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LOI NOI PAU

Ly thuét diéu khién ty dong va ky thuat diéu khi€n hién dai ngay nay phat trié€n
va dugc 4p dung vao cong nghé, quy trinh sdn xuit, quéc phong , y t&. Piu nay dat
dudgc dua vao sy phat trién clia ky thudt vi xi¥ i va cong nghé thong tin.

Ly thuyét diéu khi€n ty dong 12 mdt trong nhitng mon co sd cia nganh Diéu
khién ty dong. Ngay nay di€u khién ty dong da 4p dung vao cic nganh dién -
dién t& , cong nghé thong tin , co khi, héa hoc , giao thong van tdi, xi nghi€p
cong nghiép, va nganh dau khi.

Noi dung gido trinh bao gdm:

Chuong 1 : Pai cudng vé hé thong diéu khién tu dong

Chuong 2 : M6 ta todn hoc phan tif va hé thong diéu khién ty dong

Chuong 3 : Péc tinh ddng hoc

Chuong 4 : Panh gid 6n dinh hé thong diéu khién ty dong

Chuong 5 : Cha't lugng hé thong diéu khién

Chuong 6 : Thi€t k& hé thong diéu khién tu dong

Chuong 7 : Hé thong diéu khién rJi rac

Chuong 8 : Hé thong diéu khién phi tuyé&n (Sinh vién doc tai liéu, khong thi).

Bai gidng nay dugc bién soan va cip nhat dya trén bai gidng Piéu khién ty dong
ma tdc gid da doc va gidng day cho cic 1dp Cao ding dién tr khéda 1, 2, 3, va 10K. Noi
dung gido trinh bdm theo dé cuong chi ti€t mdn hoc Ly thuyét diéu khién ty dong clia
khoa Cong nghé Pién ti. Matlab 12 cong cu gitip phin tich va thi€t k&€ hé théng diéu
khién. Phu luc céc chuong 2, 3,5, 6 va 7 c6 dé cap d€n Matlab.

Db6i tugng chd yé&u clia gido trinh nay 1a sinh vién nganh Pién t¢ ty dong hé cao
ding va dai hoc chinh qui, sau khi cdc sinh vién di hoc qua mén Ham phtc, Bié€n ddi
Laplace. Pay con 1a tai liéu tham khdo cho sinh vién cdc nganh Dién tf cong nghiép,
Vién thong va Mdy tinh.

T4c gid bay té 1ong biét on d6i v6i cdc thdy co gido BoO mon Piéu khién ty dong
da gép y, dong vién d€ hoan thanh gido trinh nay.

Cudi cing tdc gid rit mong nhan dudc sy gép ¥ phé binh clia cdc dong nghiép, cdc
ban doc d€ nodi dung gido trinh ngdy cang hoan thién hon. Thu gép y xin giti vé€ : Bo
mo6n Piéu khién tu dong, Khoa Cong nghé Pién ti, trudng Pai hoc cong nghiép Tp.
HCM , s6 12 Nguyén Vin Bio,P4 Q. Govap, DPT: 38940390, email:
huynhminhngoc@hui.edu.vn.

Tp. H6 Chi Minh, ngay 15 thdang 01 nim 2009
Tédc giad

Huynh Minh Ngoc
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Chuong 1: PAI CUONG VE HE THONG PIEU KHIEN TU PONG
1.1.Gidi thiéu
1.1.1. Thanh phin cd ban ctia hé thong diéu khién ti dong
Hé thong diéu khién

Trong phan nay chiing ta 1am cho ngudi doc quen véi cdc chli dé sau:

1. Hé thdng didu khién 12 gi?

2.Tai sao hé thdng diéu khién quan trong?

3.Thanh phin co ban ctia hé thdng diéu khi€n 1a gi?

4.Tai sao hdi ti€p dugc tich hgp vao hau hét hé thong diéu khién?

5. Cdc loai hé thdng diéu khién.

Co thé con ngudi 12 mot vi du vé hé thong didu khién phitc tap nhat trong thuc
t&€. MOt ngudi binh thudng c6 kha ning thyc hién rit rong cdc nhiém vu, bao gdm ra
quyét dinh. Mot s6 nhiém vu nay nhu 13 nhit mot vat, di tir di€ém nay dén di€m kia
thdng thudng thuc hién theo cich dinh truc. Trong diéu kién khong chic chin, mot s
nhiém vu dudc thyc hién theo cach t6t nhat. Thi du van dong vién chay 100 m ¢ muc
tiéu chay khodng cich d6 trong thdi gian ngén nhit. Con van dong vién marathon
khong chi chay khdang cdch d6 nhanh c6 thé dugc ma anh ta con phai ki€m soat ning
lugng d€ dat két qua tot nha't. Trong cudc song ¢ rat nhiéu “muc tiéu” phai hoan thanh,
va cich dat muc tiéu d6 luén bao gém sy cin thi€'t cia hé thong diéu khién.

Trong nhitng nim gin diy, hé thong diéu khi€n déng vai trd ngay cang quan
trong trong su phdt trién va ti€n bd cla xa hoi va cong nghé hién dai. Hé thong diéu
khi€n c6 mit trong tit ci cdc thanh phin trong cong nghiép, nhu 13 ki€m sodt chit
lugng clia san pham, diy chuyén lip rdp tu dong, diéu khi€n mdy cong cu, cdng nghé
khong gian va hé thdng vi khi, diéu khi€n may tinh, hé théng giao thong, hé thong
dién, robotics,vv.. C4c van dé nhu 1a diéu khién todn hoc, sinh hoc va hé théng diéu
khién kinh & xa hoi déu ti€p can t If thuy&t diéu khién t dong.

Pinh nghia: Diéu khién 13 qué trinh thu thap thong tin, xi¥ 1i thdng tin va tic
dong 1én hé thong d€ dap tng cda hé thong gin véi muc dich dinh trude. Piu khién tu
dong 1a qud trinh diéu khién khong can su tic dong clia con ngudi.

Ly thuyét diéu khién ty dong 1a khoa hoc nghién cttu nhitng nguyén tic thanh
1ap cédc hé thong tw dong va nhitng qui ludt cda céc qud trinh xy ra trong né.

Thanh phin c¢ ban clia hé théng diéu khién
Thanh phin co bin cia hé thdng c6 thé md ta bdi:

Muc tiéu H¢ thong K&t qua
U gidu khién b

(a)
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Ngb6 vaou Thanh phﬁn Negod rac
BOVAOL o 1 thong [—*

diéu khién

(b)

Hinh 1.1:Thanh phdn co bdn ciia hé thong diéu khién
1. Muc tiéu diéu khién
2.Thanh phan hé théng diéu khién.
3.K&t qua.

Trong sd d6 khdi, quan hé cd ban giita ba thanh phan trén dugc minh hoa & hinh
1.1(a). Trong thuat ngit khoa hoc hon, ba thanh phﬁn nay dudc goi la ngd vao u, thanh
phan hé thdng, va ngd ra c, minh hoa & hinh 1.1(b).

Téng quat, muc tiéu cda hé thong diéu khién 12 diéu khién ngé ra c theo cich
dinh tru6c bdi ngd vao u thong qua cdc phin ti cia hé thong diéu khién.

Tin hiéu vao cia hé dugc goi 1a tin hiéu tdc dong (actuating signal) va ngd ra ¢
2oi 1a bi€n dudc diéu khién (controlled variable).
Xét thi du diéu khi€n 14i xe.
Trong gido trinh nay chiing ta chi dé cap dén hé thong diéu khién trong k§y thuat.
1.1.2. Hé thong diéu khién vong hé (Hé thong khong hdi tiép)
Thanh phin ctia hé théng diéu khi€n vong hd thudng dugc chia lam hai phin:
b6 diéu khién va qua trinh bi di€u khién (con goi 13 ddi tugng diéu khién).

r(ty | BO u(t) bTPK ()
diéu — >
khién
Hinh 1.2

Trong d6 : r(t) 1a tin hiéu vao, c(t) 14 tin hiéu ra, u(t) 1a tin hiéu diéu khién.
M4y giit bing dién 13 thi du vé hé théng diéu khién vong hd. Thdi gian gidt hoan
toan dugc quyét dinh bdi uéc lugng clia ngudi van hanh.
1.1.3. Hé thong diéu khién vong kin (Hé thong diéu khién c6 hdi ti€p).
S db khéi ciia hé théng diéu khién (HTPK) vong kin :
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1(t)

e

B0 so sanh

Trong d6 : r(t) 12 tin hiéu vao; c(t) 1a tin hiéu ra; c¢*(t) 1a tin hiéu hdi ti€p va u(t)

/

9
ety & u(t)
Bo diéu N
) khién
c*(t) bK

boi tugng, qud
trinh diéu khién

c(t)

12 tin hiéu diéu khién.

Mot hé thdng diéu khi€n bao gdm 3 thanh phan co ban d6 1a d6i tugng diéu
khién, cAm bi&n hay thi€t bi do ludng va bo diéu khién diing d€ hiéu chinh cdc hanh vi

cua hé.

Tin hiéu ddu ra b so sdnh e(t)=r(t)- c*(t), 1a sai s&, & hinh vé& 1-3 ciing chinh 1a
tin hiéu dau vao cta b diéu khién. Nhiém vu co ban cia ky su diéu khién ty dong 12

gidi quy&t cdc van dé sau :
1. Phan tich hé thong.
2. Thi€t k& hé thong.
3. Bai todn coi hé thdng 1a hop den.

bT
Cam bién, thiét
bi do ludng
bL
Hinh 1.3

v

Thi du : Piéu khi€n myc nudc c6 voi chdy vao, chdy ra va c¢é phao diéu khién.

v

X1
\Va
T
QT
O |
H
_\Q2
e « x ql N
Q_, bon bay Van » Binh
nudc nirdc
H
Phao
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Hinh 1.4 : So do khé'i hé diéu khién phdn hoi Gm
E=H,-H

Thung nudc 1a d6i tugng
H : dai lugng ra
Hpy : dai lugng vao
Phao : do ludng dai lugng ta.
Pon biy : so sanh, khuéch dai.
Van nudc : phan ti tdic dong, chap hanh.
Muc tiéu diéu khién : sao cho H=Hy=const.
Ciéc hé thong diéu khién ty dong déu bao gém : ddi tudng ; do ludng , phdt tin hiéu; so
sdnh, khuéch dai; va phan t chip hanh
1.2. Anh huéng ciia hdi ti€p

Hoi ti€p 12 dua mot phan tin hiéu ngd ra trd vé& ngd vao. N&u hdi ti€p 1am ting
tin hiéu vao thi ta c¢6 hdi ti€p duong. Ngudc lai néu 1am gidm (suy yé&u) tin hiéu vao thi
ta c6 hoi ti€p am.

Xét hé thong hdi ti€p Am don gidn:

+ + G +
r € C
- + b - -

Hinh 1. 5. Hé théng héi tiép
Xét hé thong hdi ti€p & hinh 1.5, trong d6 r 1a tin hiéu vao, ¢ 1a tin hiéu ra, e 1a
sai s8, va h 1a tin hiéu héi ti€p. Tham s6 G va H 1a d6 1gi hiing s6. Bing c4c phép tinh
don gidn, quan hé vao ra cia hé 1a:
¢ G

" r 1+GH

(1-1

Anh hudng cda hoi ti€p:
1)Anh hudng ctia hoi ti€p 1én dd 1gi
Anh hudng ctia hdi ti€p 1a né c6 thé ting hay gidm do 1gi G.
2)Anh hudng clia hdi ti€p 1én dd 6n dinh va 1én d6 nhay
Hdi ti€p c6 thé cdi thién d6 6n dinh hay c6é hai cho d6 6n dinh néu né khong
dudc 4p dung hop li.
Hé thdng v6i hai vong hoi ti€p am:
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c G

r 1+GH +GF
Xem xét @6 nhay 12 quan trong trong thi€t k& hé thong diéu khién. P9 nhay clia
do 1gi toan hé M tdi thay d6i trong G dugc dinh nghia:
s = MM/M _ %thaydoiM

= = : (1-3)
1G/G  %thaydoiG

trong d6 M 1a thay ddi ting trong M vi su thay ddi ting tong G, hay 1G.

Ham do6 nhay dugc vi€'t nhu sau:

(1-2)

w-MG__ 1 (1-4)
°© IG'M 1+GH

3)Anh hudng ctia hoi ti€p ddi v6i nhidu
Hbi ti€p c6 thé gidm 4nh hudng ctia nhiéu 1én chit lugng hé thong.
1.3.Phan loai hé théng diéu khi&n hdi tiép
Phan loai theo phuong phdp phén tich va thi€t k&
1.3.1 HTPK tuyén tinh — HTPK phi tuyén
- Heé tuyé&n tinh : vé co khi, né€u cic m&i quan hé tit cd cic khau c6 dic tuyén tinh
12 tuyé€n tinh & hé tuyén tinh.
V& todn hoc, hé tuyé&n tinh 12 hé thyc hién nguyén 1y x€&p chdng.
riac

br; + ar, & be, + ac;
I'zé. C2

Hé thong tuyén tinh khong ton tai trong thuc t&, vi tit cd cdc hé thong vat i déu la
phi tuyén. Khi gi4 tri cda tin hiéu nhap vao hé théng con ndm trong gidi han ma cic
phin t con hoat dong tuy&n tinh thi hé thdng con la tuyén tinh. Nhung khi gid tri cda
tin hiéu vao vugt ra ngoai viing hoat dong tuyén tinh cda cdc phin t& va hé thong, thi
khong thé xem hé thong 1a tuyén tinh duge. Hau hét cdc hé thong thuc t& déu c6 dic
tinh phi tuyén, thi du bo khué&ch dai thudng c6 dic tinh biao hoa khi tin hiéu vao trd nén
qud 16n, tr trudng cta dong cd ciing c6 dic tinh bao hoa.
1.3.2 Hé thng bat bi€n — Hé théng bi€n d6i theo thdi gian

Khi cic thong s6 clia HTPK 13 6n dinh vdi d4p tng thdi gian trong sudt hoat dong
clia hé thong, hé thong dudc goila bat bi€n theo thdi gian. Trong thuc t&, hdu hét hé
thong vat Iy déu chita cdc phin ti dich chuyén hay thay d6i theo thdi gian. Vi du dién
trd day quan cda dong co dién sé& thay d6i khi motor dugc khdi dong 1an diu va nhiét do
dang ting. Mot vi du khac v& hé thong bi€n ddi theo thdi gian 1a hé théng diéu khi€n
phéng tén Ita, trong d6 khoi lugng tén Iira phéng ra s& gidm di khi nhién li€u trén né
dugc tiéu thu khi chay. Mic ddu HTPK bién ddi theo thdi gian khong c¢6 su phi tuyén,
st phan tich va thi€t k€ loai hé thdng nay ludn phic tap hon nhiéu so véi hé bién d6i
theo thoi gian tuyén tinh.

Phin loai theo loai tin hiéu trong hé thong:

HTDK dit liéu lién tuc -HTPK dit li€u rdi rac
-Hé thong lién tuc : tin hiéu truyén tir khdinay sang khoi khdc 1a lién tuc
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— ——{

Hinh 1.6(a)
Hé thdng rdi rac : tin hiéu truyén tir khdi nay sang khdi khdc bi gidn doan it nhat mot

1an.
—{ 7 = -
Hinh 1.6(b)
HTDK dit liéu lién tuc

Hé thong diéu khién dif liéu lién tuc: 1a hé c6 cac tin hiéu § cac phan khic nhau
clia hé thong Ia tit cd cdc him cida bién thdi gian lién tuc t. Trong tit cd cdc hé thong
diéu khién di liéu lién tuc, tin hiéu dugc phan loai la ac hay dc.

Thi du : Hé thong diéu khién van téc dong c DC

D motor

—t— € De e €t
-I- amplifier

‘ <>> Control variable

Error detector q

>qr Gear

Reference input
Hinh 1.7 : So do khé'i cita hé théng diéu khién vong kin DC tiéu biéu

load

Cf
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Qe

Ngoai ra con c6 so dd hé thdng diéu khi€n AC vong kin

HTDK dit liéu roi rac

Khic v6i HTPK dir li€u lién tuc , HTPK dir li€u rdi rac c6 tin hi€u tai mdt hay
nhiéu diém trong hé thong la c6 dang chudi xung hay mi sd. Thudng thi hé thdng 14y
mAu dif liéu chi t6i 1 16p tdng quéit cac hé thdng ma tin hiéu & dang dit liéu xung. Thong
thudng HTPK dit liéu rdi rac dude phan 1am hai loai : HTPK 14y miu dif liéu va HTBK
s6. HTPK 148y miu di liéu & dang di liéu xung. HTPK s6 lién quan dén sit dung mdy
tinh s6 hay bé diéu khi€n s& vi viy tin hiéu trong hé dugc ma s6 héa, mi s nhi phian
ching han.
Thi du : Hé thong thu thap dif liéu

e(t) e*(t u(t) Ngo ra c(t)
Ngb —>| Gir du > Qu\é tri?h >
R() + ) T liéu (loc) di€u khién
Liy miu

Hinh 1.8 : So do kho'i hé thong ldy mdu dit liéu

Thi du : Piéu khién s6 cho phéng tén Ia

Ngé vao udng bay tén Ia
mi héa s, Mdy »| Chuyén » B¢ >
tinh s& ddi s6 - phéng
tuong ty
Chuyén i
d6i tuong [ M |[&——
» bhién
tu -s0

Hinh 1.9:H¢ théng diéu khién s6 cho phéng tén lita.
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1.4. Céac nguyén tic diéu khién

Phin nay s& dé cap cic nguyén tic cd ban trong diéu chinh hay diéu khién hé thong.
1.4.1.C4c nguyén tic diéu chinh

1.Nguyén tdc san bing sai léch

Nguyén tic di€u chinh nay thuc hién bing cich san bing sai léch giita gid tri
thuc (k€t qua hay ddp dng ra hé thdng) va gia tri chudn cho trudc. C4c thi€t bi phuc vu
cho muc dich nay goi la thi€t bi diéu chinh va bao gid ciing phai ding hdi ti€p d€ so
sanh v&i tin hiéu chuin § dau vao hé thdng. Pdy 1a mot nguyén tic cd dién.

2. Nguyén téc bu trit cdc nhiéu

St dung cédc thi€t bi b trir nhiéu d€ gidm 4nh hudng ctia nhidu 13 nguyén nhin
truc ti€p gay ra hiu qua cho hé. HTPK theo nguyén tic bl trit nhiéu 124 HTPK vong hé
c6 sai sd xdc 1ap khong bing zero.
3.Nguyén tdc triét tiéu cac nhiéu :

DPay 1a phuong phdp don gidn nhat clia di€u chinh, thudng thyc hién bing céch
cachly hé thdng v6i moi trudng. Cac thi€t bi ddm nhiém cong viéc nay dugc 4p dung
kh4 rong rdi va dugc goi dudi cdc tén khdc nhau nhu thi€t bi dém, thué€t bi lam c6 lap...
Thuc t€ khdng phdi lic nao cdc thi€t bi ndy ciing mang dén hiéu qui cho hé. Trong
trudng hgp d6 phdi sit dung hai nguyén tic trén.

