Chuong 3

HE DIEU KHIEN TU DONG PHI TUYEN

3.6 ¥= 4Z"a COSOL; A=§,’: ; sina:i—
3.7 N=1§(zaji (cos oy +cosa2)—2jn§:A {sinot; —sinoy)
sin oty =i—; sinoty =1—t-; .—.i—:; A.—.%’f_

X, - bién dé dao dong tudn hoan hinh sin (X sinwt)

3.9 a) N:M; sinﬂlﬁ:i
T A
. .2
b) N=_1._E+Sm2u.. , COS a; sina:z—l
2r . A

3.10a N = 4Z"a {coso+ Jsinge) ; A=§:’; sina:i—

3.11 Gi(s) = K 7> 1 = lsec;
SA+TS)
im
N::::lcosa; sina:}}({; "N
Re

Z,=10; X, =0,2

- Xét hé tuyéz tinh: —--g—— 2érctg_,,,T =-x

arctga_ =it-; O_y=1




MOT SO BAI GIAI MAU VA DAP AN 143

OA:]G(jm~n)|=£2(-; -E—:l = Ky =

Hé¢ 6n dinh: K<K, =

« Xét hé phi tiyén: Néu hai duimg cong
G(jw va -

N(;( ) khéng cdt nhau ma tiép xdc v6i nhau (tai A)

m

thi ing vl K,

‘ 1 | KX Ksh, _TFXG -
|N(X N 2z, 2’ Ken = Z, = 0,0628

Hé én dinh khéng dao dong K < K, =0,0628

, | 2Z X,
max N(X,,) ta szﬁxa = Max N(X,,,}:E:; min |N 37,
K 4Z .
3.12 G(S)= . N=224 0sa; _2a
O = ST TS+ LS X, X,

Putng cong Nyquist G(jw) cdt tryc hodnh tai tdn s6 w_g

N

-1MN

Re max

; ~__

Xm
min = max N o va x,
—-;—- th, 2w_, —arcig2m_, =K, arctg0,20_, +arctg2o_ =12‘-
T tga+igh
F by = =
g(a+0) 1 tgatgh
L4y tg hai v& ta c6:

0,20_,+2m_, -

n toa
tg = tglarctg0.20.c + arcig20_) 1-0,20_,20_,
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=2,b; o_ =158rad/sec

|GG = =0,036

w_ﬂ/1+((o_xT1}2 J1+(w_,t1;,.}2
Phuong trinh cdn bing diéu hoa:

X ) S T
1+GUMN(X,)=0; G(ja)= N’

¥

—EX—HIG(J ®_)|=0,036; 0,036,/X2 -X24Z, =nx?;
z, 1-%a
4Z, [1-=8

m

X, =025
X, - 0,075X% +0,00075=0; {X, =011

w, =158

3.18 G(S)= =100
SA+TS)  §*(A+58)

1- Xét 6n dinh hé tuyén tinh
AS)=1+G(S) =0
A(S) =T$3+582+K =0
Hé bac 3 khong én dinh &
trang thai kin, hé s@' cia S'=0

2- Pudng cong Nyquist G(jw) khéng cit > Re
-1/N(X,,). Hé phi tuyén khéng én dinh - Q
& trang thai cdn bing. Pudng -1/N nim Nxm)

hoan toan bén phdi dudng cong Nyquist

G(jw) cha phan tuyén tinh dng véi mién khéong én dinh.

3.14 G(S):E&-g—_m:-g, u,,=sinx;' Uy =const; @ ==X, u=u,—uy;

Im
G(j) }

dx
bit: X =-¢ =x; ﬁ-:xz:fl

dx. . dx. K . 1 K
_Td—;+x2+Ksm:r1 =Kty ; d—=—?smxl—-j;x2+—j—;uM.=f2
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v6i:

Phuong trinh § trang th4i can bing: %:0; fi=x,=0;

1 K
fz =—£Sll‘l.tl ——xg+——uy =0; sinx =uy =>|uM|S.1

T T T
Phuong phdp thd nhit cia Liapunov: det (SI - A) = 0
J9f A
'ﬁ' ax; 0 1 ’ 1. K
A= =l ¥ 1| deSI-A)=8(S8+=)+—cosx; =0
oy s —pesn T T T
dr; dxy .

Xét cdc trudng hop cy thé sau:
Truong hop I: uy =0; sinx, =0; x; =2mn(0,+2r,34x...) ; cosx; =1

Phuong trinh: S(S+~;-)+—I-(f=0 tai S, va S,. V6i K>0—ReS, , <0

Theo tiéu chudn én dinh Hurwitz, 4p dung phuong phap tha 1

ctia Liapunov: hé dn dinh trong pham vi hep:

x, =(2m+1)x, m 14 s6 nguyén bit ky; cosx, =-1
Phuong trinh: S(S +%)—%= 0 c6 mot nghiém phdn thuc duong.

Hé khong 8n dinh trong pham vi hep.
Truong hgp 2: uy =1, sinxg =1, cosxy =0

Phuong trinh: S(S+l)=0, 5=0, 8, =—l; khéng xdc dinh duge

tinh &n dinh cda hé. Trudng hop giéi han khéng sk dung duge
phuong ph4dp thi nhait cua Liapunov.

K . + khi x>0
3.15 G(S)""gi' c=—x; Flx)= _.Z{ bhi x<0 |
bit: x, =x; f1=x2
x2=3KZ,

Chon ham: V =|x|+gze%3

% >0; Ve=x;=0p%;
V=x+ 2922%; x2 = xg — 202, KZ, = x3(1-2q5,KZ,;)
Chon g,, sao cho: 1-2q,,KZ =0
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ctia Liapunov.

Khi d6: V=0 véi x, >0; x, bt ky

£ <0, V=wdy +gyrl; V= —x1+2g55% X2 = -55(1-2¢5KZ, )

Chon: gy = 1 V=0

K& lugn: véi bat ot gid tri Vo>V,

nio cua x,, le'/':o, V>0 = Hg
én dinh theo phuong phdp thit hai ﬂ \ K

3.17 G(S) =

Phuong phdp quy dao pha:

gf&:q:Kzﬂ
dxy X3

Ky .
(NS+1XTS+ (TS +1)

a) Hé tuyén tinh: N = 1.
A®) =1+G(S)=(OS+ DTS +INT8+H+K, =0

A® =NT,T,S* +(T T +T,T, + T\ T3)S% + (T, + T, + T3)S +1+ K =0

Tiéu chudn Hurwitz:
By = (T + Ty Ty + LT + T3 + Ty) -1+ KT TT; >0

1 1 1
N+ + ) —+—+-)-1>K,
( 1 2 3)(71 Tz T;g) > “.
Im
Budngthﬁng
Popov
A 8] w=0 Re
.__1.. W-x O—> a0
K
Gj
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Thay gid tri vao ta duge: 0.8x17-1>K,,. H& én dinh: K, <12,6.
b) F(X) 1a ham 1é, don tri ndm trong gée [0, KI. K =KzrK,,;

Kpr =tga= JZ;“ . Theo tiéu chudn Popov hé én dinh tuyat dsi:
1

, 1, ., 1 |
IGUm"‘)kE’ OA<& o

1 .
3.19 G(S)= i b1 = 0. = -
G(S) SSTE Tin hiéu vao () _O Suy ra c=-x

bat: x, =x; .x'+a.:+f(x)=0; :.c1=x2; :;52 =—xg ~ f(x;}

Gia thist ban ddu F® 1.

X

Hé phuong trinh bién trang thai: { = %3 L

xz=—%-x, (2)

Chon ham: V= auxlz +20,%1 %9 + By’

dav = - . oy . ,
E = V = —'2(111x1x1 + 2&12(x1x2 +x1x2 ) + 20‘«225{2352

thé v& phii vao pt trang thé.i_(__l'). va (2)

= V = —_2alzx12 +2(ay; ~ )5 —Up0)2) Xy +2(213 — Uy )x22

Céc hé s8: ané-S; ap=-1; @y=-2 | Ll
Thi: V =2x2 +20,% =2(x %+ 2,9) 20

Ham: V =-3x" 235 - 2%’

Theo dinh 1y Sylvester: V<0

Hé tuyén tinh héa én dinh: V.V$0

Ha phi tuy&n duge md td bdi hé phuong trinh bién trang théi
X1= 2%
x2 =—%—f(%)
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Chon ham V 4m cho hé phi tuyén:

V= “117‘12 + 19X X5 + ‘322-"’-'22

v =%¥‘ =201.f () + 4, (1)) — 4y 0, + 227

= Z—hle)xf +4[_f(x1) —l]xlxz +2x3
X

1
Theo dinh 1y Sylvester diéu kign d€ V duong 1a: - |

K>0; K-(K-1*=-K?+3K-1>0, v6i: K =130
x

Nghiém cGa phuong trinh: K2-3K+1=0; 0,38< M< 2,62
x

Hé phi tuyén 6n dinh tiém c4n véi didu kién: 0,38 < K < 2,62

KK 0,2
823 a) G(S)= -2 = d
W ) TSN T8 - SAT025Y112S)
Z,=6; X,=0,1

b) Tinh w_, tif phuong trinh:

K= §+ arctg0,2m., +arcig2m_, ; g = arcig0,20_, +oretg2m;_,

: 0.2+ 20 ' '
Léy tg 2 v& phuong trinh: +eo=—"—"%0 —41.0,20-20=0
y g P g 1-0.202 = w
2 1 . _ 1 = '
Cor=gi O ’_TiTz 1,58 - o
. . 1
1+GoIN(X,,)=0; G(jw)= +Re
v N(X,,) PR

|GUo_,)|=0,182K =0,0364; K =0,2;

0,0364(X,,2 - X2 42, =xX,,?

X,'-0,076X,,% +0,00075 =0
X,;=0,25 théa didu kién:
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X,>X,=01; X,;=011
x,(¢)=0,25 sin 1,58t (ch& 46 ty dao dgng)
xo(8) =0,11sin 1,58t (dao dong khong &n dinh).

Z 2 .
4 Xa . tal Xm =J§Xa

—_2%a_1y_ .
) V2N (X, V)2

Nmm( (Xm ) = 2za
X

o

¢) N (X,

= 38,216

biéu kién khong dao dong Nl

max

>|Glie. )

1
38,216

>0,182K = K <0,1438

3.24 KF:"*X'L:%; Ky,=4; K=KprK,=2; —%=—0,5

a

V& G (jw)=ReGjm)+ jonimG(jw), khi 0g0<+e.

Viét chuong trinh vé dic tinh tdn s§ bién dang ciia phén tuyén
tinh: G'(jo) cé ddc tinh 16m va x4c dinh diém cdt cia dudng tuyén
tinh G'(jw) vi tryc hoanh la -0,3. Hé phi tuyén 6n dinh tuyét d6i

1

theo tiéu chudn Popov: K <Ky, =-= =3,32
Buding thing
Popov
Im
w=0
Wow Re

G
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8.25 Piéu kién dn dinh theo tiéu chudn Popov: 0<K £16.
5 a 1 o sin20 .cosla
3.27 G(S)= : X, =1; aa=45% N==-—+ _
() S(S+1) \ 2 n 2n T
vii: sina:-z-l; A:X’”
A X,
tin hidu: X(t)=X,, sinaz. Hay:
N= l(Ot-- sin 20 —_,"sin2 o)
r T
véi a 14 46 rong xung cda tin hiéu dao ham aft)

- duge biéu dién trén
dx
hinh v& trong d6 tin hidu vao x(1)=X,, sinwi.

Phuong trinh cdn bing diéu hoéa:
1+G(jo)N =0 hay G(jw)=~1/N

Hai dudng cong G(jw) va —1/N cit nhau tai 2 diém A va B. .

. w=16 rad/sec
Tai A:
# {Bién d6 = 2

- Tai diém B ¢ng v6i chu trinh tudn hoan khéng én dinh, thuc t&
khong thé xdy ra ché& dé dao dong tai diém nay.

i)

' 1t

—x, ] x / \
o7 1% of = 3x se| 7w
e / i ’ °
0 . digy |-
n
; > Xm dx L
2
:‘_i_!' {X
2
2 x 3x ot
n o| = : 5x
o 2
Dip s8: x(t)=2sin 1,6t



MOT SO BAI GIAI MAU VA DAP AN 151

K

83 ) =———-
3 () S(1+85)N2+8)

a) K = 4 tén tai ch& do dao dong tai tdn s6 © = 0,3846, bién d
0,8319 (ti 18 D/M). Tai ® = 1,033 rad/sec, D/M = 0,2533 Gng vdi chu
trinh gi¢i han khéng 6n dinh.

e) K=2,75
8.37 G(S)=—22—; N 1a khau khe hi a=45"; X, =1
S(1+8)

Ché dé dao déng tai tdn s6: ©=0.8139; X, =5,7405
3.38 G.(8)= 1;:?:: . a>1.Papso: aT=19
3.39 b = 0,4.
3.41 a) On dinh tiém can; b} Khéng &n dinh

- 2
&) Gn dinh tiém can véi didu kin:  [Z2>ZF
1 X

3.42 Dua vao ngd vao kich thich hinh sin x(f)=Xsinwt (H.3.29b)

X2ginlot, Zhn<cwt< (2k+

Tin hiéu ngd ra: y()=
~X2%sin% ot (2k-1)n< ot < 2kn

= HAm truyén tuyén tinh héa diéu hda: Gu(X.@)=a+jb

1 .
a -'n—xiyu).bln widuk

vai: 1
b=—nij(t)cmmdmt30 (ham 18)
r
4 ud=ni2
= @ = —e I X2sin? wtsin widot ; bién phu u=coswt
nX
wt=0
ax? axf* 1 ax( 1 8X
anX-!(u Ldu 1[3 u] n(3 ]31:
. ) |

- e x.m=2%
n
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3.43 a) Tim diéu kién xay ra chu trinh t6i han va khio sit chy
trinh t6i han biing phuong phdp tuyén tinh héa didu hoa.

Ham truyén tuyén tinh héa didu hda chia khau phi tuyén.

G,(E, o) =~2-—££(—;-It-9——-;-sin 20)

¥
B=arcsin(D/E), E2D K
Haim dachocé K=1,D=1. -D o >/ B
A D
K
2 1 1 . Im
=Z(=x-8—=s5in20
G (E) n(ZR 0 2sm2)

1
O=arcsin—; E2]
arcsin

b€ hé ¢6 chu trinh t6i han,
ham truyén G(jw phai cit dusng o

cong - 1 -2
G, (E)
Ve -1
E | 1 2 3 5 oo
1/Ge, l g0 -2,55 ~1.71 1,33 -1
» Ham truyén phin tuyén tinh: G(jw)= K
: yen p 4 i Jo(1+ jow/10¥1+ joo/25)

- H¢ théng c6 chu trinh tdi han khi G(jay) cit truc hoanh tai A
véi |0A| > 1 hay G(jw) bao 14y diém (-1), cing 12 didu kién dé hé
tuyén tinh:

w, =95

. =m khﬁng on dlllh

Ghi chii: G(jw) duge vé phéc c6 dang nhy hinh vé,
Phuong trinh dc trung ciia Wi : K+S(1+SA0}(%5+1)=0

& §°+355% + 2508+ 250K =0
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Tim gid tri K giéi han bing Routh:

s? 1 250
1 250
- 25 aso @ =~=-(250K ~260.35)= (35~ K)
s a 0 b=—L(-a.250K) = 250K.
5° b 0 ¢

Kgn=35.
Viy hé W, khong 6n dinh khi K > K, hay hé phi tuyén cho chu
- trinh téi han khi K >K,, =35.
Khi d6 chu trinh t6i han 14 bén (én dinh).
b) Xdc dinh bién d§ chu trinh t6i han E va tan sd o tir giao
diém A. |
Tai giao diém A, ta c¢6 [,|G(jw)]=0. Viét lai:

. K
G(jow)=— - _
Jlo)(L+ jw/10)(1 + jw/25)
= QK - (=joy1-22)1-L2)
o+ W W1+ 03 ) 10 25
100 6256

> 1 1. . o
M- (Ot )+ j -1
=05+ g5+ /g5 )
2 -
o
250

Vay tdn s cia chu trinh t6i han 1&: v, =15.81

I [G(jw)}=0 > o )=0 =, =250 =15,81scc™

Suy ra hoanh d¢ diém A:

: (~w® 1 1
x, =ReiG(jm)= K(zm) (-t
o1+ 2 1+2 1025

¢ 100 625

{m=wA =15,81 ~70 35

)

=, = 22 o148
K=2K, =170 _ 15817 | 16.81° '250

vdi

K1+

1+
(14 100 252

ﬂ_
G, (Ey)
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Giai (1) bang phuong phap tinh s6, ta ¢6 E,:

E, | 2 1,2 1,1 1,188 1,179 1,175
-1/G, I -2,55 -12.,56 -30.8 -13,55 -14,41 -14,83
z ) E,=1175
= E, =1,175 O chu trinh t6i han: 4
L0 F] =15.81
E 2 2,44 3
—1/N -2,55 2 1,71
3.44 Viét phyong trinh trang thai mé ta hé:
(dx
dt 7
*d 1 ie=-x—-Ay > 1 hayx+y<-1
d—);=f(e}= 0 sle=—x-%] < 1 hay|lx+y|s 1
-l;e=—x-ky <-1 hayx+y> 1

Hé dugc mé td bdi ba phuong trinh tuyén tinh trong ba mién
khdc nhau cia mat phing pha, tich phdn d€ ¢6 phuong trinh céa quy

dao pha trong ting viing.

o
di

b

(1)

(2)
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de_ dy__1

Vang 3: (x+y)>1 de dc ¥ (3)
§X=—' 1 2=x+C )
dat 127

Tt didu kién ban ddu: x (t = 0) = 3, y {t = 0) = 0, ta c6 quy dao
pha nhy hinh vé&: dudng A-»B > C > D.
- Trang th4i cdn bang duge xdc dinh tir:

dx
o _y=0
a7 y=0
dy = -1<x<1
— = =0 -
o f(e)
Trén mat phing pha, trang thai cin bing 12 cdc trang thai ndm
trén doan truc thude (-1, 1}.
. Trén doan CD, hé thong ¢ trang thdi trugt.
' x=-1
Vay trang thdi cdn biing cudi cia hé: {dx _
de



Chuong 4

HE PIEU KHIEN TU PONG ROI RAC

-aT
4.2 a) G(Z)=1=¢

—-e

—aT

-aF —-al -aT
b) G(Z)= K[T+(lia)e -1/alZ +[1la a;lla)e ~Te %)
(Z-1KZ -e™)

_ -aT _ 4T -bT _ __-aT -b —{a+&)T
) G(Z)= K [a-b+be ae |Z+:e a:T +{a-b)e
abla—b) (Z -2 ](Z—e_ )

4.4 Ham truyén hé hé rdi rac cho K = 5; r(t) = It); T=1sec; a=1

z-1 [ 1 Z-1 {1 1
=K =K L
G =K= Z{S(S+1)} Z z{s su}

Kz-nz z |_ K(l -c”
Z 1z-1 z-c'|"

G, (2Z) K(l-¢) Z
C(Zy=—22" _R(Z)= )
1+G(2Z) (Z-eVYy+K(d-eYy Z-1
Czy-— 316062 3,16062

(Z+2,79270(Z~1) 22 +1,7927Z —2.7927
voi: e =0,367879;K =5> K, =2.16398 ; |2] > 1= Hé khéng én dinh.

