)G5(5)...
(a>0: hé thong c6 khau vi phan 1y tudng
a<0: hé thong c6 khau tich phan 1y tudng)

* Budc 1: Xéc dinh tAt cd cédc tan sO gdy w, =1/T;, v sip x€p theo
thit tv ting din @, <w, < ;...

* Budc 2: Bi€u dé Bode gan ding qua di€ém A c6 toa do:

L(w)=201gK +ax201gw,

@, 12 tAn s6 théa man @, < @,. N€u @, > 1 thi c6 thé chon w,=1.
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¢>3 Tiéu chuéin 6n dinh tn s

Vé gan diing biéu d6 Bode bién d9 bing duong tiém can (tt)

* Budc 3: Qua di€ém A, vé dudng thang c6 dd doc:
A (=20 dBldec x o) néu G(s) c6 o khau tich phan 1y tudng
A (4 20 dB/dec x ) néu G(s) c6 o khau vi phan 1y tudng
Pudng thang nay kéo dai dén tan sd gdy k€ tiép.

* BuGc 4: Tai tan s6 gdy w,=1/T;, dd doc clia dudng tiém cin dudc
cOng thém mot lugng:
A (—20dBldec x B;) néu G,(s) 1a B;khau quan tinh bac 1
A (+20dB/dec x B;) néu G(s) 1a B, khau s6m pha bac 1
A (—40dBldec x B,) n€u G{s) 1a B;khdu dao dong bac 2
A (+40dB/dec x B,) néu G(s) 1a B, khau s6m pha bac 2
Pudng thang nay kéo dai dén tan sd gdy k€ tiép.

* Bugc 5: Lip lai budc 4 cho d€n khi vé& xong dudng ti€m can tai
tan s6 gdy cudi clng.
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'y ? ? o X »
#> g Ti€u chuén 6n dinh tan sé
Thi du 1: V& biéu d6 Bode gan diing
* V& bi€u dd Bode bién dd gian ding clia hé thdng c6 ham truyén:
G(s) = 100(0,1s +1)
5(0,01s +1)

Dua vao bi€u dé Bode gan ding, hiay xdc dinh tan sd cit bién cla
hé thong.

*x Giai:
*x Cdctan s giy:
1 1 1 1
@, = — =—=10(rad/sec) W, =—= =100 (rad/sec)
7, 0.1 7, 0,01

* Bi€u d6 Bode qua di€ém A c6 toa do

w=1
{L(a)) =201gK =201g100 =40
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g;EED Tiéu chufin 6n dinh tin s6
Thi du 1 (tt)

+ L(w), dB

-20dB/dec

OdB/dec

—20dB/dec
1 2 3 lgw
10! 102 w\ ®

* Theo hinh v&, tan sd cit bién cia hé théng 1a 103 rad/sec
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I::L. Ng N ° \ »
#> g Ti€u chuén 6n dinh tan sé
Thi du 2: Xdc dinh ham truyén dua vao biéu do Bode

* Xdc dinh ham truyén cia hé thdng c6 bi€u dd Bode bién dd gan
ding nhu sau:

¢+ L(w), dB

60 ¢ OdB/dec
54 ........................................................................... :

D E
\ A
407N\ —20dB/dec
B
26

............................

20+ OdBldec
0 _ :
-1 0 1 1.301 2 lgw
O Q) D3
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é’fg Tiéu chufin 6n dinh tan s6

Thi du 2 (tt)
*x Pd déc doan CD: >4-26 =+40 (dB/dec)
2-1.301

*x Cdctan sd giy:

lgw, =0+ 402_026 =07 = o,= 10°7 =5 (rad/sec)
lgw,, =1.301 = W, = 10" =20 (rad/sec)
lgw,, =2 = @, = 10 =100 (rad/sec)
2
* Ham truyén can tim c6 dang: G(s)= K(Zs+ 0I5 +1)
s(Ts + 1)?

20lgKk =40 = K=100

TI:L:l:OQ 1, = : = : =0.05 7= : = : =0.01
@y S @, 20 .5 100

26 September 2006 © H. T. Hoang - DPHBK TPHCM 82




é?;;u Tiéu chufin 6n dinh tin s6

Céc thong sé quan trong cua dic tinh tan sé

* Tan sO cit bién (w,.): 12 tan s6 ma tai d6 bién do cua dic tinh tan
s6 bang 1 (hay biang 0 dB).