Can phan biét cdc khdi niém sau :

Piéu khi€n hoc — d6 13 khoa hoc vé& diéu khién cdc hé thong dong phiic tap. Piéu khién
12 qué trinh thu nhan va ché& bi€n thong tin, 13 tic dong 1én hé thong d€ ddm bdo lam
gin k&t qua hoat dong hé thdng véi muc dich dinh trudc.
Thong tin — 13 khdi niém co sd ctia Piéu khién hoc.
1.4.2. Céc nguyén tic diéu khién
Céc nguyén tic diéu khi€n c6 thé xem 1a kim chi nam d€ thi€t k€ hé thong diéu
khién dat chit lugng cao va cé hiéu qua kinh t& nhat.
1. Nguyén tic thong tin phin hoi
Trong qua trinh diéu khi€n, tdn tai hai dong thong tin mot tif cd quan chi quan
dén d6i tugng va mot tir ddi twdng di ngudc vé co quan diéu khién, dugc goila lién
két ngudc hay hdi ti€p.

C6 3 phuong phép :

Phuong phdp 1 : bu tic ddng bén ngoai néu tic dong d6 do dugc (Hinh 1.10)

N: nhiéu
Thiét bi Dé6i tugng
r——>| diéu khién U>| didukhién > ©

Hinh 1.10
C(t) 1a tin hiéu ra, N(t) 1a nhiéu.
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Phuwong phdp 2 : N&u tic dong bén ngoai khong do dugc thi ding diéu khién theo
sai [éch (Hinh 1.11).

R eV . .. u(t) v ) c(t)
_+,O% Bo c;heu - 5| bai tgng, qud
) khién trinh di€u khién >
c*(t) bK
bT
Hinh 1.11
Phuong phdp 3 : Nguyén tic diéu khi€n phdi hgp (Hinh 1.12) : theo sai léch va bu
nhiéu.
N
ll'
R e . ..» u(t) » ) c(t)
T@ Bo c;heu " | bai wigng, qud
) khién trinh di€u khién >
c*(t) bK
bT
Hinh 1.12
Ngoai ra con c6 cdc nguyén tic khac:
2.Diéu khién theo chuong trinh
1 | Bo phat ¢, Gigén |_,°©
chuong trinh dinh
Hinh 1.13

N&u r(t) 12 mdt ham dinh truSc theo thdi gian, yéu cau ddp tng ra ¢ clia hé thdng sao
chép lai cic gid tri clia tin hiéu vao r(t) thi ta c6 hé thong diéu khi€n theo chuong

trinh.
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Vi du hé thong diéu khi€n may cong cu CNC, diéu khi€n tv dong nha mdy xi ming
Hoang Thach, hé thdng thu thip va truyén sd liéu hé thong dién, quin 1y vat tu &
nha miy...
3.biéu khién theo doi

Néu tin hiéu tdc dong vao hé thdng r(t) 1a mot ham khong bi€t trudc theo thdi
gian, yéu cAu diéu khién dip @ng ra c(t) ludn bam dudgc r(t), ta c6 hé thong theo doi.
Piéu khién theo d&i dugc st dung rong rii trong cic HTPK vii khi, hé thong 14i tau,

mdy bay...
4.Piéu khién thich nghi (tu chinh dinh ) N
TC
'
r A u .. C
biéu boi
khién twong
Hinh 1.14

Tin hiéu v(t) chinh dinh lai tham s& diéu khi€n sao cho hé thich nghi vdi moi bi€n
déng cia mdi trudng ngoai (TC- tu chinh dinh)(Hinh 1.14)

5.Diéu khién t6i vu — him muc tiéu dat cuc tri

Vi du cédc bai todn qui hoach, van trii trong kinh t&, k§ thuat déu 1a cdc phuong

phap diéu khién t6i wu.

Gan day do sy phat trién ctia mdy tinh va bd vi xtt li, vi diéu khién ngudi ta da
t6ng hop ra cac hé thdng diéu khi€n ri't phic tap trong dé thi€t bi diéu khién chinh 12
mot bd vi diéu khi€n nhiing c6 thém cic bo chuyén ddi tuong ty-sd (ADC) va bd chuyén
ddi so-twong tw (DAC). Cac thuat todn diéu khién dugc tinh todn theo cic bai todn tdi
vu va thich nghi dugc viét biing chuong trinh hgp ngit hay ngén ngit C d€ diéu khién doi
tugng cong nghé bén ngoai.

1.5. Lich si phat trién Iy thuyé&t diéu khién :

Tir xa xua, con ngudi dd bi€t hudn luyén, khai thic stc ngua, triu, voi dé thuc
hién nhiéu cong viéc khic nhau, ti€p sau d6 phat minh ra nhitng ¢d mdy tho so dé thay
th& cho chiing va qua trinh ct thé phat trién.

Viao nim 1769, James Watt phat minh vé diéu khién t6c d6 tuabin hdi nudc dua
trén lyc quay ly tAm clia qud ning hay con goi la may diéu tdc ly tim.

1. Hé théng diéu khi€n hoi ti€p: ding ham truyén dat dé€ phan tich va thi€t k€ hé thong.
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-Khio sit hé dung bién ddi Laplace , ham truyén dat. Xét 6n dinh dung tiéu chuin
Routh-Hurwitz. P4p tng tin s&, xét n dinh ding tiéu chuin Nyquist vd Bode (H.W.
Bode va H. Nyquist, cudi nhitng nin 1920 dau nim 1930). Ky thuit quj dao nghiém sd&
(Walter R. Evans, 1948). Diéu khién PID. Trudc 1950 1y thuy&t diéu khién chi xét hé
mot ngd vao mot ngd ra (SISO).

-Hé thong diéu khién s6: diing bi€n ddi z va ham truyén z d€ phan tich va thi€t k& hé.

Trong thip nién 1950, v6i sy ra d5i clia mdy tinh , bi€u dién va phan tich hé
thong trong khong gian trang thdi va tdng hgp hé thdng nhiéu dau vao va nhiéu ngd ra
(MIMO) xuit hién va dugc dng dung thanh cdng trong mdt sd hé thdng phifc tap trong
quan sy, vi try, cdng nghiép,..

2. Hé thong diéu khién hién dai: ding bién trang thi d€ phin tich va thiét k€ hé thong
(mién thdi gian).

Khodng thdi gian tir 1960 d€n nay 13 thdi ki phat trién manh mé cla 1y thuyét
diéu khién hién dai: Loc Kalman, Hé thong diéu khi€n t5i wu, Piéu khién thich nghi,
Diéu khién bén vitng, Piéu khi€n phi tuyé&n, cong nghé tinh toin mém (mang noron,
logic md, ndron md, ly thuyé&t xac suit,...).
1.6.Mot s thi du vé HTPKTD
1. Diéu khién nhiét do
Thi du 1a: Hé théng diéu khi€n 6n dinh nhiét do_

’

+V
t" dat ~ le(t)| Bo u(t) Mach Lo dién
Khuéc A N
b dai vi dieu coOng
1 khién sudt e

sai
Mach Cap nhiét dién
do
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Thi du 1b : Hé thong diéu khién nhiét do ding vi xt i

N

5Lb dién +— Thermocouple
.

Khuéch
dai
220 VAC | Mach cong
__| suat ADC

Vi xtt 1y .
L e L, , .| Giao tiép
Giao ti€p |Bus dia chi Diach A
» < » nhap
xuat

Bus dit icu Bus dir liéu

Hinh 1.15 : H¢ théng diéu khién nhiét d¢
2.Thi du 2: Hé théng diéu khi€n myc chat 16ng trong bon
Hé thong diéu khién mic nudc diing a)mach tuong ty b) vi xi 1i.

O+ _e(t) | Bo did ® | van1l Mo hinh ®
x()+ _ e 0 diéu u N . y
N - .| binh mu ‘
—O—— (hién o I >
nudc

Hinh 1.16

3.Thi du 3: On 4p tu dong

Hé thong &n dinh dién 4p mdy phat. Trong cdc mdy phat dién, dién 4p 1a dai
lugng hay bi€n ddi do nhiéu nguyén nhan: do tii thay d6i, do dong co kéo may phat
thay ddi tdc do, do d6 ta cAn phdi 6n dinh dién 4p nay. Mot hé thong nhu viy dudc
gidi thiéu trén hinh sau.

Hé thong bao gdm mdy phat dién AC do md dong co (dién, diezen, hoi nudc...)
kéo. O diu ra cla mdy phit ta ¢6 dién 4p AC. Mot phan clia mdy phét nay dudc
bi€n d8i thanh DC va dwa vao bo khuéch dai visai , @€ so sainh vdi dién dp dit. Sai
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léch Dué diu ra, sau khi dudc hiéu chinh dugc dwa vao bo khuéch dai cong suit dé
thay d6i dong dién kich tif cia may phat. Bo phin khu&ch dai cong suit nay thudng
ding SCR. N&u dién 4p & dau ra may phat ting 1&n thi dong dién kich tir dugc di€u
chinh gidm xudng. Va ngudc lai dién 4p dau ra may phat gidm xudng thi dong dién
kich tr dugc ting Ién. KEt qua 1 ta git dugc dién 4p § mdy phit & mic mong mudn
khong d6i. Van dé cda tu dong 12 thi€t k€ sao cho hé thdng ddp ng nhanh, vdi do
chinh x4dc cao, bit dugc quén tinh cia may phét va 1am viéc &n dinh.

4.Thi du 4: HTDPK van t6c dong co DC.

Thi du 4a: HTDPK van td¢c dong co DC biing SCR

Sd db khéi HTPK van téc dong co DC bing SCR

Lo - N

Wa € Hiéu chinh u .| BO chinh Pong W‘
—32 PID luu Tuu g >
R ca DC
T
Hoi tiép

Hinh 1.17 : So dé khéi HTPK vin téc dong co DC bang SCR

Thi du 4b: So d6 khdi bo diéu khién vi tri :

Vi tri dat HC vi HC t6c do | Mach dong %@
U da . U dk>
da—( > ui Lie S

(PID) vi tri

-U phan hdi

B bicn ddi Phan hdi vi trf Q

vi tri/ dién

ap

B phét xung
Hinh 1.18

5.Thi du 5: Hé tuy dong diéu khién banh 14i tau
Hé thong diéu khién 6n dinh 1ic ngang tau thidy.
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Vi du nay trinh bay hé thdng 6n dinh cho tau bién khi gip séng to va gié 16n, khi tau bi
nghiéng mot géc 0 (géc Roll) c6 nghia 1a bi 1éch mét géc 0 so vdi truc thing ding nhu
trong hinh vé (con goi 1a hién twgng lic ngang).

N Mo hinh
X(t et BbK [u(t}] B truyén » A N V()
d6no dong hoc tau
thdy
Con quay
dinh vi

Hinh 1.19. H¢ théng diéu khién goc roll ciia tau thily.

6.Thi du 6: Piéu khién vi trf trong mdy CNC va tay mdy cdng nghiép

Gia cong co khi , d€ ty dong hdéa cac miy cong cu, ning cao do chinh xic, ning
sudt may ngudi ta 4p dung cdc hé thong diéu khi€n s6 bing mdy vi tinh (CNC). Hé
théng nay s&€ tu dong dich chuyén chi ti€t mudn gia cong theo 2 hay 3 truc, con ludi
khoan thi chi dich chuyén theo chiéu 1én xudng. Trong hé thong tién thi hé thdng nay
dung d€ dua ludi dao. Sau day 1a mot vi du vé hé thdng khoan tu dong diing vi tinh.

Vao thap nién 1960 , ngudi ta bat diu nhan ra robot 13 mdt cdng cu quan trong
dé trg gitip cong viéc ché tao, tir d6 cic tng dung clia chiing trong nhiéu hé théng ché&
tao khdc nhau da dugc phat tri€n nhanh chéng. Ly thuyét diéu khién tu dong, nguyén
tic diéu khién thich nghi, cic ham Liapunov ... dudc 4p dung dé c6 dudc robot clr dong
theo y mudn hay lyc cin thi€t. Linh vuc clia Robotics ciing tiy thudc vao cich st dung
cdc cam bi€n quan sit va cdc mdy tinh d€ lap trinh cho robot hoan thanh cong viéc theo
yéu cau.
7.Thi du 7: Biéu khién ldi clia xe hoi.
Nhu 1a thi du don gidn cia hé thdng diéu khién & hinh 1.1, chiing ta hiy xem xét diéu
khién 14i ctia xe hoi. Huéng clia hai banh trudc dudc xem nhu 13 bién duge diéu khién,
12 ngd ra y; huéng cida tay 14i (vo ling) la tin hiéu tic dong hay 1 ngd vao u. Hé thong
diéu khién hay qu4 trinh trong trudng hop nay gdm c6 co ché 1di va dong hoc ciia toan
bo xe. Tuy nhién n€u muc tiéu 12 diéu khién t6c do xe, thi lugng 4p suit tic dong lén
bo gia téc 1a tin hiéu diéu khi€n, va van tdc cda xe 1a bi€n dugc diéu khién. Nhu 12
toan thé, ching ta c6 th€ xem hé thong di€u khién 14i xe hdi nhu 12 mot hé c6 hai ngd
vao (hudng va gia téc) va hai ngd ra (diu va téc do). Trong trudng hgp nay, hai tin hiéu
diéu khién va hai ngé ra l1a doc 1ap vdi nhau, nhung c6 nhitng hé ma diéu khi€n 12 mot
cip. Hé thng v6i nhi€u ngd vao va nhiéu ngd ra dudc goi 1a hé thong da bién.
8.Hé thong giao thong thong minh.
9.Hé thong thong minh: tng dung tiém ning cda diéu khién nhitng hé thong nay c6
thé hudng 1di tir cdc linh vyc sau: mdy cdng cu, robot linh hoat, thuit anh in lito, y sinh
hoc va co sinh hoc, diéu khi€n qua trinh.
10.M4y may c6ng nghiép.
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1.7. Nhiém vu cd ban ciia Iy thuyét diéu khién ty dong
Noi dung co ban cia 1y thuyét diu khién ty dong 13 bai toan phan tich hé thdng
va bai todn tdng hgp hé thong (hay thi€t k& hé thong). Coi bai todn 14 hop den, ¢ ngd
vao va ngo ra.
a) Phén tich : tinh ndng tdc dung, hoat dng
Cho tin hiéu diu vaor, cho tinh ning clia hé
- Timngdrac
- Sosanh yéu ciu co trong hai qué trinh binh 6n(x4c 1ap ) va qua do.
- Ddnh gid chit lugng clia hé.
.On dinh
.Chat lugng : sai s8, thdi gian qua do.
Mu6n lam dugc diéu d6, chiing ta phii md hinh todn hoc hé thong. PE danh gid ta
diuing hai phuong phap :
Phuong phdp 1 :Phuong phap mo hinh todn hoc : dung phudng trinh vi phdn mo ta hé
thdng, ham truyén, md hinh khong gian trang théi.
-Phan tich hé thdng thanh cdc thinh phin don gidn nhat.
- Tim md hinh todn hoc cia hé
G(s) a Gi(s) ac
G2(S) é.Cz
G3(S) é.C3
-Téng hgp cic md & c.
-Diing dinh ly &n dinh todn hoc d€ d4nh gia su 6n dinh cda hé.
- DPdp tdng qud do, cac chi tiéu chat lugng nhu sai s& xdc lap, thdi gian x4c 1ap.
Phuong phdp 2 :Phuong phap thyc nghiém.
b) Td8ng hop : Tinh todn, thi€t k&
— Lap vong diéu khién
-Chon bo diéu khién.
-chon déi tugng.
Thi&t k& hé thdng 1a x4c dinh tham s6 va ciu tric dua vao cdc yéu cau thi€t k&
nhu do chinh x4c diéu khién, d6 tic dong nhanh cia hé théng hay ning lugng tiéu hao
trong hé thdng cuc ti€u.

R (V) B did u(t) b ) c(t)
44_,@% (,)' Oleu L~ 5| boi tu’('j{lg, q1.1271 -
i khién ? trinh diéu khién ? >
c*(t) bK
bT
Hinh 1.20
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Bai todn tdng hgp gidi xong & trd lai phan tich xem phit hgp khong& quyét dinh thiét
k€&. Van dé t6ng hop hé théng 1a quan trong va phic tap.

1.8. Tém tat

Trong chuong nay chiing ta gidi thiéu khdiniém cin ban vé hé thong diéu khién
12 gi va du dinh hoan thanh c4i gi. Thanh phin cd ban clia hé thdng diéu khién dugc mo
td. Bing cdch mo td 4nh hudng cia nhidu , ciu hdi tai sao cic hé thong diéu khién 1a
vong kin di dudc 1am r6. Cdc loai hé thong diéu khién dugc phan loai theo tin hiéu
hé théng, su tuyén tinh va muc tiéu diéu khién. Nhiéu thi duy hé thdng diéu khién dudc
dua ra minh hoa sy phan tich va thi€t k&€ hé thdng. Cic nguyén tic diéu chinh va
nguyén tic diéu khién dugc trinh bay. Lich st phat tri€n ctia 1i thuyét diéu khi€n dugc
néu ngin gon. Nhiém vu co ban cia ly thuyét diéu khién dudc trinh bay. Sy tip trung
nghién cttu hé tuyén tinh Ia chi y&€u vi phuong phdp phan tich duy nhat va don gidn
dén hi€u trong phan tich va thi€t k& hé tuyén tinh.