'+ Z 1
C(2) = 21606 -
1+1,7927Z27 -2,79272

C, =-1,7927C, , +2,7927C, , +3,16065,_

C;=0,véi: is0; 8,-={ ; ‘,=0
6. ix0

C,=0; C,=3,1606; C,=-5,6661; C, =18,9844
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Hé thong khong on dinh vdi T = 1, qué trinh qua d¢ tang din
khong vé x4c 1ap; |Z|>1. Néu chu k¥ 14y mAu gidm di 10 1an: T = 0,1 sec.
- K@d-eY zZ
Z—e_0'1)+K(1—8-0'1)-Z"1 *

C(z)= vdi: e =0,9048374
{

C(z)= 0,4758Z _ 0,4758Z
(Z-0,42904)Z-1) Z?%-1,42904Z +0,42904
Chia t& s va méu sg cho Z? ta c6:
-1
Cz)= 0,475:82 i
1--1,42904Z7" +0,42904Z"
C, =1,42904C, ; —0,42904C, ; +0,47585, ,

C,=0; C, =0,4758 ; C; =1,42904C, =0,679937;
C, =1,42904C, - 0,42004C, =0,767520;
C; =1,42904C, - 0,42904C, =0,805097
Chu k¥ 14y miu gidm, tin sb 14y miu tang din dén hé thong rdi
rac én dinh hon. Cu thé trong bai, véi:
T = 1 sec. He khong 6n dinh K= 5 > Kg; =2.3

T = 0,1 sec. Hé n dinh, qué trinh qua do vé gia tri xdc ldp la 1,
nhung khéng dao dgng vi A= 1,42904% —4x0,42904 > 0;

L 14e01
K=5<Kgy= ! =20.:’.}1667
- 0,6
45 ¢(S)=———; T = lsec
) S(S+0,5)

Ka Z-1 Ka
Néu G(S)= thi G(Z)= Z 88 1a:
u G) S(S+a) 16@)==7 {sz(s+a)}

G(2)= ‘{(_'[Z(aT-l-e'“T —1)+(1—i;T—aTe'“T)]
a (Z-1)Z—-e "}

Trong trutng hgp niyyK=1,a= 0,6 nén:

G(Z)= 2.{0,10653Z +0,090205] _ 0,21306Z +0,18041
(Z -1)(Z -0,60653) Z2 _1,60653Z +0,60653
: 41
cz)= G2 pozy- (0,21306Z +0,18041)Z

( =
1+G(Z) (Z% —1,39347Z +0,78694)(Z - 1)
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0,21306Z%+0,18041Z
Z3-2,39347Z2 +2,18041Z — 0,78694

_ 0,21306Z" +0,18041Z2
1-2,39347Z71 + 2,18041272 - 0,7869423
1 + G(Z) = 0; Z,5 =0,696731 j0,54909; |Z| <1 = Hé 6n dinh;

C(Z)=

C(Z)

A <0 = qud trinh qué d6 dao déng t4t ddn
C, =2,39347C,_; ~2,18041C, ; +0,78694C, , +0,2130685,,_; +1,80415,_,
C,=0; C; =0,21306; Cp =2,39347C, +0,18041 = 0,69165;
Cy =2,39347C, - 2,18041C, = 1,19089;
Cy=2, 39347C; -2, 18041C; +0,7869C, =1,5099;
Cs =1,56153; C; =1,38238; C, =1,09207; C, =0,82845..
Bdp iing qué do cta ha roi rac
Dap sé: K, =1,08

Cny

1.6
i4
1.2 Z I~
1.0
0.8
0,6
0.4
0.2

0 1 2 3 4 5 8 7 8 nT sec

4.10 G(S) =

S5’ chu ky 1dy miu T =1 sec; T = 2 sec.

1- Ham truyén dat hé r&i rac ¢6 chu ky T =1 sec, khi khéng c¢6 khiu

o . 0,632KZ )
dinh hinh ZOH: GH(Z)= : 120,38
inhi hin R = D038 © 68

Tinh h¢ 56 khusch dai gidi han: K5 (2]=1)
AZ)=(Z-1XZ-0368)+0.632K2 =0
=2 +2(0,632K -1,368)+0,368 =0
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|Z|=1; Z<0; Z=-1
A(Z)=1—0,632th +1,368+0,368=0; K, = 4,329
Z>0; Z=1; A(Z)=1+O,632th—1,368+0,368=0; th =0

Chon HSKD c6 gia tri 16n hon K, =4,329. QDNS khi khéng c6
Im Mat phiing 2

7Z.0.H ]a dudng tron tam O,
bdn kinh bing gid tri difm 1.1
tach nhép (hinh 1): Kgh=4324

9K _0; 2,,=40,62

dz

Mit phing Z.

Nghiém cyc: 1; 0,368

Nghiém zero: 0

2. Khi chu ky 14y mau
tang 1én T = 2 sec. Tinh on Hinh 1

dinh cta hé giam:
0,865K7
GH(Zy= -
£ (Z ~1)Z-0,135)

e?=0,135; K, =2,624
3. V& QDNS khi ¢6 khau giit miu béc khong Z.O.H.

K(T-1+eT)Z-Te T +1-¢"]
G,ouGH(Z) = —5
ZOH ( (Z—l}(Z—e"T)

Im

K,= 2,3 =148
Budng trdn
don vi
K- -0} {K=0 Be K —en K —=[kas0 K=0
4\-0, 368 ' -1\ 0524 70.47 1
= 1,002

Ka= 1,46

Hinh 3
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Hinh 2: QDNS; T =1 sec; K,=23
Hinh 3: QDNS; T = 2 sec; K, =146

Khéu ZOH thém vao hé rdi rac 1am gidm d6 6n dinh. QDNS
trong trudng hop ndy cing 1x dudng trom, song tdm tai nghidm zero,
ban kinh 6 gi4 tri bing |diém t4ch nhap + |Z).

Z(Z+0,4) . 2 . . 0.
411 = .Tinh C, v6in =0; 1; 2; 3; 4 theo 3 c4ch.
¢ (Z-1XZ ~0,34Z-0,8)

Cdch 1. Chia tit s6 cho miu s>
C(Z)=2"+2522%+3912% 451012

C,=0; 1; 2,5; 391; 5,101.; dngvéin=0,n = 1;n=2n=4

Cdch 2. Phén tich thanh phan s8 don gian:
10 + 2 1
Z-1 Z-0,3 Z-

C, =10x1{)+2x0,3" -12%x0,8": t 2 (.
Cdckh 3. Sit dung ham Dirac:

Z%+0,4Z _ Z 40,472
Z%-212%+1,34Z + 0,24 1-2,1Z27141,34272 + 0,247 3

(1-21Z7' 41,3422 +0,24Z3)0(Z) = 2 +0,4272

C(Z) =2 i -1. Tra bang bién 46 Z.

C(Z)=

Suy ra: C, =21C, ; ~1,34C,_, ~0.24C, , +5,.,+0,43, ,

Héss: C,=0 v6i i<o '

Ham Dirac 8, , =0 khi n#L (n#i); 8, ;=1khi n=i (n=0
Co=0; G=1; G,=21C+0,4x1=25; C;=2.1C,-1,34C, =3,91;
Ca =21C; ~1.34C, ~0,24C, =5,101; C; =2,1C; ~1,34C, —0,24C,

C(Z) 0,1
4.14 =
R(Z) Z*-13Z+0,4
Tinh C(nT) va thdi gian qua dj dat sai 8 x4c 14p 5% véi r(z) = I(),
chuky ldy mu T =1 sec.
Z°-1,3Z+1,4 - AZ-1)(Z~0,5)Z ~-0,8)

C(2)=




MOT SG BAI GIAI MAU VA DAP AN | 161

Zz 167Z + 0,672
Z-1 Z-0,8 Z-05

C)=

CinT)=1(t)- 1,67e™™¢D) 0 g7¢ 2D

. . T _1 1 . —ateT 1 1
véi: 0,8=e M o q “Flnﬁz 0,223; 0,5=¢™" =sa2=-1—1-ina:g=0,693;

C(nT)=1-1,67.0,8"+0,67.0,5".

Lip bang tinh CrT) véin =0, 1, 2.. _
1,68.0,8" 0,67.0,5" CinT)

n

0 -1,67 0,67 0

1 -1,33 © 083 0
2 -1,06 0,16 0,1

14 -0.08 - 0 ' 0,94
i5 -0,05 0 . 0,95
16 -0,04 0. 0,94

C(nT) = 0,95 = dat sai s6 5%. Thdi gian qud 40 ¢,y =15.T =15sec.

K
4.15 G(s)=—— 3 y=0,1; T, =0,05sec, T=yT,; T,=0.2
G(s) S(T}S+1)' ¥y=0,1; T, s€C 1T, 1 sec

1. Xét n dinh hé r&i rac khi K = 100.
Khiu Z.0.H ¢6 chu ky 148y méu: T=+7, =0,005sec << 1
1-¢ %5 1-(1-97,5) m

Ham truyén ZOH: Gzpy(2)= 5 =
Ham truyén hé h&-
G2 =T —5 =y KK,
' S(TZS w1 7S S+UR
zZ YTng(l e—Tf?i)
G (Z)y=—1 Gk{z) = mﬂ(l e"’T”i}
k 1+Gh(Z) (Z 1)(Z E—Tf 1)+'ﬂ;m{1 —Tf?i')'
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Miu s6: A(Z)=1+G,(Z)=(Z-1)(Z~eT'" Y+YTKZ1-e Ty =0
=22~ Z(+e T MY+ {LKZ(1-e TPy 4T
 Thay =6 vao ta cé:
A(Z)=2%-1,9753Z+0,01235Z + 0,9753 = 0
dze-rfgi =e-0,005f0,2 = 0 9753
A(Z)-—-_Zz-l,_ 962952 +0,9753=0
" |2)<1... = Hé 8n dinh véi K = 100,
© 2- Tinh HSKD giéi han:

Thay Z =i_*§ vao bidu thic A(Z) ta duge:

l+n 14+u
[ﬁf -(EJ[hd—mK(l-d)]er:o
Khai trién va sdp X6p theo thya ty 86 mit 16n dén nhd cha tham
sd u ta cé: }’I;K(l—d)uz+2(1-:d)u+2(1+d)—77;K(1—d)=0. DPiéu kién
cdn v di dé ha bac 2 6n dinh 1a cde hé 88 déu duong.
_ K=0;
K, tinh tir didu kién hé s6 = 0 = {K= 2(1+a)
(-

Chon: K, =—ﬂ2(-;-g~%%=31.988.664

Piéu kign 6n dinh: 0<K <K, =31.988,664

| 418 c(n+2) + Sc(n+ D + 3c(r_;) =r(n+ 1)+ 2r(n)

1 by [0
o Ln)=x(n+l) +_‘b1r(n)

Xp(my=c(n+1)+br(n)
xz(n+1)=c{n+2)+blr(n+l)
. T¥ phuong trinh d4u tién ta c6: .
o e Dbl 5’{@(;&.{1)4 byr(n))+ 3c(n) =
rn+ D42y +brns DaSbrny
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Pao ham bac nhat cla tin hidu vao triét tidu:
rin+DIl+g]=0=b =-1; r(n)2+5b]=-3rn)

Ta ¢é hé phuong trinh BTT:
x(n+1)=xy(n}+rin); xy(n+1)=-3x (n)->5xy,(n)=3r(n)

1
-3

0 1
3 -5

A= ; B =

x(n + 1) = Ax(n) + Br(n); Cn)=DTx(n) )
2. Ham truyén dat cia hé rdi rac duge xdc dinh theo phuong phap
bién d8i Z, véi didu kién ddu bing ©:

c@) _ Z+2
R(Z) Z?+5Z+3

(Z2+BZ+3)C(ZY=(Z+2RZ); UZ)=

Phuong trinh déc trung (miu s6 ham truyén) ¢6 thé nhan duge
béng cédch:

zZ -
d - = (el
ci[Zf-A)=dc 3 Z45

X2y _1|1+827" z7 [xl O], 1

XA2)| Al cazt 1 im0 A

Tinh X(Z) theo c6ng thife sau véi x(0) 13 diéu kién ban dau:
X(Z)=(ZI - A Zx(O)+(ZI ~ Ay BR(Z)

’= (Z+5)+3 =2Z%+5Z+3=0

Zla+5Z271-327
-3Z271.3272

]-x R(Z)

Ky hiéu: A=1+5Z1+827%; ] 1a ma trdn don vi.
' C2Z)__ Z+2
R(Z) 2%45Z+3

phuong phdp mé ta trie tiép duge trinh bay 8 hinh vé sau:

theo

P4 thi bi€n trang thdi ham truyén
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Z™! 1a don vi do thoi gian dép dng tré eda x(n + 1) so véi x(n).

TS, p1_ 1
Z=¢";, Z =73

véi T 1a chu ky 14y miu. Xét 6n dinh hé rdi rac dua vao phuong trinh
ddc trung Z®+5Z+3=0. Hé khong &n dinh vi 1Z1 > 1, ¢6 nghiém
ciia phuong trinh ndm ngodi vdng tron tam (0,0) bdn kinh 1 don vi
trén mit phdng Z.

407 - 39 — 1007
7 _ o-100T

4.17 Pdp s6: G.(2)=

Ka

S(S+a); K=5 a=2; T=01sec, rt)=1t.

4.19 G(S)=

r{t) I 1 T 1 ¢l
A T ! Z0H I l G(s) f

1-¢7% 7-1
S Z8

Z-1 Ka Z-1ypo|K a 1 1
GZ = % = x{_ —_— }
==z {82(8+a)} z a[32 5 5+

_Z-1KZ [Z(@T+e ™" -1+ (1-¢T —aTe™7))
zZ a C(Z-DAZ-e )

ZOH =

Thay: e™7 =¢%% =0,8187 vao G(Z) ta cé:

_ 0,0468Z +0,0438
T(Z-1XZ -0,818T)

2,5(Z(0,2+0,8-1)+(1-0,8-0,2.0,8)]

G(Z)

néu: e =¢%2=08>G(Z)=

(Z-1XZ~0,8)
0,1

G Zy=———

) {(Z-1)Z-0,8)

GZzZy  Z ' 0,0468Z +0,0438

C(Z)= R(Z). = . -

(2)=HK2) 1+G(Z) Z-1(Z-1XZ-0,8187)+0,0468Z +0,0438

. . _
CZ)=—; 0'046822 +0.0438Z ; chia TS va MS cho 23
Z°—2,T7182° +2,6344Z - 0,8625
-1 -2

c(z) 0,0468Z7" +0,0438Z2

T1-2,7719Z° ) +2,63442 % - 086252,
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C, =C(nT)=2,7719C,_; ~2,6344C,_, +0,8625C, 4 +
+ 0, 04685n_1 +0,04385n__2

C. =0 véi i<0, an_i={0‘ REL 005 €, =0,0468
1l n=i

C, =2,7719%0,0468 +0,0438=0,1735 .

Cy = 2,7719C, —2,6344C, = 0,3577

C, =2,7719C, - 2.6344C, +0,8625C; = 0,5748

Cs =2.7719C, —2,6344C, + 0,8625C, = 0,8005

Cs =2,7719C; - 2,6344C, +0,8625C, =1,0131

Tinh d4p (ng ra theo phuong phép bién trang théi.
Sai 1&8¢ch eft) = r{t) - Crt).

el) > e r——ymt [ 1 | % 3171 x et
Theo so dé khéi trén hinh vé ta cé:
x1=x, 01 o, p.|Ke
= : =1 = ; =K t
A ‘0 L B ‘1 ; o c(d) = Kax(t)

.;?2 =mit)—ax,
Ma trén qud do hé lién tyc: ®@)=c* =C,J+C,A

Ao -1

= Ay =0, A, =0; A, =-a
0 A+g Ma+h) . 2

det{Al ~A)= I

=it

et = =1=C,I+C,A=C,

e = =C,[-aC, -

—pt 1] |1 Qraxl-e™®
¢(t)=1[1 0]+1 e [o ]=[ ( o;)(‘me )]

1-¢

}:,coﬂ; o=

0 1 a_O—ﬁO e

Ma tr&n. qua do hé. rdi rac thay ¢ = 7' (chu ky 14y méu)

-aT
1 (layl=e }Jz A,

d)(T) =
[0 e.qu
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-aT 1
—+
T [ (17ax1-e747) a2
B,=| ®)Bdt= t=
d .L . J:: [ e'GT }{ _ e—aT -1
a

Hé phuong trinh bién trang thdi cho hé rai rac:
X + 1)T] = Agx(iT)+ Bye(iT)

. e—BT_l
xl[(f‘i‘l}T]' 1 Q/ay-eT) xI(ET}+E+—a2 o)
= . 4
iE+DT) fo o~eT X, (iT) T _1
a
Sat léch e(iT) = r(iT)— Kax,(iT);
lE+DT)]
U+LT]|
_aal -aT _
1—Ka(£+1 ¢ }-{l—e"‘T) . —T-+e 1
- e g @ [xl(zT}] N riT)
- _paT X, (iTH _ T
—Kaf.(1 E e~ T 2 1-c
[
%[+ DT _{0.95325 0.09065||x, (iT)| |0.004675 T
%[+ DT [-0,9085 0.8187||x, iT) | 0.09065

Tin hiéu ra C(t)=Kax,(#)=10x,({)
C, ={0: 0.04675: 0.17567; 0.3577. 0.5748: 0.8005; 1.0131...}

c(nT)
P ¢ 1,0131
: 0,8005
0,5748
08,3577
0.17561
0,04675 .l
0 17 2T ar 4T 57 67 nTsec

4.20 G(Z2)=(1-ZH&A'(1/8%); ky hidu X — phép bicn d6i < :
" 2
%‘__1_) rT_‘___Z{Z+1}

. Z_ 2 zZ
=6z =1L 22

s 2 (z-1p Z 2 (z-1p !
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2
az=T ZxY . 5 1TI2W
| 2 (Z-1 1-(TI2W

g‘_?_)[ [L+(T/2W M -(T/2)Wi+1 |

G(W) =( 5]
2 [+ (TI2W1-(TI2W]-1

G(W)-_-[I‘W%Zﬂ_ Thay T = 0,26 sec vao ta cé:

1-W/7,69
w2’

GW)= G(jv)

1- jv17,69 .
= (W)

(Jv)

80 —TTTTTTTT ™ T rr=——TT"T"TTTTTT ™TTTTTr
60
40 |

20
v=1.017

B¢ Igi {dB)

P Igi=-31dB

_60 [ I ] y L L Li1ll L Ll 11 31 1 11 11
107 10" . 10° 10" 10°

a) tan sd {rad / sec)

-180 T T T TTTT T TTTrT T T T TT=T"TTTTI
‘N\ P& duy trii pha '7.536°

190 |
200 } .
210 }
220 |
-230 |
240 |
250 |
260 |

,270 1 i 0 4 L1iLlE 1 [P N EEET] 1 Lkl Ll 1 I KN
g 2.

. 102 10" 10" 10‘ 10
) tdn 54 {rad / sec)

Pha (d8)

b)

Gidn dé Bode ctig hé chua higu chinh -



168 PHAN THU HA}

G(S):S—12, hé¢ tuyén tinh khéng 6n dinh. Khéu giif miu bic

khéng ZOH cha hé rdi rac 12 mot ham cia chu ky 14y mau 7. Gian dé
Bode cia hé chua higu chinh c6 t4n s6 cdt bing 1,017 rad/sec va he
khéng 6n dinh, d6 dy trit pha —7,536°. D& én dinh, hidu chinh néi tiép
khau sém pha, thiét k& tdn sd cit & gid tri 7 rad/sec, dyt trif pha khodng
35°, dd du trir bién do khoang 3 dB. Trinh tyu thist k& nhu sau: ddu tién
thém nghiém zero tai tin s§ 1 rad/sec trude tin s8 cdt 12 7 rad/sec vi do
nghiéng ban ddu clia gidn d6 Bode 1a — 40 dB/decade. Nghiém cve ciia
kbau hiéu chinh s8& dng v6i tin s6 16n hon 7 rad/sec. Ham truyédn khau
hiéu chinh ¢6 dang G, (jv):

. 1+ jv o L+jo  1-jv/7,69
Gpliv)=514————; G, (jv)G(jv)=514 .
tv) 1+0,0150° CPUMEW 140,01jv (o

Su dung MATLAB d€ vé gidn dé Bode cho hé trude va sau khi
hiéu chinh.

