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Loi néi dau

Trong nhitng ndm gdn ddy, ly thuyé diéu va ky thudt diéu
khién tu déng (PKTD) cdc quy trinh cbng nghé, cdc doi tugng céng
nghiép va qudc phong da c6 nhitng bude nhdy vot nho sy phdt trién =~
manh mé cia kj thudt mdy tinh vé céng nghé théng tin. Ly thuyét
DKTD cf dién khéng hé thay doi gid tri cia minh mad nguge lai c6 ¥
nghic dge thu riéng. Néu nhu truée déy déi tugng khdo sdt cia
DKTD thuisng la hé tuyén tinh, tién dinh thi ngay nay ld cdc hé
théng phdn tdn cé ddi thogi véi nhau lién két thanh mang.

Nganh Didu khién hoc k§ thudt lién quan dén nhiéu linh vite ky
thudt da trdi qua giai dogn phdt trién, co khi héa, dién khi héa, ty
ddng héa va ngay nay dign tk héa, sinh hoc héa.... Nganh Diéu khién
hoc k¥ thudt duge xép hang ddu trong nhitng linh vic hita hen nhdt,
tidm ndng phdt trién cia né duong nhu la v6 tgn. Bdi vdy DKTD la
mén hoc bdt budc d6i vdi tdt cd cde sinh vién nganh k¥ thudt. Quyén
BAI TAP PIEU KHIEN TUY DONG duge bién sogn theo néi dung mén
hoc "L§ thuyét Diéu khién ty dong" va "Co 8d DETD" nhdm néng
cao kién thie, khd ndng phdn tich, tinh todn va thiét k& hé théng
DKTD cho sinh vién. '

Phdn mém MATLAB la mét cong cu manh d€ khdo sdt vé thiét
RE he théng duge giti thidu cho sink vién qua cde bai thi nghig¢m DKTP.

Noi dung sdch gém Ba phdn, duge sdp xép nhu sau:

Phdn thit nhdt - Bai tép

Chuong 1. Hé théng DKTD trong cbng nghiép - 15 bai

Chuong 2. H¢ DKTD tuyén tinh lién tuc - 185 bai

Chuong 3. H¢ DKTD phi tuyén - 44 bai



Chuong 4. Hé DKTD réi rac - 64 bai
Chuong 5. Thiét ké hé PKTD - 11 bai
Phén thit hai - Bai gidi mdu va ddp dn
Chuong 6. Cdc bai gidi mdu va ddp dn chon loc, gém ¢6:
71 bai gidi hé tuyén tinh
22 bati gidi hé phi tuyén
29 bai gidi hé roi rac

Phdn thi ba - Pé thi va ddp dn
28 dé thi va ddp dn

Hy vong cudn sdch sé giup ich cho sinh vién cdc truong dai hoc
k¥ thudt vé edec ban dang lam viéc trong linh vuc ky thudgt DKTD.

Tdc gid bay té long biét on dé6i véi cdc thdy gido, 6 gido B6 mén
DPiéu khién ty dong - Khoa Pi¢n - Pién i va TS gido trinh Truong
Dai hoc Bdch khoa - Dai hoc Quéc gia TP H6 Chi Minh da khich 18,
déng vién va giup dd nhiét tinh dé€ hoan thanh cuén sdch nay.

B¢ sdch vé DKTD 1 quyén ly thuyét va 1 quyén Bai tdp da dugc
ra mdt bgn doc ldn ddu tién vao ndm 1995. Ldn téi bdn nay, quyén
bai tép duge sita chite va b8 sung thém mot sd dé thi va ddp dn. Mdc
di: d@ ¢6 gdng suu tdm thém nhiéu tai lidu cia ede truong dgi hoc
trén thé gigi, song kho trénh khoi nhing thiéu sét va han ché

Tdc gid chdn thanh edm on nhiing y kién déng gop cia cdc ban
dong nghiép va ban doc gdn xa dé néi dung quyén sdch ngay cang
hoan thién va phong phi hon. |

Thu gop y xin gii vé: B6 mén DKTD, Khoa Pién - Pién ti
Truong Dgi hoe Bdch khoa - Bgi hoc Quéc gia TP H6 Chi Minh - 268
Ly Thuong Kiét, Q.10 - PT: 8.654.357.

Thc gid

PGS.TS Nguyén Thi Phuong Ha
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Chuong 1

HE THONG DIEU KHIEN TU DONG
TRONG CONG NGHIEP

1.1 Hiy néu mét vi du vé hé théng didu khién nhiét do. Vé so dd
khéi va gidi thich hoat ddng.

1.2 Vé so 46 khdi va gidi thich hoat ddng cia hé théng diéu khién
téc d6 dong co DC. :

1.3 V& sg d8 khdi va giai thich hoat dong cua hé thong toy dong.
Ung dung cGa hé thong nay.

1.4 V& so d8 khdi va giai thich hoat dong cia hé théng diéu khién
dién 4p mdy phat dién.

1.5 PLC la gi? So a4 khéi t6i thidu cia mdt PLC. Gidi thich chiic
ning timg phan. Phén mém ciia ching c6 gi dic biét.

1.6 Vé so d6 khdi va gidi thich hoat dong ciia mot may CNC. Giai
thich chidc nang tung bd phén.

1.7 Trén hinh 1.1 minh hoa mét binh nung nudc néng bing dién. B
ph4n nung duge déng mdé bdi mdt cdng tdc tuy dong dé duy tri mét
nhiét 456 mong mudn. Khi ¢ yéu cdu vé nudc néng, nudc néng sé
chay ra va nudc lanh duge dua vao binh. V& so d8 khdi cho hé théng
didu khién vong kin nay va gidi thich mdt cach dinh tinh xem hé
théng hoat dong nhu thé nao néu nhigt do dat thay adi.

NUGC LANH VAO

| o

|

VACH CACH
HHIET

NHIET DO BAT

l NUGC NONG RA Hinh 1.1
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1.8 Giai thieh xem hé théng trong bai tdp 1.7 s& hoat déng nhu thd
nao néu nhiét d6 xung quanh binh thay déi dét ngot (xét so dé khéi):
1.9 Thiét k& mét hé thong diéu khién vi tri, t6c 48 va gia toe cia mdt
thang mdy s dung trong mdt ngdi nha nhiéu tdng. Dat ra cde quy
dinh hay giéi han gi cho cdc kha ning vi tri, téc dé va gia tdc coa hé
thong?

1.10 Trén hinh 1.2 12 hé théng diéu khién ndng 6. Gid néng d6 chat
. A trong dung dich theo ding gid tri dat. Luu lugng chat A duge didu
khién theo luu ltgng chdt B bing van diéu khién (bdi b6 didu khién)
d€ néng d6 ra cd dinh.

4+ 20 mA B4 didu

e
B4 didu
khign
——
d
| |
;inr:;éu Ndng df X%
e 4+ 20 mA ohat A
[+] ] —=

Hinh 1.2
a) Vé so d6 khéi hé théng diéu khién ndng do.

b) Hiay néu wu va nhuge diém cia hé théng diéu khién cé héi

tiép so vdi hé théng khéng héi tiép.
1.11 Hiy néu mét vi du vé& hé dinh vi didu khién bing mdy tinh. Vé
so d6 khéi va giai thich hoat djng cha hé.
1.12 V& so d6 khéi va gidi thich hoat ddéng cia hé thu thap dir lidu,
xit Iy va diéu khién tdm kénh nhiét dé.
1.13 Hay vé so d6 khéi va gidi thich hoat ding cia hé théng bam
truyén géc ding dé 6n dinh dudng ngdm, s dung cdm bién xenxin.

1.14 Ve so d8 khdi va gidi thich hoat dong ciia hé théng diéu khién
4% siu tau ngdm.

1.15 Trinh bay chic ning, w dlém va néu vi du ing dung bo diéu
khién thily lyc kb nén. S
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Chuong 2

HE BIEU KHIEN TU DONG TUYEN
TiNH LIEN TUC

2.1 Tim ham truyén dat cia hé thang trén hinh 2.1.

9.9 Tim ham truyén dat cda mach dién trén hinh 2.2.

$

-

Hinh 2.1 Hinh 2.2
2.3 Tim ham truyén dat cia mach dién trén hinh 2.3.

vi(t) |

L : fe 1 vl

BN
> Hinh 2.3
L
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2.4 So d6 khéi cha mét hé didu khién truyén déng dién duge mé t3 &
hinh 2.4.

W, o _ LI “
_ - 2 1 Ms t6c 4o
K,
Hinh 2.4

vdi cdc thdng 88 va cdc bidn s6-

r(t} - dign &p ddu vao ung vdi I8¢ d6 dat[v]

c(t) - 8¢ dj (ft’'sec)

M - khéi lugng cla d6i iugng = 30000 [Ib/HY sec? |

K - hé sd khuéch dai

Ki - hé 58 khuéch dai cha bd cam bign 16¢ dé

K, =0.15 V/it/sec

Xéc dinh ham truydn cha bé didu khién G,(s) véi tin hiéu ddu
vao 1a ham bac thang don vi Ht)=u (=1(:). Pdu ra cia by didu
khién G.(s) dugc do va mé ta bdi bidu thie sau:

) =100(1-0,3¢% —0,771%); ¢>0
a) Tim ham truyén cia bd diéu khién G,(s)
énhg €O
E(s)
C(s)
R(s)
d) Gia thiét riing K c6 gia tri sao cho hé &n dinh, hay x4c dinh

tdc do cha ddi tuong Cot) [ft/sec]. V6i () = u (8) =1([v].
- 2.5 Cho 8¢ d6 khéi cGa hé diéu khién trén hinh 2.5, v6i N(s): tin hiéu
nhiéu. Him truyén G(s) duge ding dé triét tidu anh hudng cia N(s)
BndduraCs).. '

oy . Cl
- a}Tim ham I:ruyénwy(ﬂ)i .

b) Xde dinh bidu thic G, (s) 4€ dat duge dida kisn trén.

b) Suy ra ham truyén hég cia hé

¢) Suy ra ham truyédn kin cta hé
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Nis)
Gyls) =
: +
y _
R(s) * é ; E(s) §4+5 10 Cis)
- - -
7 S5+10 5(5+5) ¥
Hinh 2.5
2.6 Cho so d6 khdi cia mdt hg diéu khién vong kin (H.2.6)
‘N(s) -
+

Cis)
e

s{s + 1){z + 2)

Hinh 2.6

a) Tim ham truyén H(s) sao cho dau ra C(s) khong bi 4nh hudng
C(s)
N(s)

b&i nhidu Nis). C6 nghia 12 =0

f(s)

b) Véi H(s) dinh nghia trong (a), tim gia tri K 46 c6 duge gid tri
x4c 1ap cha sai 86 ef?) = 0,1 vGi ddu vao 1a ham Ramp r(8)=tn(0),

R(s) = 1/s® va N(s) = 0. Ung dung dinh Iy gis tri cudi.’
2.7 S db khéi ciia ha didu khién vi trf sif dung dong co DC trén hinh 2.7.

a) Tim ham truyén hé:

b) Tim ham truyén kin:
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2.8 Cho sg d6 khdi cda hé didu khién tuyén tinh:
V6iG,(s) 12 ham truyén cia qud trinh didu khién. G,(s), H(s) la
ham truyén ciia b didu khién.

Nis)
-+
3 Cis)
—-

R(zs)

Hinh 2.8 EBOOKBKMT.COM

Tai liéw k¥ thudt mién phi
a) Tim ham truyén Cs) va Cs) .
Ry, NG,

Tim gzs; vai G, (s)=G,(s)
b) Gia si: Gc(s)=Gp(s)=ﬁ:+_5j- Tim dép tng ddu ra cft) véi

n(t) = 0 va r{)=u,()=1()
¢) V4iG,(s) va G.(s) nhu phén b, chon H(s) trong s6 cdc Hfs) sau

10 meo- 10 . H(s)= 10(s +1)
s(s+1)’ (s+1)(s+2)’ (5+2) ’
sao cho gi4 tri x4c l4p cia tin hiéu rac(t) =0
véi: N®)=u,@O=U), r(t) =

-2.9 Hay vé so d6 trang thdi cho bdi ha phuong trinh trang thdi sau:
90O o () 432,0) djt(’) = 2, () =5, () + 202)

H(s)= H(s)—»——' >1

dt
a) Tim phuong trinh djc trung cia hé

X,(s) X, (s}
“b) Tim ham truyé 1 a3 =2
) Tim uyen RG) R(s)
2.10 Che phuong trinh vi phén ciia hé didu khién tuyén tinh:

dsc(t) d2c(t) dc(t)

5 + 10c(®) = r(®)*
das de? dt
véi: e(t) - tin hiu ddu ra; r(2) - tin hiéu diu vao
a) Vé so d6 trang th4i cho ha. |

b) Hay viét hé phuong trinh bi€n trang thdi cho hé ti s¢ dd
trang thdi (a). X4c dinh céc h1é'n trang thdi tir phai sang trdi theo
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thif ty ting cha béc.
¢) Tim nghiém céa phuong trinh dic trung (sd¢ dung chuong

trinh Muller).

2 C(S)
d) Tim hAm truyén —=.
) Tim ham Eruyen 29
2.11 Cho s¢ d3 khéi hé théng nhu trén hinh 2.9.
> G,(s) N(s)
R(s) § . Els i b+ cw
. Gafs) _i»®—-> Gyis) 4,
1
H,(s) t=
Hinh 2.9
Dimg phuong phép graph tin hi¢u viét ham truyén
Cis) C(s) E(s) E(s)] -
R(s)n-o N (s). R=0 Ry N

2.12 Cho cdc graph tin hidu trén hinh 2.10, tim ham truyén: Ys5/Y; ..

Hinh 2.10
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2.13. Cho so d6 khéi hé diéu khién phédn héi 4m nhu trén hinh 2.11.

[2] 1 ’ N(s’1+

As) *& E(s) + 10 G{s)
_..Q?_.@_. T ® -

+

Hinh 2.11

C(S) . 2 C( )
26 o ; b) Tim ham truyén (S)LH;

¢) Tim ham truyén L)

‘a) Tim ham truyén

; d) Hay tinh C(s) khi ¢6 hai tin

hiéu vao R(s) va N(s).
2.14 Viét phuong trinh lyc ciia hé tuyén tinh trén hinh 2.12.

¥ Y.
i -
K
L
M? . MI | f(t}
s, L_—WF 8,

N A A i o S SV A i o i B S o G iy B S B S o oy o o o o
Hinh 2,12

a) Vé so d6 trang thdi st dung s8 lugng bd tich phan la t6i
thiéu. Viét phuong trinh trang thai tif so dé trang thai.

b) Pinh nghia bién trang thdi nhu sau:

dy, d
1- X = Ya, xz—'?t", X3 =N va x4=%.
dyl
2- , A
X =Yg, Xg=3 VA X3 = T
gy
3- - » B.
AT "% %70y VA % dt
Vi€t phuong trinh trang thdi va vé so dé
trang, thdi v6i cdc bién trang th4i trén. ’I‘im ham _ Ms+Ma
PACKNS AN - Hinh 2.13a

truyén va

¥ (8) F(s) BEEECTIR VN N ‘;_"-,;'
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2.15a Vit phuong trinh Ivyc eGa hé truyén

dong tuyén tinh trén hinh 2.13a. Vé so dd L F

trang thdi sif dung s& bé tich phén 1a téi Fo K

thiu. Vist phuong trinh trang thai tir so do { - T
! Y,

trang théi. Gia st Mg = 0, tim ham truyén g
Y, (s) vh Y, (s) =

Fls) © F® [=-] T,
Yi(s) . Hinh 2136
F(s) ’

2.16 Cho hé didu khién méte hinh 2.14. Bién trd c6 tdm 16n nhat 1a

10 vdng (20 wrad). Tim ham truyén E,(s}/T,(s).

2.15b Tim ham truyén

Bt Bl

()

E= Ny .
DPONG CO } }
- TAI -
Tt
Hinh 2.14

Céc thong s6 va céc bién (H.2.14) dugc dinh nghia nhu sau:
8, (D - 40 dich chuyén clla mots; et - tin hiu ddu ra

Tt - momen clia motg; B, - hé 8 dich chuyén ciia ma sat nhot

B,, - hé s6 ma s4t nhotcila motg; K- hing s6 clia 1d xo xodn

Jm - quén tinh cha mblo, 8 (h - ad dich chuyén cla tai trgng
2.17a Viét phuong trinh trang thdi cho cdc so d6 mach dién trén
hinh 2.15. Luu § s§ bién trang thdi dugc chon la t61 thidu. Viét dong
qua tu va dién dp trén cudn cam la ham cdéa cdc bién frang thai va
du vao. Dat dién dp trén tu v ddng qua cudn cam 1a cdc bién trang thai.

A, G,

J. )
+ c LR, =-—=C,
4
>

e) { 1

b)

+ _‘v‘r'lv T L a .
it R TS ew 1 R,
- | L | ‘ CT

< | TRUONG BAI HOC NHATRANG | @
T i 3

MIHUAY
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2.1'7b Tim ham truyén choe mach dién:

4
=
¢

'v, "'*"‘lvz

D

2.18 Cho phuong trinh vi phin clia hé thong tuyén tinh:

2

dt2

3 2
dr,a a? o dt

d3el) dzc(t) dc(t)

©) ST D)+ j ADed(r) = 5r(t)
4 3 B L -
Q) dc(t)+1,ud c(t) Udc(t)_'_zc(t)::r(t) ‘
dtt de  dt

Hay viét phuong trinh trang thdi va phuong trinh tinh dédp dng
ddu ra dang ma tran vecto,
2.19 Phuong trinh bién trang thai clia hé tuyén tinh duge bidu dién
nhu sau: #(t) = Ax(t) + Bult)

1- Tim ma tran qud 49 ®(t) =% ‘ phuong trinh daic trung va gia

tri riéng cia A cho cdc trudng hgp sau:

0 1] [0 1 0 1 1]
A= B= . b A=|  B=
A=, 4] B o]’ ) [—4 - --5] 1
i S 210 0 (0]
c)A=:)3_03 B=(1’]; dA={o -2 1| B=]1}]
| AR, 0 0 -2 0]
5 1 0 0
@ A={0 5 1] B=|of
0 0 -5 || IREER
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2- Tim @(¢) va phuong trinh déc trung sit dung CT m4y tinh.
2.20 Cho phuong trinh déng hoc cta hé bat bién theo thoi gian:
(2} = Ax(t) + Bu(t); coft) = Dx(t)

0 1 1 0
vii: A=/6 0 1]; B=[1|; D=1 1 0]
’ -1 -2 -3 0

Tim ma trdn A; va B; sao cho phuong trinh trang théi:

x; ()
y(t) =A1y(t) + Blu(t); vai: y(t) = C(t)

é(t)

2.21 Cho cdc phuong trinh md t4 qua trinh dong hoc trong hé didu _

khién méto:

) di, (t) de,, (¢)
edt) = Ry, +L, r;t +K, .
2
Tot) = J2 9";(*)+Bd9m(‘)+xem(z); Tot) = Ki,(2)
. dt dt

eft) = K,elt); edft) = KJ6,(H)~6,)]

a) Dat bién trang thdi nhu sau:

5O=0,0; 1= de;t(‘); x5 =i, ()

Viét phuong trinh trang thai:

#(t) = Ax(e) + B8,() va c(t) = Dx(t) v6i: () =6,,(8)
b) Tim ham truyén G(s)=2”‘T(5); khi du&rig phan héi tir 9,,(s)

dén E(s) bi ngit. Tim M(s)= O (s) .
' 8,(s)
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2.22 So dé phdc hoa cia hé thing e
diéu khién phan héi trén hinh 2.16. | £ %[ * |% RO JED)L

Mémen ddng cia ddng co:

T.(0) = Kii, (&) .
. 1
Céc hing s6 ciia hé thong: ¥ F5F 8,
Kg=2;R =20; R, =010 |
K,=5Viradis; K;=5Nm/A ~ ~ Hinh2.16

L,=0H; J, +J; =0,1Nms?; By =0
a) Gid thi€t riing cdc don vi do 12 tuong thich va khéng cdn

chuyén ddi, bién trang thai uge ky hiéu x, =0, va x, = d;" : d4u ra

¢ =6,.. Viét phuong trinh trang thai & dang ma tran vectd sao cho ma
trdn A va B c6 dang chinh téc bién - pha.

b) Gia sit 9,(¢) 1a ham béac thang don vi. Tim x(#) theo gi4 tri
x(0) (trang thai ban ddu cha hé). S dung bang bién ddi Laplace.

¢) Tim phuong trinh dic trung cia A va gid tri riéng cla A.

d) Nhan xét vé tic dung cha dién trd phdn héi Rg.
2,23 So 36 khdi ciia hé diéu khién c6 phan héi duge vé trén hinh 2.17:

Als) E) [ K7 KS _ 5 Cls)
/ s + ® S(S + 4)(S + 8) -

i

Hinh 2.17
- C(s) C(s)
im ham truyé A ham kin ——
a) Tim ruyén hé 0] v m kin 70

~ . b) Viét phuong trinh dfng hoc dusi dang:
' .:'c_.(t_). = Ax(t) + Br(t); e(t) = Dx(t) + Er(p).
TimA, B,Dva IE theo cdc sd hang cia thong s hé théng.
©) Ung dyng Iy thuy&t gid tri culi tim gid trj trang thai xdc 14p
igu ddu ra c(t) véi tin higu ddu vao la ham bic thang don vi.
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Gia st ham truyén kin én dinh.
2.24 Hé théng diéu khién kin duge mé ta:
©t) = Ax()+ Bu(e)y  u(®) = - Gx(t)
x(t} = nxl: vécto trang thdi
u(t) = rx1: vécto ddu vao
A = nxn: ma trdn giita bién trgng thdi v dao ham béc 1 cha né
B = nxr va G = r>m: ma trdgn phdn héi.

a) Chitng minh ring nghiém ciia phuong trinh d#c trung cia hé
kin 1a gi4 tri riéng cia A - BG.

1 0 0 0
00 1 0 0
id st: A= ; B=| |1 G=
b) Gid s 6 o o 1 ol € [8: 2 &3 &4
0 -3 4 -10 1

vdi cdc phdn tif cda G la cdc hing s6 thie. Tim phuong trinh
ddc trung cia hé kin. X4c dinh cdc phan t¢ cia G sao cho gid tri
riéng cda A—-BG la: -1;-1; -1 +jva-1-j.

Kiém tra két qud nhan duge bdng mdy tinh.
2.25 Hé tuyén tinh duge mé ta bdi phuong trinh vi phan:

3 2
delt) g e8) 390 | =1
dt3 dtz dt

a) Gia sd bién trang thdi dat nhu saw:
dt® :
Viét phuong trinh trang théi cia hé dudi dang ma tran vécto.
b) Tim ma tridn qud dé ©(t) cha A.
de(0) _ 0 d%:(0)
dt Todt
Tim d4p ing ddu ra e(?)..

d) Tim phuong trinh diic trung cGa A va gid tri riéng cta né.

. _de
X1 =0, xg-gt' Va Xg

c) Gid st: c(0) = 1; =0 var(t) = 1(¢).
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2.26 Hé thong tuyén tinh duge mé td bdi phuong trinh vi phén:

d2c (t) dc(t)

" TR ct) = r(®

delt)
dt
Viét phuong trinh trang thai duéi dang ma trin vecto. Tim ma trén
trang thai qua d¢ ©¢) cha A.

a) Pat bign trang thai: x, (#) =c(); x, (1) =

dc(t)
dt

Viét phuong trinh trang thdi dudi dang ma tran vecto.

b) Dit bién trang thdi: x; () =c(t); x5() =)+

Tim ma tran trang thai qua dé ®(¢) cua A.
c) Hay chiing minh riing phuong trinh dac trung [SI-A]=0 déi
véi cu a va cdu b 13 ddng nhat.

2.27 Hé théng gém nhidu bién tuyén tinh duge mé ta bdi phuong
d2e () L (#)
di? di

d cl(t)

trinh vi phéan nhu sau: + 3y ()~ Beg(t) =y (1)

+2 1(t)+c2(t) ry(t)

a) Bién trang thai duge dat:
de, (t) dey(t)

dt

1) =c(8); x(t)= ; xg(B)=co(); x, ()=

Viét phuong trinh trang thdi dang ma trén vecto.
b) Lap quan hé ham truyédn giita ddu vao va d4u ra dang ma trén.

2.28 V& so d6 trang thdi cia ham truyén sau bing cdch phéan tich
tryc tiép:

10 5(s+1)
G - M b G - —
a) G s%+8,55%+20,55+15 ) 6l s{s +2)(s +10)
10(s +2) 1
) G - ; d) Gls)=
© Gls)= 2(.s:+1)(.‘:+3 5)’ ), (9= s(s+5)(s +2s+2)

Cho blé'n trang théi ting béc tif phai qua ‘trai. Vist phu‘ong trinh

trang théi tir so 48 trang thél 830 cho phuong trinh c6 dang bién pha
chinh tﬁc
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2.29 So d khdi cia hé ¢6 phdn héi 4m mét don vi duoc md t& nhu
trén hinh 2.18.

R(s) E{s) Cls) ___ 10
.,.%._. " Ge) = s(s + fi)(s +5)

a) Vé so d8 trang thai cho hé biing cdch phén tich tryc tiep
ham truyén hé G(s). Cho bdc bién trang thdi tang tif phai qua trai,

Hinh 2.18

thém vao nhiing diém bién trang thai lién quan va so db trang thdi
phii chifa cdc diém cla R(s), E(s) va C(s).

b) Viét phuong trinh déng hoc cia hé dang ma trén vectd.

¢) Tim phuong trinh dac trung trang thdi cia hé st dung phuong
trinh trang thai da tim & phan (b). Vecto trang théi didu kién ban ddu
12 x(0) va r(t) =u, () =10).

d) Tim cft) cho ¢ 2 0 v6i trang théi ddu x(0) va r(t) =u (D).

2.30 Véi so d6 khéi va G(s) nhu trén hinh 2.18, bai 2.29:

C(s)

a) Tim ham truyén kin cia hé: ——.
R(s)

b) Vé so d trang thdi bing cdch phdn tich truc tiép ham
Cls)

t ki
ruyén kin —— R

¢) Cho bién trang thdi tang bac tif phdi qua trdi va viét phuong
trinh trang thdi dang ma trén vecto.

d) Tim phuong trinh dic trung ciia hé si dung phuong trinh

trang théi da tim & phén (c). Vects trang thdi ban dédu 1a x(0) va
r(t) =u,(@).

e) Tim ddu ra cf2) cho ¢ = 0 vdi trang thai ban ddu ﬁc(O), va
rt) =u, D).
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2.31 Cho s¢ 86 khéi trén hinh 2.19.