Cau héi:
1. Néu diém thuan 1gi va khuyét diém cia mot hé thong diéu khién vong hé.
2. Néu diém thuan 1gi va khuyét diém ctia mot hé thong diéu khién vong kin.
3. Trinh bay dinh nghia hé thong diéu khién ac va dc.
4. Néu thuin 1¢i clia hé thong diéu khién s6 so vSi hé thong diéu khién dir liéu lién
tuc.
5. Néu thi du vé hé thong diéu khién

- Hé thdng diéu khién nhiét do

-biéu chinh mtc nude trong bon chira

- On ap tu dong

-Hé thong diéu khién van t6c dong co DC biing SCR

-Hé tuy dong diéu khién banh l4i tau

-DPiéu khién vi tri trong mdy CNC va tay mdy cong nghiép
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CHUGNG 2: MO TA TOAN HOC PHAN TU VA HE THONG PIEU KHIEN TU
PONG
2.1 Bi€n ddi Laplace. Bién ddi Laplace ngudc bing mé rong phin s tirng phian
2.1.1 Pinh nghia
Khai niém bién phitc:
Bién phitc s gom hai thanh phan : phan thyc va phin 4o.
S=s +jw

3 xS(a,b)

0 b X

Ham bié&n phiic : G(s)=Re G + jIm G (2-1)
Thi du: ham G(S) = 1
s(s+1)
Vi mdi gid tri s chi ¢6 duy nhat gid tri tuong @ng cho G(s).
Bién ddi Laplace:
Cho m6t ham thdi gian dugc xdc dinh véi t >=0, bi€u dién Laplace ctia né 1a :

L{f(t) }=F(s)= ¢ (). *dt (2-2)

Trong d6 s: bién phitc hay la bi€n Laplace S=s +jw
Ky hiéu : f(t) L F(s)
-

Phép bién ddi Laplace nguge : F(s) L f(g)

f(t)= ¢ 1j F(s)e®ds vdit>=0 (2-3)
C
Vidu 1: Tim bién d6i Laplace cia ham f(H)=e™ , t>=0 (2-4)
¥ ¥
-1
Tacé:f(t) L F(s)=¢p *edt=cp “?dt= gty
L 0 ¢ (s+a)
0
F(s)= (2-5)
Ss+a
Vi du 2:Ham nac thang don vi 1(t)
iLt2 0
1(t) =§ 2-6
W=15t<0 (&°6)
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1(v)

v t
A R 1
L{1(t)}=F(s)=c}.s .dt——g.e |0_o-(-1/s,)_g (2-7)
0

Vi du 3: Xung Dirac d(t)

iLt=0
d(©)= : 010 (2-8)
d(t)
O t
F(s)=1 (2-9)
Vi du 4: Him doc f(H)=t (2-10)
¥
L{t}=F(s)=¢§.s ¥ dt :512 (2-11)
0

Bang bi€n ddi Laplace va Z
Ung dung :
fi(t) ==>F(s)
b f(0)=F1(t) + f2(t—L_SF(s)=F1(s) +F2(s)
f2() _L S Fa(s)

va F(sy—E=> f(t)
2.1.2 Céc tinh chat :
2.1.2.1 Tuyén tinh :

Gia st fi(t)

Fi(s), va f(t) Fy(s)

L L
Suy ra : a.fi(t) + b.f,(t) —L—>a.F;(s) + b.Fx(s) (2-12)
2)Pao ham :

f(t)y L_ F(s)

P df(t)/dt = s. F(s) vdi £f(0*)=0 (2-13)
Thi du : f(t)= 1(t)
O s st
dt
3)Tich phan chap :

t

Tich chap : fi()*f2(0)= f, (1) f,(t - t)dt
0
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L { fi(t)*f2(0) }=F(s).Fa(s) (2-14)
Thi du : Tinh 1(0*d(t)
L{1(0)=1/s: L{dD) }=1
b L { 1(0*d®)}=(1/s).1=1/s
4)Tich phan :
of ="

S

Of ()t
T ItE (2-15)

<

Thi du : f(H=1(H& ¢1(t)dt—E> (1/s).(1/s)==

SZ

5)Pinh Iy gid tri cudi
lim f(t) = lim s.F(s) (2-16)
ta¥ sal
THi du : lim 1(t)=lim s.(1/s)=1
ta¥ sal

6)Pinh 1y gi4 tri dau
lim f(t) = lim s.F(s) 2-17)
ta0+ sa¥
v6i L{£(t))=F(s)
7)Dich thgi gian:
Bién ddi Laplace ctia ham f(t) bi tri hodn thdi gian T thi bing vdi bién ddi
Laplace ctia f(t) nhdn v6i e '°, nghia la:
L[f(t- T)u(t- t)]=e "F(s) (2-18)
trong d6 ug(t-T) 12 ham nic don vi dich thdi gian vé bén phai bdi T.
8)Dich sb phitc
Bién d6i Laplace ctia f(t) nhdn bdi "™, trong d6 a 1a hiing s, bing v6i bién ddi
Laplace F(s) véi s thay biing s+a, nghia la:
L[e"™ f ()] = F(sxa) (2-19)
Thi du: Tim bién ddi Laplace clia ham sau:
g(t) =5te ™ u(t)
Ta c6 gl(t)=5t.1(t) c6 bi€n ddi Laplace 1a Gl(s)=5/s".
Ap dung tinh chdt dich s6 phic :

-5t ° S
L{g(t)} = L{e gl(t)} = (s+5)? - s? +10s+ 25

2.1.3.Bién ddi Laplace ngugc biing mé rong phan sé titng phan:

Cho X(s) =~

Q(s)
Trong d6 P(s) va Q(s) 1a cdc da thic cia s. Gid s bac cia Q(s) 16n hon P(s). Pa thiic
Q(s) ¢6 thé viét lai:
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Q(s)=s" +a;s" '+ ..+a,1S +an
Trong d6 a; 1a cac hé s6 thuc. Zero clia Q c¢6 thé 1a thuc hay phitc. Phuong phdp md rong
phan s6 timg phan c6 thé st dung vdi cuc don, cuc bdi hay cuc phitc cla X(s).
1/Cuc xta X(s) la don va thuc:
2/Cyc xda X(s) 12 nhiéu bac va thuc:
3/Cuc xia X(s) 1a don va phic:
Mé réng phin so tirng phan
Khi gidi phdp bi€n ddi Laplace ctia phuong trinh vi phan 12 ham ti 1& theo s, n6 c6 thé
dugc vi€t nhu sau:
G(9) = A (2-20)
P(s)
trong d6 Q(s) va P(s) 1a c4c da thic clia s. Gia thi€t 12 bac ctia P(s) 16n hon bac ctia Q(s).
Pa thitc P(s) dugc viét lai
P(s)=s"+a,,s"" +..+as+a, (2-21)
trong d6 ag, aj, as,.. 12 cdc hé so thuc. Phudng phap md rong phin s6 titng phan dugc cho
trong trudng hgp nghiém cuc don, nghi€ém cyc bdi va nghiém cuc phic cia G(s).
1)G(s) chi ¢6 nghiém cuc don
Néu tat ¢4 nghiém cuc cia G(s) 1a don va thuc thi phuong trinh (2-20) dudc vi€'t nhu sau
G(s) = Q(s) _ Q(s) (2-22)
P(s) (s+s)(s+S,)...(s+s,)
trongdé s 1S, ..1s.. Ap dung md rong phan s tirng phan, (2-22) duge viét lai

G(s) = Ka + Kep ..+ Kan (2-23)
(sts) (sts,) (s+s,)

Hé s6 K; dugc xdc dinh biing cdch nhin c hai v& (2-22) v6i (s+s;) va sau d6 cho s=-si.
bé tim K; ching han, ta nhan c3 hai v& (2-22) v6i (s+s;) va cho s=-s;. Nhu vay,

e(s Slp(s)d _ Q) 224

P(s) (S;- 8)(s;- 8)-(5, - 8)
Thi du:Cho ham truyén sau:
G(s) = 5s+3
(s+D(s+2)(s+3)
Viét & dang mé rong phan sd tirng phan
Gl = tr ey 4 B

(s+1) (s+2) ~ (s+3
Hé s6 K., K.», K3 dugc x4c dinh nhu sau:

° _ SCD+3
=[s+nG(9)]_, = (2- @3-

) _S(-2)+3 _
= [(s+ Z)G(S)]‘s:-z - @- 2)(3- 2

) _ 5(-3+3 _
=ls+366). .= 750y

Nhu vay G(s) trd thanh:
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-1 7 -6
+ +
s+l s+2 s+3
LAy bi&n d6i Laplace ngugc hai v& phuong trinh, ta dudc
git)y=-e'+7e* - 6e’*
2)G(s) ¢6 nghi€m cuc bdi
Né€u r clia cuc thit n gidng nhau thi ta néi cuc tai s=-si 1a boi r, G(s) dudc viét lai:
69 =29 - Q) | 025)
P(s) (sts)(s+s,)..(s*s,.,)(s+S)
T#1,2,. ,n -1). G(s) c¢6 thé dudc md rong
K

( ) — + KSZ +..+ s(n-r)
S+ S+ S+S
( S_I_) ( SZ) ( n—r) (2_26)

A L A, A
(sts) (s+s)* (s+s)
(n-r) hé s6 Ky, Kq,....Knr) tuong tng cuc don va cé thé xdc dinh bing phuong phdp md
t4 trong (2-24). Viéc x4c dinh hé s cuc boi duge md td nhu sau:

A =[s+s)yeo)_
A= i[(s+ S)rG(S)]S:_Si

G(s) =

+

A, —1 d’ [(S +s) G(S)]\ (2-27)
A = 1 d” [(s+s)rG(s)]
(r-1lds? '

Thi du: Xét ham truyén
1
G =——5,
s(s+1)°(s+2)
Ap dung cong thitc (2-26) G(s) dugc viét nhu sau:
G(S):70+K_2+Ai+ AZ + As
S s+2 s+1 (s+1? (s+1)°

Hé s6 tuong @ng cyc don la

Ko =[sG(9]_, :;

=[(s+2G(9)]_, =

va cdc hé sd clia cuc boi 3

A= [(s+1>3G(s>]\

_ 1 _
A= s=-1 dsese(s+2)d =0
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A=

Nhu vﬁy G(s) trd thanh
1 1 1
G(s) =
25 2(s+ 2) s+1 (s+1)°
LAy bi€n ddi Laplace ngudc ta c6
_1 1 x -t -t t*
g0 = u 0+ e et et
3)G(s) c6 nghi€ém cyc phitc li€n hgp
M4 rong phan s tirng phan clia phudng trinh (2-23) ciing diing cho nghiém cuc phic
don. Vi nghiém cuc phic lién hgp 13 khé ki€m sodt va 1a quan tAm dic biét trong hé
thong diéu khi€n nén ching dugc xem xét dic biét.
Gid st phuong trinh (2-20) ¢6 chita cdp cuc phic:
S=-S+]jv vas=-S-jv

1d2é 1
-1 2ds? & (s+2)

Hé s6 tuong ing clia cdc cuc nay dudce tim ra ding (2-24)
Koy =(s+s - jv)G(9)

S+jv

K., =(s*s +jv)G(s)

S=-S +jv

(2-28)

s=-s- jv

Thi du: Cho ham sau

V2

G(s) = n

S*+2xv S+V ?
Chiing ta gia st &<1 d€ nghiém cuc cda G(s) 1a s6 phitc. Khi d6 G(s) dugc md rong nhu

sau:
K., K. .
G(S): S+JV. + s JV.
S+S - jv S+s +jv
trong dé
S =XV

n

v =v /1-x?

Hé s6 dugc x4c dinh nhu sau:

2

. vV,

K—s+jv :(S+S -V )G(S)‘s=—s+jv = 2]V
v 2
Kooy =(545 +1¥)B0),, , == 0

MS4 rong phan s§  tirng phan ctia G(s) 1a

viée 1 1
G(s)=_"¢a — - :
2jv gs+s - jv  s+s +jv

T

LAy bi&n d6i Laplace ngugc hai vé& clia phuong trinh cudi, ta c6
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V2

g(t) — .n e-st (ejvt - e jvt)
2jv

hay

v .
g(t) = n - e "snv /1- x*t

1-x

2.1.4.Ung dung bi€n d6i Laplace gidi phuong trinh vi phan
Cho mach dién RC, phuong trinh vi phdn md ta nhu sau :

R1
R
ul —— C1 u2
c
Hinh 2.1
u;=Ri+u2
1. du
w=—@adt b | =C.—
=cO0 it
du
hay u;=RC.—2 +u
yu ot 2
bat RC=T, ta c6 :
T.(dus/dt) + uy(t) = uy(t) (2-29)
Bién d6i L:
Ui (0)--> u(s)

U ()--> ux(s)
Duy/dt --> s.ux(s)
Thay vao (2-23):
T.s. ua(s) + uz(s) =ui(s)

us(s)=ui(s). Torl

Né&u u;(t)=K=const thi u;(s)=K/s

1 -T 1 -1 1
UQ(S): ﬁ(K/S) +-—= +—

S+ " Ts+1 s

1
s+=
T

Bi&n ddi L ngudc :
Ua()=K(1-e™")

2.2. Mot so tinh chdt ma tran va tinh toan trén ma tran

2.2.1 Pinh nghia :
Xét tap hgp n phuong trinh dai s0 :
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A11.X1 + ap.Xo + .. A+A1n.Xn=Y1
A21.X1 + a2.Xp + ... Xp=Y2
Anl.Xl + an2.X2 + ..+apn-Xn=Yn
Ching ta dung phudng trinh ma tran
AX=Y
Pé€ thé hién hé phuong trinh trén.
Tich ciia ma trdn A va X thi tuong duong ma tran Y.

éa,,8,,...8,, U
e u
A= éaZlaZZ"'aZn U
é. a
e u
eanlanZ"'ann u
éx, u
u
X =¢€72u
é u
e U
eXnU
éy, u
e, u
Y:éyzl:l
é u
e u
&Ynl

Pinh nghia matrin :
Ma tran 1a tip hdp cdc phan t& sip x&p trong hinh chit nhat hay hinh vudng. Cé
nhiéu cdch bi€u dién ma trin:
_03 10U ac 2x3 (2 hang, 3 cot)

d -2 0y

Aza@ 3 108
-2 0g4

Phan t& ma trin a;;
Bac ctia ma trin : ma trdn ¢6 m hang, n cot thi bac cia né 1la mxn.
Ma tran vudng: nxn (hang =cot)
Ma tran cot: 12 ma trin ma cdc phan t& nim trén mot cot
Ma tran hang: 12 ma trin ma cdc phan tf nim trén mot hang.
Ma trdn dudng chéo: 1a ma trdn ma cédc phﬁn tir nim trén dudng chéo chinh khic 0,
con cédc phan tif ngoai dudng chéo chinh bing 0.
Ma tran don vi: 13 ma trdn ma tit cd cdc phan tif nim trén dudng chéo chinh Ia 1,
con cédc phan ti khdc 12 0.

& 0 A=Atz
S 1f
Ma tran rdng(khong): 12 ma trin ma ti't cd cic phan ti¥ cda né 1a 0.

Ma tran d6i xtng: 12 ma trin ma A=A’, va 1a ma trin vudng khi a;=a;j, i=1,2,..,n
DPinh thdc clia ma trin:
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D6i v6i ma trin vudng, dinh thitc clia ma trin A dugc ky hiéu :
det(A) = W

S

Ay 8y

Ma trin chuyén vi: ma tran chuyén vi clia ma trin A 1a A’ hay A" néu hoén vi cOt

cia ma trin A thanh hang cia ma trin A’.

(A.BY=B’ A’

Ma tran phu hgp: ma trdn phu hgp cia ma trin A 1a ma trin dudc thanh 14p bdi céc

phin phu dai s6 va sau d6 14y chuyén vi . Ki hiéu ma tran phu hop 12 adj(A).

Phan phu dai s6 : Néu dinh thitc A ta bd di hang thit i va cot thd j va gitta lai (n-1)

hang va (n-1) cot va 18y dau (-1)'™, d6 1a phan phu dai s6 cia phdn t& aj; clia ma

tran A, ki hi¢u la A;;.

2.2.2. Tinh todn trén ma tran:

Su bing nhau clia hai ma trin: A=B

=ajp.daz-aj2.4z1

a; =b;

Cong hai ma trin: C=A+B
C; =& +hb,

Trur hai ma tran: C=A-B
C; =& - by

Nhan hai ma trin: C=A.B
Y

G;=a aik'bkj
k=1

Mot ma tran nhan v6i mot dai lugng vo huéng thi mdi phin ti clia ma tran déu
nhan véi lugng vo huéng dé.
k.A:{k.aij}
Ma trin nghich ddo
C6 ma trin vudng A(nxn). Nghich ddo ctia ma trin A ki hiéu 13 inv(A) hay A™". tich
ciia A vd A" 12 ma tran don vi. Cong thirc tinh ma trdn nghich ddo:
= 2di(A)
det(A)
Thi du: tinh ma trin nghich ddo ciia A

éa, a, a0 & 1 204
A: ga'Zl a'22 aZSH: ? 1 OH

B Ay agf 8 1 0f
DUng cong thita Laplace: khai trién theo c6t (c6 thé khai trién theo hang).
det(A) = ‘N = A A T ay Ay tag Ay

= a12'A12 + a‘22'A22 + aZS'AZS
=y Ay tay Ay tag Ay
Dinh thic : det(A) =|A = 2.2 j o.g j+o.g j =2(2.1-31)=-2
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60 0 -1y 60 2 -2y
adj(A)=g2 -6 25 =g0 -6 4,
62 4 -2 g1 2 -2§

g éO -1 1@
det(A) € U
05 -1 1¢g

V&t ctia ma tran (Trace): 1a tdng tit cd cdc phin t trén dudng chéo chinh cda ma
trdn vudng:
n
TrA=3 a;
i=1
Hang ctia ma tran: rank(A)
Tri ri€ng va vector ri€ng

2.3.Phuong trinh vi phan va ham truyén
2.3.1 Phuong trinh vi phan:
Phuong trinh vi phan cap 1:
dy
a— + by=x(t
q T ®
Phuong trinh vi phan cap 2:

d’y . dy
a—;-+tb— +cy(t) = x(t

e y(t) = x(t)
Hé SISO: ( hé c6 mdt ngd vao mdt ngd ra)
Phuong trinh tdng quit :

§ dy S"bd‘x

i=0 I dtl i=0 I dtl
hay :
§ dy
a —— =X(t
96 1 dtl ()
* wmpk [~ 7

Tinh chat : tinh cOng tuyén
X(t) —  ton tai y(t)
Né&u x1(t) & ton tai y1(t)
Né&u x2(t) & ton tai y2(t)
Thi y=ayl(t)+by2(t) ciing 1a nghiém ctia phuong trinh X==ax1(t)+bx2(t)

=

d
Todn t& vi phin : ky hiéu D:a

d d' d i
aai—diy:(aaD ).y
i=0 t i=0
A6 9%=4bD)x
i=0 t i=0
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Do d6 :
¢ dy &, dx ~ & . &
aa—=ab—5 U (@aD)y=(@hbD’)x
i=0 dt iz Ot i=0 i=0
y abp
G(D)=— ="1° (2-30)
X o i
aab

X G(D) L Y

Phuong trinh vi phan phi tuyén
Nhiéu hé théng vat li dugc md t& bdi phuong trinh vi phan phi tuyén. Thi du,
phuong trinh vi phdn mé ta chuyén dong cda con lic don & hinh sau:

2
ML dd?z(t) +Mgsinq(t) =0
Vi 0(t) xuat hién trong ham sin , phuong trinh 13 phi tuyén, va hé dugc goi 1a hé phi
tuyén.

Con lic don:

W ¥ Mg
Mgsin6
Hinh 2.2
2.3.2.Ham truyén dat:

X G(s) L Y

Ham truyén dat cda hé thong diéu khién tw dong dudc dinh nghia :

G(s) = Y(S) _ byS" +0,8™ ...+ b,s+b,
X(s) s"+as"t+.+as+a

1a tf s6 giita bi€n d6i Laplace ngd ra trén bi€n d6i Laplace ngd vao.

X(s)=L{x(t)}: bi€n d6i Laplace ciia tin hi¢u vio.

Y(s)=L{y(t)}: bi€n d6i Laplace ciia tin hiéu ra.

Phuong trinh : 8" +a s"' +...+ a,s+a, = 0 dudc goi 12 phuong trinh dic tinh.