B0 T T T T —TTTTT
50
40
30
20 ]
1ol Bodi.l ril bign d& = 3.699 dB |
a

O
-101 v=2572 1
ool \
30— FEPPFOV N S PNV R

10" 10° 10 10° 10°
a T4n s8 (rad / sec)

Bé Ig {dB)

P Y A W e
140}
-1807
180
-200

B dy teit i
pha = 35,53 v=2572

Pha {a8)

-220
. -240
-260 |

280l . NPT BRI VIl E N SN
10 10’ I 10°
' : SRR | . " T4n 86 (rad / sec)
Gidn dé Bode cria h@ dd hidu chinh
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Z-1 . KZ-1Z+1) K(Z+1)
4.21G, = - KG,((Z) =L NEN D) g 2)\G(Zy =
PTZ-02 b (Z-0,20(Z -1) )= o B Z )
KZ+1)

Piém tdch nhédp (¢ ’) théa man diéu kién: 1+——————=0;
(Z-0,2XZ ~1)

Dat Z =o', tachd:
Kiay=—"=0200D 57 e, O _g tai 0,56 va -2,56.
(c'+1) : do'
Quy dao nghiém s6 cia hg hiéu chinh s6m pha duge trinh bay
trén hinh vé. P& xdc dinh hé s8 khuéch dai gidi han si dung tiéu

chugn Routh - Hurwitz vi phép bién déi: —»Z= 1*$ Lap bing

Routh theo bién W:

w2 2K ' 2,4

wl 1,6 — 2K

we° 2,4

K, =08 tit phuong trinh 1,6 — 2K = 0; cosax=§.

S=-Ew, +jw,y1-82 ; Z=e' = gt V180T
n A ¥

-2 o, TV1-62 £, T 2
Z=e T8 . 7o 5T 4o TY1-E .

Gia sir chon ha 5 tét £ = 0,45. = V6i Z = 0,5 + j0,5; tinh gia tri cua K.

3
2
Quy dao nghidm s8 Kona = 0.8
: N Gl BV
| |- /euengion ,7 .
' ' donvi ™ \
0 h § oo
1 \ 1 / J
b N r;
. Fd
-1 - ~ -
\\/ Kma- =0,8
2
-3

-7 -5 -5 -4 -3 -2 -1 0 1 2
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Phén 4o Z

0.2

04 L

08|

o8|

o

nghiém sq\\/ /""\

Phédn dc z

Budng tren ,
donvi ™

\ B
\\

/ 7

L

S~

Hé $6 & 0,45

g

==

0 .2 0.4

Phin thyc z

i 'l
06 0.8
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Quy dao nghiém s& ctia he r¥i rac higu chinh sém pha cho § cdu b bai 4.21.

K(Z+1)

1+ KGn(ZY(Zy=1+—r2 ")
p(£)5(4) (Z-0.2XZ -1)

(Z2-02%Z-1) _ _{0,5+0,5-0,2)0.5+j0,5-1)
(Z+1) 0.5+j0,5+1

K=

K = 0,26. Kiém tra lai gi4 tri K c¢6 phu hgp khong.

Tinh C*(t):

C(Z) 0.26Z+0,26 zZ
=— y RZy=——
R(Z) 7Z°-0,94Z+0.46 Z-1

0.26Z2 +0,26Z

ClZ)y= 5
Z3-1.94Z%+1,4Z -0.46

= 0,262 ' +0.76Z22+1.11273 +1.21Z7* +1.14Z‘5 +1.0220%+ 27 4.,

T = 0,26 sec la chu ky 1dy mau. Hé r&i rac cé doé vot 16 21%

-

tuong ving vai £ = 0,45. Max do vot 16 6% = exp(=—= ).100%
' 1

C (5 =0.26(t -T)+0.76(t -2T) + 111t - 3T) +
+1,21(¢-4T)r+1,141£-5T)+ 1.020t-6T)+{t-TT+...

)

0.5

o T 2T 3t 4T 5T 6T T L

4.26 f{0) = 0 cho ca 3 cau
4.27 K < 2,17

4.33 a) C(}=4
b) Ctk)=4[1-k(0,5) —(0.5)}; Cleo}=4
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436 1- C'(t)=0.58(t ~1)+0,755(t — 2)+ 0.8755(t — 3) +0,93758( - 4) +
+0.96883(t - 5) — 0,98445(t - 6) + 0,99225(t — 7) + 0. 996 15(t — 8) +
+0,9980 3(t — 9) + ...
Dép tng khéng dao dong 6n dinh.
4.36 2- C()=8(t 1)+ 5(t—2)+ 8(t—3)+ 5t ~4)
+3(t —5)+ 8(t ~6) + 8(t - 7) + 5(t — 8) + 8(t ~ 9)...
Trudng hop t6i han C'(H=1"().
4.36 3- C'(8)=26(t-1)+08(¢ - 2)+25(¢ 3+ 08(¢ ~ 4)
+28(z—5)+06(t—6)+26(:—7)+05(r~8)+28(r-9)+...
Qu4 trinh qua do dao dong véi bign d6 dinh - dinh én dinh bang 2
4.36 4- C7()=38(t-1)-38(¢ - 2)+95(t - 3)~ 155(¢ - 4)
+335(t —5) —635(t - 6) +1295(t — 7) - 2555(t ~ 8) + 5135( - 9) 4.

Quéa d9 dao dong khong én dinh.
4.3

¥(z}
x(k+1) 0 1 ollxtk ol
xolk+1) | = 0 0 1 Xy (k) [+] O fee(k)
Xy{k+1) ~1/2 ~1 -2|[x5tk) 1
xl'(k)
yh)=[1 2 1] x,(k)
xa(k)

4.38 x(k+1) =_[_g ;]x(knm-u(k) |
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yk) =[3 1]x(k); utky=1; k=0, 1,2, ..

0 1] 0 0
= =
x(1) |:,,2 ‘x(0)+|:1:|u(0) [l]

y)=[3 1][2-

0 1] 0 1
2 = =
x(2) [_2 __3_x(1)+[1]u(1) [_2]

1 2
¥2)=[3 1][ﬂ2]=3-2=1; x(3}=[ 5]; ¥3)=-1;

=1

5 0 1 Z -1
x(4) = yd)y=5; A= : [ZI-Al= .
¢ [-10] y) [—2 -3] [21-A] [2 Z+3]
(ZI-A)=Z2+3Z+2=(Z+1NZ+2)
Z(Z+3) ¥A VA _Z z -z
2(Z0- AT = (Z+IKZ+2) (Z+10Z+2) ) Z+1+Z+2 Z+1+Z+2
27 z2 -2Z . 2Z -Z N 2Z
Z+WNZ+2)y (Z+1XZ+2) Z+1l Z+2 Z+1 Z+2
= Z (k)

2-1* —(-2f (-1 -(-2)*

dky= L 1Z@zI- Ay )= \ . \ ,
“2(=1y* +2(-2)° —(-1) +2(-2)

Ky hiéu ¥~ - phép bién ddi nguge ciia bién ddi X.

4.39

R

L2l

trong 46: ao = 1; b, =1; a;=—1,96; by =—1,98; az = 0,99; b2 = 0,99
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4.42b D4p dng cda hé:

11— 4 AZ-1 4
= —— =-(£7IZ o ——
G2 ‘Q’o{ S S+2} { Z xsrsm}

_(Z-1 20-¢*T)z  0,3625

= ;T =0,1 sec.
Z (Z-1Z-¢%T) Z-0,8187

e(t) - ddp tng ra ciia hé thong
e(t) - ddp dng ra cta khau
_gilt mAu bic khéng Z.0.H.

Ham truyén kincha hé rdi  o06{ v
rac bing: 0.4 ‘ N H& rdi rac

G(2Z) 0,3625 0.2 ~ Heé lién e
1+G(Z) Z-0,4562 0 02 04 d,sﬁ 0:8

Gy (Z)=

t, sec
T R(Z)y= X {1/8)=—2—
Z-1

CZ)o— 036252 06612 06672
T (Z-10Z-0,4562) Z-1  Z-0,4562

G, (8) __4
1+G,(S) S+6’

V6i G, (S) = i

C(kT)=0,66T(1~(0,562)*]; T, (S) = 53

4 _0667 0,667
S(S+86) S S+86

C,(8)= v C,(6)=0,667(1- ¢ %) - Pdp ung

ra cGa hé lién tuc.
&

0.1
0,8

06

041

0 - 02 0.4 0.6 0.8 tsec



MOT SO BAI GIAI MAU VA DAP AN 175

Z
C(S)=G{S)[ R(Z) ] _4l=e ™y 71 ;
1+G(2Y ], s S(8+2) |1+G(2)
=TS
4 1
T S(5+2) [1+ G(Z)]2=ers
kT e(kT} C.dt
0 0 0
0,1 0,363 0,300
0,2 0,528 0,466
0,3 0,603 0,557
0,4 0,639 0,606
0,5 0,654 0,634
0.6 . 0,661 0,648
1,0 0,666 0,665

1 1 Z-0,8187 a1 -2
= = =1—O,363Z '—0.165Z e
1+G(Z) 4, 0,3625 ~ Z-0,4562
' Z-0,8187
%
4 2
CUS) = =2

S5S+2) S S+2
G = 201-¢™)
Cis) =:C (S)[l. ~0,363¢"T5 -0,165¢ 275 -]
Cty =:2(1-e2)-0,363@AL~e 2 e -T)
~ 0,165(2)(1—¢ 22Ty -2T)—...

Vidu: T = 0,1 sec
C(3T) = C(0,3) = 2(1-26)-0,363(2)1 e 0%
- 0,165(2)(1 - %%y =0,603
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Vidu:0<¢t<0,1sec; Ct) = 2(1 — &2, Ky hiéu C(#) - d4p iing ra
cta hé lién tuc.

4.42¢ T, = 0,55 sec

- - —1+el el a1y
4.43 G(z}=(z 1gg;[ - 1 .. .2 IEZ[(I l+e )f+(1 _el e )]}
Z S4(S+1) Z (Z-1%Z-eY)

_ 0,368Z+0,264
Z%-1,368Z+0,368

G(Z) _0,368Z+0.264 . -z
= J .TY R(Zy=—2"—,
1+G(Z)y 2%2-Z+0,632 @) zZ-1
c(z)=20.3682+0,264) =0,368Z 1 +1,00Z2 +1,40Z2 +1,40Z

(Z-1XZ%-Z+0,632)
+1,40Z7* +1,1527% + 0,902 + 0,802 + 0,87278
+0,99Z27941,082710 +1,08211 +1 00212 +0,982 713,

0632
l CinT)=lim(Z -1)C(Z) =228«
im (nT) lm( WC(Z) 0632

c(t)
1.5 ¢ H& rdi rac
i - H& lign tyc
1.0 -+ - * N Tt e e oe
0,5
0 2 4 -] ) 10

t {sec)
BDdp dng qud d cita hé lisn tuc va h@ réi rge T = 1 gec

C(S) - | w,” _ 1
R(S) $*+2t0,S+w? S2+S+1

C(Z) _0,368Z'+0,26422
R(Z) 1-z7'+0,63227°
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hay: C(Z)1-Z"'+0,632Z2]= R(Z)[0,368Z"" +0,264Z 2]

C(ET)=0,368r((k ~1)T]+0,264r{(k —2)T]
+e{(k~1)T]-0,632C|(k - 2)T'

C(kT) = 0,632+ C[(k-1)T1-0,632C[(k -2)T1; k > 2.

1, 638—2703
449 G(S)= m PID Zlegler Nichols:
1,2 3480 1 2708 0,00185
D(8)y=— 1 =9,5(1+——+1358
B~ 16s 270 axamos 2 o0t TLg Y

g=T(2-1
21 Z2+1
' 1 T Z-1
D(Z)y=9,5}1+ +135—(———=
) [ 540(T/ DU Z - D)HZ +1)) 2°Z+ 1’]
D(Z)=9,5[(0,0037 + T +67,5T7%)2% +(0,0074 -135T%)Z +
+0,0037-T+67,5T2NNZ*T-T

0, 0037 1,0,0074

w(Z)=2Z2u(Z)+9,5 +1+67.6T)+ Z " (——— = ~135T)+

+ 0’0T037 -1+67,5ThZ ‘z]e(Z)

u(ky=utk—2)+9,5(———+1+67,5Te(k) +( -135T)e(k - 1)+

0, 0037 0,0074
T

—1+67,5T)e(k - 2)]

" 0,0037
T

= u(k)=u(k-2)+9,5[(0,00877" +1+67,5T)e(k)+

+(0,0074T " —135T)e(k—1)+(0,0037T* ~1+67,5T)e(k~2) +u,)]

Z-1 1 1. -15 2 0.5
4.54 G(ZYy= [ ; — +
@ Z S¥(S+1)0, 5S+1)] II S S+1 S+2]
_Z- 1;0 005Z 15Z  2Z osz ]

“Z-1® Z-1 Z-0,9512 Z-0,9048
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V& ddp dng tdn s6 - gidn d6 Bode cho hé theo bang 4.1. Yéu cdu
thigt ke hé c6 ¢ dy trif pha 12 55° va bién do la 16dB. Nhu véy gée
cia G(jw) 12 ~180° +60° =-120° tai tdn s6 w, bing 0,36 rad/sec. Khi dg:

@, =0,10,, =0,036; @, = - IOC;;D;; i (1(;;3’5;) =0,0140

D(Z)= 0,3891(Z -0,998202) _ 0,3891Z -0,38840

(Z -0,999300) Z-0,999300

K&t qua bj loc thda mén yéu cdu dat ra. Gia st bo loc s8 8 bit,

tin hi¢u ra ¢ dang nhj phén. Vi trf cia chit s¢ b, trong mat 86 xdc

dinh gi4 tri hay trong sé ciia n.
1 1 1 1
Vidu: b —+bg—+b.—+..+b —
1 dy b’? 0 6 4 b5 8 o 28

1

1 1 . . 4
(0,11000001), =(-§+52—+2—8}w =(0,75390625),, . Gia tri 16n nhit cia

b6 loc s6 8 bit 1a: 1‘51? =0,99609375

Ddp dng tan s8 cla hé chua hiéu chinh & hinh a:

dB
20 . dB
10 5
o 91,0 1.37 w, o L2 . .
0.1 0.67 9dB 10 \& N -
-1¢ t e ————
st —
-10
=20
-30 Cai dat
-20
pha
Pha
o° 0,67 1,37 ,
0 Wy
-500 0° 001: L a|:|1_|J0’1| 1&4
100° e
0 Thigt k&
-150° 25° —180° ~50° Cai aat
_.2000: ---------- hi“-”‘m-n -----------
. .
-250° =100

a) | b)



MOT SO BAI GIAI MAU VA DAP AN . 179

Gidn d6 Bode cda b loc thist k& va bo loc 88 duge trinh bay &
hinh b. B§ Ioc s6 c6 d6 dy trig pha 1a 70° (gi4 tri thidt k& 1a 55°) va
do du trit v& bién do 1a 18 8B (gi4 tri yéu cdu la 16 dB). Nhu véy: gi4 tri
0,99609375 ting véi b, d&n b, déu bing1. Chuyén ddi hé s8 cta D(Z):

(0,3891);9 =
=> (0,01100011), =0,38671875
(0,38840),, =
= (0,01100011), = 0, 3867185
B4 loc s6' ¢6 ham truyén tuong iing la:

Diz)= 0,38671875Z - 0,38671875
Z -0,99609375

4.55 Khdo st lai hé cho & bai 4.54. Yédu-cdu hé dat d6 du trit pha 12
55°, sif dung khau higu chinh sém pha. Chon tdn s6 w,, sao cho géc
cia G(jo,,)<-125° va’ |GGw,)<1. Gid sit chon @, =1,2 théa man hai
diéu kién frén va: [G(jw,,)] =0,4576

0=180° + 55° — (—172,9%) = 407,9° = 47.9°

_1-(1)0,4576)cos(47,9°) _

a =1701
(1,2X0,4576)sin(47,9°)

_ £os(47,9°)~(1)(0,4576)
{2,2)sin(47,9%)

DW) = 1+1,701W _1+W/0,5879
1+0,2387W 1+ W /4,187

D(Z)= 6,539(2—0,9710)
Z-0,8106 |
Két qui sau khi hiéu chinh
do du trit pha. dat '55° va 46 dy -so°
tr bien 46 1a 12,3 dB. Gidn 4§
Bode cta hé higu chinh tré pha 200°
(bai 4.54) va sém pha (bai 4.55).  -250°

=0,2387
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180
Tiéu chudn chét lugng Trd pha - Sém pha
Sai sd xdc lap 0 0
DG vot 18 % 15 13
Thdi gian ting tdc ta(sec) 3.2 1,00
Théi gian dinh te 7,3 2,20
Thai gian xée Iap ts 117 - 470
Dai théng (rad/sec) 0,66 2,20

Péc tinh ddp 'ng ham née rt) = 1(2)
dB 4
T o
b) Bdp ung qud dg
D(Z)= 6,639%(Z -0,9710) .

Z2-0,8106

.=6,5390-1,048Z7" +...

s
\__I g,

Pha

‘\/ " go,
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T

ess(kT)=W; egs - sai s§ xdc lap dsi v6i ham Ramp.
5 .

lin}(Z-l)G(Z} =

- 2
. 1)[0,052 152 22 0052 1=0.05
=1 Z (Z-1% Z-1 Z-0,9512 Z-0,9048
0,05
kT =——=1
ess(k1) 0,05

Gid sit rding hé thiét k& dat sai s6 xdc l4p 461 v6i ham ramp
r(t) = t.1(¢) 12 0,50 va d6 du trir pha 13 55°. Khau hiéu chinh sém -
tré pha ting dé lgi & mién tdn s thdp vA ddm bdo 46 du tr¥ pha
mong mudn. Ky hiéu, D,(Z) 1a khau tré pha, D,(Z)- sém pha. Ta cé:

lim Dy(Z) = fim Zd(Z~0.998202)
Z Tzs1 Z-0,999300

Chiing ta thdy ring K; =0,7948, hay:

0,7786(Z — 0,998202
D(Z)= ¢ )
Z-0,999300

Pé tinh toan khau s6m pha cén xay dung ddp (ng tdn s6 cla
D,(Z2)G(2Z). Sau dé tim ham truyén D,(2Z). Tai tdn s 1,2 rad/sec:

D,(WIG(W),_, 50 =0,365 /=173.9°.

0=180° +55° - (~173,9°) = 408,9° = 48,9°

1 1-(1)(0,365)c0s(48,9%) _ 9 303 = 1
a] —_—— - —3 y e
@, (1,2)0,365)sin(48,9°) 0,434
va: o, =4 =3,007
wp bl ’

6,68(Z - 0,9785)
D2y === 857




182 ' PHAN THL HAI

Hé hiéu chinh ¢6 46 du trir pha 12 55° dy trit bién d6 11,2 dB.
K&t qua khéau hiéu chinh sém - tré pha ¢6 ham truyén bing:

5,20(Z —0,998202)(Z — 0,9785)
(Z-0,9993000Z -0,857)

D(Zy=D(Z)Dy(Z) =

4.60 Ham truyén dat cta hé véi mT = 0,1

[z’

L m| |

Z-1 . 500  _32,25Z+84.80
Z 7 US(LBS+1)  Z(Z-0,7659)

: T =0,4 sec

4.61 Hé phuong trinh bién trang thai:

10,0952 0,00484 |
x(ky+ k
0 0,905 0,0952

x(k+1)=[

yk)=[1 0]x(k)

Chon tin hiéu diéu khién u(k) & dang téng quat tuyén tinh véi
cde bién trang thai va cé dang:

ulk)=-Kx;(h}— Kox,(k)=-Kx(k)

Khi dé:

o1y o| 1 004B4K,  0.0952-0,00484K,
' | -0.0952K,  0.905-0,0952K, {
hay xtk+1) = Axtk)

Phuong trinh dac trung: |Z7-A|=0

Véi cép nghiém mong mudn 1a: A, =0,888+%, 0,173
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L PE THI

DE S0 1

P.1.1 Cho hé thong: K;=3; K;=1; K;=1; K¢=5

R(S) E(S} Ke K, c(S)
—Q®— ¢ .
[ ]
1 Ka ]
. C(s)
a) Tim ham truyén mach kin TR
5

b) Tim sai 85 css khi kich thich la ham ndc don vi é_ va ham

kich thich d&c don vi.
¢) Tim thoi gian xdc 1dp 4, va df vugt qud POT% cGa hé khi
kich thich la ham néc.