" 1is
+

Ris)| = 1458 +8 R + Cis)
i 145 s 8

2(s+1) |=

Hinh 2.19

C(s)
R(s)

b) Tim phuong trinh (PT) dic trung cda hé. Tim nghiém cda PT
dic tring, Hay chimg minh réing cdc nghiém khéng phai 1a ham ctia K.

e) Vi K = 1 vé so d8 trang thdi ctia hé tir phan tich C(s)/R(s),
st dung s8 bé tich phan 13 it nhat.

d) Lap lai phén c¢) véi K = 4.

a) Tim ham truyén:

e) Tim gid tri cia K sao cho hé théng khéng didu khién va
quan sat duge.
2.32 Cho ham truyén cia hé diéu khién tuyén tinh:
Cs) _ s+o
R(s) s®4+7s%+145+8
- a) Tim céc gid tri cda @, sao cho hé hodc khdng thé didu khién
hojc khang thé quan sit duge.
¢ b) N6i cdc gid tri ciia o & phén (a). Tim cdc bién trang théi dé
c6 mft trudng hop khong thé didu khién duge.
. e) Vo; cdc gid tr; ¢da o & phan {a). Tim cac blén trang thai dé
| & rhét truémg hop khﬁﬁg tlhé quan sait duoc
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2.33 X4c dinh tinh diéu khién va "
tinh quan sat duge cia hé cho & ahred
hinh 2.20 bing cdc phuong phdp:
a) Cdc didu kién cho cdc ma
tran A, B, D, E.
b) Cdc didu kién tif sy triét
tidu cyc zero cia cdc ham truyén. Hinh 2.20

2.84 Cho phuong trinh bién trang thai:
R
Xy -2 -3]|x 1
r(t) = 1(2), didu kién ban ddu bing 0.
a) Tinh ma tran qud d¢ o)
b) Tim ddp dng thdi gian x,(8) va x(2)

2.35 Cho so d6 khdi hinh 2.21

3 c 15.4{s + 0,2}
——nfi G e ] G =
%—— )% <ts + 5,025 + 0.01247)

X,

Hinh 2.21
Thanh ldp hé phuong trinh bién trang théi cho hé théng c¢é so
dé eau truc hinh vé. '
5s + 100
st 1855 +325% +805+100

2.36 Néu cho: G(s)=

Thanh 14p hé phuong trinh bién trang thdi cho hé.
2.37 Cho so 44 khdi hinh 2.22. Lap hé phuong trinh bién trang thai
cho hé. |

) ®' [ 1= 1 cft)_
2 5 I s+5 x, -

|' X, 1

s+ 1

Hinhk 2.22
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2.38 Cho so d6 khéi hinh 2.23.

e @[ T}
- 5

Hinh 2.23
a) Lap hé phuong trinh bién trang thdi.
b) Tinh ¢(t) néu r(t) = 1(2); didu kién ddu = 0 véi a'= 2 b = 3,

6,3223s% +185+12,811
st +65% +11,322352 + 185+ 12,811

2.39 Cho ham truyén: G(s)=

Tim hé phuong trinh bién trang théi.
2.40 Cho s0 d6 khdi hinh 2.24a.

1 L
o | Gepls) = G(s) s
) 1 . 1,

-
P,

b | B LYy, Sy

2
a) ’ b}
KeT®
rty=1 (; Gpu:){Sl = Kp !1-!- 1-“(T-S)+ TdS] ; Gis)= TreT
2

G(s) ham truyén d6i tugng {16 nhigt) véi T, thdi gian cham #ré va T, 1a hing s& thoi gian quan
tinh cla 16 nhigt. Higu chinh dat dd vot I3 khodng 25%.

Hinh 2.24
a) Xdc dinh théng s6 kh4u hiéu chinh PID theo phuong phép 1
cha Ziegler — Nichols: Gpyp(s) =0, 6T5(s+1/T))? /s

b) Thanh 14p hé phuong trinh bign trang tha4i cho ha.

1

2.41 Ciing so d6 nhu hinh 2.24a véi r(z) = 1(); Gs)=v—"
s(s+1Xs+5)

Theo phuong phép 2 ciia Ziegler - Nichols ta c6:
o . 2
Gpip(s) = 0,075K ,, Ty, w
s
trong d6: K, - hg s§ khuéch dai gi¢i han khi chua higu chinh
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T,s - chu ky dao dong dng véi K,
Ty =2n/wy,; @y - tdn s6 dao dong Ung v6i K-
a) Xdc dinh théng s6 khau hiédu chinh sao cho dd vot 15 dat 25%
theo phuong phdp 2 cia Ziegler,- Nichols.
b) Lap hé phuong trinh bién trang thdi.
2.42 Cho ham truyén kin:
sta___Cls .
(s+b)s+c) R(s}’
a) Viét hé phuong trinh bién trang théi cho hé théng.
b) Tim ma tran qua dé ().
¢) Véi r(t) = 10.1(z) va diéu kién ban ddu bing khong. Tinh
nghiém bién trang thai va dap ing c(?).
2.43 Cho ham truyén kin:

Cls)  s+10 _
R(s) (s+5(s+3)’ r(t) = 10.10

‘didu kién ban dau bing khing.

Ggls)= =10; b=5 ¢=3

GK (5) =

a) Dung phuong phap Lurie tinh e(2).
b) Viét phuong trinh bién trang thai ¢ dang thuong.
2.44 Hé tuyén tinh theo thdi gian duge mé ta bgi phuong trinh trang

¢ 1 0 0
thai sau: (&) = Ax(8) + Bu(t); v6i: A=|0 0 1; B=|0
0 4 -3 1

Heé kin duge md ta béi trang thai hdi ti€p, sao cho u(t) = — Gx(t}
véi G=[g, g2 &3] va g1 &2 gs'la cdc h3ing s6 thuc. Xdc dinh diéu
kién rang bugc cdc phén tif cia G dé he kin én dinh.

Cls) _ i |
R(s} s®+45+3

a) V& so d6 hé phuong trinh bién trang thdi cho hé (qua khéu
tich phén, cong d4o, bd so sdnh e

b) Graph tfn hiéu cho hé trén.

2.45 Cho ham truyén hé kin:
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¢) Gidi tim nghiém bién trang thai voi gid tri hing x,(0) va
xz(O); r(t) = I(t).
d) Tim c(?) khi r(2) = sin(t); x,(0) =1 va x,(0}=0. Pt x,(#) = ().

C(s) _ 20s+1
R(s) % +45% 1352 +2s5+1

2.46 Cho ham truyén kin:

a) Lip hé phuong trinh bién trang th4i vA vé graph tin hiéu
cho hé.
b) Biéu thie tinh tin hiéu ra theo phuong trinh (a).
2.47 Cho hé: &;(8) =—8x,(£) + 4x,(¥)
0 (1) = 4, (£) — 22, (8)
a) Tinh ma trdn qud 46 cua hé.
b) Tinh ddp Gng x, () va x,(¢) khi x,(0)=2; x,{0)=1.
e) Sau thdi gian bao lau x;{¢) va x,(#) bing nhau.
CGs)  s*+4s+1 _s'+452+57
R(s)  s®+95% ¢85 1+0s ! +8s2
a) Lip so d6 bé phuong trinh bién trang thdi cho hé.
b) V& graph tin hiéu di qua R(s), Ers) va Cfs).
Ky hiéu: sai léch e(t) + E(s) = R(s) - C(s).
2.49 Cho s¢ d6 khéi hinh 2.25.

2.48 Cho ham truyén kin:

a) Vé graph tin hiéu.

b) Lap hé phuong trinh bién trang thai va tinh ddp ing ra khi
r(t) = 1(t), diéu kién d4u bing 0.

g+ 1)

Ris} 1 C(s) Gis) = .
e Il o e B N e

- _ ) His)=1; K = 0,1
Hinp 225

Cls) s+l
U(s) s(s? +73+1)

a) Vé graph tin hiéu va lap biéu thite tinh dép u'ng ra cho hé
b) Tinh ma trdn qui d5.

2.50 Cho ham truyén:
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2.51 Cho hé phuong trinh bién trang théi:
2 ()= —4x, () +2x5(8) 5 %8} = 2%, ()~ x, ()
a) Tinh ma trian qud dé
b) X4c dinh x,(#) va x,(0). Bigt: x,(0) =200; x,(0) =10
¢) Tim thdi gian x,(#) bing x,(¢)

CGs) _ w?
R(s) %+ 28w, s+

2,52 Cho ham truyén:

a) V& graph tin higu

b) Lap hé phuong trinh bién trang thai

¢) Tim c(t) biét didu kién dau tai t=1,

d) Va ¢(t) dng voi & = 0,707 va o, =1; r(¢) = 1{1)
2.53 Cho ma tran ham truyén:

%, (8) 0 1 0 x,(2) 0
W@ =1 0 0 1 w®i+l 0 |r)
x5(2) K 1 (N+T) x5(#) K

L Ty IT; nTn | LT |

a) Chuyén d6i hé phuong trinh bién trang thai vé dang ham
truyén vong h§ G(s) phan héi 4m mgt don vi v6i tin hidu vao la r(®)
va ra c(t). Bist réng ety = x,(8).

b) Tinh hé s6 khuéch dai K, theo gid tri biét trude coa hiang
sGthéigian T} va Tp.

2.54 Cho phuong trinh de tinh cta hé théng kin:
st+35%°+s%+9s+ 12=0
Hay xét én dinh cGa hé théng va cho bigt ¢6 bao nhidu nghiém
nim bén phai mat phing phde.
2.55 Cho phuo’ng trinh dic tinh cta hé théng kin:
a)  sP+2s*+25° +45% +65+8=0

b} st +453 +75% +165+12=0
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Hay xét 6n dinh va cho bi&t c6 bao nhiéu nghiém nim bén phdi
mat phing phic?
2.56 Hay vé qui dao nghiém s6 cia cde hé théng sau:

K(s+6)
Gls)=
a) Gl (s+2)(s% + 85 +25)
b) G{s)=——= (v theo tham 58 a) TN 2%~ 0 tai 5= 3,03
s(s+6)s+a) ds
_ K(s+3) _ K
) G&="2" D = e
K(s+1) K(s+2)
G(g)=—"""-7 G(s) =
@) Gls s(s +3)(s+5)% D s s2(s+3)
K(s+2) K(is+1)
Gls)=—"" h) G(s) =
&) Gls s —4s+20 * s(s+3)(s? +85+20)
. 24s+ K o . K
i) G(s)= TR k) Vé quy dao nghiém GH(s) = Gal?

1) 1- Dang quy dao nghiém x4c dinh R dé hé s6 dém ciia ca hé
thdng & > 0,6.

2- Tinh sy bién thién tdc d6 Aw gay ra béi tai AL {trang thai

xdc lap)
" Pidu tée Turbin Al{s) Hé thdng dign
R(s) 1 Am (s
{ ® Gils) = — 1 (s}
0.255 + 1 0258 +1 Ms 4+ f

- { M = 4000
— f=0,75

'

Al

2.57 Phdt biéu va chitng minh tiéu chudn én dinh Nyquist. _
2.58 Vé biéu d6 Bode, Nyquist, biu d3 pha, biéu dé dép ing qua dé
cda khéu qudn tinh b4c 1.

2.59 Vé bidu 48 Bode cia hé thong sau (dudng tiém c4n)

Gls) = __K(0,06s+1)
~ s5(0,025+1X0,015+1)%(0,045% + 0,485+ 1)’

(0<f<1)
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2.60 Cho hé théng c6 dang tdng quat:
Gls) = AsM + AsM l+ A+ Apge

B sV +BsN 4 +By

Hay cho biét gidi thuat dé tinh va va biéu dé Nyquist bing may tinh.
2.61 Cho mach dién hinh 2.26.
R, =100; kQ R, =10; kQ; C = 0,01F

.- c
i nll II
—
v Ry '
p— v - VG
——
IRl
Hink 2.26

Ding ngén ngit Pascal d&€ 14p trinh va vé bidu db Nqust trén
may tinh.

2.62 Cé thé€ dimg tiéu chudn 6n dinh Routh - Hurwitz d€ phéan tich
on dinh cta cdc hé sau duge khéng?

a) Hé di liéu lién tuc cd phu‘dng trinh dac trung:

st 4558 +252 +s+e ¥ =0
b) s +55° +3s% + Ks+K%2=0
2.63 Cho hai hang d4du bang Routh ctia phuong trinh béac 3:
s 2 2
s 4 4

Chon cdu tra 151 ding trong cdc cdu sau:
a) Phuong trinh ¢6 mét nghiém nidm § nia mat phéng phai cta
mit phing s.
b) Phuong trinh ¢6 hai nghiém nim trén truc jo:
s = j; § = —j, nghiém thif ba n3m & nida mat trai
¢) Phuong trinh ¢6 hai nghiém ndm trén true jw:
s = 2f va s = —2j, nghiém thif ba nim trén nita mit phing phai
d) Phuong trinh c¢é hai nghiém nim trén truc jo:
- 5 = 2f va —-2f, nghiém thd ba nim trén nia mit phing trdi
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2.64 Ung dung tiéu chudn n dinh Routh-Hurwitz xdc dinh tinh dn
dinh cta hé diéu khién kin dugc md td bdi cdc phuong trinh dac
trung sau. Xdc dinh 86 nghiém nim trén nita mit phai hay trén truc
jw cia timg phuong trinh d3 cho:

a) 53 +20s +10s+400=0 b) s +20s% +105+100=0

c) 25* +10s® + 552 +53+10=0 d) s*+25°+652+8s5+1=0

e) s%+55° +8s% +155% + 2052 +165+16 =0

) s*+2s%+10s% +20s+5=0
2.65 Doi vdi timg phuong trinh dac trung cha hé didu khién cé héi -
ti€p, hay xdc dinh K sao cho hé én dinh. Xdc dinh gis tri K d€ hé §
bién gi¢i §n dinh va tdn s6 dao dong coa hé:

a) s' +20s3 41552 +25+ K =0 b)s* +2Ks® + 22 +(1+K)s+2=0

© sP+(K+Ds? +Ks+50=0 d) s +Ks®+55+10=0

2.66 Ham truyén ctia hé diéu khién phén héj 4m mét don vi:

. K(s+2)
G(s).H(s) = RIS

Céc thong 8§ K va T duge bidu dién trong mét mat phing véi K
trén tryuc ndm ngang va T trén truc thing ding. X4c dinh ving én
dinh va khéng 6n dinh ciia hé kin trong mat phing hai théng s6 K
vaT.

2.67 Cho ham truyén hd cta hé didu khién phén héi Am mét don vi:
- K{s+5)(s+40) . b) Gls)= K(s +210)(s +20)
5°(s+200)(s +1000) s (s+2)

Ung dung tidu chuéin 6n dinh Routh-Hurwitz, xét 6n dinh ciia hé
kin nhu mgt ham theo K. X4c dinh gid tri K sao cho trong hé duy tri
duge dao dgng véi bién d6 khong d6i va tinh tdn s8 dao ddng.

2.68 Su 6 khdi cia hé didu khién méts ¢6 bd phin bdi 1a may phat
tdc. Tim gidi han cda K, d€ hé kin én dinh, sc d8 hinh 2.27.

a) G(s)=

R{s}

—R=

W, : 100  C{s)
| 10—

. Sis + 5,8){(s + 10)
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2.869 Cho so d6 kh6i cha hé didu khién trén hinh 2.28. Tim mién
trong mat phdng X - o dé hé én dmh (K n&m trén truc tung, o ndm
trén truc hoanh).

I oy [ s+a |- frise2y| e
*-p? 8 - a1 -

Hinh 2.28

270 Ha théng didu khién ndng d0 &-cdu 1-10 (H8 théng didu khién

tu déng) c6 ham truyén cda cdc khiu nhu sau:

B9 didu khién: G.(s) =2’628-—+9-’~1—'?-; an: Gy(s)=
- 10s s+ 1
. _sls+1) o
Bén khua'?r. | G(s)= 150"
Bg do néng do: Gy(s)=1/s

a) Xét 6n dinh hé théng véi t = 2.

b) Tim didu kién ctia © 48 hé én dinh. Néu ¥ nghia khau ¢ ™™
trong hé théng. |
271 Cho ham truydn hd mot hé didu khién tu déng phan hdi 4m mét
don vi: '

K
Gla)= sG+2)

a) Vé6i K = 20, tim 4§ du trd pha.

_ K Tl+D mo 7 adhe oo ha du trif 12 45° .
b) Néu G(s) = (0,55 + 1) 66,65 +1 Beop

K  (1/4,8)s+1
5(0,55+1) Tps+1

¢) Néu G(s)=

Tim T d8 hé c6 46 dy trit pha 1a 45°

0,628+9,1s
s{(1+508)

a) Dimg bifu d8 Bode xét 6n dinh cho hé kin. Tinh pha dy tra.

0,628+9,15 o
s(1+50s) ‘

2.72 Cho ham tmyén hé hé phiap héi am mdt don vi: G(s) =

b) Ciing c4u hdi nhu trén véi: G(s)...
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2.73 Cho hé théng hd:
K
(Ts+1)" :

Biéu d8 Nyquist tng véi n = 4 ¢6 dang
nhy hinh 229. Ap dung titu chudn
Nyquist, tim diéu kién cta K va T &8 hé
théng kin phan hdi 4m mdt don vi én dinh.

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

Hinh 2.29

2.74 Xét hé diéu khién trén hinh 2.30. Hay x4c dinh khodng bién
thién ctia K d€ hé én dinh. V& bigu dé Nyquist.

10

Cis)

szts +3)

R(s} 8 E{s) m__*'@
1-

I

Hinh 2.30

2.75 Xét hé hai vdng kin trén hinh 2.31. Viét phuong trinh vé dudng
cong Nyquist. Diing tiéu chudn &n dinh Nyquist d& xdc dinh v6i gid

tri nao cha K thi hé & trang thdi én dinh.

10

C{s)

52{5 +3)

FI[s) 8 E(s) m_’*® |
1-

L

Hinh 2.31

2.76 Cho ham truyén hé G(s) H(s) cia hé diéu khién kin phdn héi

dm mdt don vi nhu sau:
. 20
s(1+0,1s)(1+0,5s)

100(0+s)

a) G(H(s) =

b) G(s)H(s) =

s(1+0,1s)(1 +0,25)(1 +0,5s)

~ 10 - __8s-2)
- O OO = araaaios P Y T 66D
= 50 _ 3(s+2)
~e) G()H(s) = m D Gs)H(s) = s(s® +3s+1)
‘ol 1100

) G(s)H (s)

s(s+1)(s +s+1)

h) GB)H(s) =

s(s+1)(s +2)
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s% —55+2

i) G(s)H(s) =
D GlaH(s s(s® + 252 + 25+ 10)

© Vi€t phuong trinh v& dudng cong Nyquist cia GGwH(i® cho
® = 0, ® = «. Xdc dinh trang thdi 6n dinh cda hé kin. N&u hé khéng
on dinh, tim s6.cdc cye efia ham truyén & bén phai mat phing s.
2.77 Cho ham truyén G(s)H(s) cGa hé diéu khién phdn hdi 4m mot
don vi. Ung dung tiéu chuin Nyquist xdc dinh gid trj cGa K sao cho
hé én dinh. V& bifu d3 Nyquist G H(je) vdi K= 1 cho 0 = 0, @ = o
(st dung PC)

_ K _ K(s+1)
a) GLHG) =y B Gl H(s) = 5+2)(G+5)(+10)
2
o) GoHE)=—E8 2 g GoH(s) = K5+
s(s3+35+1) s(s® +25% +25+10)

2.78 Cho ham truyén hd phan héi 4m mot don vi:  G(s) = —.
{(s+5)
véi:n=2;n =3;n=4. V6 K = 1, v& biéu §6 Nyquist G(jo) cho @ = 0,
® — . Xdc dinh vimg 6n dinh cda hé kin cho ting trudng hgp.

2.79 Cho cdc biéu dé Nyquist cia ham truyén GGwH(w), w = 0,
® = oo clia hé diéu khién kin phdn héi 4&m mét don vi. 86 cdc cuc trén
truc jo va bén phai mat phing s d4 chi ra cho méi truong hop trén
hinh 2.32. Ung dung tiéu chufn Nyguist xem hé kin ¢6 én dinh
khéng. Ky hiéu: '
P, - s6 nghiém cyc phai cia phuong trinh dac trung hé kin
I+ G(s)H(s). _
P, - s6 nghiém cifc n3im trén truc do jo cia G(s)H(s)
Z, - 33 nghiém zero nim bén phdi mit phing phic sd cia
G(s)H(s)
P, - 85 nghiém cyc ndm bén phai mit phing phitc s§ caa
G(s)H(s)
Z_, - s6 nghiém zero n3m bén phai m#t phdng phdc s6 cia

I + G(s)H(s). Chiéu mii tén 12 chiéu gidm cia o.
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jimGH jimGH 3
GH-plane GH-plane
0 ¢o
W = \ -0
a) -2K 0 ReGH b} 2K ' 0 ReGH
P,=3,P, =0 ‘ _ ' P, =2,Py=0
jimGH i ) ’ jimGH §
GH-plane . " GH-plane
/-\ 0o w-»0
) -2K / [0 Rean : 2K o= 20 Re GH
C
-0,5K d)
T P,=0,P,=2
0
P, =1,P=0
Hinh 2.32

2.80 Cho c4c biu d6 Nyquist G(jw) (@ = 0, ® = =) ¢6 dang nhu trén
hinh 2.33. Hay x4c dinh tinh dn dinh cGa hé kin va s6 nghiém phai
néu c6. Biét ring hé hé khong ¢6 nghiém nac nim bén phii mit
phing phiec s6. '

o Im ' tm } o m

@ o0
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2.81 So d8 khdi cha hé diéu khién ¢6 phin héi nhu hinh 2.34.
a) Ung dung tiéu chufn Nyquist xdc dinh ving K dé hé én

dinh.
b) Kiém tra lai két qud cdu a bing tiéu chuin én dinh Routh-
Hurwitz.
2 @~ (G - @[
P AN
(8 +4)s +5)
Hink 2.34

2.82. Cho so 48 khéi hé didu khién déng co DC nhu hinh 2.35. Véi
gid tri nao clia K thi hé én dinh, theo tiéu chudn Nyquist. Cho ba
trudng hgp K, =0; K, =0,01; K, =01 '

-R{s} ® E(s} ® 10 1 Cis)
S+ - II]'—’ - ' 1+0,1s8 - 0,0152 -

-

Hinh 2.35
2 83 .Cho hé didu khién phan héi &m mgt don vi c6 ham truyén hé:

K(1+0,25)(1+0,1s)
s2(1+5)(1+0,01s)®

G(s) =

1. Xay dung biéu d8 Bode vi Nyquist cia G(w)/K va xc dinh
mién K d€ hé én dinh. Ding chuong trinh MATLAB.

2: Xay dung quy dao nghiém cia hé cho K > 0. Xdc dinh céc gia

tri cia K va o tai diém ma & d6 quy dao nghiém cit truc jo (dung

‘chuong | trmh qui 'dao nghiém s6 va Muller).

2.84 Dung tiéu chufn &n dinh Routh-
_Hurw:tz xét xem hé théng didu khién

phin hdi trén hinh 2.36 ¢6 6n dinh khéng : Hinh 2.36
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do1 véi cdc ham truyén sau:

160 3s+1
G ————— b) Gs)=
») Gla)= s(s® +8s+24) g s2(300s2 + 600s + 50)
24 B 0,2(s +2)
e) Gls)= s(s+2)(s+4) d) Gs)= s(s +0,5)(s +0,8)(s +3)

2.85 Cho hé théng diéu khién d9 sau tau ngdm nhy sau:

RA(s} + 2 '
-—u—®—> K,=0,1 Gis) = (:"'“ - Ls- Gz}
(s* + 0,09}
[ = 1)
IH(s)—ir.

Hinh 2.37 _
Dung tiéu chuidn 6n dinh Routh-Hurwitz xét xem hé ¢6 én dinh

vGi cdc théng s6 da cho hay khéng.

2.86 Dung tiéu chudn 6n dinh Routh-Hurwitz, xét xem hé théng didu
khién hdi tiép ¢ hinh 2.38 c6 6n dinh hay khong?

Fi(s} ® E{s) L 'L(Sl.l l__ :: —

-—®<—-+—-
R(s} % 10 ) Cis)

Hinh 2.38 ‘Hinh 2.39
2.87 Céc hé thong diéu khién tu dong dang duce phit trién khéng
ngung trong nginh van tdi dudng sdt. Mot hé thing giao thong
dudng sit cao téc duge ca nggi nhidu dang hoat déng 6 Nhat. So @6
khéi tuong duong cia hé théng phanh ty déng thudng gap trong cic
xe lia cao t6c nhu hmh 2.39.

a) Xic dinh bidu dé tin hiéu SFD (SFD- Signal-Flow D:agram)
vé graph tm hneu va thach lap phdcrng trmh dac tinh ciia hé théng.
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b) Sir dung tiéu chudn Routh-Hurwitz, xdc dinh gi4 tri cho phép
ciia hé s& khuéch dai K, d&€ hé théng &n dinh. Gid st cdc théng s&
khic duge cho sau day: K; =1, K, =1000, K3 =0,001;a=0,1;b = 0,1

2.88 Sif dung tiéu chudn én dinh Routh-Hurwitz. Xét xem hé théng
didu khién phan hdi & hinh 2.40 ¢6 én dinh hay khéng?

R{s} 1+ 10 Cis)
‘—"1@,'_' T"_'l®_' s(1+5)
L]

Hinh 2.40

2.89 Bing phuong phdp tin s& Nyquist, hdy xét xem cdc h¢ théng
héi tiép biéu dlén b&i cdc ham truyén Gio)H(Gw) dudi diy ¢6 6n dinh
khéng?

' ) 10
a) G(_)OJ)H(J(D) “a+ Jo)(1+ 2j0(1+3jw)

' N 10
b) GUH(jw)= Joll + jeoX(1+10j)

10

. ) . ) =
c) G(J_m H(jo ()21 +0,1jo)1+0,2jw)
d)  GUDH o) = :

(*(140,1jw)(1+10 jw)
Khéng cin vé chinh xdc gid tri Gjo)H(jw) d6i v6i moi tdn sd, chi
nén xdc dinh mot vai diém cdn thiét.