(2-31)

Xét phudng trinh vi phén :

d"y@) , . d"ly() dy(t) _p d™x()
a +..+a, +a,y=b, +b
n dtn n-1 dtn_l dt y m m-1

dt™
(2-32)
Dung tinh chat dao ham véi diéu kién dau bing 0 vatinh chit tuyén tinh, ta 4p dung
bi€n d8i Laplace 2 v& clia (2-32):

d™x(t)
dt m-1

dx(t)

a -7
dt

+..+b

+b,X
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a,s"Y(s)+a, ,s"'Y(S) +...+a,sY(s) +a,Y(s)

=b s"X(s)+b, ,S"X(S) +...+b,SX(s) + b, X(S)

U Y(s)(a,s"+a _,s" ' +..+as+a,)

= X(s)(b,s" +b, ,S" +...+bs+h))

0 G(9) = Y(s) _b,s"+ bm_ls”_"l +...+bs+b,
X(s) as"+a s"'+..+as+a,

Trudng hgp a,=1, ta c6:
G(s) = Y(s) _b,S" +b, ;8" +..+bs+h,
X(s) s"+a,,s"'+..+as+a,
G(s) dugc goi 12 ham truyén dat ctia hé.
DP4p itng xung va ham truyén ctia hé thong tuyé&n tinh.
DPép tng xung: Xét hé thdng tuyé&n tinh bat bi€n theo thdi gian ¢6 ngd vao u(t) va ngd ra
y(t). Hé thdng dugc dic trung bdi ddp Gng xung g(t), nghia 12 g(t) dugc dinh nghia la
ngod ra ctia hé khi ngd vao 1a ham xung Dirac d(t).

Ham truyén (hé mdt ngd vao, mot ngd ra): Him truyén cia mot hé thong tuyén tinh bat

bié&n theo thdi gian dugc dinh nghia nhu 13 bi€n ddi Laplace clia dap tng xung vdi tit

ca diéu kién ddu bing khong.

Cho G(s) ky hiéu him truyén ctia hé mot ngd vao mot ngd ra véi ngd vao u(t) va ngd ra

y(t) va ddp tng xung g(t). Him truyén G(s) dugc dinh nghia Ia:

G(s) = L[g(1)]

Ham truyén c6 lién hé véi bi€n d6i Laplace cia ngd vao va ngd ra thong qua quan hé

sau:

G(s) = Y(s)
U(s)

Thi du : Tim ham truyén dat ctia hé sau :

Mach khuéch dai ddo dung Op-amp

T2
Tl /\f\/
— A
)]
Hinh 2.3
Taco:
Vo=-1.R2
Vi=R1.
p Yo R
V R
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Cuic va zero ciia ham truyén dat :
. A N(s)
Cho ham truyén G(s)=——
D(s)
Néu lim [(s-5;)'G(s)] c6 gi4 tri khdc khong, hitu han this; goila cuc ctia ham.
S-->8;
Néu lim [(s-s;)"G(s)] c6 gid tri khdc khong, hitu han this; goi la zero cia ham.
S-->8;
Thuc hanh : cho da thic tif s6 N(s)=0 --> zero
cho da thitfc miu s6 D(s)=0 --> cuc
Thi du : Tim cuc va zero ctia ham sau :
G(s) = 10(s+2) :
s(s+1(s+3)
N(s)=10(s+2)=0 suy ra zero s=-2
D(s)=s(s+1)(s+3)2=0 suy ra ¢ 4 cyc s=0, s=-1, s=-3, s=-3
Ham truyén (hé thong da bién)
Phuong trinh ma trin ham truyén cho hé da bién:
€G,(5) Gu(9) - Gy,(9i

g = (9 Gul9) - Gy
=4 G

6.9 Gu(d - G (9§

Hé tuyén tinh c6 p ngd vao, q ngd ra. Him truyén giita ngd ra thit I va ngd vao thi j
dugc dinh nghia:
6= o

]
C(s)=G(s).R(s) 12 ma trin qx1 goi 12 vector ngd ra bié€n ddi
R(s) 12 ma tran px1, Ia vector ngd vao bi€n ddi.
G(s) 12 ma tran qxp, goi 1a ma trin ham truyén.
2.4. Ham truyén HTPKTD va Pai so s d6 khoi
Pai s6 s¢ d6 khdi : 4p dung cho hé tuong quan bing s&

(2-33)

1)Hé so truyén :

X y
—> —
k
Hinh 2.4
k=Y
X
P y=k.x (2-34)

2) Khoi méic ndi tiép :
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X]_’

K1

36

K2

—>
Hinh 2.5
K=K1.K2.K3..Kn
3)Kh&i mic song song:
K1
yl
X —>
K2
Hinh 2.6
k=k1+k2
4)Kh6i c6 phan hoi :
Phan hdi duong :
X € y
;< ) S K1
+
y*
K2 <
Hinh 2.7
e=y*+x
y*=k2.y
y=kl.e
Tim G=Y/X
K&t qua :
k
G(S) - Y(S) - 1
X(9) 1- kK,
Hoi ti€p Am :
X € y
;( ) S K1
y*
K2 <

K3

(2-35)

y=yl+y2

(2-36)

(2-37)
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Hinh 2.8
e=x-y*
y*=k2.y
y=kl.e
Tim G=Y/X
K&t qua :
k
Ge=1O - K (2-38)
X(5) 1+k.k,
5)Hé qua 1:
x1l + K1 y
+
x2

y=k1(x1+x2)

b
xl—»| Kl —549@—> y= yl+y2=k1l.x1+k1.x2
+
x2 K1 y2
Hinh 2.9
6)Hé qua 2:
X— vl y
Y2
Y=k.X+y2
b

Ik |[S— Y2

Y=k.x+(y2/k).k=k.x+y2
Hinh 2.10
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Thi du 1:
NG R NG SN | N TN
+
K2
K3
K4
Hinh 2.11

Tinh G(s)=Y/V
+Ap dung dinh ly song song

\V ,( ) ,( ) S K1+k2 y

K4 [

+Ap dung dinh ly song song

Vv +O S| K1+k2

+
K3+k4 2

+Ap dung dinh 1y phan hdi duong :
G(9) _Y _ kl+k2 (2-39)
V 1- (Ki+k2)(k3+K4)

<
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Thi du 2:

Vv i() o Kl +'<> Y K2

K3 <

K4

Hinh 2.12
Tinh G(s)=Y/V
Pip s6 :

~ K, K,

T1- K,k - Kok, kK,

(2-40)

2.5 Phuong phap graph tin hiéu d€ tinh ham truyén
Sd db dong tin hiéu va cong thitc Mason
DBinh nghia:

Ris) + Eiz=) G(s) Cfs)

His)

a)

R(s) 1 E(s) G(s) C(s)

\)

-H(s)

b)

Hinh 2.13: Biéu dién hé théng bdng so do dong tin hiéu
2)SG dd khéi; b)Sc dé dong tin hicu

Cdc dinh nghia cin ban :
-Graph 12 mot dd hinh gdm nhiéu nhdnh va niit.
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-Mbdi mot nit ctia graph dudc bi€u dién bing mot di€m va ghi tén mot dai lugng
nio d6 trong hé thong diéu khién. Niit g6c 1a lugng vao, nit ngon 1a dai lugng ra
ciia moOt khau nao do6.
-Mot nhénh ndi nit gc va niit ngon c6 mii tén, trén d6 ghi gid tri ham truyén dat
tuong ng v8i mot khau nao do.
Vi du : Him truyén dat :

X.

=%

I
Qui tic bi€n ddi Graph: Cong thiic Mason
-C4c nhanh ndi tiép :

X1 X2 X3 X1 X3
G1 G2 G1G2

-C4c nhanh song song :
G1+G2
-Céc nhénh phdn hoi :

G,
1+GG,
-Khtt nhdnh tao vong kin :
GG,
1-G,
Cong thirc tdng quat d€ tim ham truyén dat:
G:é%&DK (2-41)

Trong d6 : D: dinh thdc clia graph
D=1- 3 L +aLL,-aLLL (2-42)
i ij ijk
Py: 12 ham truyén dat clia dudng dong thit K huéng tir X t6i Y.
Dk: dinh thitc ctia graph suy ra tit D biing cdch bd di cdc vong kin L; ¢6 dinh véi

dudng dong thit K.
Thi du: Tim ham truyén tuong duong cda hé thong moé ta bdi so d6 dong tin hiéu sau:
T
6]
El=zh_ (31 32 /L 33 {/ a5 1 Cis)
-H1
-H2

Hinh 2.14
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bép so:

_ G,G,G,G,G; +G,GG,G; +G,G,G,(1+G,H,)

1+ G,H, +G,G,H, +G,G,G,H, +G,G,G,G,H, +G,H,G,G,H,
Thi du 2: Tim ham truyén tuong duong clia hé thdng mo ta bdi so dd dong tin hiéu sau:
Y7/Y1:

(2-43)

Hinh 2.15

Giai:
-b6 1gi cda cdc dudng ti€n:
P =G,G,G,G,Gs

P, =G

-b0 16i cia cac vong kin:
I-1 =- G1GzH1

L, =-G;H,

Ly =-G,H,

L, =- G,G;G,GsH,

-DPinh thiic clia sd @6 dong tin hiéu:
D=1- (LL+L, +L;+L,) +LL;

-Céc dinh thidc con:

D, =1, D, =1- L, - L,

Ham truyén tuong duong clia hé thong la:
G :E-)(Pl'Dl +P,D,)

G1G2G3G4G5 + G6 (1+ G3H ,+ G4 H 3) (2-44)

G=
1+G,G,H, +G,H, +G,H, +G,G,G,G.H, + G,G,G,H,H,

2.6. Bi€n trang thai va Phuong trinh trang thai

Céch bi€u dién thi hai dé€ biéu dién mod hinh todn hoc 1a ding cic bi€n trang
thdi. Ta hdy xem xét hé thdng da bién cé q diu vao u(t) m dau ra y(t). Trong hé thong
bac n, n bi€n vao x(t), Xa(t) X,4(t) dugc chon bi€u dién cho hé théng dong hoc bing
mdt hé cic phuong trinh bic 1 va ma trin nx1.x(t) goi 12 vector trang thdi. P&i v6i hé
tuy€n tinh, b4t bi€n, mo hinh toén hoc 1a :

-Phuong trinh trang thdi: X = AX + Bu (2-45)
-Phuong trinh diu ra : Y=C.X+Du (2-46)
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A, B, C la cidc ma trAn mxn; nxq; nxn. D6i v6i hé mot dau vao, mot daura U va Y 1a vo
huéng, B 1a ma trdn nx1; C la ma trdn 1xn.

Thi duy : Xét mach dién gom 3 phan ti: dién tré R, dién cdm L, va tu dién C. Pién 4p
dit vao mach Ia u;.

R1 L1
Y'Y YN
R CHOKE RF

ul u2

V|
]
Q

T
Hinh 2.16

Phuong trinh mo td mach & trang thdi dong :
Ui=ur+ur+uc

Hay u;=i.R + L.j![ +u, (2-47)

1.
U,="¢j.dt 2-48
2 CO ( )

Trang thdi clda mach dudc quyét dinh bsi dién 4p u2 va dong dién i. Ta goi u2
va I 1a cdc bién trang thai. Ta viét lai hé phuong trinh néu dit:

Up=x 12 bi€n trang thdi th nhat.
I=x; la bi€n trang thai thd hai.

|:C.%

dt
di R. 1 1
—=-—i-—u,+—u
dt L L L
Suy ra :
1dg 1
’Ildt C
T%_-l BX +£u
t dt L™ L7 Lt

Dang chinh tic trén dugc viét lai nhu sau :

idx, 1

:——=0x+ X +0uU

th Xl C 2 1

X 1 R 1 (2-49)
172 . 2 x - —x,+-uU

t dt LT et

c6 dang X = AX +Bu
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0 1/C ¢
Cacma tran A= & g
g— /L -R/Lg

0
=" 2

&L,

aslx, §
: QE -
X=¢"=

G, *

& dt o
X = 33‘12

X, @

Ngd ra Y=C.X véi C=[1 0]
Trong ly thuyé&t hé thong diéu khi€n, tip hop cdc phucng trinh vi phin thudng bic
nhat goi la phuong trinh trang thai va x, x» goi 1a bi€n trang th4i.

2.7. Ham truyén cc phan ti cd khi
2.7.1.Hé th6ng khéi di chuyén —10 x0-dém

ki e

m \L x(t)
F(t) l

Theo dinh luat 2 Newton, ta co :
d3x _
m? =F-F,-F,
trong dé Fs: luc 10 xo, Fq: lyc masat.
2
md X = - ¢ Ey
dt dt
2
d’x +kx+ c%
dt? dt
X(s) _ 1
F(s) ms®+cs+k

Hinh 2.17

Fit)=m (2-50)

G(s)=
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F(s)= k(i2 s? +§.s+1).X(s) (2-51)
Wn Wn
k 1 c
Trong d6 : w, :\f; X=——
g m 2 Jmk
F(s) 1/k X(s)
—> 1 , X —
725 +—Ss+1
Wn Wn

N€u ta chon x;=x, x,=dx/dt lam bi€n trang thdi thi

Dx1/dt=x2; (2-52)

Dx2/dt=-W?2 X, - 2XW .X, + 1r (2-53)
m

Cé4c ma tran :

g ol
"Gz - owf
@ u
B=sa d
gL/mu

2.7.2.Hé théng hai khoi di chuyén

F K1

— m _/\/\}— m1
SV I e

— —>
X X1

Hinh 2.18
Ta ¢6 phuong trinh can bing lyc :
dx _ dx dx

m =-Kx- K, (x- x)-¢ (- —2)+F
d’x, dx = dx
=K,(x- x)+c,(—+—+
Bi&n ddi Laplace:
(ms” +c1.s +K+K1)X(s)=(c1.s +K1)Xi(s) + F(s) (2-54)
(m1s2 +c1.s +K1)X;(s)=(c1.s +K)X(s) (2-55)

Giai phuong trinh (2-55) tim X;(s) va th€ vao (2-54) ta ¢6 :
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X(s) _ ms’ +c.s+K
F(S) (mSZ + Cls+ K+ Kl)(rnlsz + ClS+ Kl) - (C:LS+ Kl)
2.7.3. Hé thdng quay mdt bac tu do :

G(s)= (2-56)

a)

)

Hinh 2.19

Mot dia c6 khdi lugng , quan tinh, d5 béi § trugt, mot ddu truc gdn cd dinh. O trugt
va céc loai ma sit khdc c6 th€ bi€u dién bing vt dém c6 hé s6 C. Con truc quay ta
coi nhu mdt 10 xo xodn, va c6 thé biu dién nhu hinh b)
pd* G

32.L

Véi dd dan hdi; d: dudng kinh truc ; L: d6 dai.

Goi q(t) 1a géc léch cia dia so véi vi tri cAn bing, ta c6 :
T-Ty4- T, =0

Trong d6 Ty: moment dém; T: moment xo4n.

Do T4=c.qg va T=Kqnén .q+c.q+Kq=T

Dat: w ﬁ (a6 -
0 . n I, 2\/C7K, .

K(les,2 +V2vX.s+1)q(s) -T(9)

n n

Trong dé : K =

a(s) _ 1/K

Ham truyén dat : G(s)=
y : ()T(S)

(2-57)
w’s® + X 541
Wn

Vi day la hé bac hainén ta chon : Xl =q,va XZ =qdo dé :

Xl :XZ

X, =-W2.X - XW, X, +|1.T
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Cidcmatran AvaBla:

LO T
Swz - 2w,
<O
&/ 14

2.7.4.Hé thong hai bac tu do

k2 8 h
k1l
— L AAN]
m2 —> F2 ml —
—— — -

2 cl

Hinh 2.20
DAy 1a hé théng c6 2 dau vao 1a F1, F2.
Hai ddura Y1, Y2.
Ta c6 hai phuong trinh chuyén dong :

i dy, dy d’y

iF- G- 22)- K(Y, - ¥,) = 2

JI[ 1 1 dt dt ) (yl yz) m, dt2

¥ dy, dy dy d’y (2-58)
| 1 2 2 - 2

+F,+C - +K +y,)-C - Ky, =m,

T 1 dt dt ) l(yl yZ) 2 dt 2y2 ) dtz

2.7.5. Hé thdéng chuyén ddng cd hoc

% u Y

L S L |
i
o

o tﬂ%’“

Hinh 2.21: H¢ khoi lugng-1o xo-dém gdn trén xe.
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Theo dinh luit 2 Newton: ma=SF
Ap dung cho hé thdng nay :

d?y dy du
m =-b(—- - K(y-u
dt? (dt dt) (-
2
md y+bﬂ+Ky:b%+Ku
dt*> dt dt
G(s)= Y(s) _ bs+K (2-59)

TU(s) ms?+bs+K
2.7.6.Md t4 hé con lic ngugc
Hé con lic ngugc & hinh vé. H¢ gdém cé thanh cing va xe trén d6
thanh dugc treo. Xe di chuyén trén dudng ray téi phai hay trai, phu thudc
vao lyc tidc dong vao xe. Thanh chi c6 mdt bac tu do (quay quanh di€m
treo). Nhiém vu diéu khi€n chinh 13 giit con lic cin bang thang ding va
xe trong pham vi dudng ray.
1.M6 hinh héa
Mo hinh téan hé con lic ngugc trén xe :

y
Ja=d
X, =0
R X
MW
fe=uS | 1\; . "
ONO)

Hinh 2.22: Hé con lic ngudc

Gia str khoi lugng vat niing tAp trung & gitta con lic.

Xem xét con lic trén xe minh hoa ¢ hinh 2.22. Chiing ta ky hiéu q la
gbc so v6i phuong thing ditng, L=21, m va J la chiéu dai, khoi lugng va
moment quin tinh & tAim trong lugng con lic; M thé hién khéi Iugng xe, va G
thé hién tam trong lugng con lic. Toa @ theo truc hoanh va truc tung cuia
con lic dugc cho béi :

x:X+;sinq =X +lsing (2-60)
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y= Iécosq =| cosqg (2-61)
q
| "
G F— O
fX 4_

myTE oll®

TFy q\ ng\

F,/2  F,/2

Hinh 2.23: So d6 than ty do ciia hé con lidc ngudce trén xe.
S¢ d@d than ty do ciia xe va con lic duge minh hoa & hinh 2.23, trong d6
F, va F, thé hién lyc phdn ¢ng tai di€m truc. Xem xét con ldc ngugc trudc.
Téong lyc tacé cic phuong trinh sau :

F, = mK + md&cosq - md?sing (2-62)
F,-mg=- midsing - md? cosq (2-63)
F,lsing - F,Icosg = J& (2-64)
Xem xét lyc phuong ngang tac dong 1én xe, ta cé la :
MR=f -F (2-65)
Thay (2.65) vao (2-62), ta dugc :
(M +m) R +ml(cosq)&- mi(sing)d? = f, (2-66)
St dung (2-62), (2-63), (2-64) va tinh todn rit gon, ta dat dugc :
m¥ cosq +;"mlé&— mgsing =0 (2-67)

Phuong trinh (2-66) va (2-67) mé ti dong luc hoc hé con lic ngugc .
Pinh nghia bién trang thai x, =q, va x, =q

Tasuyra:

&= gsing - amid?sing cosq - acosq. f,

A;— aml (cosq)?