- - a 3 K
D.1. hé thong. Bié 2 Gia)yH(s) =
2 Cho hé thong. Biét rang: GIOH8) = cram5%0670 5

a) Tim cdc gia tri cia K 4é hé 6n dinh.
b) Vé6i K = 100. V& gian d6 Bode cho hé.

®—E-ce—F
¢) Tim dé dy trd pha, dy trd bién dg, -
tan sé cidt.  His)|
d) Tim sai sd tinh e,, khi kich thich 1a f00
ham déc don vi. Néu dua thém ndi tiép vao b o
G(s) 1 khau tré ¢ST: Tim céc gid tri cia T 5

(ting véi K = 100) dé hé cdn dn dinh. o
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D.1.83 Tim ham truyén tuyén tinh héa didu hoa cho khau phi tuyén
role hai vi tri ¢6 ving khéng nhay 1a ham F(X) (ham ms t3) .

PE S0 2
D.2.1 Mot hé théng DKTD phan héi -1 don vi c6 ham truyén vong hé

gom hai khau ndi tisp. Grs)= g 22+, 1 - a=02
8§ s+

1- Hay xdc dinh K va b d€ ha kin c6 csip nghiém s=-1+ 3

2- V& QDNS v6i b = 1,3332 va 0 < K < +oo,
3- Tinh ham truyén dat theo RC trong so dé mach dién t& cia
khau hiéu chinh PID va néu tdc dung cia khau,

Kis+1)

D22 Gis)=
s(s—1)s% + 28w, s+ mf }

i£=05mw, =4 .

1- V& QDNS 0 < K < +o, Bidt f?:o tai 5, =046 , 5,~-2,22.
5

2- Tinh HSKP gidi han cho hé.
D.2.3 Mét hé KDTD réi rac ¢6 chu ky ldy mdu 1a 7,, khau dinh hinh
ZOH va ham truyén tuyén tinh lién tuc G(s).

Ko 1-Z7!

G =—-—; =
= SS+a’ Czon

y T,=01sec , K=5,g=9.

Tin hiéu vao r(¢) = 1(1). Bi&t didu kién ddu bing khéng.

1- Lap hé phuong trinh bién trang thdi cho hé trén. Tinh ma
tran qud do.

2- Hay tinh va vé d4p ung ddu ra CnT,), (n = 6) theo mét trong
hai phuong phdp: Bién trang th4i va bién ddi Z.
D.2.4 Ding phuong phdp can bing didu hoda xét 8n dinh va x4c dinh
bién d¢ va tdn s§ cda ch& d§ dao dong tudn hoan trong hé phi tuyén

gbém hai thanh phdn tuyén tinh véi ham truyén G(s) va khau phi
tuyén N. ' ' -
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G(s) = K =02 T,=02scc, T; =2scc

s(1+sT) )1 +5T3) ’
4Za

CosCt; sinu-—-X“ , X,=01 ,Za=6
n m

N=

pE SO 3

P31 G.S=1L S =

S+7’ S(S+1)

GS) ‘..%: G(S) cs)

K

. H(S)=1

R(S)

H(S)

Hinh 1

1- V& QDNS 0s K <+

Biét %:0 tai S =-1.49, Sp=-4.1175, S;=-8,8925

2. Xéc dinh gi4 tri K sao cho hé kin e £=0.5,0,=2.6.
D.3.2 Mét hé thdng c6 so d nhu hinh 1 v8i K = 0.
G.(S)=a, G{S):-S%, H(S)=1+bS, r(t) = 1(1)

1- Tinh a va b sao cho hé cd d¢ vot 16 cyc dai M, 1a 25% va thoi

gian dinh ¢, bang 2 sec. M, =eil”ég ; ta —
o, 1-&°
2. X4c dinh a va b sao cho hé ¢6 cip nghiém S=-1+;V3
3. Tinh sai s§ xdc l4p va vé dap Ung ra C(2) cho hé véi thong s6
avab da tim duge & ciu 1 va 2. '

P33 DS=K; GS)= rt) = 1()

.
S(TS+1)’

D(S) | Gts) co

rt) ZOH

h 4

1T,

Hinh 2
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3T, 0.05

¥Y=01; T,=005sec; T=02sec; e T =¢ °2 = 09753
I- Xét én dinh khi K = 100.
2- Tinh K, .
3- Vé ddp dng ra C(nyT,) cho hé ¢6 K = 100 ;n=0+10.
D.3.4

Za

r()=0 X N oo co
—Xa {0 X

) Xa

H{5) |« .
Hinh 3

K 1 . 4Za

GS: : ; HS =—, Xt:Xm_‘ (1):; N: osa
) S(TS+1)TRS+1) ) i () sin . cosa

sinu-—-;“ ; i =02sec; T, =2sec; ( = 7500; Z,=6; X,=0.1

1- Tim diéu kién ca K dé hé phi tuyén én dinh & trang thai can bang.
2- Vé6i K = 1500. Hay x4c dinh bién db X,, va tan 58 dao dong @
cho hé phi tuyén trén.

BE $0 4

D4.1 I- Hay néu mét vi du v& hé thong didu khién tu dong.

2- Thanh 15p so d khdi va so dé cau tric ham truyén cho hé.
D.4.2 Mgt hé théng DKTP phan hdi - mét don vi ¢6 ham truyén vong
hd gom hai khéu néi tiép.

1
10000(S% -1,1772)
1- V6i T = 0,4904 hay v& QDNS cho hé 0 € K < 400,
2- X4c dinh gi4 tri K va T sao cho hé kin ¢6 £ = 0,7, 0, =05

D4.3 Mot hé DKTD rdi rac 6 chu ky ldy mau 1a T, khiu dinh hinh
ZOH va ham truyén tuyén tinh G(S).

Ge(S)=K(1+TS), G(S)=
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G(S) = T = 1 sec, tin hiéu vao r(t) = 1(t).

Sis+1)’
1- Va QDNS 0 £ K < +oo.
2- Tinh K, cho hé roi rac khi T = 1 sec va T = 0,1 sec.

3. Ve dap ing ra C(nT), n <15 vin K = 3.
4- So s4nh tinh én dinh cia hé bic 2 tuyén tinh lién tuc va rdi rag.

D44 G(S}:-—K—--—; N:-é-zg-cosa; sinor=—2
S(1+ TSy X, m

T=1, Za=10, X,=02

r{t}=0 ? X N > a(5)

1- V& dutmg cong Nyquist va xét én dinh ctia hé tuyén tinh.
2. Tim didu kién cia K d& hé phi tuyén gn dinh.

C

2

PESOS
P.5.1 Cho so 45 khéi ciia mot hé thong didu khién tu ddng.
rt) oty | G.s) »| Gis) cm
' K
&8s —o——— Hinh 1
) S(S+4)XS+H) o

1- G (s)=1. V& QDNS cho hé chua hidu chinh; O0<K S+eo. Tinh |

K., vA gid tri K d€ hé thong c6 E = 0,707. Véi K = 21,59, hidy xdc

&h
dinh K, = lim SG(s).
80 o

S+net. 001, tinh n sao cho h¢ da higu chinh

2 G(5= S+a ’

Ku =80. -
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3- Vé QDNS cho hé d4 hiéu chinh: 0<K <4 va gidi thich cach
chon théng s6 hiéu chinh o : n. Cho %:0 tai -1,19,
P.5.2 Hé thong diéu khién tu dong & hinh 1 ¢6 ham truyén vong hé

80
S(1+0,028)(1+0,058)

G(S) =
1- V& biéu dé Bode va tinh dé dy irg v& pha va bién d3 cho hé
chua hi¢u chinh G,(S)=1 vdi v, =33,78 va ®_p =31,7 [rad/sec].
2- Hay tinh théng s6 hiéu chinh sac cho hé dat do du trit pha t6i
thiéu 1420° va d6 lgi 14 > 10 dB cho hai trutmg hop sau:

i,.0+aT8)
G.(S =k 1; T =0,005 .
a) G,(S) o L+ TS) o> sec

1+TS
b) G.(S)=
) Get$)= 1+aTS

Hay so sdnh hai cdch hiéu chinh a va b bing gidan dé Bode.

D.5.3 Mot hé diéu khién tu déng rdi rac ¢6 so 48 khéi & hinh 2.

r{t) .c?ﬂm s » ZOH 5‘0_; G(s) C{1) N
T E

Hinh 2

; > 1 af =1 sec,

rit) = 1(t); G(S):L; K=-4 a=2
S+a

1- Ve dap ing ra ¢(nT) va tin hiéu ra khau gid miu bic khéng
elt); n=10; T=0,]1 sec.
2- Xét dn dinh khi T = 1 sec. Tinh T h cho hé rdi rac.

K .
m,rﬁ)— I(T), T=1 sec.

1- V6i K = 1; vé e(nT); n = 15. X4c dinh d§ vot 16, hé sd t4t, thoi
gian xdc 14p tidu chufin 2% vax, o cho hé.

2- Tinh c¢(nT) theo phuong phap bi&n trang thdi. Cho diéu kién
dﬁu bing khéng; n = 4; K = 1.

D.54 s¢ d6 hinh 2 véi G(S)=
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BE S0 6

C(S) = 1

R(S) S%+45+3

1- Vé so dé bién trang thai cho hé, chi sif dung hai bo tich phan.

P.6.1 Cho ham truyén hé kin:

2- V& graph tin hiu v tinh ham truyén theo cong thue
MASON.
3. Cho r(t) = 1(t), gidi tim nghi¢m bi&n trang thai voi gid tri
hing diéu kién x, (0} va x{0).
K . G LraDS LTS
S14018) 1+0,25)° °0' 1+B{S 1+LS

P62 GiS)=

G¢(S) - Khau higu chinh néi tiép vai G(S)

1- V& QDNS cho hé chua hiéu chinh c6 phan hdi am médt don v
khi 0 £ K < +oa,

9. Tinh cdc théng s& cia khau hiéu chinh Ge(S) dé dat & = 0,707
va sai s6 xdc 14p véi ham RAMP la 1%.

3- V& mach dién thye thi bd hiéu chinh sém tré pha tim dugc &
clu 2

P.6.3 Mot hé rdi rac c6 ham truyén vong hd
G(S) =§1?; D(Z) = K, chu ky 14y mu T =V2sc
(1-¢75)
S
1- V& QDNS va tinh K, cho hé rdi rac phén héi 4m mét don vi.

KZ-1)
zZ-0,2

Khau dinh hinh ZOH =

2- Thay khau hiéu chinh néi tiép D(Z)=

Va QDNS va tinh K cho hé hiéu chinh.

3. Mubn hé kin c6 § =0,45vaz = 0,5 + j0,5. Hay tinh K va vé dap
ﬂngqu&idéchohévéins'?. '
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pE s0 7
D.7.1 1- Hay néu mét vi du hé thing didu khién nhist d6. V& so d6
khéi va giai thich heat dong.
2- Thanh lap so d6 cdu tric cho hé didu khién Io nhiét va
chuyén vé dang phin hdi 4m mét don vi (H.1). Tinh théng s6 cida
khédu hiéu chinh G.(s) theo phuong phdp 1 ciia Ziegler — Nichols.

r(f) % aft) G,[s)

Ke 18
LS +d

G(s) cit)

v

Ll

Hinh 1

Biét ring G(S)= - V6i K = 1,68; T; =270sec; T, = 3480 sec

D.7.2 H¢ thong diéu khién ty déng nhu & hinh 1 véi

14.4 1+aTs
GS)=—14t . ¢ 9= o> 1.
) 5(0,18+1)° et 1+7Ts

1- Tinh cdc chi tiéu chat lugng cho hé chua hidu chinh nhy hé s8
tit &, wy, t,, 0 %, tg, tin hidu vao (1) = 1(t).

2- Gia st T << aT'; G.(s)=1+aTs. Tinh thong s6 hiéu chinh sao
cho hé dat § = 1;0, =12. Véi r(t) = £.1(1), tinh sai s§ xdc lap cho hé
trude va sau khi hidu chinh.

3- Vé QDNS cho hé KG.(9)G(s); o0=T7,T=0,0139 v6i 0 < K < 4o,
D.7.3 Mot hé diéu khién ty dong rdi rac ¢6 so d6 khéi & hinh 2.

r{t) el I 1 I C(t)
TJT\ {06 | ZOH G(s) f——n

Hinh 2 .
s D(z)=K; T=01secvaT =1 sec

G(S)=

1
S(S+1)
1- Tinh hé 88 khuéch dai gi6i han cho hé trong 2 trudng hgp chu
ky 14y m4u T thay ddi 0,1 va 1.
2- Vé QDNS vdi K thay ddi tit 0 d&n oo,
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8- Xdc dinh Kdé hé c6 £ = 0.,8; 0, =10,
V& dap ung ra C(nT); n = 6; rt) = I(t) , diéu kién ddu bang
~ khdng.

1 K(z 1)

D.7.4 8¢ 46 hinh 2 v6i G(S)=—=; D(Z)=

57 : T = 0,1 sec.

1- V& gian d6 Bode cho hé chua higu chinh va xét én dinh.
2- Tinh K d€ hé én dinh dat £ = 0,3; «, =10. |
V& dap iing ra C(nt); n="T, r(t) = 1{t); didu kién ddu bang khong.

pE sh 8

D.8.1 Xiém tra tric nghiém:
1- Cho s 46 cdu tric hé thffng hinh 1
Ham truyén dat G(s) = C(sVE(s) khi R(g)= 0 la:
-CD b) cbh ) CcD
1-DE+ ADC+ BC 1+ DE-ADC+BC 1+DE+ADC+ BC

-CD D , .
d ) T4t ca déu sai.
) T+DE+aDC-BC ° T-DE-ADC+BC s

a)

R(s) Cls)

+

Hinh 1
2- Bidu d6 Bode dugc vé trén hinh 2.
Hay chon ham truyén dat tuong tng v6i biéu dé d6.

a) G(s)=5s/(0,25+1)(907*s+1)  b) G(s)=450s/(0,55+1)(s+90)
¢) ((s) =45s5/(0,65+1)(s+9) d) G(s)=45s/(0,2s+1)(s+10)

e) G(s)=200s/(s+5)(s+8) £) T4t cA déu sai
dB

* K
?_ S(S + 109

Hinh 8

o (racisec)
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D.8.2 Cho hé thdong nhu hinh 3
1- Hiy vé QDNS v6i 0 £ K < o=,
2- Chung minh hé thdéng ¢6 2 nghiém tai S = -2,9 £ j2,9 khi
E = 0,707. Hay tim gid tri K tai cdc nghiém nay.
3- Hay hiéu chinh hé théng d€ thdéa cdc diéu kién K, =20 vi
£ = 0,707.
D.8.3 Mot hé roi rac ¢6 so dd khéi & hinh 4.
Ka 0,5

G(S)= = Gt
S(S+a) S(S+0,5) %-_]: I ZOH}' I[ Gis) ]_{....).-

T = lsec; e 9% - 0,606
Hinh 4
r(t) = 1(t)
1- Hiy thanh lap hé phuong trinh bién trang thai.
2- Tinh va vé ddp tng ra C(nT).
3- Xdc dinh d6 vot 16, thai gian x4c lap theo tiéu chudn 2% va hé
8¢ khuéch dai gidi han K, .

DE s0 9
D.9.1 Tim ham truyén dat tuong duong cia hé théng:
F’;‘T;L
L [eo —@—[64
X{s)
| Hafs)
l Ha{S}Il
D.9.2 a) V& bidu 43 Bode bign d§ cia hé théng sau:
2s+1)

Gi(s)= 5
400,18 +1)0,255+2)

b) Hay tinh ham truyén dat tuong dng véi biéu dé Bode L{w)
cho ¢ hinh sau; ' .
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dB8 § L{w)

\ 40
: -20dB/dec

120p - ve- -40dBidec

fg(0)

D.9.3 Hé thong didu khién tu déng phdn héi Am mét don vi c¢é ham
Kis+5)
(s+1)s% +8s+17)

truyén vong hé G(s): G(s)=

Hay vé& quy dao nghiém s3 véi 0 € K < +eo. Bigt s = —6 12 mét trong

86 cdc nghiém cda ﬂ:-0.
ds

D.9.4 S db edu tric mot hé thong diéu khién ty déng duge trinh bay

¢ hinh sau:
Nis)
RlS) + o E(8)—— + A Cls)
¢ ) *~—
. Kis+a)s+h) 1
g S 2EFASTO) . G (s) =
vol Gy(s) " » (a(s) {(s+1)s+5)

a) Tinh ham truyén dat Gi(s) sao cho ddp dng ra d6i véi nhiéu
n(t) 12 dao dong tdt ddn véi hé sd tit £ = 0,6, tin s6 dao dfng ty
nhién @, =5 v ¢ mft nghiém thuyc s = - 20.

b) Tinh sai s6 x4c l4p clia hé thong 461 véi tin higu vao rit) va
tin hiéu nhiéu nft).

Cho r(t) = I{t); n(t) = I{t).

* ¥4
BE s0 10
D.10.1 Cho hé théng PKTD r&i rac nhu hinh 1.

X;

rit) sl >, =7 1 1 X, C(t)
T —{zov— 53 £ g M e

Hinkh 1
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T = 0,4sec; a = 5,¢°T =e2=0,135; r(¢) = 1(t); didu kién ban dau
bing khéng.
1- Tinh hé s6 khuéch dai gidi han.
2- Thanh l4p hé phuong trinh bién trang thdi cho hé & hinh 1.
3-TinhvavéddpingracinT}véi K=2;n=0+17.
D.10.2 Mot hé phi tuyén c6 s¢ dé khéi & hinh 2.

N:ﬂl—cos(x; sfnd=2-; m(t)=Msinek; K,=9;D=2
™ M : !

n
Kl---.
) m(t) n{t) C(y) ' —
?_ |' N |' {G{s)|—~—-— D |o m
_ D
I —_— e -K‘
Hinh 2
K 1

Gis) = z 3 0 =—=—=; T;=0lsec; Tp=04scc
. (s) ST+ T8 +1) ©_y m 1 sec; T, sce

1- Tim diéu kién dn dinh cia ha phi tuyén & trang thai can bing.
2- Véi K, =6 tinh bién d6 va tdn s6 tu dao dong.
» Chi y: Sinh vién chon cau 3a hoic cdu 3b sau:

D.10.3a: So d6 khdi mot hé thong DKTD tuyén tinh lién tuc cho §
hinh 3. '

K fty=0 cit)
G(s)= s ) = t.1(t et
©=SEvaxsas =0 W”

1- Vé QBNS cho hé chua hléu
chinh 0 € K < 400 _ .Hmh 3

. 2- V6i K = 20 hay ;téc dinh théng 86 cia khiu hiéu chinh Gp(s)
sao cho hé théa cd hai yéu cdu a va b sau:
é_) Hé ¢6 cap nghiém cyc téi -2 %j2,
b) Vahé dat sai 56' xéc 14p e, - 0,05.

P.103b So d8 § hinh 3 Vi Glo)~ 20
S(5+2)
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* 1- V& bidu dd Bode, tinh bién dd va pha du trif cho hé chua hiéu chinh.
9- Tinh thong s8 ciia khau hiéu chinh Ge(s) dé hé c6 pha du trif

la 45°.
3- Véi két qua Gels) tinh duge & trén, ding biéu dé Bode xét én

_ . R 20 -5
dinh ctia hé (H.3). Gha(S)zac(S)S(SJrg,c )

é AI
BE SO 11
D.11.1 Tim ham truyéri dat tuong duong cua hé thong:
_..J"G—'l
L2
l —{n]
A{sy + + . . + Cis)
" —®—c - ®T—
- - : + +
~1hl

P.11.2 a) Vé biéu d8 Bode bién dé cua hé théng sau:

10(s+3) e Lg ¢ dB

Gisy=—————" .
s(s+2)0s" +5+2) + 20 dB/dec

- 20 dB/dec
b) - Tim ham truyén cua
hé théng c6 biéu dé Bode bién
dd tugng dng.
- X4c dinh d6 dy trd pha cua hé thong tai ;.