2.90 Bing phuong phdp tdn s8 Nyquist, hdy xdc dinh xem hg théng
minh hoa & hinh 2.41 ¢6 &n dinh hay khéng?

2.91 Xét xem hé théng minh hoa & hinh 2.42 ¢6 6n dmh hay khong
bing tidu chudn tdn s§ Nyquist?

Rjw) 10 Cliw} R{ja) ® 10 Clin)
+®L_ jof1 + jo} _ + ' - jcuz[1 + ju)

Hinh 2.41 o " Hinh 2.42
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2.92 Ham truyén vdng hd cGa mét hé théng phan hdi 4m don vi duge
10

s2(1+5%) _

a) V& dusng cong Nyquist cho hé théng didu khién nay. |

b) Hé théng 6n dinh hay khéng én dinh? Néu hé khong dn dinh,
hiy x4c dinh 86 nghiém ndm bén phai mit phing phae. .

2.93 Ham truydn vong hé cia mét hé théng phdn hdi 4m mot don vi
10

$2(1+5)? |

a) Vé dudng cong Nyquist cho hé théng diéu_ khién nay.

b) Hé théng dn dinh hay khéng én dinh? Né&u hé khéng én
‘dinh hdy x4c dinh 86 nghiém nim bén phai mit phing phde.

2.94 St dung MATLAB, v& biéu d6 Bode dic tinh tdn s& bién d8
bing cdc dudng thdng tiém cdn (don vi'dB) va dac tinh pha (don vi
d6) coa céc ham truyén sau:

20
s(1+0,55)(1+0,1s)

50(0,6s+1) 7,5(0,25+1)s+1)
 sf(ds+1) s(s® +165+100)

Gid sit G4(s) va Gg(s) bidu difn ham truyén vong hd cda hé
thdng phan héi 4m mét don v; Xde dmh d{") dy trir bién d6 va pha &
cduavab. ;

2.95 Cho s dé khéi tuang duong trén l}inh 2.43.

cho nhu sau: G(s) =

dugc cho nhu sau: G(s) =

252
{1+0,45)(1+0,04s)

a) Guls)= b)) Gyls)=

e) Gols) = d) Gy(s)=

01

- Ris) + | x4 1 o Cls)
o . —_% (14-0,28}' , .' . - g s . -

Hink 243

B a) Vé bléu aé Bode vé xﬁc dinh tﬁn sﬁ' cﬁt dﬁ du trit b:én dﬁ va
80 dy 8 pha Ihi K = 10.

. D EEplhicua ne‘u K gidm xuo'ng mgt nda K = |
e, Lq,p 1a1 cau a T K tang ién gﬂ'p 48i K 20
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d) C6 két luan gi vé nhing két qud thu duge.

2.96 Cho hé thdng diéu khién phdn héi trén hinh 2.44.

A(s) +
—R— o [——| G o

1— H{s) -

Hinh 2.44

a) Dang tiéu chudn én dinh Routh-Hurwits, xét xem hé théng
trén c¢é 8n dinh hay khéng v6i cdc ham truyén sau day:

=3 e H|
GA(9) =225 Op(e) = (s OO =
b) Lap lai cdu a. véi cdc ham truyén sau déy:

5 _, -2 -
GA(S)—‘—_"_"Z", GB(S)— =3 3 H(S)

s+ 5
¢) Ban rit ra duge két luan gi vé sy &n dinh tif k&t qua cdu a,b?
d) P4p ting ngd ra c(t) § cAu a va cdu b sé khéc nhau véi cing
kich thich ngd vao phai khong? Giéi thich két ludn cda ban.
' 2.97 Xé4c dinh khoang gié tri thyc, duong cla hé khuéch dai K 48 hé
théng trén hinh 2.45 én dinh trong nhing diéu kién sau:

a) Ha thong phan hdi duong.  b) Hé théng phdn héi 4m

Ri{s) *® £1(s} K Cs)
(s+1){s+2}s+3) -

Hinh 2.45

2.98 Cho hé thong ham truyén hé:
C(s) - 10K (s+2)
R(s) (s+3,72)(s 0,361 + j1,6)(s- 0,361~ jl 6)

Gh (s} =

a) Xét én dinh hé kin phén héi A&m mdt don vi v6i K = 10
b) V& qui dao nghiém 86 khi: —o0 < K < 400



42 CHUONG 2

2.99 V& qui dao nghiém s8: —oo < T < 400
80T T

7 —=0 ta1 -1
s(s+2)(s+1+j5,92)(s +1-j5,92) " ds M

G(s) =

2.100 Tim cdc géc tiém cén va diém cdt cia tiém edn véi truc thue
cua quy dao nghiém s6 cho cdc phuong trinh (pt) sau v6i K bién thién
tir —eo dén oo,

a) s'+45°+55% +(K+10)s+ K =0
b) $*+55% +(K+2)s+K=0

¢) s2+K(s*+3s2+25+10)=0

d) 24252435+ K(s®-1)(s+3)=0

2.101 Cho ham truyén sau, tim géc xuit phat hoac géc toi ctia quy
dao nghiém s0 tai cdc nghiém cuc va zero.

a) G(s)H(s) = ——KS—2~ ; goe tai (K<0) va goe xuat phat K50, s = j.
(s+D(s* +1)
b) G(s)H(s) = Ks ; goe téi (K<0) va goée xudt phat K50, s =
(s—1¢s*+1)
c) G(s)H(s) = K ; gbc xudt phat (K>0) tai s = -1 + .
s(s+2)(s% + 25+ 2)
K

d) G(s)H(s) = ; g6c xudt phat (K>0) tai s = ~1 + j.

s2(s% 425+ 2)
2.102 Phuong trinh dic trung cua hé diéu khién tuyén tinh da cho
nhu sau. Xay dung quy dao nghiém 86 v6i —o0 < K < 4oa,

a) P43 +(K+2s+5K=0; b) s®+s2+{(K+2)s+3K=0

©) s* +(K +3)s? +(K +1)s? + (2K +5)s +10=0

d) s* +85% +165% + K(s? +45+5) =0 _
2.103 Cho ham truyén hé cta hé didu khién phan héi 4m mét don vi.

 K(s+3) _  dk

s(s+5Xs+6)(s® +25+2)" ds

Phu’(mg trinh déc tinh:. :
s +133 +54s +82s +(60+K)s+3K 0

a) G(s) = = 0 tai s = 5,53
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Hé sd khuéch dai gidi han K, =313

K K(s? +25+10)
G = . I ——me
b) Gls) s(s+2)s+5)s+10)’ ©) G(s) s{s+5)(s+10)
K(s®+4) K(s+4)
d) Gis)= : Gis) =
) E) = 670 O T T B 6Nt 1 st d)

Xic dinh quy dao nghiém —eo< K <+eo. Tim gid tri cia K dé hé
56 (dao ddong) tit cha hé kin dat 0,707.
2.104 Cho hé théng nhus hinh 2.46.
Ris} + 20 Cis)

| Ts(s+ 145 + 4)

I —[re e ]

Hinh 2.46
Phuong trinh dac tinh cia hé théng kin cho cau b

3 +5s% +45+20=0

¢6 ba nghiém cuc la —5 va +;2
a) Xéc dinh gi tri cia k sao cho h¢ s6 tdt cha hé § = 0,4; w, =5.
b) Vé quy dao nghiém sd theo k; 0 S kb < +oo.
¢) Tim dép vng cf?) khi diu vao 12 ham béc thang don vi.
2.105 Cho hé théng nhu hinh 2.47.

— P
m (s + A)s + 1}

1

a) Vé quy dao nghiém 50 khi 0 < K<

Hinh 2.47

b) Tim K, dé€ hé 6n dinh.

2106 Cho ham truyén hd ciia hé nhu sau:
Kis+a)

= 5 5 {a>0;, b>0)
s(s—b)(s“ + 28w, s+ wy)

G(s)

9K _ 0 tai 0,46 va -2,22

ds
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véi: a=b=1;, £E=05va o, =4.
2) Tim mién cia K d&€ hé n dinh.
b) V& qu§ dao nghiém s6 vdi 0 € K < oo,
2.107 Cho hé thdng nhu hinh 2.48. Vé quy dao nghiém s8 khi 0 € K < e,

Ris) + ® ' K R C(s)
' s{s +4)(sz+ 45 +13) o

2.108 Cho hé théng nhu hinh 2.49. V& quy dao nghiém s6 khi 0 < K < oo

R{z) + Kz + 1) C(s)
—— T
% 8°(s +3,8) . :

Hinh 2.49
2.109 Cho hé théng nhu hinh 2.50. V& quy dao nghié¢m s8 khi 0 < K < .

Ris) + K{s + 0,4) C(s)
81 &°(s +3.6) o

2.110 Cho ham truyén he: G(s) =

Hinh 2.48

Hinh 2.50

s(s+0,5)s% +0,85+10)

His) = 1._

Vé quy dao nghiém s6 khi 0<K < oo
- 2.111 Cho hé théng nhu hinh 2,51,

- o C('s)' .
a{s + 1}z +2)

.. Hmh2sr
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a) X4c dinh gi4 tri cia K sao cho hé s§ tit £ = 0,5 va vé QDNS
0SS K <4oo.

b) Xéc dinh c(t) véi K tinh & (a) va tin higu ddu vao ]2 ham bdc
thang don vi.

2.112 Cho hé thdng nhu hinh 2.52.

Ris} + s+ 14 + 10
- @ $+5 ® s(s + 1)
T Ks

s—q'-'lo

Cts}

Hinh 2.52
a) V& quy dao nghiém 86 khi 0 <-K < <.
b) Véi gia tri ndo cia K thi hé s§ tit cia hé kin £ =0,5. Tim sai
& xdc 14p v6i gid tri K da tim; cho r(t) = 1(1).
2.113 Hé didu khién phan héi 4m mét don vi ¢d ham truyén hd:

K , _ K
$(1+0,025){(1 +0,055) b) Gls)= s(s +1)(s+2)(s+5)

X4c dinh quy dao nghiém g6 khi: —o < K < 4o, Tim gid tri cia K
tai tdt cd cdc diém tach va nhép.

2.114 Hé diéu khién phan hdi 4m mdt don vi ¢6 ham truyén ha:
K ; ﬂf__ =0tais=—-2
s(s +4)(s® +45+20) ds

a) V& qu dao nghiém s6 khi —o < K < 4.

b) Tinh K d§ & = 0,707, dénh gid chd yéu bling cap nghiém phiic
quyét dinh cia phuong trinh dac trung hé kin. ' '
2.115 Cho hé th6ng nhu hinh 2.53. Cho K = 100, phuong trinh dac
trimg ciia h8 kin 1a: &® +255 + (100K, +2)s+100=0. Xdc dinh quy

dao nghiém s§ khi 0 SK, <oo.

a) G(s) =

G(s)=
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N{s})
J C{s)

R(s) + ®Es_’..®_' s’{sK+25) "
L m—

Hinh 2.53

2.116 Ham truyén hd ctia hé diéu khién phin hdi mét don vi:

G(s) = V& quj dao nghig¢m s8 clia phuong trinh dac tnmg hé kin:

(s+5)"
—o < K < oo, vdin = 1; 2; 3; 4; 5.
2.117 So d6 khéi cGa hé diéu khién phan héi téc d8 trén. hinh 2.54.

" sz[s+5}
-— |

Hinh 2.54

a) V& quy dao nghiém s6 cia phuong trinh dic trung hé kin
o< K< +eov6i K, =0.

b) Gia sd K = 10. V& quy dao nghiém sé cia phuong trinh dac
trung —o < K; < +oo,

2.118 Ham truyén hé cda hé didu khién: Gts) =&;::—)(iw;—32
S\5" —~

a) Vé quy dao nghiém s cho: —w < K< 40 véi w=5
b) V& quy dao nghiém s6 cho: —w < ot < 4e0 vdi K = 10
2.119 Cho ham truyén hé diéu khién vdng don:

K -
Gls)= §2 (s+1(s+3) ’

a) V& quy dao nghiém s ciia: 1+ G(s)H(s), cho: 0 <K< .
b) Liap lai véi H(s) = 1 + 5s.

H(s) =1
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10 ,
sHs+1s+8)°
H(s)=1+Tys. Vé quy dao nghiém s6 clia 1+G(s)H(s) cho 0< T <.

2121 Ham truyén hé cia hé diéu khién phan héi don vi:
K(s+a)
Gls) =
s%{(5+3)
(=0 < K < +=) ¢6 diém zero, mét di€m va hai diém tdch, diém nhap
riéng biét, khéng k& didm tai s = 0. V& quy dao nghiém §0: —oo < K < +eo,
cho tit ca ba trudng hop.
2.122 X4c dinh thé loai v6i ham truyén sau (ddnh gid theo béc
nghiém cuc ndm trén tryc jo):

2.120 Ham truyén hé didu khién mot vong: G(s)=

. X4c dinh cdc gia tri o 48 quy dao nghiém s&:

a) GWHB =550 LR

b) GRS = 5 oozt
¢) GH(s) = gg(f%f(i_ﬁ)

d) GH() L%%

2.123. X4c dinh sai 86 ham bac thang, Ramp va parabolic cda hé diéu
Kkhién phan héi &m don vi, véi ham truyén hd da cho:

1000 100
G(s) = b) G(s)=
a) Gls) (1+0,1)(1+10s) * s(s® + 105 +100)
K 100
Gis)= d) Gis)=
©) GGs) 51+ 0,15)(1% 0,55) s 52(s% +10s +100)
1000 K(1+2s)(1+4s)
e) Gls) s(s +10)(s +100) s s2(s% +5+1)
9.124 Cho ham truyén hé ctia hé didu khién c6 phén hdi 4m 1 don vi:
Gls) =_s(_1%°g_°1—). Dénh gia sai s6 cha hé thong. X4c dinh sai s8 xac

13p caa hé véi tin hidu ddu vao:
a) r(t) = @+t +5:2)u,(8); b)r(®) =0 +sin5th, ®): e) rit) =cosl0tu, (t)
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2.125 Cho so dé khai:

' Cis}
R(s) + 8 E(s) E_’® Gy(s) = :D - .- i s_r

i

Hinh 2.55

So d6 khdi cia hé diéu khién nhu trén hinh 2.55. Tim sai s§ cGa
ham bgc thang don vi, ham Ramp, ham parabolic.. Tin hiéu sai s6 Ia
e(t). Tim sai 86 ctia hé theo cdc K va K, v6i tin hidu ddu vio:

a) r=u,(); b) r=tu,(®); © rlt)= (" /2, (t)

. 2.126 So dd khdi ciha hé didu khlén ¢6 hdi ti€p nhy hinh 2.56, e(t) 12
tin hi¢u sai léch.

a) Tim sai s8 cia hé theo K va K, khi vé6i tin hidu ddu vao 13
ham Ramp. Tim diéu kién cho K va K, c6 gid tri. Gia thiét n(t) =

b) Tinh ddp dng ra c(t) v6i n(t) 1a ham b4c thang don vi. Gid

thiét hé 8n dinh, r(p) = 0
lN(s)

+ K Cis)
®_’ £(s + 25) o
'
Hinh 2.56
2.127 Cho s 46 khéi nhu hinh 2.57.

R{s) + E(s)

‘N(s) o

. B8} + Efs) | sa+a + Kis+3) | -
o '? 18 __.-®—. s®-1

LR ‘:""‘-"_3 : f“ Bonate Tl R H‘”h 2.57
3 : 1'0'1 r(t) tin luéu dﬁu vao; n(t) - tin hléu nhidu.
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a) Tim gid tri cia e(2) v6i n(t) = 0 va r() =tu,(t). Tim diéu kién
cda o va K sao cho &1 gidi ¢6 gid tri.
b) Tinh c(t) v6i r(t) = 0, n(t) =u,(t).

2.128 Ha didu khién tuyén tinh khi tin hidu ddu vao 13 ham 1(t). Tim
ham truyén cda hé thit miu bic 2.

125 '-

1'0 \\___/Avﬁ—-_:—-
it

"-,o 0,01 lisec]

Hinh 2.58
2.129 Cho ham truydn hé cia hé didu khién c6 hdi ti€p Am:
K )
G(s)=—————— v6i a va K 1a cac hé sd thue.
(s) s(s+a)(s+30) v ’ ’

a) Tim gi4 tri cia a v K sao cho hé s8 tit £ = 0,5 va th&i gian
ting tdc ciia ddp dng bac thang don vi gin bling 1 sec, cho:
;- 1-0,4167¢ +2,917¢2

-
W,

; (0<E <)

t.- thii gian tang tdc gdn ding (rise time)
Véi gié tri cia a va K da tim, x4c dinh thdi gian ting tdc thue.
b) Véi gis tri ctta @ vi K d4 ¢6 § phén a. tim sai 8§ cfia hé véi tin

hidu ddu vao 12 ham béc thang don vi vA ham Ramp.
2.130 Cho so 3 khdi coa hé didu khién tuyén tinh nhu hinh 2.59.

Ris} + ® E{(s) N Kis~1) C{s) N
T_ s(is+1)(z+2)

a) Bing phuong phdp thi sai sd, tim gid tri cia K d€ phuong
trinh dic trung cé hai nghiém thye bing nhau va hé dn dinh. Sk
dung chuong trinh Muller tim nghiém phuong trinh dic trung.

Hinh 2.59
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b) Tim dép dng c(#) véi ddu vao la ham bdc thang don vi, v6i K
da tim & phan a, cho diéu kién ban d4u bing khéng.

¢) Lap lai phan b, v6i K = ~ 1.
2.131 Cho so db khdi cia hé didu khién tuyén tinh trén hinh 2. 60.
Cdc thong sd ¢d dinh cda hé: T = 0,1; J = 0,01: K; = 10.

N,is)

-
R(s) E(s) K, + 1+ | S8
— & lIl—-@——t_ —-é— e

Ks |=

Hinh 2.60

a) Khi r(t)=tu,(t) va ny(#)=0, tim biéu thitc d4nh gid sai s&
xdc ldp 12 ham cta K va K,. Tim giéi han cia K va K, d€ hé én
dinh.

b) Gia sif r(t) = 0. Cdc tham s6 K va K, ¢6 anh hudng nhu thé
nao dén gid tri cha c(t) ¢ trang thdi xdc l4p véi tin hidu nhidu
ng($) =ut)? .

c) Gia sif K; = 0,01 va r(¢) = 0. Tinh K theo diéu kién nhiéu dnh
huéng dén hé thong la nhd nhat hoac triét tidu, véi n, () 1a ham bac
thang don vi. Tim gid tri nay cia K, Hé ¢6 thé hoat dﬁng vd‘l gmi trl
nay cia K khong" Hay giai thich tai sao.

d) Gia s v6i gid tri ciia K da chon & cdu ¢ hé dat duoe yéu cdu
lam viéc. Tim gid tri cia K, d€ nghiém phic cda phuong trinh dic

trung ¢6 phéan thyc 1 (-2,5). Tim ba nghiém cta phuong trinh dac trung.

2.132. So dd khdi ctia mét hé didu khién hudng bay duge mo ta nhu
hinh 2.61,

N(s)

LI ® E(s) -_.® J:T;(:B:T) Cls)

. -... . Hinh261
dl':.'r( ) 13 tin’ h1éu déu vao N{s) 1a tin hidu nhidu diu vao.
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Muc dich clia bai nay 14 nghién ciu tac dung ciia b diéu khién Ge(s).
a) Gia st Gp(s)=1 va n(t) = 0. Tim sai 58 cia hé véi r(¢) 1a ham

bédc thang don vi.

b) Gia s Gls) =12

. Tim sai 83 vdi r(t) 1a ham bac thang don vi.

¢) Duy tri d4p vng bdc thang don vi trong khodng 0<t<0,5 vdi
Ge(s) da cho & cdu b va o = 5; 50; 500. Gid st didu kién ban diu
bing 0. Ghi lai gi4 tri vot 18 circ dai cia cft) trong méi trudng hop (s
dung mdy tinh d€ tinh d4p dng ra).

d) Bat r(t) = 0 va Go(s)=1. Tim gid tri x4c l4p cha ddp dng ra
e(t) khi n(t}=u,()=10).

e) Gia si Gc(s)=s+—a. Tim gi4 tri xdc l4p cia ddp dng ra cft)
s .

vt n(t) = u, () = 1(2).

f) Khao sat ddp dng ra trong khoang: 0 <t < 0,5 sec , vdi Gp(s)
cho trén cdu e. Khi r(2) = 0 va n{t)=u,(#), a = 5; 50 va 500. Diéu
kién ban d4u bing 0. :

g) Nhén xét dnh hudng cia bién s6 « trong bd diéu khién G (s)
lén dap ung ra c(z), khi tin hidu vio 1a r(2) hodc () =u,(t).

2.133 Cho hé théng nhu hinh 2.62 va ddp dng ra trén hinh 2.63.

&ty

12541 "7>‘e% =25,4%
141 \/A\_/""

Rts) ® _ K Cis)
'_ s(Ts + 1)

0 1,=3sec

Hinh 2.62 Hinh 2.63
Tin higu vao 12 ham bac thang don vi. Tinh K va T sao cho d4p ing
- d4u ra dat d9 vot 18 25,4% tai thoi diém ¢, =3sec, hé sd tit £=0,4. (theo

tiéu chudn 2%).
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2.184 Cho hé théng kin nhu hinh 2.64. Cho J = 1Kgm?; tin hiéu vio

12 ham bée thang don vi. Tim K va k cia hé sao cho dt‘) vot 16' cia
d4p tng qud d¢ béac hai dat 25% tai thdi diém ¢ = 2sec.

R(s) ®-- El_‘_i_’ Cis) - R(s) ’v‘ _1;51 Cis)
wl—

Hinh 2.64 | . Hinh 2.65
2.135 Cho hé thdng nhu hmh 2.65. Tin hiéu vo r(t) 1a ham béc
thang don vi. Tim d4p dng quéd dé clt).

2.136 Cho ham truyén G(s)= — L

ms* +bs+ k
thoi diém 2sec Tin hleu ddu vao 1a (1) = 2.1().

Xﬁc dinh m, b, k cia hé. Tinh sai sd x4c 14p (SSXL)?
2.137 Cho so dé ha théng nhu hinh 2.66. Tim dép dng ddu ra c(t) khl
d4u vao 1a ham béc thang don vi.

fi(s) wo | c® "Ris) 16
-8- s{(s+2)| - - F®- |sts + 0,8

. D vot 16 POT = 9,5% tai

Cis) N

1 g+1 | _ t 1 +ks |-
Hinh 2.66 - Hinh 2.67

2 138 Cho so d8 khai nhu hinh 2.67.

a) Xdc dinh gi4 tri cia k 4€ hé 6 tit £ = 0,5.

'b) Tim 44 vot 16 va thai gian xdc 14p khi tin hiéu vio 14 ham bic
thang don vi rn(®) = u, (t) = 1(¢), tinh theo hai tidu chuffn 2% va 5%.
2.189. Cho mét hé tha’ng dung dé dmh vi mdt tai trong dugc mod ta
nhu binh 2.68.

a) Xdc dl‘nh sa: 36 xac l&p kh1 tin lnéu dﬁu vﬁo la ham n&'c c6
_ _blén dﬁ bhng 10 -

b)_ Nen gua ad{G(:s) nhu‘ thé' nao dé’ glﬁm sai i 86 xéc 1ap xua’ng .
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G{s} =

5

Cis)

(s +1)D,58 + 1)

I

Hinh 2.68

s} + 8 a(l} _

t

10

s{d + s)

Hinh 2.69

2.140 Mot hé théng diédu khién hdi ti€p 4m m6t don vi ¢6 ham

truyén cho bdi: G(s)=

10(s+1)

2(0 1s+1)(s+85)

hé théng d6i v6i tin higu vao r(t)=4+6¢+8¢2,
2.141 Cho hé thﬁ’ng didu khién c6 s¢ d3 khsi nhu hinh 2 69.

a) Xdc dinh sai a8 xdc 14p khi tin hiéu vao 12 ham r(z) = 10z

. Xdc dinh sai 86 xdc l4p cha

b) X4c dinh sai s8 xdc lp khi tin hidu vao 1ar(f) =4 +6¢+ 3¢2.

2.142 Mot ra da mat d4t ding dé phat hidn cdc muc tiéu mdy bay rét
chinh xdc. So 48 khéi cia truc goéc phUO‘ng vi clia ra da nhu hinh

2.70.

| R{8) + = El9) O.i'(s ] B 1 Cis)
s ‘8)_. G} s —— | = -
o ' ) ® 8 +0.1) Gl s{s + 0,5)
) Hinh 2.70

X4c dinh sai 66 xdc 14p cia hé thdng khi:

a) r(t) = 10t; -

b) ) =10¢+6£2.

© 2,143 Cho h& théng ¢6 so 45 nhy hinh 2.71.

X4c dinh sai 86 xdc lp ldu ﬁfl' hiéu vao la:

a) r(t) = 100;  b) r(B)=12¢%;

| H{s)+85(a) o

4

(5) = —24

) é(s)_

. SN0+ 1)

Hinh 2. 71

c) r(t)=20+100¢+12¢>

Gi(s

A e
Lo

10(0,28 + 1)

Cla)

S(s + 10,48+ 1)

{

' 2.144 Cho ha théng diéu khién nhu hlnh 2.72.
- Xée dmh sai 86 xA¢ l4p e(#) khi tin hiéu vao la:

-~ a) () =

- 10¢;

‘b)) r(t)= 2+4t+st2

Hinh 2.72

c) Nén sita 46 G(s) thé nao a4 sai sé’ xhc ldp cu b glém xufng
 bing khﬁng"
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2.145 Cho hé théng diéu khién nhu hinh 2.73.
X4c dinh sai s6 xdc 14p khi Ris) +

' i —-.-?—. Gis) = —2 SE,
tin hidu vao la: - 54 + 5)
a) r(t) = 10¢

b) r(t)=4+6t+3¢> Hinh 2.73

e) r{f)=4+6¢+3¢% +18°

2.146 Cho phan ti¥ ¢c6 ham truyén dat: G(s)= TSK+1 . Tim ddp dng qua

46 clia né d6i vdi ham Ramp r(t) = ¢.
2.147 Hay tinh va vé ddp dng qua 4§ cha khiu bac 2:

1
0,045% +0,25+1

Gis)=

Véi ddu vao 14 ham béac thang don vi r(¢) = 1(2).
2.148 Cho hé théng nhu hinh 2.74.