(M +m)gsing - mlcflzsinq cosq - cosq.f,

hay : §= (2-68)
M -ml (Cosq )2
trong do6 ching ta da thay
m’>
J= ,va a=
12 M +m
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Vi tri xe :
g = f* mifsin(@)d” - cosa)d]

M +m

2t + 2 misin(a)d? - mgsin(g) cos@)
hay: #=3 3 ; (2-69)
S(M +m)- m(cosg)?

trong do6 , théng so con lic la :
Khéi lugng xe M=1 kg, khoi lugng con lic m=0,1 kg, mita chiéu dai con
lic 1=0,5 m (chiéu dai con lic L=2l=1m), gia tdc trong trudng g=9,8 m/s>

Phuong trinh (2-68) va (2-69) dugc dung mo t4 dic tinh dong clia doi tugng.
Phuong trinh phi tuy€n (2-66) va (2-67) mo ta hé.

Pé diéu khién PID ta phai tuyén tinh héa hé tai vi tri cAn bing q = 0. Gid st géc
q di nhd d€ ching ta x4p xi sing=q, cosq=1 va q ¢>=0. Khi d6 thay cdc x4p xi
nay vao (4.7) va (4.8) tacé

M +m)R+md=f, (2-70)

mﬁ&+gm|éf<:mgq 2-71)

Trudc tién ching ta tim ham truyén cta hé con lic ngugc. LAy bi€n ddi
Laplace hai v& (2-70) va (2-71) vé6i di€u khién diu zero ta dudgc:
(M +m)s®.X(s) + mis’F (s) = u (2-72)

ms® X (s) +ngSZF (s) = mgF (s) (2-73)

Vi F(s) 1a géc léch so v6i phuong thing ding, nhur 1a ham cla trang thdi X(s).
Gidi phuong trinh (2-73) ta dugc

ég 4lu
X(S)=a5-—yF (s (2-74)
© g 360
Thay phudng trinh (2-74) vao (2-72), ta dudc:
ég 4lu. 2 _
M+m)as - — S .F(s)+mis“F(s) =U(s 2-75
( )882 3 f° (s) (s)=U(s) (2-75)
Sip x€p lai ta dugc ham truyén sau:
S(S) - 4M + m)l1 (2-76)
S (mi- TS+ (M +myg
Biéu dién hé & dang khong gian trang thai, ta dit
1%, =4
1 —
X, =
= (2-77)
iXs =X
fx, =%
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4
§u mgq
=2 (2-78)
—(4M +m
3( )
_ (M+mgq-u -
= 41(M +m) (2-79)
——-m
3
Phuong trinh tuy€n tinh héa c6 thé dugc bi€u dién nhu sau:
i % =X,
Ty = (M+mg 1
ik = X - u
172 T @3 IM+m)-m * (43)I(M +m)- m
| % = x (2-80)
| 3 4
! X, = - M9 X, + R
1 1/3)(4M +m) (4M +m)
Viét lai (2-80) du6i dang ma tran:
e 0 1 0 09 .
¢ (M+m)g 89 01 0
.9 ¢ 00 o:;ae( o ¢ j
$+_gg'M+m-m s ¢ M rmy-mE -
Qf(__(; 0 0014;_930 K
mg ' i
gf‘m ¢ 1 00 O:g X, g ¢ 4 N
¢ SéMm+m § (m+m g
e
Vi ta xét vi tri xe va vi tri goc ctia con l4c, ngd ra nhu sau:
39(1
t 0 0O
85/1()0 A Q’;X (2-82)

&.05 & 0 1 oixs g
X, g
Thay gia tri M=1 kg; m=0,1 kg;1=0,5m;g=9,8m/s* vao (2-81), ta dudgc:

ko e 0 1 0 Otex,0 @ 0 o
- ¢1578 0 0 Ox. & 1463-
R e G G N (2-83)
%7 ¢ 0 00 187 ¢ 0o *
éﬁm § 0,717 0 O ogxm §0,9755

2.8. Ham truyén cam bién
2.8.1. Chi€t 4p (Potentiometer)

Chiét 4p (mdy do th&) 1a cdm bi€n co dién ma chuyén ning lugng cd
thanh ning lugng dién. Ngo vao thi€t bi nay 1a & dang dich chuyén cd khi hoic 1a
tuyé&n tinh hay géc quay. Khi dién dp dudc dit vio dau cd dinh clia chiét 4p, dién
4p ngd ra, ma dugc do giita dau thay ddi va dit (mass), sé ti 1& véi dich chuyén
ngd vao, hodc mot cdch tuyén tinh hay theo quan hé phi tuyé&n.
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Pau cod PAu bién ddi
Pinh

Hinh 2.24 : Biéu dién mach dién ciia chiét dp.
Dién 4p ngd ra e(t) s& ti 1& vdi vi tri géc Q. (t) trong trudng hgp chuyén dong
quay. Khi dé

e(t) = Kg.(t) (2-84)
trong d6 K 1a hiing s ti 1&. P&i véi chi€t 4p N vong, dich chuyén téng cong clia
tay bi€n d6i 12 2pN (rad). Hiing s6 ti 1 Ks dugc cho bdi

K, = E (V/rad) (2-85)

2pN
2.8.2. Bo phit t6c (Tachometers)

Miy phét t6c xung 1a thi€t bi cd dién ma chuyén ning lugng cd thanh
niang lugng dién. Thi€t bi nay lam viéc gidng nhu mdy phat dién ap, v6i dién ap
ngd ra ti1é v6i bién d6 ctia van tdc goc clia dich chuyén ngd vao. Trong hé thdng
diéu khién, hiu hét may phat tdc dudc sit dung 1a loai mot chiéu (dc); nghia la
dién 4p ngd ra 1a tin hiéu mot chiéu . My phdt téc DC dudc dung trong hé thdng
diéu khién & nhiéu cich: ching c6 thé dung nhu bd chi thi téc d6 d€ cung cip
viéc doc tdc do dich chuiyén, hdi ti&p tdc do, diéu khi€n tdc do hay dn dinh.

M hinh todn hoc clia mdy phit tdc
Mo hinh dong hoc clia mdy phat téc dugc thé hién bdi phuong trinh

q®=K W =ky (256

trong d6 e(t) 1a dién dp ngd ra; q(t) 1a dich chuyén rotor ,don vi 1a rad; w(t) 1a
van tdc rotor, don vi 1a rad/sec; va K 12 hing s6 phét tdc c6 don vi 1a V/rad/sec.
Gi4 tri Kt thudng dugc cho nhu I1a tham s6 catalog , don vi 1a volttrén 1000 vong
trén phut (V/krpm).
Ham truyén clia mady phat toc dat dugc bing cach 1dy bién ddi Laplace hai v& (2-
62). K&t qui 1
EO) _ 4
Q(s)
trong d6 E(s) va Q(S) 1a bi€n ddi Laplace clia e (t) va q(t) tuong tng.
2.8.3. B6 ma hda gia ting (Incremental Encoder)

B6 mi héa gia ting thudng dudc tim thdy trong hé théng diéu khi€n hién
dai @€ chuyén ddi dich chuyén tuyén tinh hay géc quay thanh tin hiéu mi héa s&
hay tin hiéu xung. B6 ma héa ma xuit ra tin hiéu s& dugc goi 1a bd ma héa tuyét
d6i. O thuat ngit don gidn nhat, bd ma héa tuyét dSi cung cip ngd ra mot ma héa
s6 riéng biét chi thi cho mdi gia ting ndi bat nhé nhat cia do phan gidi. B6 ma
héa gia ting, mit khdc, cung cAp mot xung cho mdi gia ting clia d§ phan giai.

(2-87)
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2.9. Ham truyén cic phan tif dién
2.9.1.Mach RC
Mach viphén:

'
|

u RI: uz

Hinh 2.25
G(s)= u,(s) _ RC.s (2-88)
u,(s) RCs+1
Mach tich phan :
RE
up C :: 185
Hinh 2.26
Go=® =1 (2-89)
u,(s) RCs+1
Mach RLC :
R
L
ul EVM_/A’M—:—AWE 2
Hinh 2.27
Ge= M= C i (2-90)

E(s) LCs?+RCs+1
Mach sém pha

Ly thuyé&t Piéu khién ty dong-© Huynh Minh Ngoc

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com

53

Z
| ]
1T
El
R2
Hinh 2.28
R 1+RC
G(S): +2R . RZRl 1S
R*R 1. ™ Res
R +R,
Mach tré pha
Rl
2
T
Hz_16
Hinh 2.29
C,s+1
Gs)= 222
(R +R)C,s+1

2.9.2.Mach khué&ch dai thuit toin
Xét mach khuéch dai ddo didu dung Op-amp sau:

72(05)
7
71z L1
T—l:i—
+
Wilz) —

- Mols)

g)
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Hinh 2.30
Vo(9)

V.(9)

Phan t¥ ngd vao: Z1(s), phan t¥ ngd ra: Z2(s). Ham truyén G(s) =

a.Khau khuéch dai ti 16 P : Kb ddo dau
2

o A

vi
v

a)

Hinh 2.31a)
Z1=R1, Z2=R2. Ham truyén
Gis=o® - R (2-93)
Vi(s) R
Né&u R1=R2, ta c6 d6 1¢i nghich ddo Vo=-Vi
b. Khau tich phan :

N &-160
Zl=R1,Z2=i. Ham truyén: G(s) = glil
SCz R1C2 @S
Pay la khau tich phan, cuc & gdc.
c. Khau vi phén:

z1=sé, Z2=R2. Ham truyén: G(s) = (- R,C,)s (2-95)

1

(2-94)

Zero & gbc , day 1a khau vi phan
K
d.Khau tich phin til¢ PL: G(s) = K +—"-
Q

<

Vo

Rz

@ T=g

Hinh 2.31b)

1
Zl=R1, ZZ = RQ +§

2
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Ham truyén :
Cuc & gbc va zero tai -1/(R,.C,)

Vo(s) _ Z,(s) _ &(s+1/ RZCZ)
Vi(s) R R

Pay 1a bo diéu khién PI

e.Khau viphan d I&: G(s) =K, +Ks

G(s)= (2-96)

R1 Vo

Hinh 2.31c)
_ R.(UsC)
' R +(/sC)’

Z2=R2

Ham truyén: G(s) =- R,C, gs+ (2-97)

R1C1 ﬂ

, day 1a khau PD.

Zero tai S=-
1

Trong do: K, =- F:j;KD =-R2C,

f. Khau sém hay tré pha:
1
Y1:§+$1,Y2 = RQ +£2

Ham truyén'

& 1 9
o B RCs
+

RZC

-1 LA Lo 4 x
va zero tai S= RC.’ day la bo diéu khi€n sém pha hay tré pha.
2 1

G(s) = (2-98)

S

cuctai S=

K,
g.Khdu vi tich phan ti 1€ PID: G(s) =K +—+Ks

~..

1 1
Yl= = +sC,,Z, =R, +——
Rl 1 2 RZ i:z
G(s) =- k)= Py T
SCZ Rl CZ R1C2
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<+
R1 3 Vo
Vi 2
UA7411
R
C1
| R2 C2
c |{
I\
R C
Hinh 2.31d)
q = RCLFR2C2. 1 . gy
R1.C2 R1.C2 (2-99)

Quan hé trong mién thdi gian gitta tin hiéu ra va tin hiéu vao ctia khau PID Ia:
dv; (t)
dt

Vo(t) = Kpv, (1) + K, ¢y, t )dt +K,, (2-100)

2.8.3.Pong co servo mot chiéu
Ham truyén déng co DC:

Pong co DC lathiét bi truyén dong cong suat ma phan phdi nang
luong ratai.

Pong co mot chiéu dugc md ta ¢ hinh sau:

Armature

Hinh 2.32 : So' d6 néi day cua déng co DC
Trong d6: Load : tai; Armature: phan ung, Field: truong; Inertia:
mo& men quan tinh; Friction: ma s&t.
Tu thong cia dong co ti I¢ voi dong dién tir, gia st tur truong
khéng béo hoa
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f=K,i, (2-101)

M® men caadong co duoc gia sir 1a tuyén tinh voi f va dong dién
phan ng ia (armature current)

T, =Kfi, (t) =KK;i; (0)i,(t) (2-102)

hay T (t) =K., i,(t)

trong d6 K; 1a hiing s6 i 1€.

Sttc phdn dién dong: V, = Kf w

Hay Vy ) =K, “I = k,weo)

RO rang tir phuong trinh (2-102) dé c6 phan tur tuyén tinh, mot
dong dién phai 1a hang sb. Truong hop i=l, dong dién phan ung khong
ddi ta co dong co dugc diéu khién bang dong tur (field current controlled
motor). Xét truong hop dong co DC duoc diéu khién bang phan ung
(armature controlled DC motor), dong co s dung dong ia nhu 1a bién
diéu khién. Phan cam (stator) dung cudn day tir va dong hay tir trwong
khong ddi. Khi dong dién tir khdng d6i dugc thiét [ap trong cudn day tir,
mo6 men dong co la

o =T (9+T,(9) (2-103)

M® men dong co bing md men phan phéi cho tai. Quan hé nay
duoc minh hoa(3). Trong do, T.(s) lamd men tai va Ty(s) lamd men cua
nhiéu (th€ hién mémen ma sit tdi nhu 13 ma sdt Coulomb).

To(9) = (KK, 1)1,(9) = Kol (9) (2-104)

v6i K, =Kf :hing s6 momen.

Khi tir truong khéng d6i dugc dung, ta.co

Tn(s) =K, 1.(9)

M& men tai cho quén tinh quay dugc viét nhu sau:

_,d’a() , da() _ ]
== 5" +b= = =Tu(0)- Ta(t)

T, (s) = Jsq(s) +bsq(s) =T, (9) - Ty (9) (2-108)

trong d6 Km Iahém cuatu tinh coa vat liéu tu. ‘

Dong dién phan trng c6 quan hé véi dién dp vao dat vao phan ang
(armature) V 4(s) ( goi 1a U):

v,0=Ri,0+L, %0 v

Va(8) = R.1,(s) + LSl .(s) +V,,(9) (2-105)

trong d6 Raladién tre phan (ing

Laladién camphanung.

Valadién ap vao dat vao phan ung.

V(9 (goi la E) la dién 4p dién dong nguoc (stcc phan dién dong
phan ng) vati I¢ véi toc do dong co.
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V,(s) =KV (s) (2-106)

vadong dién phan ung

1.9 _Va(9)- Ky (9)

(R, +L,9

Quan hé cho dong co DC duoc diéu khién biang phan tng duogc
minh hoa ¢ hinh sau:

Str dung phuong trinh (2-104), (2-107) va (2-108) hay so d6 khdi
vacho T4(s)=0, ta giai vadat duoc ham truyén sau:

(2-107)

G(S) = q(S) = Km
Va(®) SR+ LSO HKK] o g,
K

m

(s +2Xv S+V 7))’

hay G(S) - q(S) - Km
Vo(9) LS+ (R,J+bL,)s? +(K,K, +R.b)s

Phuong trinh trang thdi: khi c6 nhi€u Ty(t)

édi_ (t)u g& Ky 08 611

s gel Lo@oOugd €ou

e g-eKa b g®& )0 &0 h+& 1 (1) (2-110)

edt g € J @ e et n e gt

& dq g go 1 ogeq(t)u g0 o H

g d H g a e u

trong d6 Td(t) dugc xem la ngd vao thd hai trong phuong trinh

trang thdi.
Khi khong cé nhiéu Ty(t), Phuong trinh trang th4i:

sdi_(t)o € Ky U a4
ey & T % o élu
s dt = é a a L’Je(t)u e u
edv u <K b Jsa i éLa’
e g=€0m B ol )Y+ Z0 V) (2-111)
gd g €1 J @ty & tha
edqga €0 1 oy FO0:
8 at H § i e u

Tuy nhién, d6i véi nhiéu dong co DC, hiing s¢ thdi gian dién 6 clia
dong co (hang sb thoi gian ciaphantng) t, =L, /R, bi bé quanén taco
6= 9O K K /(R +K,K,)]
Vo(9)  SR,(s+b)+K,K,] st,5+1)

(2-112)

trong d6 hang sb thoi gian twong duong t, =R J/(Rb+K,K,,)., con

goi 12 hiing s6 thdi gian dién cd cda dong co.Chiy 1a Km bing Kb
(Km=K,=Ce). Su bang nhau ndy duoc minh hoa bang cach xem xét hoat
dong dong co ¢ trang thai x&c 1ap va can bang cdng suat khi  dién tro
rotor bi bé qua.
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Vi(9)

Armature

59

y
in |

V1tri

T4(s)
™Tm(s) |- Ti(
SN, qu— 1
+ Js+b
Kp

Hinh 2.33 : So'do khéi déng co mét chiéu duoc diéu khién bang phan

rng.

Khi xét ham truyén cda tdc do, ta c6 :

m

o=V

V() (R, +L,9)(Js+b) + K,K,]

K

m

S (SPH2v s+ 2)

(2-113)

va khibd qua t, =L, /R, thi hAm truyén tdc dd 1a:

G(s)

V(9 _[Kp(RbD+K,K,)]

Va(8)

t,s+1

day la khau qudn tinh bic nhat.
Khi bo qua phan ing phan ing, bé qua ma sat (b=0) va gia st cac

phan tir trong hé thong latuyén tinh, c6 céc phuong trinh sau:

U:E+Ri+Lﬂ

dt

dv

Me-M, =J—

M, =C.i
E=Cy
trong d 6:

U : dién &p hai ¢au phan ang.
| : dong dién qua dong co.

R,L: diéntrg, twcam machdién phan ang.
E, Mg strc dién dong, moment quay cuadong co.
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J. moment quén tinh cuacéc phan quay vaM. lamoment can.
Ce=K,, : hing s6 mdmen
Tu phuong trinh trén , cé thé suy ra ham truyén dong co nhu hinh sau ,

cho M=0:
Mc
U R | Mdc]| - ) ®
—»(/\)—» o o >
] 1+ /R ce Js
E
Ce

Hinh2.34 : So do khéi déng co mét chiéu khi tir thong khdng déi.
Ham truyén tdc do :
v () _ Ce

G(s) = = 2-119
) V,(s) L,Js*+(R,J)s+Ce? ( )

Ham truyén vi tri :

() =30 - ce (2-120)

V,(s) L,Js*+(RJ)s’+Ce’s
2.10. Ham truyén dat clia cdc phan tif thiy lyc- khi nén
Trd thiy lyc : tudng ty nhu trong dién, trong thliy luc dong chdy bi cén tr§ bdi van,
thanh 6ng , ti€t dién Ong.

\ q

p p2
L1,
ol 1
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Q
Cl1
v S
q
QC +
» < DPlp2
0 (pl-p2)e (pl-p2)

Hinh 2.35: phan tit thily luc
D61 véi sai léch nhd so véi vi tri cin bing ta c6 :
1
q=Ci(p1-p2) hay (pi-p2)=—4q
Cl
trong d6 R=1/C;- goi 1a trd thity luc, ngoai ra ta c6 thé viét:

q=L (P, - B,)
2(p1' pz)el/z. ' ?
va nhu vy :
R=é(pl— p,)e"? (2-121)

Quén tinh thiy Iuc : 1a Ivc quén tinh cAn thi€t d€ ting tdc cot nude trong dng. Goi
(pi-p2) 12 chénh léch ap sudt dé€ gia toc cot chit1dng. Theo dinh luat 2 Newton ta
av
c6:  A.(pi-pr)=m.—
PRI ot
Trong d6 m=r Lal L: do dai 6ng; A: ti€t dién ngang clia 6ng; m: khoi lugng; V: van
toc ; r : t trong.