0 3 2 5 mc\ em{rad/s}

P.11.3 a) Tim 46 vot N(s} _
16 va thoi gian xdc lap RIS +8 0 R ER S
theo tidu chudn 2% khi . ' § B + S+4

khong ¢6 nhiéu. . _ : .
b) Cho r-(t};3t_2 +6t+4 va a(t) = 1(t). Tinh sai s xac lap cda hé

thong d6i vdi tin hiéu vao r(ty va tin hiéu nhiéu n(t).

D.11.4 a) Vé QDNS khi 0 < K <. R(S) + 2ol ©®
b) Tim K dé hé théng cé tin s6 ®‘ - S'(S + 9)
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‘dac dong tu nhién w, =1.414rad/s va hé s§ tit & =0,707.
DE S0 12

D.12.1 G(s)=

K
Tty Ciy
(s+a)s+b) ‘—(%-—7; | zov —{ G =
a=10; b=1; T =0,1sec

Hinh 1

e T =0.3679; ¢*7 =0,0048

K =100; r(t) = 1(t)

1- Tim ham truyén dat hé hé G(z)

2- Xét 6n dinh hé rei rac.

3- Tinh va vé ddp tng ra C(nT); n=06
D.12.2 Mot hé phi tuyén c6 so dé khoi ¢ hinh 2

=0 m(t) n(t) ci K, |...
By B o KT

| )
-K.
Hinh 2
4K D
N=—"Leosa: Sinuw=-=_
COs IH: M
mit) = MSina; Ky =10; D=2
} X,
G(sy= = T, =0.02sc¢ ; Ty =1sce

s(Tys+1%(Ths+ 1)

2 1
(’)‘u =—§--—--—__,_
T2 +2IT,

1- Tim diéu ki¢n 6n dinh clia ha phi tuyén & trang thai can bang.
2- V6i K, =10 tinh bién dé va tdn s§ dao dong.

D.12.3 So d5 khai mot hé théng PKTD tuyén tinh lién tuc cho & hinh 3.

K f(t) e(t) —— G
G = G
®) s(3+4)s+86) % @ L Gts) [

1- V& QP
.Ve QBNS gho hé ‘chua Hinh 3
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hiéu chinh 0 £ K € +co.
2. Véi K = 30 hay xdc dinh.thong s8 clia khéu hiéu chinh G.(s)
sao cho hé théa cd hai yéu cdu a va b saw:

a) Po vot 16 6% = 16,3% (POT) va th¥i gian x4c 1ap theo tiéu
chugn 2%, r(t) = 1(8); T, =%sec (S5 =—3+j3V3)

b) Sai s& x4e 1ap e,; =0,02 khi () = £.1(1)

pE s6 13
P.13.1 Tim ham truyén cia hé thing sau:
—
RIS, e o —.[G_’(i}l__ alS) R e

D.13.2 Cho hé thdng

K R{s) Cis)
trong d6: = —— > G
ng dé: G(s) o1 2)E+ D) t‘;,, Gds) {8} 1

a) Vé quy dao nghiém sf cia
hé khi G,(s)=1 v& K=0-2

b) Cho K = 5, hay thiét k& khiu hidu chinh G, (s} sao cho hé kin
c6 mdt cap nghiém phdc tai s=~212j.
D.18.3 Cho hé théng rdi rac

trong dé:
—_—— 0,0632 ;K>0
z—-0,3679

a) X4e dinh hé s6 khuéch dai giéi han K,

Giz) =

b) Khi K = 10, va tin hiéu vao la ham néc don vi
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- Tinh va v& dap ung e(nT) clia hé théng (véin =0, 1, 2, ... 7)
- Tinh d6 vot 16 clia ddp dng qué dd va sai 58 xdc 1ap cia hé
DE 80 14

D.14.1 Tim ham truyén dat tuong duong caa hé théng:

¥

H,(s)

H.{s) +
C
Gi(s) (o Gafs) A Gy (s) o )

i i T— Hy(s}

H,{s)

U{s) +

r

D.14.2 Mb6 ta hé thong sau bing phyong phép bign trang thai:

Uis) + $+5 Y(s)
. s(s+4) >
3
s+1

D.14.3 a) Vé biéu d6 Bode theo bién do
(vé gan dung) ciia ham truyén sau:

Gis)=

32{s+2J iges

b) Tim ham truyén cé biéu d6 Bode 00 1,000 2199 2.699
theo bién dd nhu sau (w: rad/sec).

D.14.4 Cho hé théng héi ti€p 4m mét don vi ¢6 ham truyén vong hé
Ki{s+3)

nhu sau: G(s)u————-—m—-
8 (s+6)(s+4)

a) Vé quy dao nghiém s6 (QDNS) cia hé thong, xdc dinh Ky, va

giao diém QPNS véi truc do.

b) Dua vao QDNS hay nhéin xét vé c{lc nghlem cia phu’cmg trinh
dédc tinh khi K thay d6i.
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pE 80 15
P.15.1 Cho so d6 khdi coa mét hé thang PKTD nhu hinh 1

X @ Co} 1~

- s(s+2xs+8)
1- Vé QDNS cho hé chua hiéu

chinh 0K <+ee.
2- Tinh G.(s) sao cho hé ¢6 nghiém tai —ZijZJ.‘:_’ (véi K = 1) va
KV = 60 .

G(s)

Hinh 1

.15.2 H da cho & hinh 1 véi Gy=—1o—. Hay tinh Gis)=K, als+l
S(5+4) Ts+1

véi o>1 sao cho hé thong dat do du trif pha Aen >60°, Ky =20 va

tdn sO cat Vo Trigger Schmidt
. . K dao (khong ¢
W, = 5J§ = Wpyax (Pyax = 51°%) - gia Iri Am)
D.15.3 Tinh hé s6 khuéch dai phic cua y
b6 didu khién On-Off 16 nhiét c6 dac :
tinh vao ra cho ¢ hinh 2. D 0 o
P.15.4 Hé roi rac cho § hinh o )l Hinh 2
Ke'™ G BN Cin
Gisy =i T = 0L see X—; - —

K =10 e.'u_l.5 =0,94; e Te=Z

L Xét én dinh va tinh £ va @, cho hé rdi rac
9. rt) = £.1(t). V& c(nT) va e(®); n = 0..10

3- Hay .tinh K,n cho hé lién tuc va rdi rac

. Biét riing ¢ mién tAn 6 thip e /T =1- joT
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"

+40dBidec
ipx  lgw

BE s0 16

P.16.1 1- Tim ham truyén cho hé c¢é bidu
d4 Bode & hinh 1
2- V& bidu d6 Bode bién 46 cho hé sau:

100(S+ 1105 +1)
S2(S+10)(8? + 208 +200)

D.16.2 Cho s¢ 46 khéi cta mot hé théng DPKTP nhy hinh 2

Qs =+

G(S) =

Hinh 2

K
GS=— XK =i
S =g5rasiiny =tV

1- Vé QDNS cho hé chua hiéu chinh 0 £ K < +oco.

2- V6i K = 40 hiy tinh khau hiéu chinh G,(s) cho hé thda cd hai
yéu clu a va b sau day:

i

N

b) Sai s xdc l4p e, =0,04

3- V& gan ding QPNS chia hé sau khi da hiéu chinh v6i 0 € K < +ee.
D.16.3 Mot hé thang diéu khién nhiét d6 c6 so d6 & hinh 3

R(Y e TG pryes TR
_'(%_;T\ [ZOH 868
|

a) Hé so tit é.% tdn s6 dao dong tu nhién o, =32

l H{s)l
Hinh 3
Ke DS
G(S)=m; T= O,ISGC; T; 20.3580; K= 100, e'lna -‘—'0,94
2

T, =15 sec; H(s} = 0,04; ¢ 15 =038 =273

TAm do max 200°C; r(t) = 8.1(t)

1- Xét dn dinh va tinh sai 86 x4c Idp cho hé rdi rac
2- Tinh va vé C(nT) va &@); n=0.10.
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pE s0 17

P.17.1 Tim ham truyén dat tuong duong ctia hé thong:

Ris) * 2

l

P.17.2 a) Vé bidu d6 Bode bién do cia hé thong sau:
dB

50000(s +1) Liw)
s(s+10)(32 +10s+100) 26,02

——

b) Tim ham truyén cia
hé théng c6 biéu d6 Bode 40 dB/dec +20 dBfdec
0 e =
-1 0. 2 Ige:

bién 49 tuong ung. i
P.17.3 1- Mb ta hé thong bing phuong phép bién trang thai.
9. Tinh ma tran qua 4o @(t). '
Diédu kién ban diu bing 0.
A{s) S+4 Cis) Ris) + 95 + K
5+3 | —"(%'—' S45 + 2)

1

Gi(s) =

Cis)

S
D.i7.4 Hay vé QDNS cia hé théng khi 0 K <

pE so 18

D.18.1 Mt hé thong diéu khién nhiét do c6 so 46 & hinh 1
TS
e

. A(s) eft gy
-——-(8)—‘—» 5———! Z0OH [————-‘ G(s) h
1+ T?'S 1 Gu!ts 00

T = 0,1 sec; K = 100 —{HEh
T, = 0,3 sec

T, = 1,5 sec; H(s) = 0,04

TAm do max 200°C; [r(H)=8.1(1]

G(s)=

Hinh 1
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1- Xét on dinh hé lién tue gdm: Grs) va His),

2- Xac dinh ham truyén Grz), tinh g4 tri xac lp cia ddp dng ra
va cua sai 56 cho hé rai rac.
D.18.2 Tirh bién d5 va tin s6 ty dao déng cho hé théng hinh 2.

Biét ring w_, =2

D.18.3 Mot hé théng diéu khién ty dong cé ham truyén dsi tuong

Yis) _ 10

Gis)= =
U¢s) (S+1IAS+245+3)

Hay dimg phuong phép bién trang thai xdc dinh ludt diéu khién
U = —Kx sao cho hé ¢6 £ = 0,5; o, =4 va 1 nghiém -10.

bat y=x; 1221-31; X3 =.;c2; .{'=A.r+BU=(A—BK).r=AKx
Phuong trinh dic trung deyht -Ag)=0
U:—Kr =—K1xl _Kg.\'z—K:;xa

Ats)= 0 1 0 cin
? 1 S(S + 14S + 2)

Hinh 2
DE S0 19
D.19.1 cho mét hé théng & hinh 1. 0|
S5(5+1)

1- Vé QDNS 0 € K < 40 va - *‘J
xét on dinh. : e

2- Tinh gi4 trj K d€ hé kin c6 Hinh 1
£=0,7 va o, =3163 S
P.19:2 1- V& Bode bién d) cho Gis)=—__24S+D)

' S(S+5XS* +25+10)

2. Hﬁy tinh do dy trit pha va bién dj cho hé trén. Bist ring
@ =0.4 va w_, =4rad/sec,
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D.19.3 Mst hé thong diéu khién nhiét do cé so dé hinh 2.
s L7 W rrvers IR ooy BN vy

{Z} ZOH G
X— ( (6]

Ci{s}

o 1 ] il Gl -
' JI H(s)ll
s Hinh 2
)|
G = d ; T = . - =, - = - —3 ~
(s) 1+ 7,8 0,1 sec; T;=03sec; T,=135sec; K 100;

-8 _ o35 _ ;3

Hfs) = 0,04. Tam do max 200°C [r(t) = 8.1(); ¢
1- Tim ham truyén G(z).
2- Tinh va vé C(nT) va ey, n=09.
3. Thidt ké D(z) sao cho hé thong 6 hé sb tdt £=0.707, sai s6

xéc 1ap bling 0 v3 w, =5V2.

pE s0 20

D.20.1 Mot hé thong didu khién nhiét do c6 s 46 nhyu hinh veé:

G(S = 1OISO+1; H(S) = 0,05, T = 2 sec; tdm do max 100° C

1- D(z) = 1. Tinh ham truyén dat G(z) cho hé hd.

2. D(z) = K. Tim K tif diéu kién sai s6 xdc lap la 4%.

khau hiéu chinh D(z) dé hé dat sai s0 xdc

3- Tinh théng s0 cdc
1ap bing khong va c¢6 § = 0,5 vd @n = 2.

Ate) eft ol 7onl Cis)
d DiZ) [zon}p—[c@ }-4—

Ikt

Volts ‘ -
. Yons ’ 1
} H{s}]

Hinh 1

D.20.2 cho ham truyén hé G(z) cha mot hé rai rac hdi tidp 4m cb

luat didu khién: ufi) = —Kx(?)
Ky 0O
X{—z)-zG(z)=0.4- z+12; K=[ . ]; x=[x1]
U(z) (z~-1) 0 K X9
1. Thanh l4p hé phuong trinh trang thai cho hé.
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2- Tinh K; va Ky, d€ hé kin c6 phuong trinh dac trung mong
muén bing z? -1,62z + 0,665.

3- Tinh & vi w,,.

yith = X,

Hinh 2

P.20.3 Cho L5 _ 1

- Yé 4 hA k_i A =1 h'A ,.'t
US) S(S+1)S+g) Y04y ne kin c6 cdp nghiém quyé

dinh -2 +j3, 464 va mégt nghidm —10.

1- Lap hé phuong trinh bign trang thdi cho hé theo so d6 hinh 2.
2- Xdc dinh ma tran K théa yéu ciu thist ké.

pE S 21

D.21.1 Tinh ham truyén tuong duong G,,(s)=

Cts)/R(s) cho hé théng
sau diy:

T S(5+1)(S*+4S+13)
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1- Tinh hé s8 khuéch dai gigi han (Kg) cho hé kin.

2- V& quy dao nghiém 86 0< K <+ee. Biét rédng %= 0

tal s = -0,467.
Xsc dinh tung 49 cla giao diém QDNS véi truc do.

P.21.3 Ham truyén hé hd

-Ts

KeTS
= . K=10
G@&=gsTn’

1- T = 0,05 sec hay xét én dinh ciia hg kin phén héi 4m mdt don vi.
2- Tinh T gidi han (Ty) vA v& bidu a8 Bode bién dd va pha cho
hé ¢6 T = Te.
P.21.4 Ham truyén hé kin

S52+98+5  _C(S)
(S+1)(S*+78+6) R(S)

GK (8)=

1- Thanh lip hé .phuong trinh bién trang théi.

2. Tinh ma trén qud 46 P@).
BE s 22
P.22.1 Tinh bién d6 va tn s& dao dgng clia h¢ ¢ hinh 1 v6i dic tinh
phi tuyén i

= \ cft)
V2@ —

Hinh 1

I S
u= [e(t)] ’ Gls) s(s+1)(3+2)

D.22.2 Thict k& khau .hiéu chinh sém pha GJs8) cho hé hinh 2 sao
cho hé c6:

' ) ey
K,=dsec™l ; OM = Apy =45° —?——l Gc(s)H G(s) l——.._..

1 Hinh 2
50,18+ 1)s+]D)
* VA widn A4 Rode 1én mit sau ctia dé thi

G(S) =
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D.22.3 Mot hé rvi rac ¢6 so 46 hinh 3:

a c(b)
it off Zor a{t) v

y T. Gis) =

5{3 + a)

Hinh 3

K=40;a=6; T =0,1sec; ¢°T = 0,5488

I- Tinh va v& ddp tng ra C(T); n=0;7 véi r(t) = I(t), diéu
kién ban ddu bing khéng. .

2- Xac dinh d4 vot 16, hé 36 tit, tin s6 dao déng tu nhién va
thgi gian qud d6 theo tiéu chugn 2%.

Chi y: Thi sinh chon cau 4a ho#c 4b sau day:
D.22.4a M6t hé thong c6 ham truyén do: tugng

" _

= Tt G2 u= - Kpft) - Kowelt) - Koroft

1- DAt c(®) = 3x,(t) + 5xat) + xaft). Hay thanh l4p hé phuong
trinh bién trang thai theo phuong phdp toa d pha. _

2- Tinh KI, Kg, Ks dé hé kin c6 cap nghlém phli'c tai
8,2 =-5+j5J3 va S5 = - 10.

D.22.4b Hé thong cho 6 hinh 2 ¢6 ham truyén: G(s)=

G(s)

10
s(s+4)

1- G(s) = K, vé QDNS 0< K < +oo _

2- Thiét k& khau higu chinh tr8 pha G(s) sao cho hé c6 K, = 50
sec va van gig nguyén cép nghiém phdc 8,5 =-21 jJ6 nhu trude khi
hiéu chinh [G.(s) = 1] ' :

BE $0 23
DB23.1 Tim ham truyén dat tuong ing cda hé théng hinh 1,

+ C{s}




MOT 8O DE THI VA DAP AN 209

P.23.2 Xét mét hé thong ¢d so do cdu tric nhu & hinh 2.

G{s}: 3 5_ .:‘ Gis)
S#(S+2) )
1- Va QDNS 0<a<e Hinh 2

2- Tinh a tai nghiém cuc bang — 0,5
D.23.3 Cho so dé kh&i mé6t hé théng & hinh 3

K 10
G = +14+KnS: G = ————
1) =K, +=o+Kp (&)= 5T 575

MNis}
R ce)
“.Q - 5%

Hink 3

1- Tim ham truyén dat
C(s) C(s)
R(s)

Nisy=0 " N(s)

Tinh théng s6 K,, Ky, Kp cGa khdu higu chinh Gq(8) sao cho ddp
tng ra véi nhidu n(¢) 1a dao dong t4t dan cé hé 8§ tit &, tdn sd dao
déng ty nhiénw, v& mét nghiém cye thyc bing ~10

e=2/2; w0, =32

2- Tinh saj s6 xdc 14p ey ciia hé d6i v6i tin hidu vao r() va tin
higu nhiéu n¢t). Cho r(t) = £.1(2), n(t) = 1(t).

Phdn tu chon: Sinh vién chon 1 trong 2 cdu sau:

D.23.4a V& Bode bién dd, Bode pha va xét 6n dinh cho hé hinh 4

NS R(s) Cis)
6w =g ) Q—[ew -
S(T,S+1) Y
H
H(s) = 0,04, K =100 [ s) |

T, = 0,1 sec, T2 = 1,5 sec Hinh 4
D.23.4b Thanh 14p hé phuong trinh bién trang thdi va tinh ma trin
qui d6 ®(f)cho hé hinh 4

Risy=10

S+7 48
=4 H(S) = —
G(s) SG+5 8 =23
DE s 24 | o o0 "
D241 Thist k¢ khau — L &® [T 8@ [T
higu chinh sém pha 1‘

G.s) cho hé hinh 1 dat ' Hinh 1
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d6 dy trir pha 1a 45°, do du trir bién do khong nhé hon 8 dB va hé s§
van téc K, = 10 sec’.
K

Gisy= ; K=
(s s{s+aXs+b)

500; a=5, b6=50

D.24.2 Mot hé thong diéu khién nhiét 46 ¢6 so dd nhu § hinh 2.

g TS —
Gs)=K m r{t) e(t) Zon e(t) oo c(llr
T = 0,1 sec _ T °C
H(s) = 0,05; K = 400 l Volt m)—"
Ty =0,4sec; T, = 4 sec
Hinh 2

TAm do max 200°C

(it} = 10.1(6) V

I
™ _ ewo 025

e = 3,975

1- Tim ham truyén hé G(Z) caa hé roi rac

2- Tinh sai s6 xdc lap va v& ddp tng ra C(nT) chohé n = 0; 10
D.24.3 mét hé DKTP hinh 3 gém mét khau phi tuyén bao hoa va
mét khau tuyén tinh ¢6 ham truyén Grs)

'y u
KND 2 1 ——
=0 e(t) u(t) c(t)
=@ v e
I‘ -0 D e
4 ——if ] 'KND
Hinh 3
eft} = Msin wt
Gis) = K T, =0.1scc
S(T‘lS‘i'].)(T?S‘i' 1} T2 = IOSCC

1- Ching minh ring ham mé t4 cda khau bao hoa c6 dang

2
Ky [arcsin 2
M

2-Cho D =1, Ky=5. Tim didu kién cia K d€ hé phi tuyén 6n
dinh & trang thdi can bing.

s 1-(2” Piéu kién M =D

N =
M

M
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P.24.4a Xét hé hinh 1 ¢6 ham truyén G(s)
K
S(S+¥S+11)

1- G¢(S) = 1. V@ QDNS 0<K <+

9. Véi K = 60 thist k& khau hiéu chinh G¢(8) sao cho hg c6 hé sé’
t4t biing 0,5 va tdn s6 dao dong ty nhién bing 5.
D.24.4b Mot hé théng c6 ham truyén ddi tugng

S2+7T_C(S)
3% 1782 +118+13  U(S)
U=KiX; - K:X5 -K3Xs

Hay x4c dinh K;, K, Ks d€ hé kin ¢6 01 nghiém cye tai -7, hé 88

tit £ = ‘/—2_- va tdn s6 dao déng ty nhién o, = 22

Gis)=
b

G(s)=

pE s0 25

D.25.1 Tinh %l Q(s,l 3 €6)|  tho he théng & hinh L:
(Nyio E) N(s):O N N(s)

R{s)=0

R(s) Els
.