Hay tim dap ing quad d6 khi ddu vao 1a r(2) = 1(2).

Ris} 20 C(s) R(s) Cis)
§¥+23+5 ®-

Hinh 2.74 Hinh 2.75
2.149 Ding phuong phdp Laplace nguge d€ tim ddp dng ham qud dé
hé théng sau, khi r(t) = 1(); Gie)=-—aiit 2 _
: {(s+1)¥s+3)

2.150 Cho hé théng trén hinh 2.75.

40

G(8) = ———— .
0,1s% +0,7s+1

a) Hiy tim gi4 tri sai s§ xdc 14p khi ddu
vao 12 ham b4c thang don vi. : .

b) Hay tim gi4 tri sai s§ xdc Iﬁp khi dﬁu vao 1a ham Ramp.
20

Als) {s)
O350 5+ 1) ®——m——-

Hinh 2.76

- 2.151 Cho hé thé’ng Gis)=

: ~“x FERR TN TEoarie i
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Hay tim gid tri sai s6 xde 1ap khi ddu vao la ham bae thang don
vi va ham Ramp.
2.152 Cho hai hé théng c¢6 s8 lidu nhu trong bai 2.144 va 2.145. Hay
x4c dinh biéu thic cla sai s6 xdc 1dp khi ddu vao bién thién theo
ham: r(f)=20:>+20t+1.

2.153 Cdc tiéu chuan chat lugng qué trinh didu khién. Do vot 16, thoi
gian xdc lap 1a gi?
2,154 Cho hai he théng nhuhinh 2.77a, b. Bau vao la: #(?) = 10u(?) = 10.1(1).

rit) 100 cft} ity +

25+ 5

100 | <
25+5

a) b}
Hinh 2,77
a) Xdc dinh thoi gian cdn thiét d€ d6i véi hinh 2.77a, b gia tri
clia c(t) dat tdi 80% gid tri xdc 14p vdi K, =0.15.
b) Xdc dinh K, dé hé ¢ hinb 2.77b dat téi 80% gid tri xdc lap
trong 100 msec.
2.155 Cho hé théng c¢é ham truyén dat:

2
_Csy - ;

TRis) s +%w,s+0l

G(sy

Hay viét biéu thuc tinh & va ©, sao cho d vot 16 14 5%. Thoi
gian x4c 14ap 1a 2sec (theo tidu chudn 2%).
2.156 Cho hé théng nhu hinh 2.78. Hay tim gi4 tri K va K, sao cho
hé kin thda min bén yéu cdu sau: ' '

a) £ =0,5; b) Thdi gian xdc 14pTs <2 sec

c) Ky 250; d) 0<K,<1

Afs} + K Cis) r(s) ® K c(s)
——-(8 )——-» - i —_ -
t i s{2s + 1} ' s{s + a)

||$ + Kt,sll
Hinh 2.78 o ' Hinh 2.79
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2.157 Cho hé thdng nhu hinh 2.79.

a) Tim K, a d& hé s& suy gidm é:% va o, =5 rad/sec.

b) Tinh cft) v6i K, a 44 tinh & phén a; r{) = 1(¢).
2.158 Cho hé théng nhu hinh 2.80.

" Ris) . K, Ky " C{s)
®_ m ®' - | 1+Ts {1+ T,5)s -E—“—'

l[ Kes 'I

Hinh 2.80 .
K,=573; K,=10°; K, =50; K,=10"; 7} =0,005sec; T, =0,05 sec

a) Xét 6n dinh khi khéng c6 may phdt tdc Kep = 0.
b) X4c dinh Kz tir diéu kién 6n dinh.
2.159 Cho hé théng nhu hinh 2.81.

Hé 36 sai s6 van tdc:
' Ky = lim  3.Ga(s).G(s)
S50 '

Xdc dinh Kp va K, sao cho: R(s) «E(8)

T E
. R . .,,-r...s Sl ss+t0) [ ] -
.a) Ky =1000; £=0,5 I SO L -

b) K, =1000; £ =0,707

¢) Ky=1000; E=10 _
2 160 Hiéu chinh h¢ théng tu dong nhim muc d;ch gl‘? Y nghla cua
vide hiéu chinh sém tré pha.

2.161 Y nghia cta vidc hidu chinh bing cdc khau PD PI PID

2.162 So 8 khéi cia mot he didu khién v6i b didu k}nén tuﬁn tuf bt
hmh282 'Iimhémtmyéncuabédxéuk]né’n Gc(s) saochoersg '

n(s) E(8) § 100 C(sz
G =
®~t n'_' _ -(’)_ se®+ 1051000 |

R A ' Hinh 25;.;_,33’ .

Hinh 281 -
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Ham truyén kin cia hé cé dang:

C(s) - K
R(s) (s +20s+200)s+a)

M(s)= , vOi a va K12 s6 thye.

2.163 Hé didu khién véi ham truyén qud trinh loai 0 1a G,(s) va b
diédu khién PI nhu hinh 2.83.

Ris) +8 E{s} L ' Gls) = 100 Cis)
t— il I "+ 108 + 100 -

Hinh 2.83

a) Tim gid tri cua K; sao cho Ky = 10.
b) Tim gi4 tri cha Kp d€ phén 4o cGa nghiém phdc phuong trinh dic
trung hé kin 4 15 rad/sec. Tim cdc nghidm cia phuong trinh déc trung.

¢} Phdc hoa duong nét cac nghlem cua phuong trinh dac trung
v6i gid tri cia K, da duge xdc dinh & cdu a cho 05 Kp < ap.

d) Tim gid tri caa K; dé Ky = 100

e) Vi gia tri ¢ K; phdn (a), tim Kp gi¢i han dé hé én dinh. V&
quy dao nghiém s6 cia phuong trinh dic trung, cho 0<Kp <.
2.164 Hé didu khién ty dong véi ham truydn dsi tugng loai 0 12 Gp(s)
va b didu khién PID nhu hinh 2.84.

T R(8) +eonElS) 3 100 1 ce
GF(S)= -
—'—"?Q._.K”K"(s“ 8 s 4+ 108 + 100 |

¥

Hinh 2.84

Thidt. ké bd didu khién PID sao cho théa méan yéu cdu chat
hrcmg Kv 100, th¥i gian ting tdc < 0,01sec va d§ vot 1§ < 2%. Bidu
dién ddp u?ng_ bac thang clia hé da thiét keé.
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2.165 Cho hé thdng nhu hinh 2.85.

r{t) a(t) uft) c{t)
——>®—> Bd diéu khidn Béng co —

Cam bign
Hinh 2.85
~Tus
Ham truyén ctia dong co nhu sau: Cts) =< =G(s).
Uisy l1l+1s
Thai gian tré: T, =0.2scc; t = 0,2sec; e ™° = 1 —.
Tys
1+Ts+ g

a) Gia sit bé diéu khién 12 bo didu khién PI ¢6 ham truyén la:

G.(s)= Uts) —K +-t LS
E(s) s

- Tim gia tri cia K; sao cho K, =2. Xdc dinh

gid tri cia K, d€ dd vot 16 clia dap ting bac thang don vi 1a nhé nhat.
b4 vot 16 1a bao nhidu? Vé ddp dng c(t).
b) He trén dupc hoan thién hon khi sir dung bb didu khién PID c¢o ham

truyén: G, (s )—U(S)ﬁK Kﬂs+£ Yéu caw: Ky =2 va do vot 16 < 5.
E(s) s v

Hay xdc dinh gig tri cva K. K, va K;. Vé cft) khi ddu vao 1a
ham béc thang don vi. Biéu didn duéi dang phép tinh gdn dang chudi
liy thita. (Thai gian tré T, =0,2scc).

2.166 He diéu khién kiém ké duge md ta boi phuong trinh trang thai:

dx dx,
_.._-_-_.2 t ; — !
p Xy {1) . 2u(t)

véi: x;(£)- mide ki€m k&; x,(8)- téc do bdn cta cde san phdm

uft) - toe d9 san xuit.
Phuong trinh ddu ra 13 c(t) = x,(t).
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Pon vi thdi gian 1 ngay. So dé khéi cia hé kin diéu khién cho
& hinh 2.86. B6 diéu khién 1a bd PD, G(s)=Kp +Kps.

R
(=) +8 E{s) 6o U(s]_= ats) Cis)

Hinh 2.86

a) Tim cdc thong s6 cda bé didu khién PD, Kp va Kp d6 cac
nghiém clia phuong trinh dic trung la s = -1 va s = —-2. Vé dap dng

qud do eft) va tim d6 vot 16 cyc dai.

b) Tim cdc gid tri clia Kp vA Kp d8 46 vot 14 cuc dai cha dap ung
qué 46 cft) bé hon 2%.

2.167 So dé khéi ctia hé diéu khién ch4t 1ong md ta trén hinh 2.87.

R(s) + 10N C{s)
Ko+ K -
® * Pof s(s + 1)(s + 10}

Hinh 2.87
S6 161 vao (s6 18 hdp nap nhién ligu) ky hiéu 1a N. Véi N = 20,
hay thist k& by diéu khién PD sao cho théa man cac diéu kién: 4
vot 16 biing khéong va bé duge lam ddy dén mde dat trong thdi gian
nho hon 2,5 giay.

2.168 S¢ 48 khoi cta hé didu khién loai 2 véi trudng hop ¢6 bo diéu
khién Gc(s) nhu hinh 2.88.

+ : C
R{s) ® Es) | Gels) = Ko + Ko Uisy :o 000 (.ﬂ;
5(s + 10)

Hinh 2.88
Thist k& b6 diéu khién PD sao cho: d6 vot 16 < 10%; th¥i gian
ting toc < 0,5sec.

‘a) Lap phuong trinh dic trung hé kin, xdc dinh mién gid tri cla
Kp va Kp dé hé 8n dinh.
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b) V& quy dao nghiém s§ cia phuong trinh dic trung véi Kp = 0
va 0 < Kp < oo, VE qui dao nghiém 86 khi 05K, < v cde gid tri cd
dinh cha Kp trong khodng tir 0,001 dén 0,01.

¢) Thigt k& by didu khién PD théa cdc diéu kién da cho & trén.
Sd dung cdc théng tin cho bdi quy dao nghiém s& cdu b. trong qu4
trinh thi&t ké. V& ddp dng cf).

2.169 Cho hé diéu khién nhu hinh 2.89.

Ri{s) + E U
__s’..®i, oot ® I e Cls)

Gia s bé diéu khién sém pha cé dang: G, (s)-—

Hinh 2.89

1+aTs

> 1. Xdc

dinh gia tri cGa e va T dé 46 vot 1§ < 5%. _
Vé quy dao nghiém sd vdéi T va a 12 cdc théng s8 thay déi.
Vé ddp ding qua d6 khi ddu vao 12 ham bac thang don vi.

2.170 Xét bo diéu khié€n me nude trén hinh 2.90. B§ didu khién sém

1+aTs

pha: G_(s)= e ¢ 1. Chon gi4 tn cia a va T dé nghlém zero
g

cua Gp(s) triét tiéu nghiém cuc cia G(s) tai s = ~ 10. Hg 36 tét cua:
hé dugc thiét k& bing 1. '

R(s) + E{s} .
— 8 el Ko+ Kys 1000 il
. 8{s + 10)

’- ol 85}
. ' Hink 2.90 | .
2.171 Xét by didu khién troilg- hé& diéu khién muc nuée & hinh 2.91.
1+aTs

i Bﬁ dxéu Khién s6m pha Gulo)= P > 1. Cho N = 20. Chon cdc

1+Ts
gxé tn cha-a va T dé zero cia Gcfs) triét tidu cuc clia G(s) tai ¢ = -1:-
va 4§ vot | 16 ddu ra cda hg 1a phé nh&'t,. Gid. tri cda a khong vugt quéd
. 100 Hléu qua ciia bd bir s6m pha lén he thé'ng nhu thé' nao?
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R{s} + E(s) 10N c(ﬂ_
8_ Ko + Kos s(s + 1){s + 10) "
1 Gefs) G(s)

Hinh 2.91

2.172 Xét by diéu khién trong hé didu khién muc nudc ¢6 didc tinh
1+ aTs

]

tré pha: Go(s)= < 1; N = 20. Chon céc gid tri cta e va 7' dé

~ phuong trinh d_ac trung ¢6 hai nghiém phic, tuong dng véi hé so tit
0,707. V& @4p ing d4u ra cft), khi ddu vao 12 ham béc thang don wi.
2,178 B4 didu khién qud trinh cGa hé diéu khién phan hdi mét don vi

c¢6 ham truyén: G(s)= Ham truyén ciia b3 diéu khién:

s(s+ 5)2 .

1+“Ts . Heé s8 tdc d@ Ky =10.

GC (s)=

a) Thiét k& b diéu khién sém pha (e > 1) sao cho dé vot 16 nhé
hon 30%, ¢§ gdng gidm dén t&i thi€u. Vé dap dng ra cia hd thiét k&
khi ddu vao 1a ham béc thang don vi.

b) Thigt k& bg diéu khién tré pha (a < 1) sao cho phuong trinh
dic trung c6 hai nghiém phic tuong ¢mg hé s tit gan bing 0,707. Ve
d4p dng cha hé thidt k& (r(2) = 1(¢) va so sanh db vot 16 v6i phén a.

¢) D& hoan thidn hon, ngudi ta dimg ci 2 bo s6m va tré pha.

G.(s)= 1+aTis Y 1+bTps ;a>1l;6< 1.
1+Tis § 1+Ts

Sir dung g:&‘tr; cliaa va Tag cﬁu a cho a va Tl

Xdc dinh cdc gi4 tri cda b va T, sao cho cde nghiém phie cia
phuong trinh ddc trung cla hé duge hiéu chinh tuong \ing ¢6 hé s
téit 0,707.

Xide dmh czic nghiém ¢ia phuong trinh dﬁc tnrng va vE dép ung
dﬁu ra kh: dﬁu véo 1a hﬁm bic thang ddn Vi
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2.174 Cho hé diéu khién tdc d6 dong co mot chidu hinh 2.92 ¢6 dang
vong khéa pha nhu sau:

- Toc do dat: f. =120 vong (xung)/sec
- HSKD ca bd dd pha: K, = 0,06 V/ xung/sec
- Hé s6 khuéch dai (HSKD): K,= 20
- HSKD cita bd cam bién téc dé: K, =572 xung/rad
- HSKD cia bé dém: N=1
C(s) _ 10

Ham truyén cia dong co: =
m truyén cua dong E (s) s(1+0,05s)
E,(s) _1+R)Cs

a G'é st ham truyén cia bé loc: G.(s) = = ;
) Gi uyé & loe: G, (s) E6 - RCs

Véi: R, =2.10°Q; C = 1pF. Xdc dinh gid tri cla R, sao cho cdc
nghiém phifc cda phuong trinh dic trung c6 hé s6 tit 16n nhat.

Vé quy dao nghiém s& khi: 0< R, <ce.

Hay tinh va v& ddp dng qud d3 chia déng co £,(¢) [xung/sec] vdi
gia tri R, dd tim duge, khi tin hiéu dat 1a £.(5)=120 [xung/sec].

1+aTs
i a
1+ Ts

b) Gia st ham truyén cda bé loc: G,(s)= > 1.

Véi T = 0,01 tim a sao cho phuorng trinh die trung cé nghiém
phiic dat hé s6 tdt 16n nhat.

Tinh va vé ddp dng qua 46 £, (¢) cha dong co khi tin hiéu dat: 1a
£ (1) = 120 [xung/sec).

R(s) ® | :I (5)| ~| EO(S)I " IE.{s}| Motor] C{s_)_*

.. 1
_L_.....l . L

Hinh 2.92
2,175 Cho sc d3 khéi ham truyén hé didu khién d6ng co mét chidu
phin héi tachometer trén ‘hinh 2.93. Tim gi4 tri cia K va K, sao cho
Ky =1. H¢ 88 tdt cia phuong trinh diec trung tuong ng la & = 0,707.
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Néu ¢6 hai két qua chon X lén hon.

Ais) E(s) ® ] K Ci{s)
®_ i s(s + 1){s + 10)
Hinh 2.93
10
Geo(s)= Kp .

2.176 Cho hé théng nhu hinh 2.94: G(s)= ————;
s(s+1)(s+10)

Cis)

R{s) 8 Eis) - 8
[ |

Hinh 2.94

a) Tim gid tri K, khi khong ¢6 khéu phdt t6c Kpr =0.
b) Tim gid tri K, v3 Kpr sao cho hé n dinh théa man
Ky =limsGls)=1 va h s6 tht & = 0.707.

2.177 Cho hé théng nhu hinh 2.95. Hay x4c dinh b bu sém pha sao cho
hé théng cé cap nghiém quyét dinh véi § = 0,5 va w, =0,2 rad/sec.

* Cis)

Fi{s} ® Eis} | -
. £
T R

2+1

Hinh 2,95

2.178 Cho ham truyédn hé clia hé théng:

G.(s) = 1+aTis 1+bTys

1+T;s  1+Tps

Gis) = :
(8) = 17 0.1s)1+0.25)

véita>1; b<l; K=100
a) V& quy dao nghiém s8 G(s) khi 0 £ K < +e; G.(s)=1.
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b) Khau higu chinh s6m — tré pha G.(s) duge méc néi tiép véi -
G(s) nhim muc dich gi ?

1+0,2s 1+9,75s
1+0,005s5 1+300s

K = 650 va doi dugc nﬁhiém cdc clia hé Gg(s)G(s) sang trdi xa hon
khi Gg(s)=1. Hay giai thich cdch chon théng s6 hiéu chinh va lap
bidu thic i:inh T,, b néu chon a = 4, T, =300. V& quy dao nghiém s6
G($)Ge1(5); 0 < K < 40 d& gidi thich cdich chon.

c) Chon: Gq(s)= =Gy (8).Gpz(s) dat & = 0,707 &

2.179 Cho h# diéu khién dugc mb t4 trén hinh 2.96.

H

R( + E( ® U .. -~ Cis}
> ®_:L . (s :’ 2¢w,) —
[k= 1

- +
Ka f G{s)
Ge(s)
Hinh 2.96

v6i ham truyén hé: G, (5)=Gc($)G(®); Ge(s)=K,+Kps; Gis)=—200_ (1{:0100)
S8

Chon gi4 tri K» sao cho hiing s6 sai s6 vén tdc bing 1000.

Thay d6i gia tri clda K, tir 0,2 dén 1 véi mdi bude tang la 0,2 va
xdc dinh d¢ dy tri pha, 46 du trit vé bién dd, Mp va ddi théng cia
hé kin. | _ :

Tim gid tri cia K, v6i 48 dif trit pha 16n nhdt (dat gid tri max).

2.180 Cho hé diéu khién v6i bo diéu khién PD, ham truyén hé:

200

Gy (8)=G(s)Gls) véi = e e
4(8)=Ge().Gis) v6i Gel(s) = Kp + Kps; G(s) 5+ 15 +10)

Thay d61 KD tir 0 dén 0,5; tun gid tri cha. K, d€ do du' trit pha
dat gid tri max. '
| T’i'nh 89 dir tra blen ao, M , va ddi thong.
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2.181 Cho bj diéu khién PL Ham truyén hé Gy(s)= Gg(s).G(s). Vdi:
100

s> +10s+100

Chon K; sao cho K, =10. Tim gid tri cia K, sao cho d¢ dy tri

pha la nhé nhat.
Tinh 48 dy trit pha, &, du trit bién d4, M, va dii thong.

Ge(s)=K, +£’— vk G(s)=

2. 182 Cho ham truyén hé hé: G(s)= C(s) _ K(1+0 2s)(1+0,025s)
E(s) s*(1+0,01s)(1+0,0055)

a) Vé gidn d8 Bode véi K = 1. Bié‘t w_p =258 va w_, =7717.
Tuong dng véi L(w_,) 12 —69 va -85,5. °

b) Dya vao két qud ciu a. x4y dung bidu d6 Nyquist cho hé
K = 1. Xét én dinh hé kin phan héi 4m 1 don vi.

¢) Vé quy dao nghiém s8 0 < K < +oo.
d) Tinh hé s§ khuéch dai gidi han.

K(1+Ts)

2.183 Cho ham truyén hé: G(3)=m .

Vé quy dao nghiém s§ vdi 2 théng s6 thay ddi X va 7.

2.184 Vé dic tinh tdn s§ Nyquist cho hdm truyén sau véi K = 1. Tim
K

K dé€ hé én dinh theo tidu chudn Nyquist GH(S) = SSrSah

2.185 Cho hé th6ng: ess%=0,1%; POT%=10%. Thiét k& khau hiéu
chinh tré pha G, (s).

C(S)

| _0O.t
S+0,1

G(S)




Chuong 3

HE DIEU KHIEN TU DONG PHI TUYEN

3.1 Néu mdt vi du v& hé phi tuyén, tinh chat va cdc dac tinh phi
tuyén dién hinh.

3.2 N6i dung cda phuong phap mit phing pha.

3.3 Viét chuong trinh bing ngén ngd Fortran d€ vé va khao sit quy
Cisy_ 4

dao pha cla hé bac hai: Gy (s)= =
P “ R(s) s%+s+4

V61 diéu kién ddu c(0) = 2,5: ¢0) = 0.

3.4 Khdo sit va dn dinh héa hé role bsc 2 bing phuong phdp mit
phing pha.

r{t):O@ 8 X1 &ty |Fool 1 e | 1 cit)
d t_ — -2, s 8

—{=1
Hinh 3.1
a) Xét 8n dinh khi a = 0.
b) Néu tdc dung cia phé_n héi 4m tfc d§ «. V& quy dao pha va
viét phuong trinh dudng thing chuyén déi.
@) Hiu chinh phi tuyén ¢ mach phdn héi 4m tdc d6 c6 dang nhu
th€ nac dé role chi chuyén d6i mgt 14n?
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3.5 Ban chat phuong phap tuyén tinh héa didu hoa. Tim ham mo ta
cua kbau role 2 vi tri ¢6 dac tinh nhu hinh 3.2

F{x) | Fix)
Z == —
Z, ———
X -Xa x
0 o X,
-Z,
—rriii d — ] Z‘
Hinh 3.2° _ Hinh 3.3

3.6 Tim ham mé td cha khau role 3 vi tri khéng c6 tré (H.3.3).
3.7 Tim ham ma ta cda khau role 3 vi tri ¢6 tré (H.3.4).

2l
Zlhe o
X X X Zfe- :
L XX — X, X, ' i
N
-]z | -4
= L -] .zn
Hinh 3.4 Hinh 3.5

3.8 Tim hé s6 khu&ch dai phic (ham mé t4) cha khau phi tuyén,
tuyén tinh héa timg doan nhu hinh 3.5.

3.9 Tim hé s6 khuéch dai phic eda cde khéu phi tuyén sau:
a) Khuéch dai ¢6 viing bdo hoa (H.3.6a).

b) DPic tinh khe hé (H.3.6b).
¥ h oy

- T
L=
F-9
n
oo
-
1
R
Y
.\
LY
LY
F-.
[+.]
ot

Hinh 3.6
3.10 Tim hé 88 khuéch dai phuc cia cdc khau:
a) Trigger Schmidt (H.3.7a).
b) Him F(X)=X? (H.3.7b).
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Fid § im F(x)
Z!
X, o] X O Re O b 4
2) X, b) -
e 1A = 1
Z, ot N{A)
_— N{A) A=
Hinh 3.7
3.11 Cho hé thdng cé so db khai (H.3.8a).
Fix)
Zh e —
=9 C) Fix) oft) X, P
‘—'?—'-——- | o) |1 o
—l -z
a a
) b)
B sti+ Tsy
N - 1a ki higu hé s& khuéch dai phuc cda khau phi tuyén trong hé thdng
Hinh 3.8

N ( Xl'll. )

Tim diéu kién khong ¢é dao dong trong hé phi tuyén:

4Za cos ’ 2.
= Z:};“:‘a; cosor = I_X_ii x(t) =X, sinw?

3.12 Cho hé théng cé s0 43 khéi trén hinh 3.9a.

F(x)

2 r—
= Fo Cis) X x

—-?—-—-— &) [ s
a) =1 b)

K
Gisye— o 2: Ty=
{5) = e Tayt+ T8 K=02 T,=0.2 sec; T,=2 sec

N(X) —glm'_.;.“, ﬁ;;x-% A—«’)S(; x.(l) =X sinwt
a

. RAX, . .
N 1A ki hiéu hé s6 kKhuéch dai phic cia khau phl luyén trong hé théng

Hinh 3.9
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Hay tinh bién d6 X, va tin sd dao déng ® clia hé & trang thdi
cAn bing. ‘
3.13 Cho hé thdng c6 so dé khdi trén hinh 3.10a.

Gis) = _ 100 Fix)
s2(1+Ts) s2(1+58) Lr—-17—
=0 O e k] e TR X, x
% LN TG o x.
a) —7T*

Hinh 3.10
a) V& dudng cong Nyquist G(jw), khi khéng ¢6 khau phi tuyén hé
kin ¢6 én dinh khéng ?
b) Xét 6n dinh hé phi tuyén, biét hé s§ khudch dai phic cha
khéu phi tuyén.
%ﬂ; sina—-;“ VoL X@y=X,, sinwt .

m m

~ 3.14 Cho hé théng ¢6 so dd khéi hinh 3.11.

N(X,)=

— - G0C quay

K
s{Ts + 1)

Gis) =

[um|s1; U, =sinX
Hinh 3.11
Xét hai trudng hgp Uy =0 va Uy =1.

a) Viét phuong trinh bién trang thdi cho hé phi tuyén.
- b) Xét 6n dinh tai trang théi can bing r = 0.
¢) Khi x nhd (sinx=x) viét phuong trinh bién trang thdiwosi r=0.
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8.15 Cho hé thong c6 so 36 khéi trén hinh 3.12.
F{x}

Fix}
L S o Ty St

Hinh 3.12

Xét 6n dinh tai trang thdi cdn bing (r(¢) = 0) theo phuong phdp
quy dao pha va phuong phap Liapundv.
8.16 Cho hé théng c6 so d6 khéi & hinh 3.13..

Hy=0 x Fix} e(t) K
e % )—-’III m —t  G(8)=——
Afw) o “_ C(s) (8) Ts+1

Hinh 3.13 .
Tim diéu kién dfu cia X.F(x) dé hé én dinh & trang thdi can
bing r(t) = 0.