Do AV :q
Suy ra :
rL dq
(p1-p2)= At
L , rL
Quan tinh thuy lyc : ZK (2-122)

Dung thiiy lyc : trong qud trinh chuyén dong , sy chénh 1éch giita dong chdy vio
va chay ra dugc tich tu lai.
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:qu

H P
— Q2
Hinh 2.36
Goi q; va q,1a dong chdy vao va ra, ta cé :
dh
1-q2=A "
Ql-q at
Trong d6 : h: ti1é v6i 4p suit p.
P=r gh
r: ti trong chat18ng; g: hiing s6 gia téc trong trudng.
q - q = A %
Y gt

s 1
nghia la : P:Trg.dpl— p,)dt

A
Dung thiy lyc : C;=——
rg

K&t hop cd ba yéu t& : trd thiy lyc, dung thiy Ivc, quin tinh thiy lyc ta cé
phuong trinh :

dq 1.
|l.—+R +=cpdt=p, - 2-123
at R C (0! P.- P, ( )

Mang khi nén
bdng cd thiy lyc

2.11. Ham truyén cdc phan tif nhiét

Céc phan tr nhiét dudc 4p dung rong rdi trong cong nghiép nhat 12 cong
nghiép héa chit, nha mdy dién hay di€u hoa nhiét do trong cic tdoa nha 16n.
Trudc hét ta hay xem xét hai kh4i niém mdi 13 nhiét trd va nhiét dung.
Nhiét trd : tuong tu nhu trong dién , trong nhiét ta c6 nhiét tr§. C6 3 cich truyén
nhiét: din nhiét, hodn nhiét, bifc xa va ta ciing c¢6 3 bi€u thiic cho dong nhiét.

- Céch 1 theo din nhiét:

Tl - Tz — Tl - Tz

q=AK
L L/ AK

L N
trong dé RZE 12 nhiét trd; A: 1a dién tich bé mait

K: d6 din nhiét clia vat liéu; L: d6 day cia vat
-Truyén nhiét bing ho4n nhiét, ta c6 :
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T-T, 1
1/Ah " Ah
-Truyén nhiét bing bifc xa nhiét § 2 vat thé€, nhiét 6 tuyét d6ila T1 va T2 ta
c6 : gq=sk, FlZAi(Tl4 - T24)
trong d6 : Al:1a dién tich bé mit clia vat thif nhat.
Fi2: 12 hé s6 hinh hoc clia vat thé.
Fe: 1a y&u t6 hé so .
— Tl - Tz
B S Fe FlZ (T14 - T24)
Nhiét dung :
Goi q; 1a dong nhiét chdy vao va q, 1a dong nhiét chéy ra , (q;-q») dugc tich tu lai
phan ti dusi dang ndi ning ta c6 :

q=Ah(T1—T2)=

(2-124)

—m @
q1-q2 it

Trong d6 m: khdi lugng vat thé ; c: nhiét riéng.
Phuong trinh nay tuong ty nhu dinh luat Faraday trong di€én va nhiét dung C=cm.
Thi du : Cho mot ngin nhu hinh vé, ba mit cdch nhiét, mot mit d€ hd véi ngudn

nhiét T¢(t).
o
L~
L
T# R
_}’ s
_.__,_p"
, |~
LA P
. df2 '
= =

d

Hinh 2.37a)
Né€u ta coi toan bo 12 mdtngin vdinhiét dd & gitta T(t). Goi d 1a do day.

T -
Dong nhiét chdy vao 1a : g=h.A.(T¢-T)=—
Do khong c¢6 dong nhiét chdy ranén : q= Cm(jj:l[_ = C.z—[
Suy ra : (RC.s+1).T=Ty; dat tRC
()=
()= ts+1
Pay Ia hé bac 1 nén ta chon x=T 12 bi€n trang th4i:
- 1 1
X=--X+-T,
t t

trong trudng hgp ngin qué dai ta chia thanh nhiéu ngin. Pdi véi ngan dau vao ta
c6 dong nhiét chay vao
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e e L
Tt | T2(t) :j
{ | |
I L~
| L~
AN
az T di
— =
o
Hinh 2.37b)
Tf - Tl
q=h.A(T¢-T)=

Tl B Tz

Dong nhiét chay ra: qO:ﬁ.(Tl -T,) =
d/2 ,
Phuong trinh cAn biang nhiét :
LT T T,
Yodt R, R,
dr, _T,-T,
C,,—2=-—+-2
dt R,
bitt1=R,C; t2=R,C;; bit t3=R,Cy;
Va chon bién trang thdi : x,;=T;; xo=T, ta ¢c6 phuong trinh trang th4i :

%:_(i+i)xl+i_xz+i_Tf
d oty t, oty ooty
(2-125)
dx, 1 1
— =X X
dt t, ' ot,

Ham truyén dat cia d6i tugng 10 nhiét :
Pudng dic tinh thuc nghiém nhiét do-thdi gian clia doi tugng trén hinh vé;
Cap nhiét tdi da cho 10 (cong suat vaio P=100%), nhiét dd 10 ting dan.

Cong suit P=100% ] | Nhiétdo t°

Lo nhiét

Hinh 2.33: Thi nghi¢m xdc dinh ham truyén 1o nhiét.
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°c

K
}E‘ » t(sec)
T, T,
(a) bac tinh chinh xac
0C
A
K
}E‘ » t(sec)

T T,

(b) Pic tinh gan ding.
Hinh 2.38: BPdc tinh ciia lo nhiét.
Ta xac dinh ham truyén gin ding clia 10 nhiét dung dinh nghia.
C(s)

G(S) = @

tn |

Do tin hiéu vao 12 ham nic don vi (P=100%) nén : R(S) =

Tin hiéu ra gin ding (hinh (b)) chinh 12 ham:
C(t)=f(t-T)) trong d6 : f(t) =K(1- e"'™)
K
S(1+T,9)
Ke- Tis
S(1+T,9)

Tra bang bién d6i Laplace ta dugc : F(s) =

Do vay 4p dung dinh 1i chAm tré ta dugc: C(s) =

K e— Tis

2-126
1+T,s ( )

Suy ra ham truyén ctia 16 nhiétla: G(s) =
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-Ty.s

K.e
1+T,.s
V6i : K : 1a hé s6 khuéch dai ciia doi tuong.
Ti: hiing s6 thoi gian khong nhay ctia 10 nhiét.
T,: hiing s6 thdi gian quén tinh cda 10 nhiét.

Ham truyén G(s)=

2.12. Phan tich bién trang thai
2.12.1. Gigi thiéu:

Muc tiéu clia phan nay 1a gi6i thiéu phuong phdp cd ban cda bi€n trang
th4i va phuong trinh trang thai d€ ngudi doc hi€u va nim dugc ki€n thifc cd ban
vé chd dé cho nghién cfu sdu hon khi ti€p cin khong gian trang thdi dugc ding
cho thi€t k& diéu khién t8i uu va hién dai.

2.12.2. Thé hién ma trin-vectd ciia phuong trinh trang thai

Cho n phuong trinh trang thdi ctia hé thdng dong bac n dugc thé hién nhu sau:
d)j'jt(t) = £,[x (1), X, (1) X, (£), U, (1), U, (8), Wy (1), W, (1)] (2-127)

trong d6 i=1,2,..,n. Bién trang thdi thi I dugc thé hién bdi xi(t); u;(t) ky hi€u cho
ngd vao thd j véi j=1,2,..,p; vd wi(t) ky hiéu ngd vao nhi€u thi k v6ik=1,2,..,v.
Cho bi€n Y, (t), Y, (t),...,¥,(t) 12 q bi€n ngd ra clia hé thong. Téng quit, cdc bién
ngd ra l1a ham clia bién trang thdi va bi€n vao. Phuong trinh ngd ra ¢ thé dugc
bi€u dién nhu sau:

Y3 (©) = G515 ()X (8), X (6, Uy (8), U (), U (1), W (1), W (1), W, (D] (2-128)

trong d6 j=1,2,..,q.

Tap hgp n phuong trinh trang thdi trong (2-127) va q phuong trinh ngd ra trong (2-
128) cing tao nén céc phuong trinh dong (hay hé phuong trinh bién trang théi).

Pé d& dang thé hién va van hanh, thit I3 tién 1gi thé hién phuong trinh

déng & dang ma trin-vecto. Ching ta hdy ky hiéu cédc vectd sau:

&, ()0

e u
Vectd trang thai: X(t) = & (t)g

PN

(nx1) (2-129)

&,
éu, (t)
&, (0
a

Vectd ngd vao: u(t) = g (px1) (2-130)

é .. 0
&, (g
éy,(Hu
SAGK
é U

¢.. U
ev(Dg

Vectd ngo ra: y(t) = (gx1) (2-131)
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éw, (t)u
3 Sw, (Y
Vecto nhiu: w(t) :g 2( )H (vx1) (2-132)
¢ . @
éw, (t)g

Biing cich st dung cic vecto nay, n phuong trinh trang thai & (2-127) c6 thé dudc
vi€t nhu sau:
R CORTORYG) (2-133)
trong d6 f ky hi€u ma trin cdt nx1 chita cdc ham fi, f,,..,f, nhu la cac phﬁn t.
Tudng tu, q phuong trinh ngd ra § (2-128) trd thanh
y(t) = glx(t),u)t), w(t)] (2-134)
trong d6 g ky hiéu ma trdn cdtnx1 chita cdc ham gy, g,..,gq nhu 12 cdc phin .
DP6i véi hé thong tuyén tinh bat bi€n theo thdi gian, phuong trinh dong dugc viét

nhu sau:
. .oax(t) _

Phuong trinh trang thai: - AX(t) + Bu(t) + Ew(t) (2-135)
Phuong trinh ngo ra: y(t) = Cx(t) + Du(t) + Hw(t) (2-136)
Trong d6 A 1a ma trdn nxn (2-137)

B 1a ma trdn nxp (2-138)

C la ma trdn gxn (2-139)
D la ma trdn gxp (2-140)

E Ia ma trin nxv (2-141)
H Ia ma trdn gxv (2-142)

2.12.3. Ma tran chuyén trang thai (Ma tran qua d¢)

Vi phuong trinh trang thdi cia hé thdng tuyén tinh bat bi€n theo thdi gian
dugc bi€u dién & dang & phuong trinh (2-135), budc k& ti€p thudng bao gdm
nghiém cla cédc phuong trinh nay vdi vectd trang thai dau x(t), vectd vao u(t) va
vectd nhiéu w(t), véi t>to. Thanh phan thif nhit cia vé& phai phuong trinh (2-135)
dugc bi€t nhu 13 thanh phan thuin nhit, va hai thainh phin con lai thé hién ham
cudng buc u(t) va w(t).

Ma trin chuyén trang thai dudc dinh nghia 14 ma trin théa min phuong
trinh trang thdi thuan nhat tuyén tinh:

(M _ AX(t) (2-143)

dt
Cho f (t) 12 ma tran nxn thé hién ma trin chuyén trang thdi; khi d6 n6 phai thda
man phuong trinh

ar _ Af (t) (2-144)

dt
Hon nita, cho x(0) ky hiéu trang thdi diu tai t=0; thé thi f (t) cling dudc dinh nghia
bdi phuong trinh ma trin

x(t) =f (t)x(0) (2-145)
ma x(t) 1a nghiém cla phuong trinh trang thdi thuan nhat véi t>0.
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Mot cach xdc dinh f (t) 12 bing cdch 14y bi€n ddi Laplace hai v& clia phudng trinh
(2-143), ta c6

sX(9) - x(0) = AX(S) (2-146)
Gidi ra tim X(s) tir (2-146) ta c6
X(s) = (sl - A)x(0) (2-147)

trong d6 gia st 12 ma trin (sI-A) 1a khong ki di. LAy bién d6i Laplace ngudgc hai vé
cua (2-147) ta dat dugc

x(t) = L'*(sl - A)x(0) voi =0 (2-148)
Biing cich so sanh phuong trinh (2-145) véi (2-148), ma trin chuyén trang théi
f(t) dugc nhén ra nhu sau:
f@)=L"(sl - AY] (2-149)

Mot cich tuong duong cla gidi phuong trinh trang thdi thuan nhit 1a gid st mot
nghiém nhu trong phuong phap cd dién gidi phuong trinh vi phan tuyé&n tinh .
Ching ta cho nghiém cta phuong trinh (2-143) 1a

x(t) = e™x(0) (2-150)
v6i 0, trong d6 €™ thé hién chudi liy thira sau cia ma tran At va
e =| +At+1A2t2+1A3t3+... (2-151)
2 3

Dé dang thdy ring phuong trinh (2-150)la nghiém clia phuong trinh trang thai

thuén nhit, b&i vi tir (2-151)

deAI
dt

Vi vdy, thém vao (2-149) ta dat dugc cich bi€u dién khic cho ma trin chuyén

trang thai:

f(t)=e™ =1+At +;A2t2 +::;A3t3 + ... (2-153)

= A (2-152)

Phuong trinh (2-153) ciing ¢6 thé tim dudc truc ti€p tir (2-149). Phan nay xem nhu
bai tdp danh cho sinh vién.
a. Piém nhan manh ctia ma tran chuyén trang thai
Vi ma tran chuyén trang th4i thda man phuong trinh trang thdi thudn nhat

nén né6 thé hién dap tng tu do cia hé thdng. N6i cich khic, ma trin chuyén trang
thai kiém sodt dip wng ma dugc kich thich bdi diéu kién didu. Xem xét cic
phuong trinh (2-149) dén (2-153), ma tran chuyén trang thdi chi phu thudc vio ma
tran A, vi vay do6i khi f (t) dugc xem 13 ma tran chuyén trang thdi cda A. Ma trin
f (t) hoan toan dinh nghia chuyén dich cda trang thai tir thdi gian ddu=0 t6i thoi
gian t bat ki khi ngd vao bing khong (zero).
b. Tinh chit ctia ma trin chuyén trang thai:
Ma trin chuyén trang thdi f (t) c6 céc tinh chit sau:

1.f(0)=1 (ma trAn don vi) (2-154)

Chitng minh: Phuong trinh (2-154) ¢6 dudc truc ti€p tr (2-153) bing cdch cho
=0.

2. F 4 t) =f (- 1) (2-155)
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3.f(t, - tf (- t) =f(t,-t,) véibatkito, tl, 2. (2-156)

4.[f ()] =f (kt) v&iklasd nguyénduong  (2-57)
2.12.4. Phuong trinh chuyén trang thai (Nghiém ciia phuong trinh trang thai)
Phuong trinh chuyén trang thai dugc dinh nghia 1a nghiém cia phuong trinh trang
th4i thuan nhi't tuyén tinh.
Phuong trinh trang thdi tuyén tinh bat bi€n theo thdi gian

d’(;(tt) = AX(t) + Bu(t) + EW(t) (2-158)

c6 dugc gidi dung hoic 12 phuong phip cd di€n gidi phudng trinh vi phan tuyén
tinh hay 12 phuong phap bi€n ddi Laplace. Gidi phap bié€n d6i Laplace dudc trinh
bay trong phan sau day.
LAYy bi€n ddi Laplace hai v& (12-32)(2-158) ta c¢6
sX(s) - x(0) = AX(s) + BU(s) + EW(s) (2-159)
trong d6 x(0) ki hiéu vecto trang thai dau tinh tai t=0. Gidi ra tin X(s) tir (12-33)(2-
159) ta dat dugc
X(s)=(sl - AY*x(0)+(sl - A)'[BU(S) + EW(3)] (2-160)
Phuong trinh chuyén trang thdi clia (2-158) dudc tim ra bing cach 14y bi€n ddi
Laplace ngugc cd hai v€ clia phudng trinh (2-160)
x(t) = L2|(sl - A)Hx©@) + L (s - A)HBU(S) + EW(S)]}

t 2-161)
=f (©)x(0) + § (t - t )[Bu(t ) + Ew(t )]ct t30

Phuong trinh chuyén trang thdi trong (2-161) chi c¢6 ich khi thdi gian dau t dugc
dinh tai t=0.
Cho thdi gian bit diu thé hién tai t; va trang thdi ddu tuong dng x(to) va gid st
rang ngd vao u(t) va nhiu w(t) 4p dung tai t>0. Chiing ta bit dau vSi phuong
trinh (2-161) bing cach cho t=tyva gidi cho x(0), ta c6

t

X(0) = (- to)x(to) - T (- to)(§ (to - 1)[BU) + EW )l (2-162)

trong d6 tinh chat f (t) & (2-155) dugc 4p dung.
Thay (2-162)vao (2-161) dat dugc

X(t) =f (OF (- to)x(t,) - f (OF (- to)E‘j (t, - t)[Bu(t ) + Ewt )]dt
t 0 (2-163)
+¢§ (t- t)[Butt ) + Ew(t )]dt

Bing cdch dung tinh chdt (2-161) va két hgp hai tich phan cudi, phuong trinh (2-
163) tré thanh

X(t) =f (t- t,)x(t,) + 8 (t- t)[Bu(t ) + Ew(t )]dt t3t, (2-164)

RS rang phuong trinh (2-164) trd thanh phudng trinh (2-161) khi tp=0.
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Vi phuong trinh chuyén trang thdi di dugc xdc dinh , vectd ngd ra c6 thé
dugc bi€u dién nhu ham cilia trang thdi ddu va vecto vao biing cich thay x(t) &
(2-164) vao phuong trinh (2-136). Nhu vay, vectd ngé ra la

t

y(t) = Cf (t- t,)x(t,) + ¢Ff (t- t)[Bu(t ) + Ew(t )]t

0 (2-165)
+ Du(t) + Hw(t) tst,
Thi du sau minh hoa tinh ma trin chuyén trang thdi va phuong trinh chuyén trang
thdi
Thi du: Xem xét phuong trinh trang théi sau
édx, (t)u
€ 4 U_é0 1uéx(tu, &u
é u=eé 8, ute ) (2-166)
0y &2 -0 &l
é dt @

Bai todn 13 xdc dinh ma trin chuyén trang thai f (t) va vectd trang thai x(t) vdi £0
khi ngd vao u(t)=1 véi t>0. Hé s6 ma tran dudc x4c dinh la
_é0 1ug é0u

= 1B=g GE=0 (2-167)
e
&2 -3 &y
Khi d6
01 60 10 & -1¢
S-A=g 06 i=e (2-168)
D s g2 -3 & s+3y

Ma trdn nghich ddo cta (sI-A) 1a

1 és+3 10
s* +3s+2 3 -2 s
Ma tran chuyén trang thdi cla A dugc tim ra bing cich 14y bi€n ddi Laplace
ngugc cia (2-169)

(sl - A= (2-169)

toe2t

€ 2e'-e? e
LG (2-170)
a

f)=L"(sl- A'=¢
® I )] S—Ze‘t+2e'2t -e'+2e
Phuong trinh chuyén trang thii x(t) v6i £>0 dudc tim bing cich thay phuong trinh

(2-170), ma tran B, va u(t) vao (2-161), ta dat dugc

é 2e—t _ e—Zt e—t _ e—Zt l‘J

X(t) =& X(0)
&2 +2e? -e'+2e% e171)

. t‘é 2 (t1) _ g2t-t) g (1) _ gr2(tt) l\iléogpt

g% 2g () 4 ogr2tt) oo (1) +2e-2(t-t)0wglu

hay
é 2e'-e? e'-e? u €0.5- e'+05e*u

xOV=e oo L. a@te g t320@2172)
& 2e +2e -e +2e 7 g € -e )

Mot cdch tuong duong, thanh phan thit hai cia phuong trinh chuyén trang thdi c6
thé tim ra biing cach 14y bi€n ddi Laplace ngugce clia (sl - A)"*BU(S). Nhu vay ta
co
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U - mrBUg)=E, L $F3 ulo
€ rasi28-2 shllss
1 2-17
_¢ 1 :%39: 20.5- e +o.5e'2‘8 30 A
g52+33+281HB & et e i
12.5. Méi quan hé giita phuong trinh trang thai va phuong trinh vi phan bac
cao:

Trong phan trudc, chiing ta da dinh nghia phuong trinh trang th4i va nghiém
clia cda chiing ddi véi hé thdng tuyé&n tinh bat bién theo thdi gian. Mic dit c6 thé
vi€t phuong trinh trang thdi truc ti€p tif sd d6 khdi cia hé, trong thuc hanh hé
thong c6 thé dugc mo td bdi phuong trinh vi phdn bic cao hay ham truyén. That 1a
trd nén can thi€t nghién cttu 1 sao phuong trinh trang thdi c6 thé viét truc ti€p tur
phuong trinh vi phan bac cao hay ham truyén.