Hinh 1
D.25.2 V& QDNS cho hé hinh 2 véi 0S K <=
A(s) Gis} _
; . Gl)=—2D_ H()=K+34s

s?(s+3)

Hinl_l 2

D.25.3
1- Thanh 14p hé phuong trinh trang thai cho h¢ & hinh 2 v6i
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K(s+2)
s(1+Ts)(1+2s)

2- Dung phuong phdp khéng gian trang thdi tim diéu kién én
dinh cho hé trén

Gs)= H{s)=1,K>0,T>0

D.25.4 Cho hé théng hinh 2 véi G(s)—g(g:—a)‘%ﬁ H(s)=0,2
s+b

=01 b=10

Vé Bode bién d5, Bode pha 1&n trang sau dé thi va xét én dinh
cho hé kin trong 2 trudng hop K 500 va K =100

DE SO 26

D.26.1 Xét hé théng didu khién & hinh 1
K

r{t) e(t) clt) -
—’——H R v S rerys
r(t):t.l(t)

Hinh 1
1- Cho G (s)=1. V& QPNS khi 0 < K < oo,
2- Cho K = 15. Thiét k& khau hidu chinh G.(s) théa 2 didu kién
ava b sau:

a) Hé kin ¢6 céip cyc phic ¢6 hé 88 tdt F,:—\? va tdn s dao d{mg

tu nhién ©, =32,
b) Sai s8 xdc 14p dat 5%

D.26.2 Ddi tugng didu khién cla hé thdng & so d8 hinh 1 ¢6 ham truyén:

K(s+b)e™ K=24; a=0,3
ss+a)s+c) b=3 =80

1- V& b1é’u d3 Bode bién d6, biéu dé Bode pha va xét 6n dinh khi
G.(s)=1.

2- Thiét k€ khau hiéu chinh tr3 pha G.(s) sao cho hé thﬁ'ng cb
do dy tri pha DM 230°; hé s8 vén tdc Kv = 30
D.26.3 Cho h¢ théng DKTD rdi rac & hinh 2,

G(s) =
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Hinh 2 .
| T=04sec;a=30b=20;¢" =0301

1- Thanh lap hé phuong trinh bién trang thai cho hé 1di rac &
trang thdi hé v6i tin hiéu vao u va tin hisu ra c.

2. V6i uft) = r(t) — Kx = r(t) - Kix1 ~ Koxe. Hay tinh K, K3 &6 hé
¢6 nghiém cye tai 0,5 va 0,7. - -

3. r(t) = 1(t) didu kién ban ddu bing khong. o

Tinh va vé cofnT) véi K;, Kz da bift & muc 2, n =06
=T ' .
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pE $0 27

P.27.1 Xét mét hé thong ¢ hinh 1 véi ham truyén d6i tugng diéu
khién 1a G(s)

0 0 ety K(s+a)e ™
I—’-I i G - —————
%- EXO) Gis) - (s) s(s+bXs+c)
a=0,1; b=1,¢=10

Hinh 1

1- G,(s)=1. V& Bode bién d6, Bode pha va xét én dinh cho hé

kin trong hai trudng hop sau:
a)K = 100

bYK =20 _

2- Hay thié€t k&€ khau hidu chinh G.(s) sao cho véi K = 100 hé
kin 6n dinh c6 4 dir trit pha OM 245°; GM 28dB; K, =10.
D.27.2 Mot hé thong rai rac cho ¢ hinh 2.

rit) u(t) ): ZOH uit) 5 1 . X2 _;_ X " y(f) ): y{nt}

T T

a=5; b5=30; T=002sec; e =0,368
Hinh 2

1- Thanh 14p h& phuong trinh trang thai cho hé rdi rac ¢ trang
thai hd véi tin hiéu vao u va tin hiéu ra y.

2- r(t) = 0; u(t) = - K;X;-K:X5.

Tinh K;, K2 d€ hé c6 nghiém cuc phie tai 0,5 +j0,8.

8- r(t)=1(t) dibu kién ban ddu bing khong; u(t) = 1) - K;X; - KaoXs.
_'I:i_nh va v& d4p dng ra y(nT) cho he kin véi K;, K> da tinh & muc 2,
n=0:5
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DE S0 28
P.28.1 Cho hé théng treo banh thép bang tir & hinh 1. Vi tri y(2) cia
panh duge duy tri bing cich thay déi dong dién ift) vao cudn day
nam cham dién. Céc thong s6 cia hé thong nhu sau: (¢} dién 4p dat
vao cudn diy; ift) dong cubn day; R, L ln lugt didn trd va dién cdm
cuén day; M trong khéi banh; g gia téc trong truyng. Luc hat cua
2
t
nam chdm lén banh la l—()
y(t)
a) Chiing minh phuong trinh vi phén cha hé théng 1a
diy(t 2 (¢
__# = Mg _E.Ll
dt y(t)
di{t)
dt
b) Tuyén tinh héa quanh didm y, = const v& i, = JM&Yo, ¥y = Yo+ Ny,
i=i, +Ai, xAy dung phuong trinh trang thai v6i ba bién trang thai

%, = Ay,xg = dxy 1t xg = Al

M

e(t)=Ri(t)+L

L Ll L //i
s ]

-

™

Hinh 1
D.28.2 Mot hé thong diéu khién cd so dd hinh 2

E(s)

=] C(s)

Gls) —" Gis)

R(s)

Hinh 2
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100{10s +1)e 013

G(s) =
s(s+1)(s* +10s+100)

a) Ge(s) = 1. V& bidu d6 Bode bién d6, Bode pha va xét én dinh
hé kin

b) Hay thiét k& kh4u hiéu chinh Ge(s) sao cho hé kin 8n dinh c6
du trit pha OM 230°, du trit bién GM > 6dB va hé s¢ van tdc Ky = 10.
D.28.3 Cho hé théng didu khién ri rac hinh 8

F(t) e(t) cit)
—°§}—-/F—- D(2) ~l zOH »  Gis) -
-7

Hink 3
bg

T =0,2 sec; G(s)=K "’+ s K=6;a=38b=1;rt) = 1(t)
s+
a) D(z) = 1. Tinh ham truyén G(z) ctia hé hé va sai sd x4c lap

b) Tinh va vé ddp dng ra ¢(nT) véi n = 0,1,2,.,13

b
c) D(z):(Kp + K, g‘z+11 ]zT. Thiét k& khau hidu chinh D(z) sao
z.._

cho sai s§ xdc lip cda h
Zy5 = 0,05+ j0,02

& bing khéng va c6 nghiém cuc tai
D.28.4 Cho hé phi tuyén role hai vi trf ¢6 ving chét (Hinh 4)

y

b
. [ o
= )

Hinh 4

. K
G(S) _ _s(1+'3)2

a) Chimg minh hé s& khusch dai phic cia khay phi tuyén 1a

e [
N{X )= CO80= [l~—0 g =, , b =10
(X,,) X o X a 2

b) Tim K gi6i han d€ hé én dinh.




II. PAP AN

DE 80 1
P.1.1 a) Loai bé vong trong:
R(S) " ] oS
_ I S “‘K|K5 ?
— K|
L2l
Suy ra: C(s) =K5K3!S{S+K1K5) - K;K;
) R(s) 1+ K3K5K6 _ S(S+K1K5)+K3K5K6
(S+K,K;5)8
C(s) _ K:;Kg

R(s) S%2+K,K;S+K KK

Cis) _ 5

W5

Ris) S2+38+5 S2+20,67/5.8+(5)

b) Néu %4 e,, =0 hé tich phan béc 0.

Dic é}g K, = SxGH(S)|s50=

egs =60% .

) £=0.67= POT =e > =5,8%; iy

D.1.2 a) Diang Routh.

K5K6K3 =K5K3 =§=1,6-

1

195

2500

K.,K, K, 3

— —==2 sec.

~0.67x5

2500
K
0
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Pt ddc trung la: 1 + GH = K + 8(S + 100) (S + 25) = 0.
< 5% +1255% 425008 +1=0.

a=-—1 (125x2500) = 2500; b=——L _(-2500x1)=1.
125 2500

Gi6i han K £12,5%x25,00=312,5.
véi: K= 106; K, =312= 40,5 dB.

b) IQG! 25

J(B j(ﬂ ; d) KV '—"4.
)
Jod+ oty
15° 15° =&
= T=1oT="0 o " _ ,18 .
e) Ap=0,T=15°"> o 180xmc 0,18 sec
P.1.3

60 dB
40 dB

AM=8dB “
100

() P - 60 dBidec

-180°

270"
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w2 n2 "2
N:;Xl——4 j Ksinwtdwt = 4K‘ J sinmldmt=:x—fi-(—cosﬂ)
™o "o 8
N= 4K (cos®)

m

véi: X, >D (vung chét); X(t) = X, sinwt; X, - bign 46 dao djng sin.

sin@ =X£ . N - ham mé t3 cha khau phi tuyén.

m

PE s0 2

D.2.1
1. b=1,3382; K=2,143
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2. 233<K<«35,7

D.2.3
0 1
—Ka -df

3. C, ={0: 0.468; 0,1735; 0,3577: 0,5748; 0.8005; 1.0131..}

— . = 0. T _
1. A= ; B—lKa" D" =1 ¢

D.24
Didp s8: x(2) = 0,259sinl,58t

DE SO 3
D.3.1
1.
Im
60°
7 6543 2 0 Re
— >

2. K -k =0,3786
10

1. a=02=1722=2295

5=2% _o 41
a

2. ab=2
a=4
g 50t

N

sin(w, y1-E2 £+); t> 0

SSXL =0
P.3.3 o
L K=100 Hg én dinh. |2 < 1
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2. K, = ?%1(-1% _3936,(36); voi d= ST
3. C, =2,67C, 1~ 245C, ,+0,78C, 5+0,118,,
C,=0; C, =0.73; Cq = 1,164
c,=011; €, =0,92; C, 21,142
C, =2,67.C, =0,29; Cs=1,06; €y =1,086

Cy = 2,67C, -2,45.C, =0,51; C;=114;

Dl3.4
1. £=K*4—§-’—5—=0,1438 6n dinh
i 38,216
0,26s1n1,58¢
2. x()= STn 5
0,11sin1,58t
pE s0 4
Im
D42
1. .
166,026°
. <N\ Re
e +1,085

2. Pap s6: T =0,4904; K= 14273
b.4.3
1.
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2. Kg=20,3
3. K=3>K, =23. Hé khong én dinh.

4. Hé tuyén tinh bac 2 nhu diu bai cho luén Iuon én dinh VK.
Song hé r&i rac thi khong phai véi vk va T.

D44
lt
Im
-1/IN 18 ., 0 Re
- A
Gjew)
P4.5
1. G(S)= 1
10000(8% -1,7772)
K025+ 1_;7772 - 20272
10 -
0,7
T=-—2'  __0,3453
20272.10%
~ e
DE SO 5
P.5.1
K:um,f =6,4.1,836% =21,59
K, =limS K K _ 21,59

=lim =
50 ‘&(S+4)(S+5) s—PO(S+4)(S+5) 20 1.08
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oo+ K
_ K,=180
A
@
S+no K nkK
2 K =l =—-=30
v é'—%s‘ S+a S(S+4)XS+5) 20
30.20

=——=27,79
n 5159 27

'

3. OA=-29

Piém tdch — 1,19
QDNS 4 cyc, 4 nhdnh
1 zero — 0,2779

K=0
-4 -1,19
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D.5.3

L. C(rT)=0,667(1-0,4562"). Gid tri xde lap C,, = 0.667

CinT) = {

e(nT)Y=1nT)y-CT) = {

C(nt)

0;0,363,0,528,0.603:0.639:0.654 i
0.661;0.6630.0.6645;0.6652;0,666...

1,0.637;0.472,0,397,0,361:0,346;
0.339;0,337:0.3355;0,3348;0,334;0,333

|

a(t)

1.0

0.75

0,667

G5 ¢

0,25 ¢

0k

1 2

2. Tg =0,5493 sec

D.5.4
LCnT)={0;0

,368;1;; 1,4;1,15;0,9;0,8:0.87;0.99;1,08;1,08;1; ;

1,0,98,0,99;1,01;...}

0% =40% =100%e ™%V 10,4 = NI Lz ¢ g

; t; =137 =13sec.

Ky, = 2,3939

x; [+ 1)T]
Xa [(.l + 1)T]

0,6322 0,6322
~0,6322 0,3678

= r(iTh
nT

x 3Th . 0,3678
x(T)| 10,6322

C, ={0;0,3678;0,9998;1,3995;1,3970...}

15 ¢4
1.0 4

05 -

c(nT)

¥ ¥
: Cx

i

4 nT

6 7

8 10 11 12 13 14 15
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P.5.2
1.
d?léuch!nh
40
38 h./ l ‘
\\;LDLUJ
_ 20 '\\\ N o
oo 1 \‘E\i \\:u
e i R [evesb
uﬁ;m'!:wl ° 1'405\“\ Il
1/a lin | i I N
h NIN A
-20 E #\ \ \: T""
[ BN
_,-_,i_:& \
By ¥ gne =T | d
40 : : \ \\
g \\x I
80 !
10" 7 10 20 3?.78\50102 200 “f
o [ N
\":::-,‘M' : \
120 ] \\ /: I\i‘ll.rahlﬁu i
/x\i N
-:;:' }* "”'"""IET ></ mw# bhh
160" n \ 1 \: ] \
o) \ H Pﬂ\\ \
-18p" ; y I
2o N [N
| l-rr's*\\ \\ |
= PRk h N H
240" ; '\\- 5 1
N ! \::"'hﬂ_ \"--..
-260" S
279
-280° :
L 1 20 30 10
o 140,048  1+40,1438
——r b) G (S):—-—.—.—-—-—,
3 @ Ge®=10,0055 < 1+8
' 140,048
.1+0,1438 hode .
1+8 1+0,0058

Tré pha S6m pha-
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PE S0 6
D.G.l
1.
|=tew1 IMO}
EL1\ —E(S} b X, b—x‘ 1R +X,
7 fl 1 V' am
s )
o - 4 +
~48"'E(s) \\|
A
- 3§E{g) \‘ \l
x:£{0) x(0)
2. .
1 1
1 1
Rs) 5X,{s) -1; . ls ® C(s)
O Q -—0
3 [xl(t)]_ L6e™ -0,5¢  0,5¢ -0,5¢ [11(0)]+
Tlm®] |18t +1.5e 0,507 +1,5¢% || 22 (0)
_ = 3 - 4
+ 0,33r(H)-0,5¢™ +0,167¢ . 420
0,5¢7% -0,5¢ %
1+0,28 1+9,758
8.2 2, G4 (S)= 22 5
b.6.2 Ger (9)Gea(S) 140,055 1+3008
c,
3. A, ' —i—
~ _.l' —y P o
l—.' P {Hz A <« R,
E, 1 =N E, 1 E.
TCz ~ cz+ < R2
b>1 -
c, R, : c.
= |:':| R,
E, A, c, E, A, E: &R, .
o— .. il Rl TS
a»1
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P.6.3

Im
1.
-_3 N K=0 Reg
w

1

8. £=0.45; Z=05%,0,5
K =10,26

CinT)

0.25 _
LG

3T 4T 5T 6T 7T 8T

-
ha
—

pE SO 7

90702
1. o,=12,&=0417

2
0% = 10067/ V18 =23,66% < 25%

P
i mn\‘l_E.tz

t_,=-3—=0,59; t, = 4 =0,7993 sec

=0,288sec

Ea, &,
2. o = 0,0972
e§s =~i—§=3‘—°11;—13=0.0695
eHS = -zim'f :?'—Ogﬂ+ 0,0972 =0,1667

n




9928 : PHAN THU BA

3.
Im
-72 §-36 -1p\'Nlg Re
A z(: -
D.7.3
1. T=13sec; K, =239,
T = 0,1 sec; K,

CQu¥ dao nghiém sd T =1 sec

3.K=14
D.7.4 Xem ddp 4n bai 4.20
DE SO 8
D.8.2
1.

K=0
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2000

2. _—— 3 =
n 241 8, ,chgnp g .
S5+0,083
G =
() $+0,01
$+0,09
S+0,01
D.8.3
: 0,788 0,78 0,424
1. : = ) ’ .. ;] -
#en = 0,304 0,602‘“‘”'0.788 reT)

2. Cl0)=0 C(4) = 1,5067 C(8) =0,824
C)=0212 C()=1568  C©O =0,768
C2)=0689 C6)=1379 C(10)= 0815
C(3)=1,188 C(N=1088 C(11)= 0926

C, =2,393C,_; - 2,180C, 5 +0,787C, 3 +0,2135,, +0,1803, 5

8. 6% =56%; £=0,182nhd

4 = —2- = 34,3049 sec

Za,

-

pE s 9

D.9.1 Tim ham truyén tuong duong:
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Ly =-GHy;  Ly=-GH,; L3=-GG,G,G,H,
A=l + L+ L)+ LiLy; P =G GGG, ;

Ham truyén tuong duong: -
TPcAx _ PA+PA,
_GG,G.G,.1+ H{1+(G,H, +(i Hy+ GzG4H2H3 ]
1+(GyH3+G Hy +G,G,G.G, H)+G,G H.H,
_H +GH Hy + G H Hy + G, GoGyG, + GGy H Hy H,
"‘” 1+GyH; + G, H, +G,G, Hy H, + G,G,G, G, H,

2- 8o d6 khéi
- GiGGyG,
(1+GoHy 1+ G, H,) ﬂ

H. G
G =—--={1+_1'—-_,_
“TX G)1+GH4

M +G8 | H 4G
“ T R(1+GH,) 1+GH,

G _ (1+62H3)(1+G4H2 )H] +GngGsG4
“ T 1+G,H, + G H, + G,G H H, + G1G,G4G H,

P.9.2 a) Vé bidu 46 Bode, L()dB
Gis)=— 2s+1) 4048 —40dbidec
s°(0,1s+1)0,265+2) -20db/dec

>

- S5+1 0
5%(0.15+1)(0,125s + 1)

c6 3 tdn s6 gay we = 1;8;10
« Nhin xét: lims2‘G{s):1=K“: HT loai 2.
20

- df doc cda biéu @3 Bode la —-40 dB/dec  cho dén khi gap tdn
88 cdt ddu tién.