3.17 Cho hé théng ¢6 so dd khéi hinh 3.14.

W =0 x Fix) Cis) Koy
—-(?}-- [ as) f——= Gio=
4 El_'-— o T8+ T8+ )Ty + 1)

T,=05s8¢; T,=02sec; T,=0.438c

Hinh 3.14
a) Tinh K khi coi N = 1. Ky hiéu # - tuyén tinh.
b) F(X) 1a ham 1é don tri n&m trong gée [0, K]; K =K, Kpr. Tim

diéu kién ham F(X) dé hé 8n dinh tuyst d5i & trang théi can bing
(tiéu chusn Pépdv).

3.18 Cho hé théng cé s dé khdi hinh 3.15.

F=0 X 10k Fx) 10 cit)
- -~4.10 B8{0,15 + 1}
r{t) = 20sin10t

Hinh 3.15
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a) X4dc dinh hé phuong trirth bién trang thdi
b) X4c dinh dao déng cudng bidc trong hé
3.19 Cho hé théng cé so 46 khéi hinh 3.16.

=0 X F{x) cll)
— [~ ] o G= L

Hinh 3.16

Cho F(x) 1a ham 1& don tri ndm trong goc [ 0K = F—;’(—)] Tim

diéu kién cia K =F(X)/X d& hé 6n dinh § trang thdi cdn bing. Gid
thiét ban ddu F(X)/X =1.

3.20 Cho hé thong c6 so dd khéi hinh 3.17a.

F(x)
K
Gis) = Zf--——
F(x) .
e I . T
—_—l -z
a) a h
Hinh 3.17

K=10; Z,=10; X, =1; r(t} = 8sin20¢

Tim nghiém dao ddng cudng bitc x(#)=X,,sin(20t+¢) trong hé
(tinh X, 0.
3.21 Cho hé théng c6 so dé khdi hinh 3.18. Tim diéu kién 0n dinh
ctia hé & trang thdi cAn bing. F(X) 1a ham 18, don tri F(X) = -F(-X),
xac dinh ddu caa X.F(X). )

=0 X FiX)t K 1 X |1 clt)

Hinh 3.18
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a) Hé phuong trinh bién trang thai.

b) Chon ham V(x,,x,)>0 sao cho V. V< 0 v6i moi x,, x,. Két
ludn vé ddu cda X.F(X) d€ én dinh.

3.22 Cho hé théng c6 so d6 khdi:

f Fix)
z' ‘SN
=0 Fix}
K -Z,
G(s)=—"
32

Hinh 3.19
a) Xdc dinh hé phuong trinh bién trang th4i

b) Chon ham V. Xét 6n dinh ciia hé & trang thai can biing
3.23 Cho hé théng c6 so dé khéi trén hinh 3.20.

F(x}

Z - —
) = X Fal  k, K, 1] e X, X
®f - EI 14Ts [ fIsiterg| | i - 9 x
— =&
4Z . X
N=-1-r-x—:cusa; smu=—x—:—; Ky=5; Kp=300; T,=2sec; i= 7500; T,=0.2gec

Hinh 3.20
- &) V& dudng cong Nyquist cho hé hé tuyén tinh.
b) Che Z,=6; X, =01 tinhgaétnbnéndﬁvatz‘inso'daodﬁng
X, sinw¢ trong hé ph1 t.uyé'n o

| ¢) Kiém - 151?15f d:éu hén lec ya t:m diéu Jnén cho khau phi tuyén
d€ khong e6 dao déng -
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3.24 Hé phi tuyén c6 so d6 khéi hinh 3.21.

F(X) "' Kﬂ
Zyfe = =g
o+
£
r Fix) cft) ’
=0 X .
m=9 .:‘ “ " . X il o e
- ’,’ xl
L [’
—lten 7, .
¥, ’
G(s} =

(T3 426, Tys+ N(Tia + 25, To5 + 1)
Hinh 3.21
Cho: K, =4, €,=0,5, 11 =5, £,=0,05, T,=1,25, Z,=1, X, =2.
a) S dung tiéu chudn &n dinh tuyét d6i coa Pépév, xét n dinh
& trang thdi cdn bing.

b) Tim @ s6 khusch dai gi6i han cho h¢: K = Kpp.K 3 Kpp = ;'?, ,
3.25 Cho so d6 nhu hinh 3.21a véi: G(s)=——— .
(s+1)s+4)?

Khau phi tuyén N 12 ham 1é don tri ném trong géc [0, K]. Xac
dinh gid tri hé s8 khuéch dai gidi han K,, cho hé phi tuyén.

3.26 Lap lai bai 3.25 voi: G(s)= 5 -
s(s+1)

1

3.97 Cho s¢ dé kh6i nhu hinh 3.21a véi: G(s)= ———.
: s{s+1)s+2)

Khau phi tuyén N 12 ham F(X)=X?. Hay xét én dinh cia hé.

3.28 Hop gidm t8c c6 dac tinh khe hé véi X, =1, a=45°.

F{x)

w/Uf

Hap gidm t5c

-+ F{x)

Hinh 3.22
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a) Tim hé s6 khuéch dai phic cia hop gidm tée N =~F%Q .

b) Hay tinh bién d6 va t4n s6 dao dong trong hé.

3.29 So d3 cho & hinh 3.21a véi: G(s)=—0210
s+ (s +2)

Tinh bién d6 va tdn s6 dao déng trong hé vdiG(s) = - il}' Fix)
5

cho & hinh 3.23.

Fix) Fiq)

S —

1 -—
0 X 11 o 1 x
— -] -—
- -5
Hinh 3.23 Hinh 3.24
3.30 Lap lai bai 3.29 néu: G(g)=——_1 . F(X)= X3
s(s+1is+2)
3’6‘0‘13

3.31 So d6 khéi cho & hinh 3.21: Gis) =

2s+1
a) Tim hé s8 khuéch dai phic coa khau phi tuy&n ¢é dic tinh:
F(X) - Trigger Schmidt (H.3.24).
b) Tinh bién d va tin s6 dao ddng.
3.32 Cho vi du vé& hé didu khién ty ddng ¢6 si dung ddc tinh phi
tuyén Trigger Schmidt. V& so db khéi va gidi thich hoat dong.
3.33 Mgt hé tdy dong c6 so d8 khdi nhy hinh 3.25.

W=0 o) K
—*%—‘ G
- ' s(s + 1){s + 2}

Hink 3.25
Khau phi tuyén N ¢6 dae tinh khe hé o =45°, X, =1.
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a) Vé6i K = 4, xdc dinh bién d6 va tdn s6 dao déng.
b) Tinh gi4 tri hé sd khuéch dai gidi han cho hé.
¢) Tim K d€ hé ¢6 do du trit vé bién dj nhé nhét 12 2 dB.

K(1+3s)

3.34 Lam lai bai 3.33 cho: G(5)=————
s(1+2.ls)2-

K(1+5s)

3.35 Lap lai bai 3.33 v6i: G(s)=~ec———5
s(1+1,67s) _ 1 Fx)

3.36 Cl‘lo sd d6 khoi nhy hinh 3.21a. /
O o %

X
17
G = - X
(@) s(1+0,58)X1+0,1s) /

Khau phi tuyén N ¢6 X, =1; o=45°(H.3.26).

Dimg MATLAB v& biéu dé bién d¢ - pha [dB - d3]
cho hé.

3.37 Ha phi tuyén ¢6 so dé khéi nhu hinh 3.25: Gis) = 11'5 '
s(l+g})

N - 12 khau phi tuyén c6 dac tinh khe hé a=45°, X, =1.
" a) Sit dung MATLAB vé biéu d6 bién do - pha [dB - degrees] cho ha.
b) Tim bién do va tdn so dao dong.
3.38 Hé da cho & hinh 3.25, néi tiép thém khau higu chinh G.(s) véi
Gls) (H.3.27). Tinh o, T ciia Khau hiéu chinh sao cho hé 6n dinh.

'm=° { o f—= ~ ]——‘_i{.t.).
v

Hinh 3.27

3.39 P& khir dao dong trong hé cho trén hinh 3.25 ngudi ta su dung
s0 46 hiéu chinh nhu hinh 3.28.

=0 et}
5T +S

Hinh 3.28
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a) Tinh b sdo cho hé én dinh.
b) Ding MATLAB va (-1/N) va G(jw).H(jay.
3.40 S¢ 44 cho nhu hinh bai 3.39:

O oaT
N - 12 khéu phi tuyén khe hé a=45°, X, =1.
a) Tim bién d6 va tdn s6 dao déng khi 6 = 0.
b) Tinh b sao cho hé én dinh va ¢6 d6 dy trit pha 12 20°.

3.41 Ding phuong phdp thit hai cia Liapunév, xdc dinh didu kién én
dinh ciia hé duge mé ti bai phuong trinh vi phén phi tuyén:

) + Kli(ty + 201+ K, a2t +x() =0
Né&u: a) K,>0, K,>0
b) K, <0, K, <0
¢) K, <0, K,>0.
3.42 Tim ham mé ta cho khau phi tuyén sau (H.3.29a):

. a) s
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3.43 Cho hé phi tuyén:

S |

K

al

s{1 + s/10)(1 + s/25)

Hinh 3.30

a) Tim gi4 tri t6i han K, d& hé ¢6 chu trinh téi han.

b) V6i K =2K,, tinh bién 85 va tdn s6 dao ddng cha chu trinh

t61 han.
3.44 Cho hé phi tuyén:

R=0 £

w|—

w|=

Hinh 3.31

Vé quy dao pha: A=1, x(t=0)=3,y(t =0} =0
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HE PIEU KHIEN TU DONG ROI RAC

4.1 Tim ham truyén dat rdi rac G(z) cho cédc d4i tugng sau:

a

a) G(s)=
s{s+a)

; b) G(,ﬂ:i; c) G(s) = ~ a
_ s+a $°{(s+a)

4.2 Cho hé théng nhu hinh 4.1.

R E{s) T c
{s) 1-e (=)
© T=1sac 3

Hinh 4.1
Hay tim ham truyén dat hé hé khi:

; c) G(s) =__K._
s(s+a) (s+a)s+b)

4.3 Cho hé théng nhu hinh 4.2. Hay tim ddp dng qud d¢ khi diu vao
12 ham bic thang don vi.

Rz} . Ciz)
’:‘ - G(z) = z+0,5

1- (z+0.2)z-05)

a) Gis)=——; b) Gs)=
s+a

Hinh 4.2

4.4 Cho hé thdng trén hinh 4.3. Hay tim dép ung qud 49 khi ddu vao
12 ham bje thang don vi.

R(s) 1-e™} | a C(s)
®- I: ] s s+a o

1 T=1gec

Hinh 4.3
4.5 Cho hé théng trén hinh 4.4. Hay tim ddp tng qud d4 khi didu vao
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13 ham béc thang don vi.

A(s) 8 ?‘ 1. e-n | os Cis) -
t = Tut -3 s{s + 0.5)

Hinh 4.4

4.6 Cho hé thong nhu trén hinh 4.5. Hay tim dap dng qué d6 khi dau
vao 1a ham bée thang don vi.
RA{2) o) C{z) Gle) = z2+04
{z-0.3){z-0.8)

Hinh 4.5

4.7 Cho hé théng nhu trén hinh 4.6. Vi didu kién nao cia K thi hé
théng luén én dinh?

R{s) 1-¢" K C{s}
5 sis+ 1}

1  T=1sec

Hinh 4.6

4.8. Tim ddp dng qud do 4di v6i ham béc thang don vi cho cac hé

) . 0,32
thé « t dat sau: a) Gg(2)= :
ong c6 ham truyén dat sau a) Gx (@) (z-0,2)(z~0,6)

0,322 ) Gx(2)= 0,32

b =
Y Grl2) = oNz-0.8) z(2-0,2)(z-0,6)

4.9 Cho hé théng nhu hinh 4.7.

[
LY, o X ey ey O e S
l

Hinh 4.7

1
s(s+1)

Cho: G(s)= ; T = 0,1 sec; D(z)=K

a) Hay tinh ¢, khi d4u vao 12 ham bac thang don vi.
b) Hay tinh e, khi ddu vao 13 ham Ramp.
4.10 Cho hé théng nhy hinh 4.8,
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e et oy 0 o W

Hinh 4.8
K
Cho: G(s)= ; T=1sec; K=4.
s(s+1)

a) Xét 6n dinh hé rdi rac khi khéng ¢6 khau Z.0.H.
b) V& qu¥ dao nghiém s6 va tinh X ¢ Cho trudng hop (a).
¢) Xét 6n dinh khi ¢6 khéu Z.0.H.

.11 Cho ham: G(z)=— 2(2+0.4)
4:11 Cho ham: G(z) (z-1(2-0,3)(z~0.8)

Tinh C, véin = 0 + 5 theo hai cdch khéc nhau.

4.12 Cho hé théng nhu hinh 4.9: G(s) = K ; ; T=2sec.
) 8(5+1)

a) Tinh K, khi khéng c6 khau dinh hinh Z.0.H.
b) V& quy dao nghiém 86 cho cau a.
¢) Vé quy dao nghiém sé cho hé khi ¢6 khau Z.O H.

) VA ey (o 1"
L

Hinkh 4.9

4.13 D& do nhigt d9 tir 0°C dén 70° C ngudi ta ding cam bién LM334
c6 dién 4p ngd ra tir 2 ,73 dén 3,43V tuong dng. Muén dua dién ap
1ngd ra cim bién vao bd bién d8i tuong ty sang 86 ¢dn 0 + 5 V. Hay
tinh hé a6- khué'ch da1 cdn thxé't cho bé dém 1LSB = 20mV P$ nhay

‘clia cAm bién LM334 Ia 10mVl° Kelvm (0°C 273°K) I-Iay tinh ma
nhi phan cho nhigt ds khﬁ'ng ché’ ta1 15°C 40°C v& 60°C
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2 C{Z) 0,1
4.14. Cho ham truyén: Gy (2)= = :
v K R(z) 22-1,32+0,4
T = l1sec; r(z) = 1(z). Tinh c¢(nT)

Xé4c dinh thoi gian qud do dé dat sai s6 5%.
4.15 Cho hé théng nhu hinh 4.10.

R e D

" :
G(s)= ;oy=01; =0, ; T=
(5) s(Ts+ 1) y=01, T,=0.05 sec; T=0,2sec

Hinh 4.10
a) Xét On dinh clia h¢ khi K= 100. b) Tinh X,,.

4.16 Cho phuong trinh sai phén ctia hé s8:
en+2)+5cm+1D+3cm)=rin+ 1)+ 2r(n

a) Tim ham truyén hé s6 Gy (2)= C) .
R(z)

b) Thanh l4p hé phuong trinh bién trang thai cho hé s6.
¢) Tim da thue dic trung va xét én dinh.

4.17 Cho ham truyén b hiéu chinh trén hinh 4.11:

—

(W] .

3
. Gel2) u{t)
Ge(e) =248 -

1+0,01s

_Hinh 4.11

a) Tim ham truyén khau hiéu chinh s6m pha v6i chu ky 14y
méu T. '

b) Tinh " (¢) hay u(nT) theo finT) va vé so dé thuat todn.
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4,18 Cho hé théng trén hinh 4.12.
R{s} E(s) C(s)

l H(s}l:

-Ts

G(s)=-—1—-; ZOH~_—1_9
5+1

; D{z)=1; Hi{s)=1
Hinh 4.12

a) Tim ham truyén hé réi rac.

b) Tinh va vé& ddp dng ddu ra khi rt) = 1¢); (n < 7)

c) Tinh va v& ddp dng ra khi r(&) = £.1(t): (n < 7).

K
s(s+2)

Dz)=1; He)=1; T=01; K=5
a) Vé quy dac nghiém s& cho hé r&i rac trén mat phing Z.
b) Tinh va vé d4p tng ra khi r(t) = 1(f) véin < 7.
c¢) Tinh hé s§ khuéch dai gi¢i han X on €ho hé.

4.19 Cho ham truyén hg: G(s) =

4.20 Cho hé théng: G(s) =l2; His)=1
1
D(s)=m; O<ax<l; T=0,26 sec.
oTes+1

a) V& gidn do Bode cho hé ri rac khi chua hiéu chinh. Xsc dinh
d6 du trit vé pha va bién ds.

b) Tinh todn khau hiéu chinh s6m pha D(z} sao cho hé dat duge
d9 dy trit vé pha 1a 35,53° va bian d6 1a 3,399 dB, chon af, =1072,

4.21 Cho ham truyén hd: G(s)=—=; D(z) = K; T=Zsec.
5
a) V& quy dao -nghiéh: 80: 0 < K < +oo va tinh K gh -
b) Cho- D(z)_;:-{—i-'(_-fa———;—)- . V& _qu‘r\ dao nghiém sd va tinh X oh -

| ©) Mun hé kin c6 cip nghi¢m quyé&t dinh 1a: z=0,5+; 0,5. Tinh
& w,, K ing véi trudng hop vira néu.
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Tinh va vé ddp dng qud 46 chohé véin < 7.
4.22 Cho hé théng trén hinh 4.13.

. : -x C‘(f}
A{s) = E(8) =y E*(8) T=1sec
~ - Tm1s0e [zos}—e] s }——s
C(s}
[ zon| e Gls) = —
Ta1sec gsis+1)

Hinh 4.13

a) Tim ham truyén dat cho hé ré&i rac.
b) Vé dudng cong Nyquist v6i K = 1.
4.23 Cho hé théng nhu trén hinh 4.14.

Ats} R G(s)
—_— D(z) > | Gs) -
e L A )

1 Gi(s) = ! : T=0,5sec
{1+ s}

Hinh 414
a) V& gian d6 Bode cho hé chua duge hiéu chinh. X4c dinh d6 du
trit vé pha va bién d6.

b) Tinh todn khéu hiéu chinh 88 D(z} sao cho giai théng vén gid
gin dung gis tri ci nhu lde chua hiéu chinh, song d§ du trit vé pha

ting lén, dat gid tri gdn 55°.

4.24 a) Hé da cho d bai 4.23 d6i 7 = 0,056 sec. Gidm chu ky 14y miu
$& dnh huéng dén tinh ch4t cla hé nhu thé nao ?

b) D(z) = ?, 48 hé ¢6 min &, =25° va w g =1rad/sec.
4.25 Cho hé thong trén hinh 4.15.

R{s) -_Jl\ N C(e) K(z + 0,5)
Glz) - G(2)= :
—-@—7\—~1- N[} s}

T=1sec

Hinh 4.15
a) D(z) = .1, vé qd)'r dao nghi¢m 86 0 <K < +oo
b) D(2) = ? 46 hé c6 £ = 0,7.
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¢) Tinh va vé ddp ing ra khi r(¢) = 1(2): (n < 7).
4.26 Tinh f{0) va f=o) cho méi trudng hop sau:
1- Fz)= (z+12)(z+2)
(z~0,33)(2" -0,52+0,5)
(z-2)* z-1
- = ;o 8 Fey=
O o e 0 5067 O 5
4.27 Cho hé théng trén hinh 4.16.
L VR
Ris) First - Ord Cis)
— T Hold (Fo:r) '_"‘s—""
' = 14%6c K
G(S):
z {1+s)

Hinh 4.16
X4c dmh hé 58 khuéch dai gi6i han K cho hé r(’n rac:

1-e T
FOH~= T(1+Ts)[ }
Ts

4.28 Cho hé théng trén hinh 4.17: G(s)=—2
_ s(s+1)

R{g) )
B e e e e S

Hinh 4.17
a) Tinh va v& da.p ngqua dd: ri) = 1(t); n<7
b) Tinh v va dap dng rakhi: r()=210¢); n<7

4.29 Ha cho & bai 4.25 v6i G(z)= ’—f‘i’l:)_fl.
2—

- Yéu cﬁu -gbm ba cdu nhy bai 4.25.

, T =1sec; D(z) = 1

4301..& 1 ﬁ .
| m myﬁuc ubm423 véi: G(s) 0.3erD)

, N o
4.31 Chohé Gcs)-————*——-——x"*z’ ZOH' e

8*4’-}( +8) : Tals"ec
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a) Tinh Ko

b) Tinh va vé ddp dng ddu ra khi r(z} = 1(¢) va r() = £.1(2).
4.32 Xét 6n dinh hé r&i rac sau:
a) 22+1,52-1=0; b) z22-2+0,25=0; ¢) z°-32°+2,252-0,5=0

z

4.33 Cho dép ting ddu ra cia hé: C(z)=————; T = lsec.
(z-1Xz-0,B)
a) Tinh e(nT), n €7; b) Tinh c(0) va c(=).
4.34 Cho hé thdng trén hinh 4.18.
_ACw
_ T 1
[, e cw —
T s+ ] T=1sec o S
Hinh 4.18

a) Tinh R(z) = ?; b) Tinh C(z) va C*(t); <) Tinh va vé C(1).
4.35 Cho hé théng trén hinh 4.19.

H(-‘ﬂ ® - - E__C(s)

oy
T e

20 a |_ z(ﬁ—e'“)
Gisy= oo i T = 0.5 sec; His) = 0.04 %{sma)} e
Hinh 4.19
a) D(z) = 1, tim ham truyén dat hé rdi rac va tinh sai 88 x4c l4p

d6i véi tin hiéu vao 1A ham ndc don vi 1(t).
b) D(z) = K, r(t) = 1(2). Tinh gi4 tri K sao cho sai s8 xé4c lap 1a 2%.
¢) D(z) 1a khau s6m pha c6 nghiém zero biing nghiém cyc ctia h¢
chifa higu chinh. Tinh théng s6 D(z) sao cho hé c6 d3 dy trit pha la 60°.
d) V& gidn 48 Bode cho hé tim duge § ciu c.
e) Tinh va vé ddp Ung ra C(nT), n < 7 khi r(t) = 1(¢).

4.36 Cho hé théng trén hinh 4.20. r(t) = 1(). Tmh va vé ddp dng ra
C(nT), n.< T cho ¢4c trudng hop sau:
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Ris} ® 7N | 1-e™ _’II'—’ 1 Cls)
—- _— —_— o
T=1s8c 3 &

1_
| Hinh 4.20
a)K=05 B K=1; )K=2, d)K=3.
Nhén xét dnh huéng cia K 18n tinh én dinh cia hé ?
4.37 Cho ham truyén dat cda hé rgi rac:

Ci(z) 22 +2z+1
G = O e e
@ R(z) 3,0,2 1

z+2z +z+§

a) Hay vé graph tin hiéu va hé phuong trinh bién trang thdi cho
hé trén.

b) Véi T 1a chu ky 14y mAu hdy vé gidn dé ms phong cho hé (qua
T va cdc hé sd).

z+3 _ C(z)
(z+1}z+2) R(2)

4.38 Cho ham truyén dat cta hé r&i rac: G(z)=

a) Thanh l4p phuong trinh bién trang th4i cho hé.
b) r(t) = 1(t) diéu kién ban ddu biing khéng, tinh dép ung ddu ra
CnT) vé6in < 4.

4.39 B4 lgc 88 bac hai ¢6 ham truyén: L&) ., 2% ~1,962+0,99
E(z) 22 -1,982+0,99

a) Vé gidn dé mo phéng cho b loc s6.

b) Thanh l4p hé phuong trinh bin trang thai va tinh tin hiéu
ra y(nT) khi e(t) = 1(t) van 5 6.

4.40 Cho hé thdng trén hinh 4.21.

‘B3 loc s6 duge md ta bing phuong trinh sai phén:
m(n) = -min - 1) + e(n ~ 1)
Tén 86 14y miu f = 1Hz

L, l-—a-[smm__.-_. atce

Hinh 4.21
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a) Hay tinh C(z); b) Vé ddp ing C(nT), n <6
4.41 Cho hé théng trén hinh 4.22:
min + 1) = 0,5¢(n + 1} —(0,5) (0,99) e(n) + 0,995m(n}

TAn s6 ldy mau f = 25Hz.

E(s) = 1/ 1 inT) -~y m{nT} 1 Cta)
[ a0} [ B toc 56 |—— [ﬂ“_l_’(su)(uz)

Hinh 4.22

a) Tinh C(z); b) Tinh C{o) va lim C(nT)

f-yen

4.42 Cho so @5 khdi ctia hé roi rac nhyf trén hinh 4.23.

. A{® E(s) 1-g™ 4 Gis}
— 1 — o
T T=01secl 8 s+2
1 Z.0.H
Hinh 4.23

a) Tinh ham truyén hé kin.

b) V& c(nT) va enT) v6i r(t) = 1(¢) diéu kién ban dau bang
khéng, n < 6, T = 0,1 sec.

¢) Tinh T, ? d) V& tin hiéu truéc va sau khiu ZOH.

4.43 Cho hé théng trén hinh 4.24.

R{s) = 1.*38 7{, 1-g" K Cis)
—————tei i o
-1 s(z+ 1)

t- T=1sec

Hinh 4.24

a) Tinh: e(nT); (n < 10) vA lim e(rnT).

b) Vé ddp ﬁng d4u ra cho hé lién tuc va rdi rac trén cing mot
hinh vé va ciing ty 16

¢) Tinh sai s6 x4c l4p cho hé lién tuc khi r(t) = I(t) va r(t) = ¢ (1).

d) Tinh hé s t4t £ va tdn s§ dao dong tuf nhién o, khi 7'=1 sec



88 | CHUONG 4

va T = 0,1sec. C6 nhén xét gi v& 4nh huéng cha tham s6 7 lén tinh
chit ctia hé s6.

4.44 Cho hé théng:
HY) = (1)

= g’ 1
t =0 +8 ;ﬂ t-g _‘:®+ (5‘11) c(t) -
s

1_ T=0,1 sec

Hinh 4.25

a) D(z) = 1. X4ac dinh c(2).

b) D(z)=1+g-1-‘-21~ Tinh c(nT).

—h
Néu muc dich cia khéau hiéu chinh D(z).

4.45 Hé rdi rac ¢6 khau dinh hinh ZOH, chu ky ldy mdu la T, dsi
tugng e6 ham truyén lién tuc G(s), vdng kin phan héi am mét don vi.

Gis)= s(s+1)

a) T = 0,1sec. X4c dinh K dé hé én dinh.
b) T = 1sec; K, ? Vé quy dao nghiém 6 0 S K < 4oo.
¢) Kiém tra 1ai k&t qué cdu a va b theo tiéu chusn Jury.