Phuong trinh trang th4i c6 thé vi€td dang ma trin-vecto nhu sau:

d)(;it) = Ax(t) + Bu(t) (2-174)
trong d6
éo 1 0O .. Ou
é u
a 0 1 0 a
A=6 . U (nxn) (2-175)
e 0 0 0 1 a
e Y
8— 8, -3, - - anH
eou
enu
&%y
B=8&..0 (nxl) (2-176)
éolfl
e-d
glH

Chd y 12 hang cudi ciing cda A chita gid tri Am clia hé sd ciia thinh phan thuin
nhA't clia phuong trinh vi phin theo thit ty ting din, ngoai trir hé s clia thanh
phin bac cao nhat 12 bing 1. B 1a ma trin cdt véi hang cudi cling bing 1, va con
lai 12 0. Phuong trinh trang thdi & dang (2-174) dugc biét nhu 12 dang hgp véi
kinh dién(chinh tic) bi€n pha. (phase-variable canonical form-PVCF), hay dang
hgp véi luat 1& diéu khién dugc (controllability canonical form-CCF).

Ngo ra cda hé dugc vi€t nhu sau

y(B) = Cx(t) = x,(t) (2-177)

trongds C=[1 0 0 .. 0 (2-178)

Ching ta ciling chitng minh ring bién trang thdi cia hé cho truéc 1a khong duy
nhat.

Thi du: Xem xét phuong trinh vi phén sau:
d°y() , 9°Y0 , O
dt® dt? dt

+2y(t) = u(t) (2-179)
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Sip x€p lai phuong trinh cudi dé ma thanh phin dao ham bic cao nhit 1a biing
véi cdc thanh phan con lai, ta c6

d’y(t) d?y(t) _ dy(t)
=-5 - - 2y(t) +u(t 2-180
e a2 it y(t) +u(t) ( )
Bién trang thai dudc dinh nghia nhu sau:
X (t) = y(b)
dy(t)
X, (t) = 2-181
=" @-181)
d’y(t)
X, (1) =
3( ) dtz
Khi d¢6 phuong trinh trang thai dugc thé hién & dang ma trin-vectd:
d)(;it) = Ax(t) + Bu(t)

trong d6 x(t) 1a vectd trang thai 2x1, u(t) 1a ngé vao va
éO 1 O0u €0u

_é Ups_ &
A—(:EO 0 1@,8—20@
gl -2 -5 gLy

Phuong trinh ngd ra la
¥ =% = o

2.12.5. 1.Th€ hién khong gian trang thaii ctia hé théng dong
2.12.5.1.1.Thanh lap hé phuong trinh trang thai tu phuong trinh vi phéan:
1-VE& phdi ciia phuong trinh vi phdn mo td hé thong khéng cé chita dao ham ciia tin
hiéu vao.
Cho hé théng md t& bdi phuong trinh vi phan:
d'e(t),  d™o(), ,_ do(t
dt” dt™? "odt
D€ ¥ ring trong biéu thic (2-182) hé s& a0=1. N&u a0#1 ta chia hai vé&
phuong trinh vi phan cho a0 d€ dugc dang (2-182).
Qui tic dit bi€n trang thdi:
-Bién diu tién bing tin hiéu ra: x1(t)=c(t).

+a,c(t) =hyr(t) (2-182)

-Bién trang thai thit I (2n) dit theo qui tic: bi€n sau bing dao ham clda bién
trude: X (t) =%, (t).
Phuong phdp dit bi€n trang thdi nhu trén (bi€n sau biing dao ham clia bién
trudc) goi la phuong phap toa dd pha.
Ap dung céch dit bi€n trang thdi nhu md td & trén, ta c6:
X, (t) = c(t)
X0 =% (P X0 =€)
X () =%, (t) P X, (t) = &(t)
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d"c(t)
dt"
Thay cac bi€n trang thdi vao phuong trinh (2-182) ta dudc:
X, (1) +ayx, (1) +...+a, X, (1) +a,x,(t) =byr(t)
K&t hdp phuong trinh trén v6i quan hé gitta cdc bi€n trang théi ta dugc hé
phuong trinh sau:

x ()=% ()b x ()= d; ‘c(t)

b X,(t)=

¥ (1) = %,(1)
%, (t) = %, (t)
.(2-183)

. 1(t) X, (t)
f( (1) =-a,x (1) - &, X, (1) - .. &%, (1) - @yX, () +byr(t)

Viét lai (2—183) dudi dang ma tran:

—— —— —" —

é e ué u énu
i( (t) a0 0 1 .. 0 @éxz(t) a0y
é u—é... e OB u+é ar(t)
eﬂn 1(t)u ? 0 0 0o .. 1 Uexn (U &
a a
e& (t) U @' a, -a,; -, e - aigexn(t) a g)olfl
DPap tng cla hé thdng:
éXl(t) U
X ® g
c)=x=L1 0 .. 0 o]e @
é n—l(t)g
e% (0 g
Vay hé phuong trinh trang thdi mo ta hé thong la:
1 &(t) = Ax(t) + Br((t
|4(0) = A + Br (1) s
T ot) =Cx()
éx(t) 1] é 0 1 0 u éou
SOy g0 0O 1 0, gof
g XO=e . aA=§. uB=e¢
Yo .00 €0 0 0 10 @u
e u u
eXn(t) a é_ a, -a.; -a., - aig 8)00

c=[t o .. 0 0

Thi dy 1: Cho phudng trinh vi phdn mo ta hé:
§(t) +49(t) + y(t) =5r(t)
Tim phudng trinh trang thai:

biat

x, (1) = y(t)

X, () = & (1) = ¥(t)
X, (1) = 4(t)

Phuong trinh trén dudc viét lai:
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X () = X, ()

%, =- X - 4x, +5r(t)

Phuong trinh trang thdi c6 dang: 4p dung cdng thic (2-84)
1 (t) = Ax(t) + Br(t)

Tyt =Cx()
vGi
éx.u, éku
X:’\ /ﬁ:;\
&l ek
A 80 lu_é0 1
=8 1=
Ea -ag &1 -4
5o $0U_&
ot &4
c= 0

Thi du 2: Cho hé thdng diéu khién c¢6 quan hé tin hiéu vio-ra md t bing phuong
trinh vi phan sau:

28(t) + S8(t) + 66(t) +10c(t) =r(t)

Tim phudng trinh trang thai.

2.V& phdi ciia phuong trinh vi phdn mé td hé théng cd chita dao ham ciia tin hiéu
vao

Xét bai todn x4y dung hé phuong trinh trang thdi cho hé thong:

PO 10,4 W0y v, T a0 =
dt” dt™ . (2-185)
b, 9" r(t) bld "0, d;(tthb r(t)

m-1

Pé ¢6 the ap dung cong thitc dusi day, m phdi thda di€u kién m=n-1( cac hé s6
b0, bl,.. c6 thé bing 0).
Qui tic dit bi€n trang thdi:
-Bi&n dau tién bing tin hiéu ra: x,(t) = c(t)
-Bién trang thai thi i (i = 2,n) dit theo qui tic:
X (t) =%, (t) - byyr(t)
V6i cdch dit bi€n trang thdi nhu trén, hé phuong trinh bi€n trang thdi mo td hé
thong 1a:
i k(t) = Ax(t) + Br(t)
c(t) = Cx(t)

—_—

trong do:
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exy €0 1 U éb,
é U e u é. u
x)=e .. GA=€. uB=e . ¢
&,.(t)d ¢ 0 10 @&, .0
é U e u E U
eXn(t) a é_ a, -a,,; -a., - aig g)n a
c=[ 0 0
_i_ b, =b,
|
';[' b, =Db - ab,
véi: | b,=b,- ab, - a,b,
[
1bn = bn—l - a1bn—l - "'an—lbl

2.12.6. Mdi quan hé giita hé phuong trinh bi€n trang th4i va him truyén dat.
Chiing ta da trinh bay phuong phdp mo t& hé tuyén tinh bat bi€n theo thdi
gian bdi ham truyén dat va bing phuong trinh dong. That la thd vi nghién ctu
mdi quan hé giita hai cdch thé hién nay.
Ham truyén clia hé don bié€n tuyén tinh dudc dinh nghia & (2-31) va phuong trinh
(2-33) cho ma tran ham truyén hé da bién:
6G,(9) Gu(9) - G, (9

u
G@:§a6>eﬁﬁ.uem@8

a9 Gu(s) - Gy(9g

Hé tuy&n tinh c6 p ngé vao, q ngd ra. Him truyén gifta ngd ra thi I va ngd vao thi
j dugc dinh nghia:
6= o

]
C(s)=G(s).R(s) 12 ma trin qx1 goi 12 vector ngd ra bi€n ddi
R(s) 12 ma tran px1, 14 vector ngd vio bién ddi.
G(s) 12 ma tran qxp, goi 1a ma trAn ham truyén.
Xem hé tuyén tinh bt bi€n theo thdi gian dugc md td bdi phuong trinh dong:

d’(;(tt) = AX(t) + Br(t) + Fw(t) (2-186)
c(t) = Dx(t) + Er(t) + Hw(t) (2-187)

trong d6 x(t)=nx1 vector trang thai.

R(t)=px1 vector ngd vao.

C(t)=gx1 vector ngd ra.

W(t)=vx1l vector nhiéu.

Va A, B, D, E, F, HIa cdc ma trin cé chiéu thich hgp.
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LAy bién ddi Laplace hai v€& clia phuong trinh (2-186) va giai cho X(s), ta c6 :
X(8) = (s - A)1x(0)+ (sl - A)YBR(S)+FW(s)]  (2-188)

Bié&n d6i Laplace phuong trinh (2-187) :

C(s)=DX(s)+ER(s)+HW(s) (2-189)

Thay (2-188) vao (2-189) ta dudc :

C(s)=D(sl - A)x(0)+ D(sl - A)[BR(S)+FW(s)] + ER(S) + HW(S) (2-190)

Vi dinh nghia ham truyén doi hdi di€u kién dau Ia 0, x(0)=0, phuong trinh trén trd
thanh:
C(s)=[D(sl - A'B+EJR(S)+D(sl - AIF +HIW(S)  (2-191)

Vi hé c6 hai ngd vao r(t) vd w(t) , ching ta chi dinh nghia ham truyén giita mot
cip ngd vao va ra. Vi vay, ham truyén dugc dinh nghia nhu sau:

W(1)=0: Gi(s)=D(sI-A)'B+E (2-192)

R()=0: Gu(s)=D(sI-A"'F+ H (2-193)

Trong d6 Gi(s) 12 qxp ma trdn ham truyén gifta r(t) va c(t) ; con Gy(s) 12 qxv ma
tran ham truyén gitta w(t) va c(t) .

Phuong trinh (2-192)12 biéu dién ham truyén hé thdng & dang A,B,D,E.

Khi d6 (2-191) trd thanh

C(s) =G, (9)R(s) + G, (s)\W(s) (2-108) (2-194)

*Xét hé mot ngé vao mot ngo ra :

Phuong trinh trang théi :

dx(t)

T = AX(t) + Br (t)

y(t) = Cx(t) + Dr(t)

trong d6 x(t)=nx1 vector trang thai.
R(t)=vector ngd vao.

y(t)=vector ngd ra.

Y(s) =[C(sl - A)'*B+D]R(s) (2-195)

Ma trén qua d6: F(t)=e* =L*(sl - A

Ma tran ®(t) dugc goi la ma trin qui d6 (ma trin chuyén trang thai) clia hé thong.
Thi du : Xem xét hé da bi€n dugc md td bdi phuong trinh vi phin sau :

U L O o o
oA 3y = 0,0+ 2w()

dﬁft) ’ dyét(t) +Y.(1) + 2y, (1) = u, ()

DPinh nghia bi&n trang thdi nhu sau :

(2-196) va (2-197)
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X (1) = v, (t)
_ ady, (1)

XM=

X (t) = ¥, (1)

Bay gid can bing thanh phan diu tién ctia mdi phuong trinh (2-196) va (2-197)

v&i thanh phan con lai va ding quan hé bién trang thdi cda (2-198), chiing ta din

ra phuong trinh trang thdi sau va phuong trinh ngé ra § dang ma trin-vecto :

édx, (1) 0

d Y g0 1 Ouex(t)u & 0oy,

gdxz(t)l:I_é e, (t )U

e 2u=%0 -4 3 Ax M)y +e_L oK +§Wv(t) (2-199)

a g €
defmﬂ gl -1 -ZHexs(t)H : Lgu()” €4

& a f

€% (t)u
SO o de0i=00 e
st %, 08
P& x4c dinh ma trin ham truyén ctia hé st dung cong thiic bié€n trang thdi, ching
ta thay A, B,D, E,F vao (2-191). Trudc tién ching ta tao nén ma trdn (sI-A) :

7

s -1 0 u

(2-198)

(sl - A):go s+4 - 38 (2-201)
g 1 s+24

Dinh thdc ctia (sI-A) 1a :

sl - A=s’+6s° +11s+3 (2-202)

Vi vay, ma trin nghich ddo (sI-A)™

€’ +6s+11  s+2 3 U

(sl - At = r 1 & -3 S(s+2 3 4 (2203
L
u

€-(s+4) - (s+]) s(s+4}

Ma trin ham truyén gitta u(t) va y(y) la
é s+2 3 u
G,(9)=D(sl- A'B= . q (2-204)
s® +6s? +1:|S+3e— (s+D) s(s+4)y
va ma tran ham truyén giita w(t) va y(t) la
é2(s+2)u
G,(9=D@ - A'F= * 5 (5+2) q (2-205)
S +6s° +11s+3 & 2(s+1)y
Diing ti€p cin truyén thong, chiing ta 1y bi€n ddi Laplace hai v& cda (2-196) va
(2-197) va gia st diéu kién diu bing 0. Phuong trinh chuyén d6i k&t qua dugc
viét & dang sau :
és(s+4) -3 (s)u_&J,(s)u GZBN( 9
g s+l s+2f (9 Q.98

Gidi tim ra Y(s) tir (2-206), ching ta dat dugc :

(2-206)

Ly thuyé&t Piéu khién ty dong-© Huynh Minh Ngoc

PDF created with pdfFactory Pro trial version www.pdffactory.com


http://www.pdffactory.com

78

Y(s) =G, (sU(s) + G, (S\W(s) (2-207)

trong d6
és(s+4) -30"

G, 7 2-208

(9= §s+1 s+l (2-208)

eS(s+4) -30 &

G,(9) = a & (2-209)
g s+l s+2j @y

s€ cho k&t qua gidng vdi (2-204) va (2-205) tuong Gng khi ma trdn nghich ddo

dugc tinh.

Thi du : Xét ham truyén hé thong sau :

G(s) = S = S (2-210)

(s+10)(s* +4s+16) s®+14s” +56s+160
Tim phuong trinh trang th4i thé hién hé.
Giai :

Thi du :X4c dinh ham truyén hé thong dugc dinh nghia b&i phuong trinh trang th4i

sau :
éku é0 1 Ouwéxu é 0 u (2-211)
& U_¢é ue u, é
i=g0 0 1ga+s 25
g0 &5 -25 - 5HexH %1209
&
_ a
st
D=[0;0 ;0]

Gidi :Ham truyén I :
Y(s) =[C(sl - A)"B+ D]R(s)
Y(s)

G(s) = R(S)

=C(sl - A)'B+D

Thi du: Cho hé thdng diéu khién ki€m ké & hinh sau

dx,(t) _

2 =20,
dx, () _

ot - 2u(t)

trong d6 x1(t)= mic ki€m ké, x2(t)=tdc dd bdn ra cia sian phdm va u(t)=tdc do
sdn xuat. Phuong trinh ngd ra y(t)=x1(t). Pon vi thdi gian 12 mdt ngdy. Timham
truyén ctia hé.

Giai:

Phuong trinh trang thai:

X = AX +Bu

y=C.X

trong dé
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0 - 2 50 (
A=S GB=a gC=[L 0]
o ol & 24
Ham truyén hé Gp(s)=C.(sI- A)'B
€l Ou 0 -2u é 24

TATH o B 0lTH o

: el - 20
G- =S W AN _1és 016 -2 & @
D Sl Tdes-A gE2 s TvH sUTE 1y
é sa
&l -2y
_ & £ UW0U_¢l -20600_4
Cdl-A'B=[1 05 S (& i=a e 0T 2
(s - A [ ]go 1% 478 AT
é s

. 4
Viy : G,(9) ==

2.12.7.Phuong trinh dic trung, tririéng va vecto riéng :

Phuong trinh déc trung

1/Phudng trinh ddc trung tit phuong trinh vi phén :

Xét hé tuyén tinh bt bi€n theo thdi gian dugc mo ta bdi phucng trinh vi phan sau :
dyt) . d" ly(t) Y( )

a +..+ + t) =
dtn n-1 dt ai aoy()

m m-1

=b d™u(t) +b_ d ugt) . +b; du(t)
dt™ dt™ dt

trong d6 n>m. Bing cach dinh nghia todn t¥

k
sk = d ,k=0,1,2...n
dth

(2-212)

+byu(t)

Phuong trinh (2-212) trd thanh :

s"+a, ,s" +..+as+a,)yt)=(b,s" +b, ,s"" +...+bs+b,)u(t) (2-213)
Phuong trinh dic trung dugc dinh nghia bdi :

s"+a ,s"t+..+as+a,)yt)=0 (2-214)

ma dat dugc bing cdch cho thanh phin thuan nhat cda (2-213) bing 0.