Mw@)=1 < L)=0

* Tan s6 cit pha (w_): 12 tan s6 ma tai d6 pha ctia dic tinh tan s6
bing —180° (hay biang —r radian).

o(w_)=-180" = o(w_ )=—mrad

*x D0 du trit bi€n (GM — Gain Margin):

GM = : = GM =-L(w_,) [dB]
M(a_,)

* D0 du trit pha ( @M — Phase Margin):
DM =180° + p(w,)
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¢>3 Tiéu chuéin 6n dinh tn s

Biéu dd Bode

Bi€u do Nyquist

Liw)tdB
40 Do did trit bién - i9(w)
0 + : 1 i
1 Do du 1t bien
5
0,1 . w=0 Plw)
=20 ¢+ @) -
A @) y De
= 0 1 o, 2 o
90__0 : B 0 H0 = Do du trii pha
ik Dy
-180
=3701 Do dud trii pha
N
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é’j Tiéu chufin 6n dinh tin s6

Tiéu chuan dn dinh Nyquist

* Cho hé thong hoi ti€p Am don vi, biét dic tinh tan sd cla hé hé
G(s), bai todn dit ra 1a xét tinh 6n dinh ctia hé thong kin G,(s).

R C(s)

L )

* Tiéu chuan Nyquist: Hé thong kin G,(s) 6n dinh néu dudng cong
Nyquist cda hé hé G(s) bao di€m (-1, jO) I/2 vong theo chiu
duong (ngudc chiéu kim dong hd) khi @ thay do6i tir 0 dén +oo,
trong d6 [ 13 sd cuc nim bén phdi mit phang phitc ciia hé hd G(s)
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g;DED Tiéu chufin 6n dinh tin s6

Tiéu chuan n dinh Nyquist: Thi du 1
* Cho hé thong hoi ti€p Am don vi, trong d6 hé hd G(s) c6 dudng
cong Nyquist nhu hinh vé&. Biét ring G(s) 6n dinh. Xét tinh 6n
dinh cta hé thong kin.

} JO(®)

-1, 0
(/’Q g
0—>N =0
e
@
&

G(j w)
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I::L. Ng N ° \ »
#> g Ti€u chuén 6n dinh tan sé
Tiéu chuan on dinh Nyquist: Thi du 1 (tt)

x Giai:
Vi G(s) On dinh nén G(s) khong c6é cuc nim bén phdi mit phiang
phitc, do d6 theo tiéu chudn Nyquist hé kin 6n dinh néu dudng
cong Nyquist G(jw) ciia hé h khong bao di€m (-1, jO)

* Trudng hdp @: G(jw) khdong bao diém (-1, jO) = hé kin 6n dinh.

* Trudng hdp @: G(jw) qua di€ém (-1, jO) = hé kin & bién gidi 6n
dinh;

* Trudng hop @: G(jw) bao diém (-1, jO) = hé kin khong 6n dinh.
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é’j Tiéu chufin 6n dinh tin s6

Tiéu chuan n dinh Nyquist: Thi du 2

* Hiay d4dnh gi4 tinh 6n dinh cda hé thong hdi ti€p Am don vi, biét

rang ham truyén hé hd G(s) 1a: G(s) =

*x Giai:

* Bi€u d6 Nyquist:

K
s(Tis + D)(Ihs +1)(Tis +1)

} JO(w)
(-1, j0)
r_ P(®)
W—> "
G(jw) &
&)
=0
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¢>3 Tiéu chuéin 6n dinh tn s
Tiéu chuan on dinh Nyquist: Thi du 2 (tt)

Vi G(s) khong c6 cuc nim bén phdi mit phang phiic, do d6 theo
titu chuan Nyquist hé kin on dinh néu dudng cong Nyquist
G(jw) ciia hé hd khong bao diém (-1, jO)

* Trudng hdp @: G(jw) khong bao diém (-1, jO) = hé kin 6n dinh.

* Trudng hop @: G(jw) qua diém (-1, j0) = hé kin & bién giSi On
dinh;

* Trudng hop @: G(jw) bao diém (-1, jO) = hé kin khong 6n dinh.
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[::L. Ng N ° \ »
#> g Ti€u chuén 6n dinh tan sé
Tiéu chuan 6n dinh Nyquist: Thi du 3

Cho hé thong hd khong On dinh c6é dic tinh tin s6 nhu cdc hinh
vé dudi day. Hoi trudng hdp nao hé kin dn dinh.