4.46 V& gidn 43 Bode cho bai 4.45 c4u b(T = lsec); K = 1. Tinh do
dy tri vé bién d6 va pha. :

1 _e—Ts

4.47 Cho hé théng ¢6: Gis)= ; ZOH = ; T = lsec.

_ 8(8':+2)
"a) Xéc dinh K,,? |
| b) r(t) = 1{¢), tinh C(2), n £ 10, ve ¢(nT). X4c dinh 43 vot 16 (%).

| | o
4.48 Cho h¢ thdng trén hinh 4.26: 2= 2202 7 _ ¢ 9geee.
eI iy g o LTy g S

- 17 B ot i e : s
PO@A L] [T [5] e
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a) D(z) = 1. Tim ham truyén hé hé va vé gidn dd Bode. X4c dinh
d6 du trix vé pha va bién dé.
1+ v
1+0,01jv
gian 4§ Bode cho hé da hiéu chinh.

1 63 e—ZTOs
1+3480s

b) D{jvy=514 . Néu vai trd cua khau hiéu chinh. Vé

4.49 Cho mot hé théng c6: G(s)=

Hidu chinh Ziegler — Nichols: D(s}=g,5{ 14.0,00185
s

+135s]
Tinh D(z) dat s= TZ-1,
2(z2+1)
Tim tin hidu ddu ra khau hiéu chinh u(nT) d6i véi sai léch e(nT)
cliia hé.
4.50 Cho so d8 thuét todn didu khién hé théng (gidn d6 md phéng)
trén hinh 4.27.

u{nT)
hs 20,83

48
-0,9048 1 0.80

T
e(n)+() —"T T T

+
W\
1,16
-2.7

Hinh 4.27

-0,58

a) Xdc dinh ham truyén dat,
b) Viét phuong trinh tinh dédp (ng déu ra.
4.51 Cho hé théng trén hinh 4.28.

Hinh 4.28
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a) V& qu¥ dao nghiém s6 0 € K < 4o0.
Xdc dinh gia tri hé s6 khuéch dai K oh
b) K <Kg; r(t) = 1(t); tinh va v& ¢(nT), n < 6.

Xdc dinh d§ vot 15 va hé & tidt &,

4.52 Cho dép (g diu ra clia hd théng: c(z)=— 2 ;) = 1),
(z-1)z-0,5)%

a) Tinh e(nT) va ¢(-) theo dinh 1y gi4 trj gidi han.
b) Tinh ¢(nT} theo phuong phdp nghich dao z.

4.53 Cho hé théng trén hinh 4.29.

H(S)1 g '——:E(S) L—-l Diz) I—‘Fl '—“I Gis) I—E—"'
-0,3s5

Ke 1-a7 s
Grsi= 15s1 : Z0H= fant B(Z) = 1; H{s) = 0,00667; T = 0.4 sec

Hinh 4,29
a) Tinh hé s8 khuéch dai K, cho hé lién tuc.

b) Dung phuong phap Routh — Hurwitz tinh K, cho hé rdi rac.

Kiém tra lai két qui bing phuong phép Jury.
¢) Tim t4n 56 dao d6ng cia ha.

‘@) Khau tré pha ¢** gay anh huong gi ?

4.54 Cho hé théng: G=— L ____. 7. -
: ng: G(s) s(s+1)(OSs o 0,05 see; H(s) = 1

| a) Vé dudng cong Nqust cho hé khi D(z) = 1 (theo bing 4.1).

- b) Tinh D(z) sao cho hé dat 49 du trit v& bién 49 1a 16dB va pha
1a 55° (dung phuang Phép glén ds Bode)
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' 4.55 Tinh D(z) 12 khau hiéu chinh s¢m pha cho hé & bai 4.54 sao cho
hé dat o dir tr¥ vé pha 12 55° va bién 44 12 12db (phuong phdp gidn
do Bode).

4.56 Higu chinh sém tré cho h¢ da cho & bai 4,54 sao cho hé dat sai
s6 x4c lap d6i véi ham “ramp input” 12 0,50 va d6 da trd vé pha la
55°, bién d6 1a 10 dB.

: T =0,1sec

457 Cho ham truyén hé hé: Gls)=—
s(s+1)

Dép vng tin s6 cho § bang 4.2.

a) Tim ham truyén dat cho hé rdi rac.

b) Theo di kién cho & bdng 4.2, vé Nyquist va Bode.

¢) X4c dinh 85 dy trir vé& pha va bién d6 cho hé véi D(z) = 1.

d) D(z) = K sao cho K, =4, sai 56 xdc 14p d8i v6i ham “ramp
input” 12 hing s0 bang 0,25.
4.58 Cho hé théng trén hinh 4.30.

a) Dfz) = 1. Héy tinh hé s8 khuéch dai mot chidu (DC) cho dsi
tuong G(s) va hé kin.

b) D(z) = K ? d€ sai s& xdc lap = 4%.

¢) D(z) 1a khau hiéu chinh tré pha cin c6 théng s& bing bac
nhiéu d&€ hé dat hé s6 khuéch dai DC 1a 48 va do du trd pha 1a 50°?

& D(z) 12 khau hiéu chinh PL Gid sif tin hiéu nhiéu Ry(5)=1).
Hiy tinh ddp dng dédu ra 461 véi nhidu cho hé chua va da hidu chinh
sao cho hé kin ¢6 d6 dy tri bién dé 10dB.

Ryls} 8

nmmrmnier. | —
Nhidu 10s + 1

= *®—7‘-—--—-—' e e
105 + 1
T=2sec

Hinh 4.30
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Bang 4.1
L0 1Ge*n)| | G{e*) | dB 1 Gle™) | o
0.010 100,00 40,00 -90,90 0.010
0,500 19.970 26,00 -84,40 0,050
0,100 9.9400 19,90 -98,70 0,100
0,200 4,8800 13,80 -107,3 0,200
0.300 3,1600 9,990 -115,6 0.300
0,360 2,5700 8,210 -120,5 0,360
0.400 2,2800 7,150 -123,7 0,400
0,500 1,7400 4,790 -131,3 0.500
0,600 1,3700 2,730 1385 0,600
0,700 1,1050 0,870 -145,3 0,700
0,800 0,9064 -0,85 1516 0,800
0.900 0.7533 -2,46 -157.5 0,900
1,000 0.6330 -3.97 -163,0 1,000
1,200 0,4576 -6,79 1729 1,200
1,370 0.3550 -8.99 -180,3 1,371
1,500 0.2950 -10,6 -185,4 1,501
2,000 0,1584 16,0 -201,4 2,001
3,000 0,0590 24,6 -222,3 3,006
5,000 0,0151 -36,7 -244.3 5,026
Bang 4.2
Giito ) d8
Livy o 1 Gljeon) 1 Gllo) g8 F Gl T+ Glow)
0,10000 0,1000 9,95041 19,95682 -9 5,99702 0,04760
0,20000 0,2000 4,90209 13,80922 -101,88250 0,18813
0,36000 0.3000 3,19269 10,08369 -107,55740 041372
0,40000 0.3099 2.32139 7314960 -112,94450 070734
0.50000 0,4999 1,78911 5,052760 ~117,90240 1,03622
0.60000 0,5998 1,42948 3,103580 -122,67450 1,34277
0,70000 0,6997 1,17073 1369110 -126,88560 1,53758
0.80000 0,7996 0.97655 -0.206120 -130.93550 150754
0,50000 0,894 0,62641 -1,658000 -134,54460 1,15424
1,00000 0,9992 0,70770 -3,003070 -137,83850 0,44876
2,00000 1.6934 0.22457 -12,97288 -159,08520 -10,97265
3,00000 29778 0,10651 -19.45228 -169,96690 1849177
4,00000 3.0479 0.06179 -24,18212 “177,00400 -23,62893
5,00000 4,8996 0,04040 -27,87273 -182,46980 -27,51491
§,00000 5.8201 0.02858 -30.87771 | -186,95820 -80,62776
7,00000 6.7335 002138 -33,39674 -180,63250 -33.21241
8,00000 7.6101 0.01669 -35,55328 -194,30040 3541178
9.00000 8.4571 0,01344 -37.42004 -197,45320 -37,31700
10,0000 92730 | o011z, ~30,08087 -200,38180 -36,96006
20,0000 15,7080 0,00353 - -49,04778 -221,18530 -48,02468
300000 | 198380 | 0,00200 : -53,87535 -232,97050 . -53,96400
40.0000 22,1430 |- 0,00140 ([ - -sroersz (| 24000520 -57,09178
1500000 - 1 238060 | 000108 | (553s8s  -244,68820 -58,35208
800000 "' 240010 | “oooces | cetizass | 24774900 61,1207
70,0000 25,8500 0,00074 5257513 | 24980800 -62,57202
80,0000 245160 0,00085 -83.80777 -251,43480 -63,80599
90,0000 27,0430 0,00057 6487953 -252,54870 -84,57804
1000000 | 27 4880 00051 - . -85,82789 _-253,35480 -85,82662
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4.59 Hé da cho c6 so dd cdu tric nhu hinh 4.29 véi:

K =500; T = 0,4 sec; G(s)=
1,6s+1

a) Tim ham truyén dat cho hé r&i rac.

b) Hay gii thich tai sac d€ dat nhiét d§ 1000°C thi dién 4p vao
c6 gid tri hing biing 6,67V.

¢) D(z) = 1, tinh sai s§ x4c 14p dng v6i nhiét d¢ dat 1a 1000°C .

d) Tinh todn khau hidu chinh tr& pha D(z) sao cho hé thong c6
hé s6 khusch dai DC bing 10 va do dy trd vé pha la 80°.

K 'e—o.ss
1,6s+1

mT = T - AT = 0,4 — 0,3 = 0,1sec; AT - Ia thdi gian tré (7*)
4.61 Cho hé thong trén hinh 4.31a.

4.60 Tinh lai bai 4.59 véi: mT =0,1; G(s)=

a) M(s) 7<. 1-" N 1 Y{s)
s {s+1)
T=01sec
:""""'"""""'; (1)
v Lol D/A BT o
]
i : %)
'
b) E R, s+ aD |~ CB, |=-
1 y :
! t
: K, J——] Ao CB,
1
; Computer '
Hinh 4.31

a) Lip hé phuong trinh bién trang thai cho hg, dat x,(¢)=y().
b) Ding méy tinh d& didu khién theo sg d8: tin hiéu didu khién:

u(n)=—K,;.x,(n)—- Ko xy(n)
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Hay xdc dinh K; vad K; d€ hé kin phan héi 4m mét don vi ¢6
hiing s8 thoi gian v biing 1 sec. 1=1%w, (Hé kin cé cip nghiém
mong muén 0,888 + j0O,173).

Ky hiéu: ©T - a8i wigng; CB - cam bign; A/D - b chuyén déi tuong ty / s8; D/A - b
chuyén adi s& / wang ty.

4.62 Trinh bay PID =6 va vé so dd thuc hién biing toan t& 2L,
4.63 Cho ham truyén hé théng:

)= 11/128+(106/128)2"" +(224/128)27% 4 273
1/128+(34/128)z7 +(160/128)272 + 23

Hay tim so 48 thuc hién b3ing to4n ti z~! (hinh thang).
4.64 Cho ham truyén hé hd:

36
s(s+3,6)

a) Dz} = 1. Ve ddp ting ra cho hg lién tyc phén héi 4m mét don vi.

b) T = 0,005 sec. Tinh vA v& d4p ung ra cho hé rdi rac khi
kh6ng c6 khau hiéu chinh & trang th4i kin.

G(s) =

€) D(z) 14 khéu sém pha =1;4;313j{—;:'§. V& gidn d6 Bode va xdc

dinh ®y? ®y - D§ dy trit pha.

0,32 -0,2997
2-0,99978

14y mau T = 0,005sec cho chu ¢ va d.

d) Diz)= - V& gidn 43 Bode, xdc dinh ®,? Chu k§
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THIET KE HE DIEU KHIEN TU DONG

5.1 Thi&t k& hé didu khién géc khop néi robot c6 sg d6 cdu tric nhu
hinh 5.1. Gia sif tinh phi tuyén trong hé nay 1a khong d4ng ké va
ham truyén da cho la xdp xi gin ding, db chinb xdc d€ xdc dinh
nghiém quyét dinh cGa hé. Yéu cdu thiét k& hé thda man cdc diéu
kién sau:

a) Sai s8 xdc l4p v6i ddu véo van toc 1a 3,2 rad/sec s& nhod hon
hay biing 0,1 rad. Sai s¢ xdc lap bing 0 khi ddu vao vi tri.

b) Dy trit pha 1dn hon 60°.

¢) Thai gian x4c 1ap nhé hon 1 sec.

d) Phén trim dé vot 18 nhé hon 8%.

- @[t -Tal~ N

Maotor

Hinh 5.1

5.2 Thiét k& bd didu khién va bd
dénh gi4 da béc cho hé didu khién
vi tri vé tinh khéng gian dung héi
tiép bién trang thdi tuyén tinh
(H.5.2). ' N

Ky hiéu: M(t) - mdémen xodn
dong co phan luc; 8(#) - géc dinh vi.
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Gia sit: Bo didu khién c6 dang: u(t)=—K,x, ()~ K,x,(£).
véi: x(¢) 1a géc dinh vi; x,(¢) 14 van t6c gée; u(?) 1a mémen xoin ddu

2
s E:g) ; Ham truydn vé tinh G(s)=22_1

vao u(t)= us) ot

Yéu cdu thigt k& hé théa main esc chi tidu chat lugng sau:
a) B diéu khién c6 hé s6 tit £ = 1.
b) Thai gian x4c 14p cda bo didu khién 12 1 sec hodc nhé hon.

<) By dénh gid 40 bac cho hé ciing phdi c6 hé s5 t£t £ = 1 va
né phdi nhanh hon B§ diéu khién 2,5 14n.

d) Ding MATLAB v& gidn dé Bode cho hé da hiéu chinh.

5.3 Thiét ké hé diéu khién 1dy miu dit lidu d€ didu khién nhiét do
cda chdt léng trong bdn. So dé khéi va so dé c&u trie duge trinh bay
lan higt trén hinh 5.3a, b: T - chu ky ldy mdu, T = 0,5 sec.

]

C#ip nhidt

Ngudn hoi

Mdy
vi tinh

] I L 20 )
1 0.4 H
L 25 s+
T’ Hidu ohi:nh 20H KBCS Solenond Valve o i
b) K T Voits [?6:'4—'___% Celgius
Hinh 5.3

Yéu cﬁu cha bél todn tlﬁé't ké& la:

a) Sai 8§ xdc 14p khi ddu vao 13 ham n4c thang bién dg 10 phai
‘nhd hon hay bing 2%,
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b) Hé phai ¢6 dy tril pha t5i thiéu 1a 60°.

¢) V& gidn d6 Bode cho hé da hisu chinh va tinh nhigt ¢ déu ra
c(nT); n < 6. Khi r(t) = 10.1(2).

5.4. Cho s¢ d6 khdi - s¢ d5 ham truyén clia mét hé dinh vi géc cua
robot thuc hién nhidm vu han trong ddy chuyén sin xudt xe hoi
(H.5.4):

R(s) E(s) K Cis)
_,:,,%_5, s{s+ 2} - >

Hinh 54

Yéu ciu thigt k& 1a: hé dinh vi c6 hé s8 tit & = 0,707.

Hé s8 sai 5§ vi tri K, 1a vb cing v h$ 58 sai 80 van téec Ky =10.

a) Cho Gp(s)=1. Hay v& quy dao nghiém s§ (QDNS); 0< K < +ee.

b) Tim K dé& hé c6 hé s8 tdt £ = 0,707 va danh déu trén quy dao
nghiém s6.

¢) Chon G(s) dé thda min Ky =10. V& quj dao nghiém s§ cia
hé da hiéu chinh.

d) Tinh d4p ng qui d6 c(t) ctia hé da hiéu chinh r(z) = 1(2).
5.5 Lam lai bai 5.4 v6i yéu cdu hé s6 tdt § = 0,5 thay vi 0,707.
5.6 Yéu cdu thidt k& bs ldi tu dong dé didu khién df nghiéng cila
m4y bay. Cho so d6 khéi don gidn cia hé trén hinh 5.5 véi gid thiét
d6 nghiéng doc 1ap véi 4o chii va phén ddu.

A(s) 1] Ce
®.—T7‘;;-—'II|—' -

Hinh 5.5

a) Cho Gg(s)=1. Vé quy dao nghiém s60<K < oo,
b) Véi Gpls)=1. Xdc dinh hé s8 khuéch dai K trén db thi quy

dao nghiém sd d& hé cé hé s tit & 14 0,95. Gid thiét ring qua tnnh._' |
qué 49 cia hé duge didu khidn bdi mot cap nghi¢gm phic lién hcrp'_
quyét dinh. :



98 CHUONG 5

¢) Yéu cdu hé ¢6 hé s sai s6 van tdc Ky =40. Hiy xdc dinh 44
gia ting d¢ lgi vA mach tré pha cdn thiét d€ ¢6 K, =40 va duy tni
& = 0,95.

d) V& lai quf dao nghiém s& cho hé da bu. Gi4 tri K mdi cfia ha
dd bi 14 bao nhiéu ? N6 anh huéng th& ndo dén bs bu G.(s) duge xdc

dinh & phén e. _
5.7 Cho sd d6 khéi hé rdi rac trén hinh 5.6,

R{s} C(s)
T=1sec -_bE_.. % - -

Hinh 5.6

Hay tinh ddp dng ra ¢(nT), n £ 9, r{t) = 1) véi nhung gia tri d§
lgi K sau:

a)K=05 bK=1; e)K=2 dK=3.
5.8 Cho graph tin hi¢u m¢t hé didu khién radar theo doi gém mot
kh&u phi tuyén N, 3 phén héi cuc bg H(s), Hy(3) vA Hy(s), ham
truyén nhanh thudn ky higu la:
Gy () +Gg(5) ;G1(8), G2(8), Gy(s) - BO hidu chinh, edn x4c dinh thé loai

va théng sé.
1,635 1
=_'..__; H =12; G = : -
4= 001sr1 Th)=125 Gs=gonmi Hy(s)=0.0282s
1
Gy = —— =10
5= T500s’ a=104

Khau phi tuyén N c6 dic tinh F(X) - ma s4t tinh va ma s4t
Coulomb.
Z

Kep =1, —E‘!-:l; 0,667; 0,5; 0,4; 0,3; .. Yéu cdu thiét k& doi hdi
b

h¢ phai luén 6n dinh, dinh vi 9 chinh xc cao, cdu hinh dinh vi t6i
uu. Gid s cn dat A8 du tri bién dj tdi thidu 1a 6dB vi dinh cong
hudng 12 13dB tai tdn s6 cing hudng thap 13 4 HZ. 8aj s x4c 14p clia
hé pha1 b%lng khéng khi tin hléu vao 1a vi tri, t6c 49 va gia td'c '
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: N{M, ) Fix)
Ris} E, G(8) E; G,(8) E; Gy{s)E, G,{3) Gyis) E; Gels) AN Z,
+ » » ‘ l {) 0 ;
0 ’ X
-Z,
'Zu Nﬁ
Hinh 5.7 , Hinh 5.8

a) Viét phuong trinh cdn bing diéu hda cho hé phi tuyén
1 + GE)N = 0. Xdc dinh G(jo) ding dinh ly Mason.

b} Néu tdc dung cfia ba khéu hiéu chinh G (5).G,(5) vA Gy(s).
Chon cdu tric ham truyén.

¢) Ding MATLAB vé bidu d6 d6 lgi — pha ciia ham mé td khéu
phi tuyén —1/N; dic tinh tdn sd cla ham truyén hé hd va hé kin
theo yéu cAu thiét k&,

d) Tinh théng 6 ca ba khau hiédu chinh da chon ¢ cdu b,
5.9 Thiét k& bd didu khién tc d6 dong co mét chibu kich tir déc l4p,
dién dp dinh mdc 110V, cdng sudt P = 2kW, 5§ vong quay n = 1800
vong/phit. Cho so d6 khéi va cdc théng sf cha hé diéu khién hai
vong phan hdi 4m 4p va 4m dong dién vdi hai khau hiéu chinh vong

trong G;(s), vong ngodi tdc d§ G(s):
Motor

AC
it I——l Ugx ILU]—EL K1 +8Tc}] L K ety
®..._.. _ Gil®) Keno ; +5Tgy 1+ :TC ©
P, PI . P ot _
—I H,is) I -t
]I H.;{s}l

Hinh 5.9

Ky hidu (H.5.9): BBB - bd bidn 48l AC/DC; U, - dién dp phdn Ung 99ng ca DC
T¢ - hiing s& thdi gian dién cd cla dong co BC; DK - didu khién
" Ty hing s& thdi gian dién ti¥ ciia ddng co DC
i, =20A , J=0,093kgm?; (mdmen quén tinh)
Kd = 0,55V.5; hé sd masatB = 0,008; A, =10; Ly =46mH.
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J TR.B e L
Te===1183scc; Toy=— G —=0,3scc; T,=—"=46msec
c=g 163sec; Ten KOP+RB v R,

Ki= ——p— =0.0258A/V ; Ko =2 _68.85"A""

(Kd) +R B B8

His)=2A/V; H,(5)1=0,057 v.5; Kgpp =U.%=25 .
K

Yéu cdu thiét k& hé didu khién dat sai s¢ t6c d6 cho phép Id
0,25%, su thay ddi cho phép cia dong dién 1a 10%.

a) Tinh théng s8 cia hai khdu hidu chinh dong dién va dién 4p
tj 18 véi t8c do cho hai trudng hop: G,(s) 12 khéu khuéch dai &7 1é
P=K, va G,(s) 1a khfu tich phin ty 1& PIL.

b) Vé dap dng qué d§ w(?) khi r() = 1(¢) v6i théng sd tinh duge §
cdu a, didu kién ban d4u cho bing khéng

¢) Thiét k& mach kin SCR cho bé bign d6i ba pha so dé cdu ddi
xting, mach bao vé& va han ché géc kich o
5.10 Thiét k€ h¢ dinh vi diéu khién bing mdy tinh. Yéu cdu thuc
hién céc chic néng sau:

- Thay d6i t6c d6 dong co biing phdn mém va phan cing.

- P8i chiéu quay.

- P§ chinh xdc < 0,1mm.

S d6 khéi cia hé duge trinh bay & hinh 5.10. Péng co cdp ngudn ,
+ 12V dong 5A. Cidm bi&n t6c d6 1000 xung/vdng. Tai 1a ban khoan,

chiéu dai gidi han ¢6 thé di chuyén dugc 13 20 em. Ban khoan di
chuyén 1mm d¢ng v6i dong co quay duge 1 vdng.

Mach diéu khidn ,

. card i

Tin hiéu vao May tinh giac Mach logic vd L= Bong |—r-
——— AT386 tisp €dng suit cad

[t

Hinh 5.10
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a) Thiét k& mach diéu khién, mach logic v céng suit.

b) Mach dém xung va card giao tiép 8255.

¢) Viét luu 38 chuong trinh diéu khién (nhép s6 bude va khodng
cach tit ban phim). '

5.11. Thiét k& hé thong didu khién nhiét d6 da kénh giao ti€p may
tinh. So d8 khd duge cho ¢ hinh 5.11.

Tin higu vae sv tinh
L | Maytin | G L Phan kénh = | Cong sudt |—*|Ld nhiét dd
AT486 D/A
Gis)
Cam bién
nhigt dd
Card - Mach gia cdéng
A/D uin higu
Hinh 5.11

Yéu cdu: - Nhigt do do 25°C +-200°C; saisé #2°C
« Lap trinh IRQ cé ngét
- Thé hién két qu do theo thai gian thuc 16n man hinh theo cac dudng dd thi rén so
dd méat Iudi

a) Thist k& card chuyén doi A/D va D/A.

b) Thuat todn PID Ziegler - Nichols cho doi tugng nhiét cé ham

~Tis
truyén: G(s)= ‘;‘:“' '1, v6i: K,7,.T, 1a hé s6 khuéch dai, thai gian ddp

ting khong nhay va hiing s6 thoi gian quan tinh cta 1o nhiét.
Vi du: Cho K = 1,63; T, =270scc; Ty =3480sec. X4c dinh ba thong
50 K, T,.T, tir két qua nhén dang déi tugng bing phuong phap do tha.

¢) Luu @8 chuong trinh didu khién. So sinh két qua khi ¢6 va
khéng ¢6 higu chinh PID.



PHAN THA HAl

MOT SO BAI GIAI
MAU VA PAP AN



Chuong 2

HE DIEU KHIEN T DONG
TUYEN TiNH LIEN TUC

2-1 mlil + blxl + k1x1 + b(xl - x2) + kg(xl - xz) = 0

my¥, + byliy — X+ kofxo—xp) =0
R, G
— AW
: .
0 1
iy T02 [

Hai phuong trinh trén tuong duong v6i mach dién sau:
1

. . . 1
Ly, + Ry + E’fh + Ry - q2) + E‘(fh - gy =0
1 2

. . 1
Ly + Balge — 920 % E"(fh - q) =0
2
Dat ¢, = § VA §a = ip VA0 hé hai phuong trinh trén, ta cé:

diy .o Lo, SR 1, .
oy 2 [idt —ivt— |G —ip)dt =0
I"dc+R"‘+clj"d +Ry(4y 12)+02J(h iy)d

%— ;  —1 _}-— i1 dt:o
: det“'Rz(‘g 11)+Czj('-z L)
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1 1
2.2 e, =§(es—eo)+eo; EA(s)-—-ElE,-{errEo(s)t

1
-l _p-_L g
EB(s)_R +"1_E,(S) RCs el i (8)
2 ¥ s .
[Eg(s)-E (sNK=E,(s) va K >> 1; E,(s)=Eg(s)
o1
1 E,(s) R,Cs-1 R,C
—_— : -_"_"'"'E' ; @ = = —
2[E*(s)+E°(S)] R,Cs+1 i(8) Ei(s) Ry,Cs+1 s+—1—
R,C

2.4d Tdc dd cia dong co = 6,66 ft/sec.
26b K =667

2.8 Phuong trinh dac trung s +7s+25=0
2.12 1. Theo phuong phdp graph tin hiéu Mason.

Hinh 2.10a: Ys _PA+RA,
Y A

theo céng thic Mason.

C6 hai nhanh thuan tir Yy - Yy :

b =G4Gy; Ay =1-L;. Pinh thic con A; 13 A gd di nhdnh P,
P, =G\GyGy; Ay =1. Pinh thite con A, 12 A g3 di nhanh P,
S6 vong kin don 12 bén vong: .