» Tai diém ¢6 tdn 8 1a o= K, =1, bién do 1a 201gK, = 0 dB.
« Cdc tdn s6 gay:

=1 d/ : — - = o
ay {rad/s) o , 8 (rad/s); g 1 = 10{rad/s)
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b) 100301 =0.5; 10%%%? =500

Tan sd giy = 0,5; 5; 50; 500
50(0,2S+1) _ 500(S +5)
S(0,02S+1)*>  S(S+50)

Gis)=

Khau tich pbin % c6 d6 doc —20 db/dec vdi moi gid tri © va cit

truc hoanh logm tai gid tri K = 0=50=10"%%.
-1-4-4+45 _ in _
3-1 2

P93 P=-1.-4+j; Z=-5; OA=

dK _ __(S+1)(SZ+SS+17) '
das (S+5)

%;04233@45%90&103: (S+6)287 +128+18)=0

ﬂS‘:—G Sg=—3; Sg.-_"'a
Tinh géc xuft phat tai nghiém cyc (<443 K=o

Im

8 = —4+j.
arg(S+5)=45"; arg(S+4+j)=90°

arg(S+1)=180° - arctgg._ 26,56°

45° —90° - 161,56° — o =—180°
o =-26,56°

| . e
D94 G,(S)=_2_°.(_S_*.'___-;S"'2§)-; sai 56 x4c 18p bing 0.

pE s 10

P.10.1
L. Kgh= = 36,345

x, [(:+1)T} ‘o 9092 0, 17:;‘

xl(aT})l \0 0454\r(£T)
x [+ 1T 0,346 0,13

%, (T |0 173
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D.10.3a
2. e, =005-K,=20

1,717(S+1.878) S+01_ S+01

¢ (8+4,261) 2 ‘5,01 S+0,005
20
Ay =25°
D.10.3b 1. ; O g=oo, ALy =ee
ALM = oo
aB
60 T
-20dBldec "\*\\
40 P s
/}\ \-‘E)JW Lif
JOUE/dod) ot
g
20
<]
T N H4dde e
2008fda T+ 1
N
olaTH \\E>(‘~ G,SH
[ [2 3 M * '8
! ’k\i\ &
I }\ N o &
NNE
' N " ‘dec |
e N
0,01 0.025 01 0.2 1 2 $%=426 4, N o’ 10"
45 ~
" FT T
30 1 1
18" / \ 5
o |00 0,09 [ (10,1 ag ||| |~ o 100  |[10
15" -_.-\“'"‘“'- c/ ':.""
- b4
.30° \\..,*/ \\\\ i
.45 \\ :
'
o AN _
1347 ___] __:'_".‘::_:“."___.. h:f'“"."“A =l ]
1207 ___ | R O 50 1 YO OO Y - _¥1 he
-1357 hL -] — ”
184,07 .__{-- -J L 1LE ot I 0 L1 O I '1:-....5_ R
T4 . ' --.....___‘_‘_ -\-...__'__“_' HE&BF
| -l N Nl - =ttt il Gix) ]
-180 Al s, '




MOT SO DE THI VA DAP AN 233

1+0,48
. G = 2
2 (S) 13018
1+108
G =
2 1+408

3. Hé kin (HCSF) phén héi 4am mot don vi ¢6 G“‘*(S)zi:%i:-

10 S khéneg én dinh vi trong ving L(w) > 0, ¢(w) cit dudn
S — , g
SA+0,58) " ng on G g vung s

thing -= tai 1 diém (0_y <©).

pE s6 11

b.11.1
1. Pudng thuin:

P, =GG,Gy; 81 =1; B =G,; Ay =1-(Ug+ Ly + L)+ Lyl
Duong vong: L =-Gy; L, =—GHy; Ly =-GG,H,
L, =-G,GsH3; Ly =-G\GsGs
A=1-(ly + L+ Ly + Ly + L)+ Iy + Il + Iy + n L= L L

'P.11.2
401

a) 20
-l -20dB/dec

17.5 ™ 60dB/dec
o : w(rad/s)

. o
515 0301\ 0477
1 > _gndBidec g
L] . )
2 3 -60dB/dec

10(S+1)
(S+2XS+5)

o, = 8,426 rad/ses |
D6 dy trif pha OM = 127,28°

[

-

5

b) G(S)=

P.11.3 :
' 4

o o 4
o = - e =—=2
a) PO'I' 7.8%; T, Eo. 2 sec



234 PHAN THUS BA

b.114

a)

Im

b) K =14142x3.6145x4,5645 = 23.3771

D.11.1
1.
[c}
PE S0 12
D.12.1
1. GZ)= K|0.3199Z+0,2219]

90(Z - 0.3679)(Z - 0.9048)
2. |Z|=0,7612<1. Hé én dinh.
8. C, =1.9173C, , -1.4967C, , +0,5794C, 5 +0,35545, , +0,24655, ,
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c, ={(T)-,O.3554;0,9279;1,2472;1, 2083;0,9876;0,8077}

C(nT
14t

127
104
081
0.5+
o4+

0,2
n
1]

1 2 3 4 5 6 nt
0,1 02 03 0.4 0.5 06 sec

D.12.2
1. K,<8,089
2. Nghiém tu dao dong m(t) = 4,405sinbt

D.12.3

$+213 S+0.1
. A & =17,86 .
2. Dap s8: G(5)=17500774457°510,0056

pE s0 13
C(S) G1G2G3G4 + G1G4G5

D.13.1 Cdck 1 =G =5 =77G G,H, +G1G2G3G4 + G1G4Cs

Cach 2

Céc duong thudn C4c vong kin.

B = G,G,G3Gs L= -GyG,H,

P = G1G4G5 Ly = _GIG2G3GLI

Ly = -GyG4Gs

Dinh thdc cla graph:
A=l—(Ly+ Lo+ L3)=1+ G,G.H, +G,G,G3Gy + G,G,Gs

Ay=1; Ag =1
2 G,G,G; +G1G2G1Cs

1
: 1N pp — LT A
Ham truyén: G(s) Az; Wi =13 GG, H, + G,GsGeGs + GiGaCs

D.13.2

s+1,17
=7.73———
b) G.(5) <683
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P.13.3

a} Kg" 321,6

b) Cin}) = 0,736C(n — 1) + 0,264C(n - 2) + 0,6328(n. — 1)

Cp —C 0,632-0,5

POT = . 100% = ——o5 100% = 26,4%

xt .
ey =rN)—C(=)=1-0,5=0,5

2 H,
DE S0 14
H,
P.14.1 ' e 1 /6 N 6,
LP =GG,Gy; L, =~-G,H, \\?r/ B
3
Py =G,G3H,; L, =-G,G,G;H, H,
Py =H,; L, =-GhGzH,H,
Ay =1; Ag=1; Ay =1+G,H,
G1G2G3 + GGy H, + H (1+G,H,)
K = 1+G,H, +G,G,G3H, +G,G,H,H,
1. -4 5 -1 1
HT dugc mé td blng BTT (*=Ax+Bu v4 4| o o _1] B=l|1
y=Cx+Du 3 0 -1 0
C=f1 0 0],D=0
¢ 1 0 1
A=} 0 0 1|; B=} 1{; C=[1 0 0]; D=0=8,
-15 -7 -8 -7
Yy=CX+Bs=x1+Bsr
D.14.3

0 1.000 2199 2689 1 2 ®

K s(Tys+1)?
; 201 20 5 K=
(,Tis+1)(T,s+ 1)*’ gK 0- 10

G(3)=
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P.14.4
a)
oo-—K_“
B -4 3
pE S0 15
P.15.1 7
S+2 S+01
2. G =192 9%510,005
140,28
Do - = —_—
15.2 G.($)=8775 0258
D.15.3
Vﬂ'
K / /
Pl S / ""_““
D - S Xm ‘\‘ . '8 _:!“
VA T S i -
t, T2 N AT arRe
-B s, ¥
D ,
N-= 2K [—-cosmtl-irjsinmtl]
D.15.4

1. Z,,=0,47+j0,6157=0.775 /52.65°; hé 8n dinh

2. C,=294C,~348C, ;+214C, 30, 6C, 4 +0.065, g
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C,={ 0; 0; 0; 0,06; 0,18; 0,31; 0,41; 0,48; 0,53; 0,735; 1,097}

3. K, =T/T=15 (hé lién tuc)

Ky = 16,67
e’ = {0; 0,1; 0,2; 0,24; 0,22; 0,19; 0,19; 0,22; 0,27; 0,165; —0,097}

Cint}
N R x
LT / '/;
08t g
0.6 i
Ll '
04 w,f 5
02] 7L :
e T o sec
o 0.1 02 03 04 0506 07 08 09 ;—1'1
L )
BE s0 16
DP.16.1
2
1. Gs)= 50(0,018 +1X0,018+1)
(108+1)0,0003+ 1)2
2.
dB
40
-40dB/dec ™20
....... -20dBidec
1 OdB/dec -20dB/dec
_9_ ’ 7 Igt;
L I
0,223 100 w
®
-50dB/dec
D.16.2
S+2,866
2. Ggpp=3"—""1_
SF =7 5+6,279 |
S+Q1

GTF =

S+01

0,1 =S+0,005

*18.257
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p.16.3
1. Hé 8n dinh & trang théi kin K = 100. .

2. C,=1.94C, ,-0,94C, ,—0,24C,, +0,24C, 5 +485, 4
C, =0 0:0:0:48:95:139;180;208; 222, 225: . 160;...
e(t)=8-0,04C(rT)+ L

= {% 8. 8.8:6,08:4,2;2,44; 0.8;-0.32;-0,88.-1;... 1,6;... }

pE s0 17

P.17.1
P, =G,G,Gs; Ly =—Ga; P2=Css Ly
A=lo(Ly + Lo+ Ly + L)+ UnLp+InLy +Lylig)-InInls

A =1; Ag =1~ (Ly+Ig)+Lols

=-1; Ly=-GyHy; Ly =-G1G:Gy

AP, GGG +2G, +2G;G H
- G= kL k - 17273 4 T4
Hm tmyén Z A 2+2G4 +263H1 +G1GzG3 +2GSG4H1

D172 a)
L{w) 08

[
\ 33,97 dB
-20 dB/dec
20 :
: \ -80 dB/dec
—= g

01\

50000(S+1)
b) G(S)=
) G5 S(S +10)S? +10S+100)

D.17.3
0 1 o
- =] . B:
el A el
2. )= e 3 ote e
i - 4t e'm—2te_2t
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D174

DE s 18
D.18.1 1- Xét dn dink ham truydn c6 chaa khau tré sit dyng tiéu
chuéin t4n 8 Nyquist - Bode. |
Gs)Hs)= 304K 035, _0.04100

;e =1 @0, = 2,582
1+I,5S {14_(1, 5(,))2
P} = —arcigl, 50~ 0.0,3=-120°; Ag,, =180° - (e, )] = 60°
Hg¢ kin 8n dinh c6 do dy trit pha I3 60°

, 46 du trii bién do 13 vé cung.
_ 038 :
2.G(z)-_-_z_1£,°{lxe } Zl =TS . 018

VA S'1+158]("
Z-1K ,.lA B 0,06 K
Z)z—-——“— —+ = A
« zZ 2218 g, 1 Z%z 094
15

Phuong trinh da thic dic tring, miu 88 ham truyén dat kin bing
: AZ)=1+GZH(Z)=2%(Z ~q,__94)+0,06x.0,_04=0

=2°-0942°+0,24=0 -
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= 160°C

C, = lm(-Z 0@y =tm 2oL 006K, B2
i I Z 72°-0942°40,24 Z-1

Cu= tim Z =1 82 -2 eorde .
z>1v Z (Z - 094Z® + 024xZ - 1) 03

. _ Z-1 1 8Z
= | -ZHYLE = .
Cu 21“1111(1 Z H)E(Z) E—H;‘I 7 ) 091 X )

+
Z3(Z-0,94)

Its — 200°
e, =16 volts {8V° ts - 200°C {Svolt 200°C

|1,6Volts —40°C 1,6volt - 40°C

48Z

3- C(Z)= :
@) Z5-1,042% +0,942% +0,24Z2 - 0,24

#(6) = r(nT)~C,,.0,04 =8(nT)-0,04C,

et)= {?;8;8;8;6.03;4,2;2,44;0.8;—0. 32,-0,88;...;1, 6}

P.182 o_ =v2, 1+GUONM) =0, N=-1/G(ja)

4.3 4 85 g0
M 5 an _
10/2 _ 5

g | ot

Gljo_g) = |Gl =

1 J2./343/2
(o_,\jl (o) ﬁ (5O )
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M) = 2,122sin V2t

D.183 MS=(S+1)S+2)S+3)=8°+682+118+6

10 _YS
83+682+118+6 U(S)

G(s) -

y7+6y"+ 11y’ + 6y = 10u
bit y=x,; x2=J;:1; Xy =x2

0 1 0 0
x=| 0 0 1 + 0 (—lel-K2x2~K3x3)
-6 -11 -6 10

Phuong trinh dac trtfng mong mudn ¢6 3 nghiém
A(S)y=(S+10)(S+2—~ j3,414)(S+2+ j3,414)=0
A(S) = 5% +148% +565+160 =0
Hé phén héi 4m K c6 phuong trinh déc trung & dang:
det(Al — Ag) =0

A -1 0
det 0 A -1 =0
6+10K, 11+10K, A+6+10K,

A[MA+6+10K;)+11+ 10K, ]+6+10K, =0
A% +22(6+10K;) + (11 + 10K\ +6+10K, =0

So sdnh v6i phuong trinh mong muén ta c6

6+10K;=14 | K,=0,8
11+10K, =56; K,=45
6+10K1 =160 Kl = 15,4

BE $0 19

P.19.1

2. K=K /10 = 0,3427 hosc K:-ZE’—“I”B-ZE=0,3427_




MOT SO DE THI VA DAP AN _ 243

D.19.2

1.

2.

D.19.3

1.

2.

Liod

a8 N\ 12
10

T -20 dB/dec

-40 dB/dec
0 d8/dec -

100 loge

R —

201 i -40dBidec ;

-60

+3

0.1 0,

/
/v

/

10t

LY C e . ]

w,
4

30 P o

-40 : - : _

TN k o0

o N |
- -180°
e .

-70 ! . -270

Ay = 180° —|p(e,)| = 102,6°
ALy, = L(w_;) = 20log|G(jo_, )| = 13,3dB

0,06K
Z3(Z-0,94)

C, =1,94C, 4 ~0,94C, 5 —0,24C, 4 +0,24C, 5 +485,

G(Z) =

c, ={{TJ;0;0;0;48; 95;139:180:208; 222..,}

2nT) = r(nT) - C(nT).0,04 = 8(nT)~0,04.C(nT)

e(nT) = {g,; 8:8:8.6,05;4,2; 2,44;0,8,-0,32;-0, ss...}

3. K;=12,667

K, = 3,025
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PE s 20

D.20.1
1,8127
1. Gz)=—2S227
- G@= e
2. K-=248
3. Ky=170359% K, < 15,8703
P.20.2 :

L

0 1 0] 0,4
1‘_ A_[-l 2]’ B'[l]’ D_[OA]
2. K =- 0,335; Ky = 0,38
8. t=——F __o,876; m,,:%szHe? = 1,203

\‘ln2r+92
0 1 0 0 1
D203 1. A=[0 0 1| B=|ol: Cc=|0
0°-2 -3 1 0
2. Dipss:K;=160; Ky=54; Kz=11
pE S0 21
D.21.1

G,

L. Graph tin hié

A{s) :
Li=-GOsH;
Ly = - GoG3GGsH, |
Ly = - G1G:GsGGsH; +
) Ly=-G:GeGsHp -
Ls = - G:G:GeGsH; -
B = GG,G4G,Gs A =1
B =GiG,G4G; LAy =1

F=G ' Ag=1-1,




MOT SO DE THI VA DAP AN 245

+ GleGaG4G5H3 + GstGst + G] GZGGGE H3

Cor(S) = Z!P.-A,- _ G,G4G46,G; +GyG,G;Gs + G, (1 +G,G; H,)
1(S) = =
A

b.21.2 1.
2.

A
K =374

D.21.3 1 -

2.

p2l4 1.

“"_'ch =

K = 37,44

Ay =180°—|q:(m |=9° = Hg kin 6n dinh

T, =
‘*me

0 1 0

I
“A={p 0 1| ;B=|1];D={0]; E=B,=0
- {o

6 -13 8] = {16
a(t)=et = C,[11+C [Al+Ca[AT
306! +e +24e‘

C 25
35t~ 4207 —2¢

'Cl- .95

Stet+e® -

G = 25

L
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BE $0 22

M3

P.22.1 1. N=

2. m(t) = 242 sin 21

D.22.2 1.

N /

82

20
12

(25 1.9 Ig(e}
10" N -
0,01 0,1 1 TH{ 10 100
-8,7867 N

s

-163: “++ PR -
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0.82685+1

2, G.(Sy=4x
(2 0.11818+1

b.22.3

1. C,=2.3835C, ; —20678C,. 5 +0,6843C, 5 +0.16535, ; +0,13555,

[ 00,1653 ; 0,5295 ; 0,920 ; 1,2117:
nT 1,3473 ; 1,3357 ; 1,2268 ; 1,0804 ...

2. % = 100%.55“/ V-8 3504

§=0‘3169
w . =5,624T; t, = 4 =1,9053sec
" 0.5y1-82 * ko,
D.22.4a
0 1 0 0
1. A=| O 0 1 ;B=O;D={351};E=
|_—15 ~23 -0 11
[ 1
B= —4 ;D=-'[l 0 0]
(16 '
Kl :985
2. Paps6: (Ky=177
K3 =11
b.22.4b 1Im
K=
l. rI_S ______ lvfs'
L S 0 RS
K=0 A K=0
------- -8
SZ
K= »

G 5+0,1 S+01

c(s)-—‘ —_—
S+01 S+0,005
n
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PE §0 23
DP.23.1

_ GngG3G4 +GIG5G4 +GG (1+ G3G4H1 +G2G3G4H2)
“ T 14GyG,H, + G,G,G, H, + G,G,G,G, +GyG5G, +G +
D.23.2 im e
l.

w
i
=]

N

A= Re
-11A
1
[}
'
) B
2. a=0425tai cyc s = - 0,5
D.23.3
1. K =68 2. =e—=—"=0,0556
’ | “ K “18
KD = 0.9
dB
D.23.4a p 32dB -20dB/dec
L (o
155 A

| OM =180°—[o(w,)| =11°; ¢ kin dn dink
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D.23.4b
o 1 0 0 517
A=|10 ¢ 1 ,B=O,D=[? vl 1],E=0
0 -20 -12} 1

®(t) = C,1 +CA+C,A”

cot =CD =1 ] - . :“.
2% _ ¢, -2C, +4C. Gzt i 10
e _ gre ™ 5o
l’_-‘Ul :C_’“—IOCI +10002i (‘2 = 80
s -
PE S0 24
0,20375+1
. Sy=g5 OO T
D241 G5 0,06798 +1
40 i
\'\\
20 A _
LA 1i1GEs)
— 72-<h ]Og(m)
0 . -
1 : 1 100
N ’\\
N [T
-20 S
\\ N
....._.\..:\ N N LN -
-40 g . 60dB/dec
N
-80 AR
A\
30° | -4-FHHAF- 1313 .
o° - =T “ _
-90° | =
-
-150°
180 ol LI T 4 Ho T
270° |} - — ._ “
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PHAN THU A
D.24.2
K 00025 1
1- G(ZJ_ZT(Z—‘].J'(Z_O;975) 24{2—1}(2"0,975)
2. ey=0

Co= 2.975C, , ~2,950C, ; +0,975C, 5~ 0,05C, 5+0.05C, 7 +105,
Co={0,0;0,0,0,0;10;2975 ;5901 ;9753 ; 145,08 }
D.24.3

132
K= K=0
K o -4
T a1 o -

2. G,(S)=9,632-5+1.89

$+13 99
D.24.4b
155 2 97 1 26 2
=—'—=51'—; K =‘—-—=32—; K =R
K, 3 3 2773 3 3773
s -
DE s 25
D.25.1

Vong don: 1,, ...—AB L2=—CD Ls _-—BC L4 -—ABCDEFH
Iﬁz—GFH e R



MOT S0 DE THI VA DAP AN 251

Hai vong don khong dinh nhaw: LiLy: LiLs; Lyl Lsls
Ba vong don khong dinh nhau: L, LoLy

Pinh thic
A=1—(Ly + Ly + Ly + Ly + L)+ (Iy Ly + Ly s + LnLs + Ll )= Ly Ly s

Pudng t6i: P, = ABCDEF; A; =1

C(s)

Gua(8)= 25y

N(s}=0
P +Phy
1+AB+CD+ BC + ABCDEFH + GFH + ABCD + ABGFH +CDGFH + BCGFH + ABCDGFH

C(s) C(s) _CGYR(s) _ Gy (s)
E(S) N{s)=D R(S) H- C(S) 1- HC(S) l H. th(S)
. R(s)
C(s)\ =ABCDEF
N(s) R(s)=0 A
D.25.2
! Im ’é-}'xrp
K=0

+o e« K _EE'_'
-2 -1i6
K=0
4_
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2592
D.25.3
1
0 1 0 1 ;
1. A= 0 -0 1 ,B=0;D=§,E=O
—iK 1+K _2+T 0 0
T 2T 2T
2(1+K)
0
2 <T 3K -1
D.254
K = 500
19'0 logw
—40dB/dec
logo
<
XX GB = xdp xI gdn ding
DM =180°-117°=63°>0 &n dinh. -
- DE s0 26 |
D.26.1. T

9425 5405
2.G()=6,1x8-l~ 2 2
N 7.2 <5 10,0808
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D.26.2
1.