4 JO( @) 4 JO( )

(-1, 70) (-1, )

o= U\'\ \ P (f‘ﬂ \'\ @8 P(c0)

Nl <

g Glj) Jo it Gl(ja)
(a) (b)
On dinh Khong &n dinh
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¢>3 Tiéu chuéin 6n dinh tn s

Tiéu chuan 6n dinh Nyquist: Thi du 3 (tt)

Cho hé thong hd khong On dinh c6 dic tinh tin s6 nhu cdc hinh
vé dudi day. Hoi trudng hdp nao hé kin dn dinh.

llg('_

4 jO(@)

~

P( )

N

(D—>N

G(j)

(c)

Khong 6n dinh

ol
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¢>3 Tiéu chuéin 6n dinh tn s
Tiéu chuan dn dinh Nyquist: Thi du 3 (tt)

Cho hé thong hd khong On dinh c6 dic tinh tin s6 nhu cdc hinh
vé dudi day. Hoi trudng hdp nao hé kin dn dinh.

b JO( ) 4 (@)
(-1, A (-1, 1)
* m—}mD 75 > T\ o= =0
—
=2 { o .
(d) ()
On dinh Khong 6n dinh
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I::L. Ng N ° \ »
#> g Ti€u chuén 6n dinh tan sé
Tiéu chuan on dinh Nyquist: Thi du 4

* Cho hé thong hd c6 him truyén dat 1a:

K
G(s) = K>0, T>0, n>2
() (Ts +1)" K> n>2)

Tim diéu kién cta K va T d€ hé thong kin (hoi ti€p Am don vi) 6n
dinh.

* Giai:

K
(Tjow+1)"

* Dic tinh tan sd clia hé thong 1a: G(jw) =

A Bién do: M(a))z( K

\/Tza)2 +1T

A Pha: (W) = —ntg_l(Ta))
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g;DED Tiéu chufin 6n dinh tin s6
Tiéu chuan n dinh Nyquist: Thi du 4 (tt)

* Bi€u d6 Nyquist:
I .
(-1, /0) j()

\\ F_ﬂ P{:r.)}

1/ =0

G(jw)

\'
(£

* Diéu kién 6n dinh: dudng cong Nyquist khdng bao di€m (—1,j0).
Theo bi€u dd Nyquist, di€u nay xay ra khi:

Mo )<l
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E'A. Ng N O \ »
#> g Ti€u chuén 6n dinh tan sé
Tiéu chuan on dinh Nyquist: Thi du 4 (tt)

* Tacé: oo )=-ntg" (Tw_)=-r

~ g Te )=" = (Tw,) =tg(”j
n n
T n
K

x* Dodo: M(w )<l PN

L]
- el
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é?;;u Tiéu chufin 6n dinh tin s6

oA A‘? I\9 ®
Ti€u chuan 6n dinh Bode

* Cho hé thong hoi ti€p Am don vi, biét dic tinh tan sd cla hé hé
G(s), bai todn dit ra 1a xét tinh 6n dinh ctia hé thong kin G,(s).

R C(s)

L

* Tiéu chudn Bode: Hé thdng kin G,(s) dn dinh néu hé thong hé
G(s) c6 d0 du trit bi€n va do du trit pha duong:
{GM >0

< Héthong on dinh
OM >0
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g;DED Tiéu chufin 6n dinh tin s6
Tiéu chuan on dinh Bode: Thi du

* Cho hé thong hoi ti€p Am don vi, biét ring hé hd cé bi€u dd Bode
nhu hinh vé&. Xdc dinh d0 dy trit bién, dd du trit pha cia hé thong
hé. Hbi hé kin c6 on dinh khong?

Bode Diagrams

Theo bi€u d6 Bode:

o0 et @, =5

% L(w__)=35dB

E o(w,)=-270°

:-g; GM =-35dB

% OM =180’ +(-270°) = -90°
£ Do GM<0 va @M<0

nén hé thong kin khong
on dinh.

0% 10 1 o Oc 10

Frequency (rad/sec)
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I::L. Ng N ° \ »
#> g Ti€u chuén 6n dinh tan sé
Chi §
* Trudng hgp hé thong hoi ti€p Am nhu hinh v&, vin cé thé dp dung

tiéu chuian 6n dinh Nyquist hoic Bode, trong trudng hop nay ham
truyén hd 12 G(s)H(s) .

R(s) E(s) - - C(s)
> '|(.r{5) —
| Culs) §

| | H(s) I-
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