Ly =-G\Hy; Ly=-GyH,; Ly =-G,G,G,H,; L, =-G,G,Hy

S8 vong déi khéng dinh nhau 14 hai cdp: L;L, va L)L,
Dinh thitc A bing:

A=1-(Ly+Ly+Ly+ L)+ L L, +ILL, .

Yy _ G,G,(1+ G H, )+ GG,G,
Y, A

2. Theo phuong phdp bién ddi so d8 khsi. bat

G, G
— G + G —2__
1 + GH, * 411 + GyH,
G(s)=Gle+G4(1+G131)_ G;

1+G\H, 1+G;H,

Do vay

Gis) = |
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E,é Gi(s) - : G364(1"‘G;H1)+G1G2G3
Y, 1+G(siH;(s) 1+G1Hl}(1+GSH2)+H3[GSG4(1+G1H1)+G]GZG3|
}_’i: G3G4(1+G1H1)+G1G2G3
2.14¢ Phuong trinh hic: dn _dy 1 f
dt dt
d’y,  Bi+Bidy, Bidn K.
) e M dt Md M

2.15b 1- Phuong phap di tir hé phuong trinh vi phdn mé ta:

Lay gdc 1a vi tri can bing

2
Ft)+Fy +F; + Fyp =ml.%
d d’
= F(t)- Ky, —f-ll”'Kiz(Jﬁ *J’2}=ml%
d’y, ___K = 1
my— dt +(K+K12)y1 f 12¥9 = F(t} ( )
dz)’z
- Kpplyp =~y =y Fr
2
my ¢ “:2 +K3y: - Kien =0 (2)

Laplace héa (1) va (2) gia thiét so kién ban d4u bing khong:

dy; (0) - dy2 (0)

[3'1(0) = y(0) = 0
dt dt

=0

[, 8% + (K + Ky) + fSJY(s) - K12Y(8) = F(s)
{[mgsz + K]lz]Y2(3) - K}gY;{S) =0 '
Khi Y, trong (3)

[m, 8%+ fS+(K +K)IYi(8)-Kyg

F(s)
Y,(s)

Fsy _

K)o
m232 +K12

2
Ky

(st +fS+R+K ) —F =
(mys +fS+n 12 m S?'+K12

(T"QS2 +K12)(m15 +fS+K+K12) K12

Y1(8)

"lgS +Kp

(3)
(4
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Kiém nghiém

Khi F& KK p o bing
Yi(s) Ky,
F
(8) -0
Yl(SJS -0

2- Di tir bloc Laplace hoa: Biéu dién bang graph tin hiéu. Rut
gon bing eéng thife Maison.

2
A=1+K+K12+ }S + K12 _ K12 +(K+K12}K12+ KIQ)S
m 8% m,S? m,S? m,8%m,S? m82m,8°? m, 8%, 82

_1_’_“ (111232 +K5)

F m,8%(m,S? +S K+ K )+ Ko 82+ fS+ K +K)-Ko®
Y

F

_ (m,8% + K\5)
n2S® + Ko Wmy S + fS+ K +K ) - K,,°

3- Bi tir bloc: Vé so @4 chic nang

F 1 ¥s Fiz 1 Y2
’ A [ m,57+ 18 + (K +K,,) "'" | m:5"+ %,
m, m,

1
F _ 1 Ky
1- = X
mS°+fS+(K+Kpp) (m,S* +K,)

B

Yi6s) _ myS? + K,
F®)  (my8*+Kpp)m S+ fS+ K +Kyy )-K,t
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2.17a Hé phuong trinh bién trang théi:

fd& = #al—(l+i)e +~1—e + ! e
di Ry,. 1
@ T LT
dey 1 1 .
—E = — - o ——
3 - RGRG G
Vi(s) R 1 R R, (R, CS+1)
''cs
1
R1+-E—‘S—+R2

Laplace héa s¢ dd mach

|V1 ;{:-kl\f’
V, =V, =22 (cAu phan &p). Z; =R,
Zi+2Zy
1
Zo =R/ 1. RI-E'E = R,
17U Cs g L 1HRCS
1
CS
Vots) . 2y _ R, __1«RCS__
Vits) Zy+Zy —El———+R2 1+RICS+—R—1
1+R,CS Ry
_ R,(1+ R,CS)
= RE
R, + Ry (1+Z-2C8)
(B +B)A+ 3 o

Va(s) _ R (1+TIS)3
Vi(s) R +R, 1+T,5)

T,=R,C; To=(Ri/ R,)C
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Kiém sodt
F tAn 6 theo V2. Fa  _ Vats)| R,
O tdn 56 thip ~2= =

Vi Ri+Ry Visllg,, Ri+R,
J tin s6 cao v 1_%(3) =

V’l V (S) S —poa

2.19a Phuong trinh dic trung: A(s)=8%+S+2=0

Nghiém: S =-0,5+j 1 323
Ma trian qud do:

ot cos1,323t +0.378sin1.325¢ 0.756sin1,323t —05t
(t) = :
-1,512sin1,323t —1,069sin(1,323t — 69, 3°%)

i ; 2t sin2t
e) A(S)=S"'+420,ngh1ém S=+ j2; (D(t)z[ COSs sin ]

—sin2t cos2t
2.22¢ A(s)=S5%+80,658+322.58=0

5K, +K,8)
SIS(S+4)%S +5)+10]

2.23a Ham truyén hd: G(s)=

e) Gia tri xdc 14p cda ¢(t) = 1.
2.25d A()=8%+38%24+38+1=0.
-5 10 0 0 1

¢ = AX
237 A= 0 0 -1f; B={1|; p=]o : {x T+Br
1 0 1 0 o| C=Dx
x & lilx| |a x)
2-38 )= + M C= 0
Xy -5 0 x| |6 g |1 ng
0 1 0 0 0
1 o 0 1 0| 6,322
239 A= ; B= T=
0 0 1 —19,9338|’ » D Il 00 0]
-12,811 -18 -113223 _¢g . 80,8308

2.42 C(s) - S+a :
R(s) (S+b)XS+c)
Dit: {x‘m =0

@ = @) + brit) = é@) + byrit)
. i

a=10;6=5;¢=3.
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() = H+Hr@) = ) + i)
Co)s® +(B+e)s+be] = s+a)R(s)
BB + (b + Q@ + bec@) = K + ar@
,(£) =E() + byi(t) =— bee(t) - (b+e)e(t) + byF(t)+i(t) + ar(1)
=— bex, (t) - (b+c)[é(t) + b,r(t)] + b i (t) + (t) + ar(t) + b, (b+c)r(t)
=— bex, (8) (b + )xy(t)+[a + by (b +c)lr(t)
Pao ham tin hidu vao trigt tidu 1+b =0=5 =-1
Hé phuong trinh bién trang thai:

{s‘cltt) = x(t) + r@®)
g () = -bex(®) ~ (b + %) la - & + or®)

Thay sb vao:
4+ 0 1 1 1
= - = M D =
4= 15 -a)’ ‘2’ ‘o‘

Ma tran qué do ¢(t)+®(e)= [SI - AL

sl-A= y _1; det = s(s +8) +15 = (s +3)(s +5)
15 s+8

s+8 1
(8+3)s+5)

-15 s
1[ Bo St _3e ™ e —e :\

(sT-Ay' =

O) =
o _15(2—33_8-5!) _3e-3t +58—51

t
() = D(B)x(0) + Im(z —v)Br(x)dt
3]

Cho r(t)=10(¢) didu kién ban dfu bing khong.
[ ~3{t-%) _q, BT} LY ~§(2~T)
0@ | _ Jl“l" e 3¢ e e [1]'10(1){11
(t) 2 1 5( e-S{t-t) _ e—ﬁ(l-‘l:)) —3e -3{t-1) +5 e--ﬁ(r~--|:) 2

o
© Bty _ Bt T a5t 4
xl(t) (1~e =A-eH_d-ge e *2
IZ(t) 5(1 e—sl) 7(1 e-3l) ' 78—31_58—51_2
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C(s) S+a S+a B(s)
2.43 G(s) == = = =
© R(s) (S+b}S+e) 82 +b+c)S+be  Als)
Tinh nghiém x,(t)=c(t) theo phuong phap Lurie.
V=AY +7r
y ny xl(t) = C(t)
bat .
c= Z hkyk Xz(t) = xl(t) —r(t)
k=1 '
B(s) S5+a | a-b_§
i - t b . ' = = [ p—
X(t) = ¢(F) rQt; hy = (S)S-:S;, 1 ZS+b+c|5=_b e-b_ 2
S+a _a-c_T7, R _ 5 17
hz_ZSi—b-i—csz_,_. RSy C(t}—gkkyﬁ- 23’1"'2.72-

¢
y = Id)(t— DLt = 21— )

yz_J'cb(t D16(t)dr = J’ ~S-n 10(t)dt=?0(1 —e3)

om

71
x{t)y=clt)= —'2—2(1—'5“5’ )-'*E-“3'-(1—-~‘3_3f )= 5[—%8”3' +e ™ +%}
Ta ¢6: xy(8)= x1(t)-r(t) = 5[+7e™ -5 |10 = 5[ 7% —5e™" ~2]

Dap s8: x,(6) v x,(f) gidng nhu ket qud tinh duge § bai trén (2.42)

-2
2450 S©_ 1 -5
R(s) S%+45+3 1+4S 14352
Pit: E(s)= - 18

T o 08 =82 E(s);
1+45 11352 = )

E(s)=R(s)~4S"'E(s)-382Fs)
S¢ d6 bién trang théi c6 dang:

xa 0} x. ()]
R{s} +
-y >—E(s) [B_ I» =%, |> c{s)
|-4s"E(s) -

-35°E(s) - <| + <'
R e S —
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b) Vé graph tin hiéu cho hé trén

x{0) x(0)

SXqis} L
RA{s) 1 K

le_‘

1 Cis)

-1 -1 2 "
o) X (=304 MO S70)  STRE)

A A a

-387%x,(0) N S xy () N S 1R(s) . °
A A A

A=1-(-48"1-382)=1+48"+3872
{xl(t)]ﬂ 1.5¢ -0,5¢"3%  0,5¢7 -0.5¢7Y x1{01]+
)] |-1,5¢7 +1,5¢¥ -0.8¢7 +1,5¢7 || x2(0)
. 0.33r(t)-0,5¢™ +0,167¢
0,5¢" - 0,5¢7%

Xqy(s)=

itz 0

2.48 ) _ S?448+1 S +487%+57°
R(s) S5°+95%+85 1+95'+85?%+087°
R(s) ’
X((8)s————
Pat: |1 s 4952 +8s
Xa(s)=sX,; X3(5}=52X1(S)

Suy ra:  S%Xifs) = — 8sXi(s) — 95°Xi(s) + R(s)
Cs) = (7 + 45 + DXufs)
Hé phuong trinh bién trang thai:

:}1(t)=x2(t); ..:cz(t)=x3(£); :.ca(t)=r(t)—8x2(t).—9_~c3(g)
0 1 0 0 1
A=] 0 0 1|; B=j0|; D=| 4
o -8 -9 1 11
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et =, () + 4%y (E)+x5(8).

R(s)

———— = E(s)=R(s)- (957" + 85" )E(s)
1+9s™ +8s”

S d6 trang thdi: E(s)=

+Xalt)

Risiy E []I Kylt) D +x,u)lE () D ....D -Cls) D +0(s)
e - = o= -

E PX4(t) o

-93"5(%] + X, (1) D“ +HX(h)

.8s°E - +
8s°E(s) @‘

1 efs)

2.50
1 7+0,00305¢ 986t _7 3,014t 1 (09170686t _ 1 gppo-0.14t
®(t) 2|0 -0,0209¢7086t 41 09014t 5 1496686t , 149,014t
0 0149596 _0,149¢7014t  § gpa-686t _ () 1ogga-0.t4t

0,2+0,807%" 0,40 4e5t
0,4-0,4¢7% 0,8+0,2e75¢

2.51 a) ¥(t) =

b) x; ()= 44.000+156.000e™ ; x,(£) = 88.000-78.000e™™ : ¢) t = 0,334
2.56 Vé quy dao nghiém s6 ca c4c hé théng sau: . ¢
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K{&+6)
(S+2)5% +88+25)
Nghiém cue: -2; 4 + j3; -4 — j3.
Nghiém zero: —6; géc cia tidm cfn: +90°
Diém ct ciia tiém cgn véi truc hoanh OA = -2,
Géc xudt phdt cia QDPNS tai nghiém cyc phde arg(S + 4 - j3)
duge tinh tif phuong trinh da thie dic trung cia hé théng:
arg(S +6)—arg(S+2) —arg(s + 4 jB)—arg(S + 4+ j3) = +180°
56,3° ~123,7° —arg(S +4— j3)~90° =—180°; arg(S+4 - j3)=22,6°.
_ _ 400
b) G(s)—-sm— 0<a<+eo
1+G(s)=S(S+6)S+a)+400=0=8+65% +a5% +6a8+400=0
aS{S+6)
S3+68% 4400
Nghiém cyc: ~10, +2 + j6, +2 — j6; nghiém Zero: -6, 0.
Diém téch ra va nhip lai trén tryc thie duge xée dinh da/dS=0.

; 0K <400

a) QG(s)=

1+

. —«5? +65% 1+ 400) _ S=
a= ; 28 _ 3,03
Tact: a=—% % dS 0; tai:
K(S+3)
Glg)=—or} m cuc 0, —1; nghiém zero —3s.
c) G(s) SG+D) nghié ghié
dk d{S(S+1)}

Piém tdch nhip: 0; tai: 8 =-0,5; 8, =-5,5.

dS~ dS(S+3)
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Im Im K-
Kp= 30
K=0
K-:tw __K-hiﬂ?- K=0 0 Ra Kt @ K=0 A K=0 Ra
.55 o -3 A k=0 a 2 a0
0.5
¢) | d \Ke=%
) Ko @
d) G(8) =-—————— . Nghia 1 0:-2; -3, co i
) G(s) SETHETS Nghiém cue: 0; —2; -3. Khéng c6 nghiém zero

K=~S®+58%+68); %=—(352+103+6)=0 tai -0, 8; 2,5

0A=‘2—3"§=—§. Géc tiém con 60°. Phuong trinh dic trung:

S(S+2)(S+3)+K=0 = H¢ sd khuéch dai gidi han: K, =30.

KS+) | dK
S(8+3)S+5)2  dS

Nghiém cyc: 0; -3; -5; -5.

e) G(s)= =0 tai: -3,63; -5,0; ~0,68 + j0,95.

_8-5-5+1_

Nghiém zero: -1. Géc tiém c4n i60°; OA 1 —4.
) 6(s)= K2(S+2)
S48+3)
Im /K—;m X3
— K=0 __ Fa K0 ) \K:-o Re
5 - 'Y 3 a2 1] [0
™ 2
.3I63 - .
\K b
SN Krw
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Nghiém cyc 0; 0; -3.

Nghiém zero —2. Géc tiém cian 390°; OA= _;+12 = —%

KB +2)

) G8)=———
& 52 _45+20

; 8, =4-20=-16; P, =2+j4

Nghiém cue 2 + 34
Nghiém zero 2. Géc tiém can +180°.

4K o2, 45-20=0 tai -7,5; 3,5
ds

QDNS gdm hai nhanh bt d4u tir cap nghiém phic lién hop gép
diém tach nhédp trén truc thuc (-7, 5), mft nhanh dén nghidm zero -2;
mét nhénh theo tiém cdn 180° tién ra —o

K— =

\

K-asmn

I
o
=
I
=
_c:a
/\
=
s s
i
g
= =
1}
[}
3

Neeee ™V
IS
X
[+
[

A

L[]

=1
.
n
(=]

K(S+1)

h) G(s)=

S(S+3XS% +85+20)

Nghiém cuc: 0, ~3; 4 +j2; -4 - j2; nghiém zero: -1.

-3-4-4+1_ 10
4-1 3

Hé bac 4, QNS gom bon nhanh bit dau tif cdc nghiém cye: hai
nhénh tif nghidm cvc phic theo tiém cdn +60°.

Gée tidm cdn: 160°; OA=
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Mt nhdnh nim trén truc thyc trdi tif nghiém cuc -3 va mét
nhdnh tit 0 dé€n nghiém zero -1.

i) (Xem d4p 4n dé thi s§ 11).

k) 1- Phuong trinh dic trung cia hé 1+GH(S)=1+

- Zero: khéng cé

Pole: py =0, p,35=-1; n =3 ¢6 ba nghiém eyc

- Tiém cédn: &y, = 60°, 180°, 300°

e

_xp-%z_ 2
p-z 3

- Biém ly hgp (di€m tdch nhap)
Tit phuong trinh dac trung: K = p(8)=-S(S+1)* =-8%-282 1

Piém ly hop o= —%

-1
442
=-357-45-1=0 = §=
S T TS {1

3

- Tim giao di€m cha quy dao nghiém vdi truc hoanh
Gid tri t6i han cla K,

Phuong trinh dic trung: 8*+282+S+K =0

K

—= -0
S(S+1)?

K= 2
_2 1
w-—K K=0 3 ) Re
Bang Routh T % “ k=0

58 1 1 . _
s? 2 K \H\‘“ﬂai’”
st ~§—2‘-3 0 G =->(K-2)
s° K 0| ¢--2 K2,
2 2 K 2 o K

= th =2
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Véi K = 2, phuong trinh dac trung ¢6 chita thita s3 257 + K =287 +2
5% +9282+8+2=(S+2(8%+1)

. . 18=-2 . i, .
Hé ¢6 nghiém {S 1 Vay quy dao nghiém cdt truc tung tai + j.
L .n K(S+1)
2. V& quv dao nghiém: GH(8S)= —————
quy Ga0 REE )= 5E+2E8+3)

Phuong trinh déc trung 1+GH(S) e1sKGS+D
S(S+2X%5+38)

p =0 2 =1
pole ¢{py,=-2; zero{1 L n=3
FE=
p3=-3
- Tidm can: @, = +90°, 270°; o _2=9-eh 4,
3-1 2
K = o
Im
L 2j
i
K=0 K=0 K=0 Ra
¥ - —(
-4 =3 -2 -1
o
-2
K -0
.o SS+24S5+3)
. . K =P(S) =212 T
Piém ly hogp: K =P(5) S+D)
S | ~2,25 ~2,4 —2,5 ~2,6 2,75
P(S) | 0,337 0,411 0,416 0,39 0,294

Piém ly hgp 6=-2.5
1) 1- Ta vé quy dao nghiém ctia hé theo thong 88 R. Sau dé tim

R c&n thidt dé £ > 0,6 trén quy dao nghiém vifa tim duge.

» Vé quy dao nghi¢gm
. Ham truyén mach hd va phuong trinh ddc trung la:
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GHs) R _ R/250 |
J)= =
(0,258 +1)2(40008+0,75) (S+4)%(S+1,9.10%) |
. 1 . 1 _
250 (S+4)%(5+1,9.107%) (S+4)%(S+1,9.10™%)°
r=
250

- Zero khéng c6

- Pole: py=-4; p, =4, P3=-1910"%n=3

_4
- Géc tiém can: Z,, =60°, 180°, 300°. o, = ‘4‘4‘31'9'10 - 2,66

- Tim gid tri R',;,,, rdi suy ra giao didm vdi truc tung
Phuong trinh dac trung: (S+4)%($+1,9.10%)+R'=0

Lay gdn ding S(S+4)+R'=0 & S +882+16S+ R'=0
Diing tiéu chudn Routh

s’ 1 16 C = —%(R'—IZS)
2 1

> 8 R dy = R

s’ -1/8(R’ - 128) 0

§° R* 0

Gia tri t6i han: R'), =128 hay R, = 128 x 250 = 32.000.

A=-11j1.4) MR = 128)
= 0,6
tp ......... ]1'4
R'=c0 BR=-Q Af o Re
— _—
5 -4 -3 R=0
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Véi R'=128 phuong trinh dic trung c6 chiia thifa s§ 85” +128 =0.

S5 =

Hé c6 nghiém la: 0=8(S+4)* +128 =(S* +16XS +8) = { .
82.3 = ij‘i

- Tim _diém ly hop:
= p(8)=—(S+4)*(8+1,910") = (8% + 852 +165+1,9.107™)

dzg)=—(382+163+16) suy ra diém ly hop o:
dp(S) -8+4 4 1

0= SS s%=382+168+16=>0= =—§_—1§
= 64-48 =47

. Xac dinh R d€£20,6:

Ve dudng thing £=0.6, cit quy dao nghiém tai A = (-1, j1, 4),
A* = (1, =1, 4)

Gi4 tri R’ tai A 1a R’,, xdc dinh bing tinh chat modul.

R', =|A0|<jABf’ V1 4417 +147]=18,85.

Viy dd £20.6 thi R'< R’y =18,85 hay R <18,85. 250 = 4714

9. Bién thién toc d6-Aw gdy ra boi tai AL.

Ta c¢6 ham truyén %L%
1.___.
AS) _ TMS+f _ (0,255 +1)°
ALS) . R R+(0,258+1)*(MS +f)

(0,258 +1D*(MS + f)
Mot tai AL(¢) dang ham nde, AL = AL x 1{#) gdy ra mét bién
déi toe do 13 Aw trén mién s ta cé

Am(S) AL (0,258 +1)? y AL
AL(S) R+(0,258 +D*(MS+1) S

AukS) =
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Suy ra ddp dng t8i da & trang thai xac 14p.

ault)),_ = lim AutS)x§ =42,

AL
Am(t-m)—?

2.65 a) Hé 6n dinh 0 < X < 1,49. T4n s6 dao dong 0,316 rad/sec.
d) Hé 6n dinh K > 2. T4n s6 dao déng 2,236 rad/sec.

2.67 a) Hé 4n dinh véi 1,2166x10° <K <1.7535x10° .

3J
2.68 Pdp s§ K, >0,081= E--56 1100=541-56 _o 4 102
15.6 100
K
273 Gls)=———; n>2, K>0,T>0.

(TS+1)"°
Tim diéu kién 6n dinh theo Nyquist:

. K
Gljo)| = == ®w) =-narctgw_,T=-n
| | JI@T + 17"

y

w,T =tg ;ZE; Suy ra: m_,,:tg%/T x

|G o) - K =K.cos" T < 1 didu kién én dinh.
,’[(tgfhzﬂl" " '
n

K< 1 ;K khéng phu thuéc vao T.

)
cos" —
n

2,96 a) p_y= 2. Ky hiéu p_; 1a s8 nghlém e ndm bén phai mat

phang phiic cia hé kin. o) P.1= _ )
2.79 Dédp s6: a) K> 0,5 én dinh; b) K> 0,5 §n dinh.

c) 0 < K < 0,5 6n dinh; 0,5 < K < 2’khéng 8n dinh

K > 2 6n dinh; K < 0 khéng 8n dinh; d) K> 0,5 én dinh.

2.81 a) K| <14,14.
2.84 a) On dinh.

b) Khéng 8n dinh ¢6 hai nghi¢m n4m bén phai.

) On dinh; d) On dinh.

2.89 a) Khéng én dinh c6 haj nghiém phai:
b) Khdng 6n dinh ¢6 hai nghiém phiéi;
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¢) Khong én dinh ¢6 hai nghiém phai;
d) Khong 8n dinh ¢6 hai nghiém phai.
2.94 a) Tan s6 cit o, = 5,76 rad/sec; dd du tr&t pha = —10.69°;
d6 dy trd bién 46 = —4,45 dB.
b) Tén s6 cdt w, =0,7216 rad/sec; d¢ du tri pha = -17,76°;

d6 du trit bién 46 = -48,87 dB.
¢) Tan s& cit ©, = 2,935 rad/sec; 4§ du tri pha = -24,73°;

dd dy tr

if bién 49 = —co.

d) o, =0,2793 rad/sec; d¢ dy trif pha 16.27°;

2.100 ¢) Tiém cin: K > 0;

2.101a K > 0;

180°;

0=135°;, K< 0

K<0, 0°.

p=-45°, 0 la ky hiéu géc xuit

phat hodc géc tdi cia QDNS tai cdc nghiém cye va zero.
2.103a K = 13,07,

K(S+a)

2.108 G(s)=
S(S-

1- Tinh K, .

" Thé s6 vao ta c6: G{s)=

b)(S? + 2w, S +w,7)

ca=b=1,£=05; o,=4.

K8+

S(S-1)8%* +48+16)

1+G(s) = S(S-1)(S% +45+16)+ K(8+1)=0

= S +383 +1282 +(K-16)S+K =0

Ldp bdng Routh

s* 1 12 K
- 3 K-16 0
g2 22;-37—1{- K 0
g - K%+ 59K - 832 o
362 - K-
s° K
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K =1357va K =233 tcét 1 hang S' =0.
Piéu kién én dinh 23,3 < K < 35,7.
Tim diém cdt ciia quf dao nghiém s& v6i truc tung sir dung hang

S? vist phuong trinh cho S: i%;_Ksz +K =0_ Giai phuong trinh vdi:

K = 35,7 nghiém 8 = + j2,56; K = 23,3 nghiém S = +j1,56.
2- Ve QDNS 0 < K < +oo.
Nghiém cye: 0, 1, 2 +j 243. Nghiém zero: -1.

OA:M:_E; B‘.=;_‘-..l:.n_=i£; +7r .
4-1 3 4-1 3
Tir phueng trinh: 1 + G(s) = 0.
2
1+ K(S+1) - :Kz_S(S—ll(S +485+16)
S(S-1xS%+48+16) S+1

Diém tdch nhap %g =0; 38% +108° +215% +248 16 =

=3S+0,79+ j2.16)XS+0,79- j2.16)x(S + 2.22%8-0,46)=0
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Pidm S = 0,46 va S = 2,22 niim trén truc thyc va la nghiém
QDNS tuong dng v6i di€m tdch ra va hop lai.

piém S = -0,79 * j2,16 khong théa méin didu kién vé géc va
khéng phai 12 diém téch nhép.

Xsc dinh géc xudt phét cia QDNS tit nghi¢m phiic S = -2 +j2+/3.