8‘01b0 (")

20l0gIG(ju)l

3 — . - ’
—ac° -139° 1618 \ \ o
41" -183,1°

-180°
_ o
~360° \\
540" tal @=1, 2000g,3=9.5 4B -0,02288
-6a1.4" ) -
y 28,57s+1
2 ¢(&)=10————
«(8)=10-5 50,845 +1
D.26.3 |
LA - 1 %(14'“'*" _[1 0,233]_[1 a,]
) B “lo o0301] |0 ay
0 T 301 ey
[T, -1 fo4 0301 1 o
B,= a 62 . :.3 9 9::0’056]=b1;31=b2
ol P 1-0,301 0,233) |b
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2. Z°-AZ+B=0

_{ l+ay K, ~b,K, = A (1)
@y +(arhy ~ayby K, ~5,K, = B - (2)
1-A+B
K =
' ayby —agh 1 b,
Kzzf’z‘*‘(albz"azbl)Kl‘B (2)
b
K2=1+02—-b1K1 -A _ 1)
by
K, =1,605 K, =0,048
PE S0 27
b.27.1

1 -3 __]L_ . -0.1s
K-a (z“l}- Lo,f”]"
1-a) Gl =3 A~ 3
’ s(gs+1Igs+1J S(3+1)[ES+IJ

Bode bién d9 c6 d@ nghiéng — 20; 0; -20; —40 dB/dec
Tén s6 gdy: 0,1 rad/sec; 1 rad/sec; 10 rad/sec
Bode pha: ¢{w) = —90° = amtga%—amtgm— arctgg—g-’}-?'—l-gg—

X 10 )
Tén 86 cdt I.(w,)=0. Theo hinh vé @, =10 rad/sec

P, =10)=-187°, OM =180°—187° = _7° < o
Hé kin khéng én dinh v6i K = 100
b) K = 20 va K = 100 Bode bién d6 1a nhimg duing thdng giy
khiic song song cang tdn sé gy, song véi K = 20 bién d¢ suy gidm
2010g0,2=~13,9dB; tai w=1= L(w) = 6,1dB
. K=100,tai w=1, L(w)=204B
Tén 86 cit ©, = 2rad/sec
®w,)=-89°, M =180° -89° =91° > ¢
He¢ kin én dinh véi K = 20,
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Céch tinh o, bing d4 thi Bode bién do:
x _61dB_, xldec] = 0,305dec; o, =10"
idec 20dB @, =10"°" =2,018rad/sec
2. Gl(s)'=Kc-G(s)
o ) (-——s+l]e_°'1”
.o 0’1
K, =10= G {s)=10- :
S s(s+1) ——s+1]
10
i
" NG
\-‘_ e
_ \J\U —odB/dsc
o \ L o0dB/dec | T
[~ 44 W\l\m“/; Ly}
20 \\\ \u\
11K - “HH(\) L40dB/d
N — o =[] » ()N - BC
6.1 L\'u. IK=1 ] ——
- -
; ™ M \ \\ 10
il
] ~N Y
K=20 . \\
NEL TR
fog{a)
iy
g
0 -
-88 J LA -
—90° == R T
-180° k
-187° h
\
o LY
-270
\)
\
v
-380°

107 10" § 2 345678910 10
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PHAN THU BA
Tdn 56 ¢4t w] sau khi hidu chinh tré pha
@1 (0, ) = ~180° + DM *+8 = —180° +45° +5° = ~130°
¢ {0=4,5)=-130° = &, =4,5rad/sel

Chon Zero khéu hiéu chinh _15 <<,
o

1
— =045
= ol

Véi a tinh tir didu kién
|Gy ()] =% = a0 =0,05
=0al=2,22
T=—"t*=444 -
o

G (s)=10.2225+1
44, 45+1

* Néu ldy 6= 20° thi ta c6:
@1 () = -1807 + DM * +0 = ~180° + 45° + 20° = _115°

= @, =3,5rad/sec

£
0,1
G. (w0, = 10

2
3,5.,/3,5 +1J(%] +1

=>-1-=—1--=>0c=0,0386

=N

o 259

L <0352 oT=2,857

- ,

X, 1

T “aT=0,03860,35=0,01351
=T=74 =

- 1428575
= 1474
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D.27.2
LA, = [1 0,1264]; - [0 01472]
0 0,368 0,1264
D, =[30 0]
2.2%°-7+0,89=0 phuong trinh mong muén

det[ZI - A; + B;K]=0 phuong trinh dac tinh hé kin
Péng nh4t 2 phuong trinh nhan duge:

K] = 35,2
0,482 0,1438 0,01472
3. [xln+D)]= [_4’ e ][x(n)] [0 oL ][ ]

¥(n) = 30x,(n)

x,(n) ={(0); 0,01472; 0,039% 0,052 0,042; 0,02}
x,(n)={(0) 0,1264; 0,126; 0,014; —0,098} |
¥(n)=30x,(n)={(0); 0,4416; 1,197 1,56; 1,26, 0,63}

bE s0 28

b.28.1
a) Qud banh thép chiu tdc dung hyc huéng xu6ng 1a trong luc Mg

vA lyc hudng 1én 1a luc hat nam cham ﬂ Lyc téng ho’p 12

Ki?
F= Mg —-——
¥(¢)
Ap dung dinh luat Newton F = Ma v6i a 12 gia t0c
_dy
_ a dt? :
dzy Kl -l——- R L
ta suy ra M—=Mg-
d R T

_ Cudn déy tugng trung bdi mach B 1A
L néi tiép '
Ap dung dinh lugt Ohm
di(t)

e(t)=Ri(t)+L7
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Suy ra phuong trinh cdia hé treo banh bing tir
2 -2
t ¢
d yg ) _ug E Q)
dt ¥(¢)
e=Ri+ LEE-(L)
b) Diat y=y,+Ay, dong dién tuong tng 1a i=iy+Ai tix phuong
trinh:
Md* (5o +24y) _ Mg— (i +23)°

ta suy ra iy ==Jng0!K o

P4t bién trang thai  x,(8)=y(t) x,(t)=

x3(¢)=i{t)
T phuong trinh vi phén suy ra
20 s 0-h(0)
dxy(t)  Kxj(t)
dt ‘g_st O

Lol R, rLe)-par)

Quanh diém y, ta c6
x;{2) = x5 + Axy (£)
xz(t)=x20 +Ax2 (t) hay x(t)=x0+Ax
x3 (¢) = x99 + Ay 2)

dx, (£)
dt

Xét hé‘phi tuyén E =f(x,I'}, khai trién Taylor quanh x,, T

AL}
+i of; (x.T)

Io;ra' J=1 - J

4= T, )+ 3 L) o

J=1 J

“ .Mz' = j:i _iai
£ 2 f(e,T,)
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2, o, (xT) 2.9, (x.1) r
L i ¥ 1 ¥ 1
Sea b Ve wan A Yy J ‘
Jj=1 5,1, =1 S g, |
Aty = Axy :
2
Akq Kx‘;‘" A, — 2K"°3 —03 Ax,
R i
Afy =——Axq +—Ae
3 L 3 L
A 0 1 0 Ax, 0
1 2 .
Ak |= K";S o s llay [+f0 |se
] Mxg, Mxo, 1
Axs R Ma —
0 0 -7 L

thay tén bién Ax; - x; ta c6 phuong trinb tuyén tinh héa quanh yo

Lo 1 0
& X x4y 0
i [= 2 o -2 s Xy [+{0 |Ae
. Yo My, 1
N R Xl =
o -+ | L
L L -
‘D.28.2 :
1 Gs) 100(10s +1)e™" (105 +1)e™>
. s)= = 2.2
1003(3+1)(———s +1103+1] S(s+1)(T s +2E_.Ts+1)
vai T=-}—§§=0,5 '
: 10
Tén 88 gly:
5 0 0,1 1 10
f) nghxéng -2098], 048/, _20d% -604B/




260 PHAN THU BA

Xdc dinh toa d6 ban ddu cda Bode bién d¢:
Tai ©=0,LL(0,1)= 201.9;;6-1I =20dB ; T4n s6 cit o, = 10
Bode pha:

[&]
¢(w) =~90° + aretgl Ow—arctgeo— arctg 28Tw  0,10x180
1- 0?72 n

o(w, } =-90° + 89,43° — 84,29° - 90° - 57,29°

o{w, =10)=-232,15°
DM =180+ 9(10,) = -52,15° < 0
- GM <Gio_; <a,
K&t luan: Hé théng én dinh & trang thai kin.
Tinh mét 86 diém ¢(w):
o{w=0,1)=-90° +45° —5,7° —0,6° — 0,6° = —51,9°

o(0=1)=-90°+84,8° —45°-5,7° -5,7° = 62,1°
2. Ge(s)= K, 1+aT8S

sa<l
SETE T R
C_E!L:lg_lo
KY 1

Vé Bode bién 45 L, (w)= K¢ .G{s) song song cing giy véi L{w)
vé phia trén thém 20dB = 20logK,
X4dc dinh tdn s6 cdt cia L, (0)

x. 20 log10+1
= 3.
Tdes = 60 =x= dec w=10 =21.54

¢{0'C) =-180° + DM *+6 X4c dinh tdn 88 cit sau HC
¢(w'C) = ~180° +30° + 5° = ~145°

1.

plw= 5)_*90°+nglo 5—-arct35 arctg— 10 ' _0,1x5x180

' 1-52-— n
100

o{®w=5)=-90° + 88,9° ~78,7° -33,7° ~28,7° = -142,2°
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—20dB/dec

| L{w) 0dB/dec

KcL{o) trudc HC
-20d8/dec

)
1 loge
i
] R W Bode bién &9 ciia hé
H sau khi higu chinh.
) SODIR -
]
p{m) |
]
¥ _ o
-51,8° ' loge
-90° :
-142° [
-180°
a7ee | -232,15°
-360"

Biéu dé Bode Bién d6 va Bode pha cia hé trudc va sau HC

Chon o, =5

Chon

(10s+ I)e"{""ls

s(s +1)[i-{1}_032 + 1163+ 1)

G(s)=

Ly ((o‘_. = 5) =—-201og o0

Logy5=0,7= L, (15,) = 30dB =(20+0,7.20)dB

-20log o = 34dB = log o = ‘"2% =-1,7

[ =107 = 0,02

—1-—=-1—m'c 1t s aT=2
ol 10 10
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T=E=100

o

-~ 1+2s
Ge(s5)=10
F"(S) 141005
Vé Bode sau khi HC

Tan s8 gay:

D6 nghiéng:
0,01 0,1 0,5 10
- - E
_20dBAec 4OdBAec 20d]%ec Odéec -20 | -60
DM =180° + (w; )=180° -142,2° =37,8° > 0
GM > 0. Hé én dinh va dam bao yéu cau chat luong.
D.28.3
b
1. G()=21K, Tz{ 2 } e %8 - 0,549
z a s(s+a)
b z{1-¢T b
Gls) =2 1><£e T x ( ) ; eT =z
z a (z—-l)(z e““T)
G(z) = . 0,902
z (2—0,549)
ez=lim(1 z- )E(z) llm(l z ) | 1 x—2.=1
i 21 1+ 0,902___ z—1 3
2°(2-0,549)
2.
G(z) 0,902z78
Cz)=—"2__xR(z)=
+G(2) 1-1,54927% +0,54922 +0,90227° —0,9022~7

C(nT) 1,549C (n ~1)--0,549C (n - 2)~ 0,902C (n - 6)
+0,902C (n -7)+0,9025(n - 8)

CO=C=CD=C3) = c(4) ciB)=0

C(6) = 0,902

C(7)=1,549.0(6) = 1,397

C(8) = 1,549.C(7) - 0,549.C(6) = 1,669

C(9) =1,549.C(8) - 0,549.C(7) = 1,818
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C(10) = 1,549.C(9) - 0,549.C(8) = 1,900
C(11) =1,549.C(10) - 0,549.C(9) =1,945
C(12) = 1,549.0(11) - 0,549.C(10) -0, 902.C(6) =1,156
CQ3) =1,549.0(12)-0,549.C(11) - 0,902.C(7)+0,902.C(6} = 0,276
w1 _ o1 L, _2
Cy = lzl_r)n}(l z )xC(z)— ry-ey =7
8- Phuong trinh déc tinh cia hé sau HC:
1+| K, +K11F-><z+1 25 x 50’902 =0
2 z-1 z°(0,549)
22 -2[1,649-0,902(K,, +0,1K,) | +0,549-0,902(K,, ~0,1K;)=0
(-2, )(z-2,)=(2-0,05-j0,02)(z- 0,05 +0,02)=0
22 -0,12+0,0029=0
1,549-0,902(K, +0,1K;)=0.1 JKP +0,1K; =1,6064

0,549—0,902(Kp -o,u{,)= 0,0020/K, —0,1K; =0,6054

K, =1,106
K‘t =5,005
D.28.4 a) Hé sd khuéch da 1#11’Ic
y ¥
b-- . o p———
3 _ R
a x [ o ' ' ot
e —b
o 1
¢ . 210
| = Vi tin hidu vao: x =X, sinot, X,, >b
& “-J--.._,‘L____:_,,_> ", tin hidu ra y cé dang:
quiis - ) 0<wt<a
; """ B b o<t <E—O
E Yo - < <A
d’" i i‘: -b T+OS R <T—C
B | Sine = ——
ot Xm

v 12 ham 18.



264 PHAN THU BA

Thanh phédn tan s6 co ban coa y 1a:
12?: )
¥ =[—jysin9d9 sinw¢ = B, sinw¢
n

rtl2
Do tinh d&i xitng cia y: B == I ¥ysin6do —-;técosa

Hé 36 khuéch dai phue: N(Xm)z-in—l—= 46 cose; X, >b
| X, X,

vii cosa—\ll sin®q = {1-—-——

N(x, )= ) o

: Xm<b

X, X2
40 0,04
a=02 b=10 NX )= -2
X X, x2

5 1 N(X,,)
b) V& G(fo) va N f

dN(X ) 4b(2a -X2) 0
dX, = X3

- X, =aJ2

lic d6 cue dai & == 2b
na

4= T2 _ |
OA =-—-=0,0314 X, ~a J

G(jw) cdt tryc thyc 4m & =~

»

_%: ung véi w=1 rad/sec

Ha daodéngné’u

_IE g

2 2 o

K =—=0,0628. . ' '
sh b : e o=0
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No |Ham Laplace F(s) Ham thai gian f(t) Hamz F(z)
1° 1/s u(t) zi{z - 1)
| 2 /g7 1 T2/(z - 1)
3 1183 /2 T2(z + 1)/2(z - 1)°
1 1 3 Tg'z;z2 +4z+1)
¢ s° 8l 8z-9*
1 =-at z ]
5 (s+a) . & 78T
_ 1 TZe & T
6 (s+ap te™ [z—-a""T ]z
1 10 12 o7 2z+e7T)
7 (s+a)® 2t 2° (z-a"8T)?
a 2{1-e7%7)
8 1-e® —E e
sls+a) -z
0 2 L a7 —tre iz (1-e ~aTo ")}
(s +a) "a alz-tPz-e"")
__b-a - @7 ey
10 (s+als-+b) e e z-8"2)z-b""T)
2 - Az-a"% (1+aT)} '
11 ($+a)2' {1— at)e (z_e_a‘rrg
a? ” z 2 aTe 'z
12 sis+a)? i-(1+ane z-1 2-672T (z-o"%)°
G-k - 2z(b-2)-(be 2T —ae )]
i3 {s +a){s+b} be-aa™ . P a7 )z_e 1)
a . zsinaT
14 @ a? sin at 22 ~{2cosaT)z+1
-5 . _ Zz-cosal)
15 s2aa2 cos at 2 - (2cosaTz +1
b B 26~ ginbT
18 (s+a)? + b2 e "sinbt 22 _26~ 1 (cosbT)z+e AT
S+8a 2z -0~ cosbT)
17 (s+a) +b° s bt z2 - 207" (cosbT)z+ a-207
1 {Az+Bjz
serasB 1 e b (2= z-e"" ke 9
a " as-b bb-w A ii=e N1 -a-e™)
iB A abp - a)
. B as—ET (1 _e—bT) - b&'hT (1__ B—aT }
ab{p- &)
19 1 &t 1
1 u(t)=1(t)=1§mof,5(t—nT) 1 _z
20 g e - z-1
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TOM TAT MOT VAI TiNH CHAT VA DINH LY CUA PHEP BIEN DG 2

< min [Ry,, Ay.]

NO' Day tin higu Bién adi Z Mién héi ty Ghi chu
x(n) x(é) Ry < Izl< Ry,
y(n) Y{z) R, <lzl <R,
1 | ax(n)+ b.y{n) axX(z)+ by max|R,., y, ] < izl Tinh twyén tinh

2 x(n — ny) Ne Nguyan duong A, <zl < Ry, Tinh tr& (dich chuyén
‘ *(n + ny) z % X(2) ’ theo thdi gian}
z™ . X(2)

3 a". x(n) x&) lalA, <zt . Thay ¢di thang 1 i

<lal R,. (Nhan day vdi ham
mi a"
4 n. x(n) -%izl A, «<izl <R, a0 ham clia bién 48
z
5 x*(n} X*(z") ﬂ,h < Izl < Ay, Day lién hop phire
6 %(-n) x{%] -R:: <zl < ---:T Bao trye thdi gian

7 | Néux(m=0 X(0)= Im X(z) Binh 1y gid tri du
vwiin<0
8 x(n) ~ y(n) X(z). Y(2) max[R,., R,.] < lzI |Tich chap cha hai day| -
< min [R,., Ry.)
9] xtn)y) é $xV). RuRy.<izl <R R, | Tichcda hai day
c
Y(E. )x vlgy
Y
10 Fy(M) = Ry(2) = X{z). Y[lJ A, <zt < R,, Tudng quan cla hai tin
- . ‘- + - z . : Y -
Z x(m)y(m n) C ST I <zl < 1 higu
[ e IR - Hy+ y-
_ .:1' 3l i x(n} ——=X(2) T&i thiéu 1a giao cla R,
[ ~ | va Izt > 1

. ‘r2‘?fntha hd xéc lap:'

Dinky Iy gia tri cusi

G ilpE 'b}.!:{‘

Gl g




HAM MO TA CAC KHAU PHI TUYEN BIEN HiNM

1. Khau cé viing chét
20+ sin 2o

N=1-2
T

sino = —2, x(t) = Msinwt
M

M>D
2. Khéu béo hda

4

3. Khéu khe hd
2

1 ot+sin20t .cos" o

2 =n 2n 14

M

4. Role 3 vi tri c6 tg@ -
. 2Ky

T nAD +k)

. 2Ky

Y ZAMD+R)

(cos oty +COsSCly)

(sin0; —sindig)
.sina .y sin o -2 : A— M
17 A7 2°M " T Db
5. Khiu so sdnh c6 tré o
Trigger Schmit khéhg ddo

NzéVornax

(cosot+ jsinor)

20+ sin2a L

267
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