Ky higu géc xuadt phat 1a 6 6=180° —120° —130; 5° -90° +106°;

8=-54,5°.
2113 a) Tai S = -37,86; K = —0,2317.
2121 o < 0,333.
2122 a) Loai 0. d) Loai 3.
2123 ¢) K,=; K,=K; K;=0.
e) K,=; K,=1; K,=0.
2.124. b) e,(t)=0,00558sin(5¢ ~63.66°).1(2).
2.126 a) K>0 va K,>0,02.
9128 E=0,4; o, =342,7(2, =—===0.01 0% =25%
. ®, 1_52
2.130 a) P& én dinh 0 > K> -1,5.
2.133 G‘”‘g&%ﬁi;
Gk(s)=—-§(—sl—= K___C&, 2K
1+G(s) S(TS+DH+K R(s) TS“+8+K
o’ K 1
=sz+§§+£=32+2§£,5+mn2 AL

T T
r

véi: £=0.4; 0% =100 =V 22549 ; 1, =——==3
a, \‘1_52
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L 1142 T=_1

3J1-&2 280,

K=Tw®=1428; ¢, =-éi-=8,757 .

n

W, = =1,095;

2.136 m = 0,36; b = 0,432, k = 0,552; £=0.356; w, =1,679

2.138 1- Ham truyén kin:
16 16 w? -

G )—_' = =
&( S(8+0,8)+16(1+ KS) S%+5(0,8+16K) +16 82+2@00,,;5‘«!-001,‘2

w,’® =16-w, =4, Pau bai cho & =0,5; 0,8+16K = 2w, ;

K=£“n’i—6_£‘8-=°’2-

2- ¢ = g:) = 2sec(TC 2% ), L =~§i-=1,5sec (TC 5%};

n "

0% =100"=E _16 3184

100
2,154 Gis)= : = ; =10.1(t).
(8) 25+5 HES) Kf r{t)=10.1¢t) |
1- Hinh 2. 77a: Cis)= 100 Ris)y=— 100 .E; Ci)= 200[1(1')“'8_2'5‘]
25+5 2 6 '8
(S+§}
. 100 500 -
Hinh 2.77b: C(s)=———"____ prey— - O(t) = BOOL(8) —e-1%
1‘Kf=0.15) () ZS+5+100K, (5) S(§+10)’ Ctt) = 500118y -]

Tinh thoi gian c4n thist d€ ) dat 80% gi4 tri xdc l4p.
160 = 200(1-e72%") : ¢ =0, 6438sec (H.2.77a).

400=500(1-¢'"); ¢ =0,16004 sec (H.2.77b).
2 CO= % Rie): %= 100ms = 0.1 s
2S+5+100K, " > ¢ = 100ms = 0,1 sec.

C'(t) ml(t)qe({fz)ui'mxﬂtl; e(—ﬁf?)(l-l-ZOKf)t - 0’2

5
-5+ 20K,)0.1=-1,6094; K, = 5'4‘;78 =0,2719.
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2
2.155 Gyls)=

S?+ 2w, S+w,>’
4
£w,
2,156 D€ thoa man & = 0,5 thi

T, = =2; 8w, =2.

nghiém cuc cia hé kin phdi nim

trai +60° tinh tif nda tryc thuc
am, coso = 0,5 = o = 160°. Thoi
gian xdc 1dp tg theo tiéu chudn
2% duge tinh bing cong thic:

T;:; S 2sec = Gw, 22.

H

= Phin thuyc eia nghiém cuc
theo tri tuyét d6i phai lén hon
hoidc béng 2. IRcSp[‘zZ. Lin ddu

D ; 0% = 100~ _ 59

5,186

+3,464

Re

l-s

-6,546

i-4

-4,572

2 ss.eg}(

-3,464

/ .

-5,196

chon S = -2 +j3,464 (diém A). Hé 56 sai s8 vdn téc duge dinh nghia

K, = lim SG(s)H(s);
5-0

K1+ KpS) K
K, = ll S—-*-—— G(S)——*-—-‘-S(QS_‘_I)

S(25+1)

K, =K 250 theo yéu cdu thiét ké.

Quy dao nghiém s& cd:

H(s)=1+K,S

Nghiém cuc: 0, —1/2; nghiém zero: ~1/Ky

_.Zarg(s Sm)+Zarg(S+Z) tn

Tinh cho ngl:uém phidc ¢6 phﬁn do duong (diém A)

~120° ~-118,41° +arg{(S+Z,)=—=

arg(S+Z,)=5341° =1; tgP= 31424,3 66,586°; 180—p=113,41°.

" . 3464
Nghiém zéro = —2—-"-—'—"?
tg53,41

3

=—4.572
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1 1
4 578 =——~ K, = ——=02187
e e =

Kiém tra diéu kién déi v6i K-
‘K(1+0.2187)

=1:K=32<50
5=-2+ j3.464

S(2S+1)
Nhu vdy chon S=-2% /3,464 1a khong dat yéu cdu.
Gia st chon 14n hai nghiém cyc hé kin 8§=-3+ /5,196 (diém B).
Téng cdc gée nghiém cuc hé hé =235,69°;

Nghiém zero tac géc: 235,69° --180° = 55,69°.
Suy ra nghiém zero = —6,546; K, = -ﬁ—% = 0,1528; K = 71,99.

Cé thé c¢6 nhiéu ddp s6 khdc néu chon cip nghiém S c¢6 phén
-thye khdc di. Dap s6: K, =0,1528; K = 71,99, dugc chon gin theo yéu
céu thiét k& véi gid thist chon S =-3+ 5196 (difm B).
KK,
S(1+TS)1+Tp8)+ KKK S
1- Khi khdng c6 mdy phat t6¢ K =0, ham truyén kin:

K\ K KK,
SA+TSX1+Tp8)+ K, K, KK,

2.158 Ham truyén vong trong:

Gk (s)=

Phuong trinh déc tinh cda hé kin:

=L +(h + T)S? +S+ K, K,K,K, =0
Thay gi4 tri K, T vao phuong trinh c¢6 dang:
A(s)=25.10°5% 40,0555 + 5 + 2865 =0
Tiéu chufin §n dinh Hurwitz: A, =0,055.1—25.10"°.2865<0.
H¢ théng khéng 6n dinh khi K e =0.
2- Tim diéu kién 6n dinh cho hé khi K rr >0. Ham truyén hé hé:

K KKK,y
SIA+TiS)A+T5)+ K K K pp

G(S) =
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Ham truyén vong kin:

G(s) _ K1K2K3K4
1+G(s) SI1+TS)A+TS)+ KKK pr |+ K KKK,

GK(S)

Ky hidu: K =K,K,K,;K,, phuong trinh dic trung c6 dang:
A =S[A+ A+ LS+ KoK Kprp]+ K =0

“TTS% 4+ (T, + Ty)S? + S(L+ Ky KoK ) + K =0
\_ﬂ__J LW v F W ~ > ‘1-’

a

o ! @ @
Ap=aay—a,ay >0; Ay = (T} + A+ K K3 Kpp)-T T, K >0

1 TT
=5 Ko > 172 K ._1)~0,24.107°
KK, BT

o 1000
2.159 Ham truyén vong hd: Gy (8)=(K, +KPS)—S(S+1O)
Ham truyén vong kin:

Gh(S) _ (KP+KDS)103

1+G4(s)  S%+108(1+10°K;)+10°K,,

GK(3)=

I K, +Kp,8)N0°
Hé s sai 86 van téc: K, = lim SGy(s)= limsi_i.&
§-0 590  S(S+10)

£=10=K,=10

' 0°K
Theo ddu bai: K, =10%; £=0,5; K, = ! 5
Xét miu s8 cda ham truyén dat hé kin:
MS =8 +10S(1+10°K)+10°K, =0 =5%+2%w,S+w,> =0
Ham truyén bic 2, ddp tng dao dong tdt dan.
Cén bling céc hé s8 ta ¢6: o,” =10°K, =10* > w, =100

10(1+102KD)

mn

%, = 10(1+102K,,) E=

E

_208-1 .
; =0,09 v6i £=0,b
106 b voi &

Néu: E£=0707;, Kp=01314; §&=1; K;=019
2.162 P4p s8 a = 90; K = 18.000.
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2.163b K, =1,5765.
K 100

2.164 Ham truyén dat hé hd; G(s)=(K, + S 8% +10S+100

1- Tinh sai 86 xdc 14p khi: ()= 1(t)+% va r(t)=t.1(t)+§1-§

] 1
.1 —él_r:}]Sl.*Gh(s).R(s)
e, =limS 1 Lio; wkhirw-=10
* 80 1+(K +_&) 100 S
P 878%2+10S+100
1 1 1 .
g, =limS ~—=—7; khirft)=tIt)
1+(K, +£’—) 109 st K

S '52+108+100

2- Tinh K,, K; tif didu kién 8n dinh va x4dc 14p 1% khi r(t) = t.1()
MAZu 8§ ham truyén kin
A(s) = 8(S* + 108 + 100) + (K,;S + K1)100 =

= 8% + 108% + 1008(1 + K,) + K;100 = 0
Az = 10.100(1+Kp)—100K1 )0

Hé 36 6n dinh theo tidu chufn Hurwits = K » >—Il%—1. Theo tinh
todn & cdu 1: ¢, =Ki=1%=0.01=>K, =100

!
Pép s8: K;=100; K, >9.

2.166b Chon gid tri 16n cho K, va nhé cho K, sao cho nghiém hé kin
la nghiém thite. '

2.}38:1 K,>0; K>0,1K,.

2.169 Chon gi4 tri T nhd, sau d6 chon a dé dat 43 vot 16 nhu yéu cdu.

2.172 Chon a g€ dat g, T c4n chon 16n.

2.173 Chon T nhd, a 16n. B

2.175 HAm truydn hd; G(s)= __K -
: SIS +1XS+10)+ KK, ]
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K

=i Gi(sy=
Ky = lim SG(s) 10+ KK,

=1; K=10+KK,

Phuong trinh dic trung cia hé kin:
AS)=S(S+1XS+10)+ KK, )+ K =0

A(s)=5% +118 + S(10+ KK, )+ K =S* + 1182 + KS+ K =0

Theo yéu cdu ciia hé kin ¢6 £ = 0,707. Hé bac 3 én dinh ¢6 1
nghiém thyc va hai nghiém phic lién hgp, déu c6 phdn thyc dm:

A()=(S+axS® +2w,S+0,2)=0 vdi a > 0.

= 8% + 5%+ 2w, )+ S(w,? + 2%w, )+ aw,2 =0
Cén biing hé s6 phitong trinh dic trung:
a+2%w, =11; @, +2%w, =K ; ow,> =K

K= +2§m,.} o} (a-1)-%w, =0

K =am§ o, =0 vd w, =2F fa—1)
2

=11-%q =11-35
a=11-2Em, =11 1

; afo—1) =11 a—-1)-4£2; o’ ~120+13=0;

o =1.20416; o, =6,92565; K = 57,75754;
op =10,.79583 ; w, =0,14437; K = 0,22494;

Chon K = 57,75754; K, =510

; K, =0,82686.

10
2.1 -1 . cw=K..
76 Gl = e Sv10° 9= Ks

1- Khi khéng ¢6 mé4y phat tdc ham truyén kin ¢6 dang

10K, X
= . Phuong trinh dic trung:
Ox ()= g G r10)7 10K, & &

A(s)=S(S+1X8+10)+10K,, =0
A(s)=8"+118% +108+10K ,= 0
85 =11x10-10K, =0 = HSKD K, =K, *=11
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2- Ham truyén hd khi ¢6 may phdt tde:

10K 10K
Gﬁ (S) = P Fid

S(S+1(S+10)+10K S S[5? +115+100+ Kpp)

10K,
= i e > >(1+K
K= e S G ) = or ey - L= K 20 K

Phuong trinh dic trung cia hé kin:
A(s)=S° +118%+10S(1 + K p7) + 10K, = 0
Yéu cAu hé thist k& £ = 0,707, hé bac 3 s& c6 mdt nghiém thuc
va hai nghiém phde lién hgp déu c6 phan thue 4m d€ hé én dinh.
‘Gid stt: §; = —o; @ thue > 0; Jof > [Ew,];
85 =-tw, + jm,y1-E7 . _
£ - hé s8 tdt, w,- tdn s6 tu nhién: KA(s):(S+a)(Sz +280,S+w?)=0
Pidu kién dn dinh cho hé béc 3 1a:
Ay =11x10(1+ Kpp)-10K, > 0= 111+ Kpr) > K,
Khai trién A(s) sdp xép theo s§ ma tir 16n dén nhé:
A(s)=8° +(o+ 260,)8° +(0] +260,)8 +ow? =0
Dong nhét cdc hé 880 a+ 28w, =11; 10(1+Kpp) = 0f + 20, ;
10K, = ao?. C4n chon cip nghiém quyét dinh gén truc tung hon
nghiém S, =-o. Gia sif chon:

78
o= N 2 =242, K-—=—~=5,6
_ é 10 10
) 2
w, +2Ew
Kpp=—0_""37n 1
Hpr= 10 0,2

Kiém tra diéu kién cia K, ta co: K,>1+Kpr.
Sai s6 xdc 1ap d6i véi r(t) = 1(8) 12 biing 0.

‘Sai s6 xdc lap d5i v6i r(2) = £.1(2) bling:

o 1 1 - 1 1 _1+Kpr

R e 57 dmS- . 10K, T

s? K
SIS+ 1S +10)+10K pp]

P
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2.178 G(s)= X " Kow
S(1+0,18X1+0,28)
1- QDNS 0 < K < +o; nghiém cue:
Kw= 15
Q; -5; —-10;9i=i-§, in; /
Koo K=0 K=0 K=0 Re
0A="2"10_ 5. ' 40 5 0
3 .
Diém t4ch nhép: _ Kyp = -15
1+G(s)=0 '
= K =-S(1 + 0,181 + 0,25)
dK . 50 _ Ko
.ds..o, S°+108+ 3 =0

8, =-2,11325; S, =-7,88675
Nghiém §; =-2.1132513 diém tdch ra cia QDNS. QBNS dugc vé
& hinh:
1+ G(s)=0; 0,025%+0,352+S+K=0
Ag=0,3-0,02K,, =0; K, =15
2- Higu chinh s6m - tré pha. Cin tang HSKD lén 100 d€ gidm sai s§
x4c 1ap nhung hé chua hiéu chinh khéng én dinh. K =100>K_, =15.
Ndi ti€p thém khdu sém phaa > 1

1+ahhS . Chon a = 4.
1 +T}S ’ Im /K <> m
- Chon nghiam zero khir duge nghiém 2244~ Ky, = 6.000
cuc eda hé chua hidu chinh: .
1+0,28 4(S+5)
1+0,0568  S+20

Ham truyén hé da duge hiéu % >% K-0 K= Re

Gcl (s)=

K= 20.000

Gcl (8)=

- chinh véi K = 100 ) 4,188 10
20.000
S5 +10}S+20)

G(8)Gq(8)= Koo = 6.000

Phuong trinh dic tinh:
- 88 + 10) (S + 20) + 20000 = 0

K = 20.000

: \-K—-Ho
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¢6 nghiém: § = -38,37; S =4,186 +322,44

K
Vé NS
¢ Qb S(S+10)}S+20)

Nghiém cyc: 0; -10; -20; OA = =-10

-10-20
3

D& hé dat duge hé s8 tit £ = 0,707 (tia 45°) cdn HSKD K = 650.
Véi K = 20000 hé khéng én dinh nim bén phai mit phing s6 phuc.
S(S+10)(S +20)+ K =0; K, =6.000.

D€ 6n dinh va théa man yéu cdu vé £ can doi nghiém cye sang
trdi xa tryc tung hon nita. Mic néi tiép khau hiéu chinh tréd pha;

G.p(s)= llibfg ;b < 1. Gid tri b duge xde dinh if bids thic;
2

b= K dat hé s6 £ mong mudn _ 650

= ={0,0325
K hé dat sai 56 xdc ldp ~ 20.000 0.03
20.000 1
K, =imS =100; =—=1%
v S(S + 10xS +20) =g =t

véi tin higu vao £.1(). Chon 7, l6n trong khoang < 10*4 va lam tron
T, =300

1+0.28  1+9,758
G, = o
1 (81 (5) 1+0.055 " 1+3005
Ham truyén hé hé da hiéu chinh c6 dang:
_ 650(S +0,1026)
S(S+10%5+20%S + 0,0033)
hoic: G(s) = 100.(1+9,758) _
_ S(1+0,18)1+0,058)1 + 300S)
2.179 K =0,6; d3 dit tri pha = 89.36°; da du trit bién g = o
Gi4 tri dao déng dinh M p =102 dai théng 607 rad/sec.
2.180 K, =0,09.
2.182 Gs) = K(1+o,2sx17_»o,0253) _
- . 8%(1+0,018x1+0,0058)
1- Vé gidn dﬁ Bode cia ham truyén G(w) cho K = 1.

. 8% dung chuong trinh MATLAB tinh 43 dv trid v& pha, t4n s6
cit, tdn 88 w_; trén hinh va gian d8 Bode: w, =1 rad/sec;
w_x =25.8rad/sec; w_; =777 rad/sec. D¢ du trir pha -78°. X4c dinh
gid' tri bidn d§ logarit tai tAn 88 ©_y: Lie, =25.8)=-69;
L{w_ =77,7)=-85,548.
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V6i gi4 tri K da cho & trén, pha cha hé 16n hon -180° theo tri
tuyét d3i va bang gdn —270°.

Viy hé khéng 6n dinh & trang thdi hd cling nhu trang thai vbng
kin phén héi 4m 1 don vi.

Hé hé § bién gidi dn dinh, phuong trinh dic trung cé ba nghiém .
nim trén truc 4o va hai nghiém nim bén trai mit phing phitc s6.

Dua vio gian d6 Bode nh4n thdy tai mién tdn s8 thdp va mién
tin s6 cao, 49 suy giam ctia bién d¢ 12 —60 dB/decade, d¢ dy trif pha
aAm = hé khéng 6n dinh.

Hé én dinh trong vung d¢ nghléng -20 dB/decade va mdt phan

ving —40 dB/decade véi 4o du trif vé pha rdt nhd.
l I FHI II

-28 =
e -40dB/decade
o L o
% 56 M, /
é - 69 andﬁfdacade
o - b
= 1] -40dB/decade
£il ]
855 Tl
] [
112 T ~
7r.7
1 [N Ay
-140
1 5 10 258 40 100 200 w{radis) 1000
-804

. “’dﬂ /, ‘\\-/ \\

; X L1 Cac doan
_21“-_0;5.5__ T 41 chuyén pha . \
. L1
200~ A7 \\' ~3
4 /r - ] . 4]
- [ _
1 5 10 258 40 100 200 g 1000

Gin a6 Bode G{s) = [K {1 » 0.25}{1 + D.0258)1s° (1 + 0.018)(1 +0.0058)]. K= 1
2- Xay dm:xg autmg cong Nyquist cho K = 1.
Tai mién tdn s§ thip 0 = 0 + 5 géc pha cua hé 1a- ~270° (ba
khdu tich phan K/S*),d nghiéng -60 dB/decade oT dén 40 géc pha
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-180°, 46 nghiéng ~40 dB/decade.’

Tén s§ ting dén 100, géc pha s& duong hon, theo tri tuyét ds:
nhd hon 180°, 46 nghiéng -20 dB/decade.

Tan s§ 2 100 géc pha 4m hon, 16n hon -180°, do nghiéng —40
dB/decade. O t4n s6 giy w, = 1/0,005 dd nghiéng —60 dB/dec.

Géc pha tai tdn s6 ting dén « bling —270°.

Tai: w_, = 25,8; L(w_,)=-69dB ;

Liw_,) =201g|G(jo_,)| =—69dB; |Glw )| = 3,548.107

Tai: w_p=77,7; L(w_,)=-85,5dB ; |G(ju_,)|=5,309.10"

iimG
a .
Miit phdng Gije) Budng cong Nyquist
G(s) = [K({1 + 0.25)(1 + 0.0255)
(s'(1 + 0,01)(1 + 0,005s)]; K =1
a=777
-53x10°
0 =0
0
-355x10% ReG
=258

3- Vé quy dao nghiém 86 0 € K < +4o.
Nghiém cuyc: 3 hghiém:
0; —100; —200.
Nghiém zero: -5, —40

0, =:k-;—,iu; OA = -82 -

+ Tai w_p =258 ' Koo xop
-200
1
=0 K = 2818,4893.
3,548.10™ _ 48 _ (
cTai 0p=777 _ 7.7

I S
“Esopige ;K= 18885939,

i . - - A K-awx
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Hé 6n dinh: 2818,4893 < K < 18835,939.
QPNS cdt truc tung jo tai gid tri o_; tim duge bing gidn dé
Bode hoic la giao diém ciia dudng cong Nyquist véi nifa true thuc dm.

Gid tri K tai giao diém ciia QDNS véi truc tung duge tinh bing

eéng thife: K :__i.__.
|Giw_s )|

N K(1+T8)
2183 V& QPNS: GSY=——"7—-

eQ )= S+ S+2)
1- Khi T = 0; 0 < K < +e . Nghiém cuc; 0, -1, -2.

0 -_—i___%z_z; 91 —_-Et-’ T
3 3 3

Piém tdch nhép: %:0; K=-8(S+1)(S+2)

%"Si _0; 8, =-0,4226; S, =-15774.

MS=5*+382+28+K=0. A, =6-K; =0; Ky = 6

2- K = 20 hé kin ¢6 nghiém: -3.85;0,425 %] 2,235.

Im
Ko
Kp=6
K K=20
_’f K=0 K=0 S| |K=0 Re T=0
T 1 \0 -4-3,83-3
\ K’.,:-B
K —» 2o

QPNs 1+-200+TS)_ _g: §(8+1)8+2)+20+207S = 0
S(S+1XS+2) '

ix 20TS
~SS+1US+2)+20
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L 207TS o
(S+3,85)(S-0,425- j2,235)8— 0,425+ 2, 235)

QBNS 0<7T < 4
Nghiém cve:  -3,85; + 0,425 + j2,235; nghiém zero: 0

QA=—3’85+0:;4215+0‘425 :

OA = —1,5; Bi=i%; i=1,85.

3- QDNS hai théng s6 K, T thay d8i tit 0 d&€n +-0 58 14 mét ho dudng
cong c6 mgt nhanh tring véi nda truc thue 4m chidu xust phdt tif xa
v cing tién dén nghiém zero bing 0 (géc toa dg) va cdc cip dudng
cong d6i xitng vdi truc hoanh xust phat tir di€m trén QDPNS T = 0,

0 < K < + o va tién t6i tiém cfn vudng géc véi true hodnh tai —-1,5;
K1+TS) . i
——————— |}, h
+S(S+1)(S +2) 0. Thém kh4u higu chinh (1 + T'S) trong trudng ap

nay la thém nghidém zero, QDNS c¢6 chidu huéng sang trdi, hé théng
on dinh hon.

2,184 D€ khio st hé ta x6t ham truyén tin sd vong hé:

GH(jo) = ———1 - =1, 1/4
» .
JXJOY + jovd) S 1+2xo.25,:-‘2';’-{%‘—"]2

., K 1/4
|GH(Jm)|~—(;x- — o cs
)]
Hes)
0.52
£GH(jw) =-90° - arctg m% +mod(180°)
T
© o [ 1 1,5 2 3 4 -
IGH(jm)l oo 0,318 0,29 025 | 0,057 0,02 ¢

£GH(Gw) | -90° | -108,0° | 131° | 180° | Z11° | -198.4° -270°

V& 18n mit phing phic ta c6 dic tinh t4n 56 ﬂjquist
Tif djc tinh tdn 88 ta they, véi K = 1; oy=2 & GH(w,)=-0,25.
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- Haé thong sé& khéng én dinh néu IGH(w,)t>1 (bao diém -1).

Khi tang K hé théng kém én dinh hon. Im
Tai K =K, dic tinh tdn s5 di qua diém -1.

]GH(w,,)|=1:>K=Oi25-=4; Kogpon =4

» Cdch lam khde:
Cing c¢6 thé tim K., theo phuong phdp

0.1j

-0.2j

-0.3i
glél tiCh. w=0
Hé & bién gidi 6n dinh néu dac tinh tdn sd qua didm —1. Khi dé:

ZGH =-180° (1)
IGH|=1 (2)

0,52

Tir (1): 90 —arcig 22 =-180° > w=2

1
4

K 1 1 K 1
Thay vao (2} 1——-x— Ju = Ex-a‘g; K, =4.

2 +(05 )

2.185 Dung dac tinh tdn s d€ thiét ké hé: trudc tién hiéu chinh ty
1¢ (thiét ké K,) dé dat yéu cdu e, % — sau dé hiéu chinh tré pha

(thiét k& G, ) dé dat 46 vugt qua POT%.

Ddc tinh tdn s6 ciia hé chua hig¢u chinh:

01 25 25
G)H(s) = $+0.10.15+1 =0 +8701X1+S/10)
. 25 .
= GH{jo = (1+ jo/ 0,111+ jo!/10)

Ha s6 sai s6 tinh K, = mGH(jm) =925=28dB

Hg 86 sai 56 cAn thidt 14 K, =——=1000
85

K
P =m_40 =32dB

K, 25

= Hé s6 hiéu chinh ty 1¢ K,,: K, =
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- Ta ¢6 ddc tinh tan s¢ K, GH(jw) nhy trén hinh va.

df
60
L
T |KGH|
40
Gy K GHL e
20
. u 11 7.7 . @
01 n 01" :] '10 ~ 100 -
0 0, w, lgw
P =32 I 9
. /KGH
00
) . _ \ ©
-90 ; ) * < + '
- }9-—-4‘ N 10 100 g
GpKGH A, = 60° \\ 65"
-1800 ............................... %S\ .

Khau hidu chinh

| G } “‘T 0 =0 gy
{dB + + + I } @
001 i1N\o1l 1 1 10
-20dB
pha

OD

- Hé 56: «, =17.73ec’i; POT%e'?’W; Ady =33°; AD = 100E
« D€ h¢ théng POT% <109 = & 2 0,6 hay phéi c6 Ad,, > 60°

 Thidt b khau higu chink 1r8 pha: G, = LHI%/®,
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Ti didu kién tdn s§ = tdn s8 cdt cdn c6 dy tri pha 60° +5° =65
la «',=3,2. Viy 46 suy gidm bién df cGa khéu tré pha phai la

w,

@, @y
suy gidm cham. Dya vao déc tinh pha khau hiéu chinh, ta nhin thay

=5,62 = dic tinh pha (thay dé&i)

mudn:
o 3 r m.c 3,2
1 éwa(m' } = 6 y ta cén Cé l’.l)c = 10(_02: . Hay mz =__=____:0’32-
) 10 10
. [{})
=—=2-=0,06
“» 5,62
V& lai d4c tinh tdn s§ d4 hiéu chinh.
T thu duge: tdn s§ cit sau khi hidu chinh: ', = 3,2sec”

dy tru “pha sau khi hidu chinh: A®y = 60°