2/ Phuong trinh dic trung tir ham truyén :

Ham truyén clia hé dugc mo ta bdi (2-212)1a :
G(s) = bmfm + bm_lnsj‘l +..+bs+b,
s"+a_,s"t+..+a5s+a,

Phuong trinh dic trung dat dugc bing ciach cho miu s6 da thifc cda ham truyén

(2-215)

bing 0.
Thi du : Cho hé c6 ham truyén 12 :
G(s) = =

§® +58% +5+2
Phuong trinh dic trung 1a : s® +58” +s+2=0
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3/Phucng trinh dic tinh tif bi€n trang thai:
Tir ti€p can bi€n trang thdi, ching ta ¢ thé vi€t (2-192) nhu sau :
di(sl - A
G (9= A
s-A
_ Dladj(sl - A)B+|sl - AE
s-A
Cho miu s6 clia ma trin ham truyén bing 0, ta dugc :
IsI-Al=0
Mot tinh chat quan trong clia phuong trinh dic trung 12 n€u hé s clia A 1a thuc
thi hé s§ cla |sl - A ciing la thuc.

B+E

Véctoriéng :
Vecto riéng 1a hitu dung trong phuong phéap diéu khi€n hién dai.
BAt ki vectd p; khdc khong thod phuong trinh ma tran (MI-A)pi=0 (2-216) trong d6
N, i=1,2,.. 12 gid tri riéng thd i cha A. Néu A cé gid tri ri€ng phan biét thi vectd
riéng c6 thé gidi truc ti€p tir (2-216).
Thi du : Cho phuong trinh trang thai (2-186)cé ma tran :
_é -1 éll]

IR
Phuong trinh dic trung ciia Ala :
sl - A=s’-1
Tririéngla |, =11, =-
Cho vectd riéng dudc viét nhu sau :

_ épllu _ éplzl:'
Pr=é_ ¢P2=¢_ (
éP..0 éPx

Thay |, =1 vao (2-223), ta ¢6
€0 1uepllu €0u

8) uep21u S)U

Nhu vy, p22=0, p12 tiy y ma trong trudng hgp nay cho p12=1.
Tuong tu | , =- 1, phuong trinh (2-216) trd thanh :

eZ 1uep12u €0u

€ g0 Ouepzzu S)H

din dén

-2p, t Py =0

Phuong trinh ¢6 2 4n, cho mot bién tily y. Cho pl12=1, viy p22=2. Vectd riéng I :

_éy e
o
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Thi du: Tim ma trin chuyén trang thai, phuong trinh dic tinh va gid tri riéng cla A
trong cac trudng hgp sau:
€5 1 00  Q
_e Up_6&-\u
"e0 -5 1yBed
g0 0 -59 €l

2.12.8. Vi du tinh ham truyén va phucong trinh trang thai hé théng cu thé
Thi du 1: Phuong trinh sau thé hién hé tuyén tinh bat bi€n theo thdi gian. Viét
phuong trinh trang thdi va phudng trinh ngd ra § dang vecto:

d’y(t)  ,d?y(t)  .dy
2 +3 +52 4+ 2y(t) =r(t
dt® dt? dt y=r(®
Giai:

Vi€t lai phuong trinh trén nhu sau:

d’y(t) , , d*y(®) dy
+15 +25—=+y(t) =0,5r(t 2-217
bit x;=y(t)
Suy ra:

d
k=X, = E?[/
d?y
dt?

K, =% =
dy
dt®
Tt phuong trinh (2-217) ta suy ra:

¥, =-15x%, - 2,5%, - x, +0,5r(t)

Do dé:

¥ =0.x + X, +0.x; +0.r(t)

¥, = 0.x +0.x, +X; +0.r(t)

¥, = - X, - 25X, - 1,5%, +0,5r (t)

Phuong trinh trang thai la:

aho &0 1 0 6a,0 &00
1260 0 1 ixi+E0 ()
8&35 8’ 1-25 - 1558)(35 80’55
Phuong trinh ngd ra:

%, =

& 0
v = G =
y=x=@0 0 0)¢x,+
& g

Thi du 2: Hiy thanh 1ap phuong trinh trang thdi mo td hé thdng c6 so dd khoi

nhu sau:
Hé hoi ti€p Am don vi: G(s)=10/s(s+3); H(s)=1/(s+2).
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2.13. Xap xi ctia mé hinh toan hoc phi tuyén:
*Heé thong phi tuyén:
Mot hé 1a phi tuyén néu nguyén 1i x&€p chdong khong 4p dung dudc.
*Tuyé&n tinh héa hé phi tuyé&n:
* Xap xi tuyé€n tinh cda m6 hinh todn hoc phi tuyén:
Xét hé c6 ngd vao x(t) va ngd ra y(t). Quan hé gilta y va x la:
Y=£(x) (2-218)
N&u diéu kién lam viéc binh thudng tai X,y , thi phuong trinh (1) dugc khai trién
chudi Taylo:
y=1f(x

ooy df . 1d*f o (2-219)
y= f(x)+&(x— x)+5 o (x- X)° +...

3 . f d?f . Do o 47 12 2
trong d6 dao ham &’W ,.. dugc tinh tai X =X. Néu X- X du nho, ta bo qua
thanh phin bic cao trong X- X. Phuong trinh (2-219) dudc viét
y=y+k(x- X) (2-220)
trong dé

y=1(x)
k= dar tai X =X.

dx
Phuong trinh (2-220) viét lai:

y- y=Kk(x- X) (2-221)

chira y- y tilé véi x- X. Phuong trinh (4)(2-228) cho m6 hinh to4dn hoc tuyén
tinh d6i v6i hé phi tuyén (2-219) gan diém lam viéc.
Poi véi ham hai bién
y=f(x,%,)
Khai trién Taylo:

_ f _ f _
y= f(X1’X2)+[11TTX1(X1' Xl)"’%l(z(xz - Xz)]
1.9%f IR ~ I i o
(X, - 2 - - L(x, -
# ol 07 %) ¥ 20 @ (m X0 )+ g s (- %)+

trong d6 vi phan tiing phan dugc tinh tai X=X, X=X,.
Mo hinh todn hoc tuyén tinh cia hé phi tuyén trong 1an can di€m lam viéc dugc

cho bdi:
Y- Y =KX - X) K (X - %)
trong dé
y=f(x,X%,)
(=T
ﬂxl X =X, %=X,
=T
ﬂXZ X=X, % =Xp
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Thi du: Cho z=xy  (2-222), tuyén tinh héa (2-222) phudng trinh phi tuy€n trong
d6 : 5<x<7, 10<y< 12. Tim sai s0 clia phuong trinh tuyén tinh héa dugc dung dé
tinh z tai x=5, y=10.

Giai:

Vi 5<x<7, 10<y< 12 nénchon X=6,y=11P z=6.11=66

M3 rong phuong trinh (2-222) vao chudi Taylo quanh di€ém X=X,y =y va bd qua
thanh phan bac cao:

z- z=a(x- X)+b(y-y)

trong d6

a=TXY) =y=11
X eexy=y

p=T XY _y-6
W ey

Vi vay phuong trinh tuyén tinh Ia:

z- 66=11(x- 6) +6(y- 11

hay z=11x+6y- 66

Khi x=5, y=10, gi4 tri ctia z cho bdi phuong trinh tuyén tinh 1a:
Z=11x+6y-66=55+60-66=49

Gi4 tri chinh xdc z=xy=50. Sai s6 1a 50-49=1 hay 2%.

Thi du 2: M6 td hé con lic ngugc & chuong 2, muc 2.7.6.

2.14. Hé¢ théng véi thoi gian tré

Cho dé&n nay, hé thdng déu c6 ham truyén & dang da thifc. Trong
thuc t€&, thdi gian tré c6 thé thém vao & nhiéu loai hé khac nhau, dic biét
12 hé thiy luc, khi nén hay truyén cd khi.
Thi du mdy cdn thép. Néu t6c do dong cua gidi phdp trdn 1a v inch/sec va
d 12 khodng cdch giita di€m tron va di€m do, cd tré dugc cho bdi:
T, :9 sec

v

Néu gid st sy tip trung cda di€m tron 13 y(t) va sy sdn xuat khong thay
ddi Td (sec) sau d6 tai di€m gidm sat, lugng do dudc Ia
b(t) = y(t- Ty) (2-223)
Bi&n d6i laplace (2-223) :
B(s) = e °Y(s)
trong d6 Y(s) 1a bi€n ddi Laplace cda y(t). Him truyén gitta b(t) va y(t) 1a:

BS) _ e (2-224)
Y(S)

X4p xi ham thdi gian tré bing ham t 1é:
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C6 nhiéu cdch x4p xi ham e ™ bdi ham ti 1&. Mot cdch 1a x4p xi ham liy
thira ding chudi Maclaurin, nghia 1a

2
e =1- Tds+Td25 (2-225a)
hay
1
“TyS$ — = _
S s (2-225b)
L+Tys+ 0"

Mot xap xi tdt hon 1a dung xap xi Pade:

s 1o Ty s/2 (2-226)
1+T,s/2

Phu luc: Gidi thiéu cong cu Matlab — Simulink va cac ham Matlab dung trong
diéu khién

Toolbox Control systems trong MATLAB 5.3 va 6.5, 7.0

Lénh plot : v& db thi mot ham.

Biéu dién vector hang:

>>x=[146-3 -8]

Bi€u dién vector cot:

>>x=[1;4;6;-3;-8]

Biéu dién ma trin:

>>A=[123;0-14;576]

A=123

0-14
576

Roots: tim nghiém ctia mot da thic.

Conv: nhan hai da thic.

Deconv: chia hai da thitc.

Polyval: 1y gid tri mot da thdc nao dé.

Phép tinh ma tran :

-1y dinh thifc ma trin : det(a)

-14y nghich ddo ma tran : inv(a)

-nhan ma tran : *, chia ma tran :/

-cOng : +, trf : - ma trdn

Lénh md t4 todn hoc hé thong tw dong:

-Tao ra hé thdng mo ta bdi ham truyén: 1énh tf

Cu phép: G=tf(TS,MS)

Thi du: TS=1;MS=[1 1];

G1=tf(TS,MS)% G1=TS/MS

-Pon gidn ham truyén: 1énh minreal

-Tinh ham truyén hé thdng noi ti€p: 1énh series

-Tinh ham truyén hé thong song song: 1&énh parallel.
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-Tinh ham truyén hé thdng hoi ti€p:1énh feedback

Cit phép : feedback(G,H) tinh ham truyén hé thong hdi ti€p am.
Gk=G/(1+G*H)

Gk=feedback(G,H,+1) tinh ham truyén hé théng hdi ti€p duong.
Gk=G/(1-G*H).

-Tao ra hé th6ng mo tA bing phuong trinh trang thdi: 1€nh ss.

Cu phap: PTTT=ss(A,B,C,D)

-Bi€n d8i mo ta todn hoc tir phuong trinh trang thai vé dang ham truyén.

G=tf(PTTT)
-Bi€n d8i mo ta todn hoc tir dang ham truyén vé phuong trinh trang thdi.
PTTT=ss(G)

Cdc 1énh vong ldp :
For, while, If else end

Bai tap
1.Tim cuc va zero clia cdc ham sau (bao gom cuc, zero & khong hitu han néu c6
th€). Panh diu cuc hit han véi x va zero vdi o trong mit phing s.

a)G(s) =, 10(s+2)
s°(s+1)(s+10)
b) G(s) =—; 105(s 1)
(s? +3s+2)(s+2)
_ 10(s+2)
€ Gls) = S(s? +25+2)
3 e—Zs
) G(9)= 10s(s+1)(s+ 2)

2.Tim bién d8i Laplace cda cdc ham sau. Dung dinh 1i v& bi€n ddi Laplace néu c6
thé 4p dung.

a) g(t) = 5te”* u,(t)

b) g(t) = (tsin2t +e*)u(t)

) g(t) =5e* sin 2t.u (t)

d) g(t) =sin2t.cos2tu(t)
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oA A N
3. Tim bién doi Laplace ctiia ham sau.

G(t)
1
0 s 2t b 7 8 t
-1
a)
g(v
1
( 1 2 3 4 t
b)

4. Tim bi€n d8i Laplace ngugc clia cic ham sau.

s(s+2)(s+3)
10
b)G(E=
(s+D)°(s+3)
Q) G(s) = Me-s
S(s® +4)(s+1)
d) G(s) = ﬂ
S(s° +s+2)
1
e G(g) =—
) G(s) (5+1)°
5. Sd dd khdi clia hé diéu khién xe dién nhu hinh sau. Tham s& hé thong va thong
sO la:

-e/(t)= dién ap thé€ hién t6c d6 xe mong mudn, V.-v(t)=toc dé xe, ft/sec.
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-M=trong lugng xe=30000Ib/sec’.

-K=hé s6 khué&ch dai.

-Kt=d6 10i ctia bd hién thi tdc d6=0,15 V/ft/sec.
Pé x4c dinh ham truyén bod diéu khién, ta 4p dung ham nic don vi 1V vao ngo
vio bo diéu khién, nghia I3 ec(t)=us(t). Ngo ra by diéu khién dugc do va md t3
bdi phuong trinh sau.

£(t) =100(1- 03°® - 0,76 ™ )u, (1)

a)Tim ham truyén Ge(s) cia bd diéu khién.
b)Dan ra ham truyén nhdnh thing V(s)/E.(s) . Vong hdi ti€p dudc hd trong trudng
hgp nay.

¢)D4n ra ham truyén vong kin V(s)/Er(s) ciia hé thong.

d)Gia st K dudc thi€t 1ap & mot gid tri d€ ma xe dién sé khong chay khdi(khong
&n dinh), tim tdc¢ dd x4c 1ap ctia xe (ft/sec) khi ngd vao er(t)=us(t) V.

er(t) o e(t)| Khuéch |ec(t)] Bo f© 1 V(o)
—» > daiK PK —
- Ge(s) Ms e d6 xe
Do tim

toc do Kt

6.Lam lai bai tdp 5 khi ngd ra clia bd diéu khi€n dugc do va mo td bdi ham sau:

f (t) =100(1- 0,3e 9 )u (t - 0,5)
khi ngd vio ham nic (step input) 1V dugc dua vio bd diéu khién.

7. Sd @b khdi clia hé thdng diéu khi€n dugc cho & hinh sau. V& graph dong tin hiéu
tuong duong cho hé thdng. Tim ham truyén sau bing céch 4p dung cong thitc do
1gi (gain formula) cta graph dong tin hiéu truc ti€p trén sd d6 khdi.So sanh két
qud bing cach ap dung cdng thic do 1gi (gain formula) ctia graph dong tin hiéu
tuong duong.

Y(s)  Y(9 E(9)| E(9)|
R(S) ., N(S R(s) N(s)

R=0 N=0 R=0
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Gi(s)

R(Q_*Q—E@ G,(9) —""O—’ G.(9 —""O—A‘(S)

H, (s)

8. Tim ham truyén Y7/Y1 va Y2/Y1 cda graph dong tin hiéu sau: (Bai 3-8[1])
a)

b)

9.Phuong trinh vi phan clia hé tuyén tinh 1a :

d3y(t) | _d®y(t) . . dy(t
di’:f )i di’z( )+6 3(;(t ) +10y(t) =1 (1)
trong d6 y(t) 1a ngd ra, r(t) 1a ngd vao.

a)Vé sd dd trang thai ctia hé thong.

b)Viét phuong trinh trang théi tir so d6 trang thdi. Pinh nghia bi€n trang thai tir
phdi sai trdi theo bac ting dan.

¢)Tim phuong trinh dic tinh va nghiém cuc. St dung chuong trinh trén may tinh dé
tim nghiém .

d)Tim ham truyén Y(s)/R(s).

e)Thuc hién mé rong phan s6 tirng phan cla Y(s)/R(s) va tim ngd ra y(t) v6i 0
khi r(t)=u(t) (ham nic don vi). Tim gid tri cudi cla y(t) bing cdch dung dinh 1i gid
tri cudi.

10. Viét phuong trinh luc clia hé dich chuyén tuy&n tinh & hinh sau:

’—»yz yl

] | ()

B2 B1
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11.Cho hé diéu khi€n méto nhu hinh sau. Bi€n trd ¢6 tim 16n nhat 13 10 vong
(20 Irad). Tim ham truyén EO(s)/Tm(s). (bai 2.16 [4]).

£ ,Bm[ﬂ g w
m

E ‘i L
[ Mlowr ] | Tai

I
Trll: - Tmi1)

Load

Céc thong s6 clia dong cd va cdc bi€n dudc dinh nghia nhu sau:
Om(t)-dd dich chuyén cia moto; eO(t)-tin hiéu dau ra.
Tm(t)-moment ctia motd; Bp-hé s& dich chuyén ctia ma sat nhét.
Bm-hé s6 ma sdt nhdt clia moto;K-hiing s6 clia 10 xo xoin.
Jm-qudn tinh cia motd; OL(t)-d6 dich chuyén ciia ti trong.

12. Tim ham truyén dat cda hé thong hai vat di chuyén sau: G(s)=X(s)/F(s)
FE 1

—* m — ml

K clm

X X1

13. Tim ham truyén dat cia mach dién sau:
R1

R1

R2

14. Tim ham truyén tuong duong clia hé thong mod tad bdi so dd dong tin hiéu
sau:
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-y
Gs
R(s)_G1 /a2 aN_ o4 a5 1
H2

15. Cho sd dd khdi sau:

:

()

v :X O_’ K1

+

K2

K3

K4

Tinh G(s)=Y/V
16. Tim ham truyén dat clia cic mach sau:

R1
D_/\/\/\—q'—
R
1 Vo
Vi T~ C1
CAP
&—o
a)
C1
[
\
R1
C R
Vo
Vi
b)
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R1

d)

17. Tim ham truyén dat ctia hé thong vat -1 xo-dém:

ké e

m l (1)

Fit) l

18. Phuong trinh sau thé hién hé tuyén tinh bit bi€n theo thdi gian. Vi€t
phuong trinh d6ng (phuong trinh trang thdi va phuong trinh ngoé ra) & dang
vecto.

d*y() , ,dy(t) _
)~ tA g TYO=S(O
d?y() , LA’y , dy(t) _
dt3 +3 dt2 +9 dt +2y(t)_r(t)
d®y(t) , ~d’y()  dyt R
> d¥§)+5 d}[/2()+3 3(;(t)+y(t)+9y(t)dt =r(t)

b) 2
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dy(t
DREURE +y(t) = 20(1)
19. Phuong tr1nh trang thdi ctia hé tuy€n tinh bat bi€n theo thdi gian dudc cho bdi
phuong trinh:
() _ = AX(t) + Bu(t)

dt
Tim ma tran chuyén trang thai, phuong trinh dic tinh va gia tri riéng ciia A
trong cac truong hgp sau:
e0 1 u _é 1u

Y0, 550
dt

a) A—e
&2 - gL Ou
éo 1u élu
b) A= é4 —SU’B SLH
&
é&3 0u €0u
c) A=ga B=s5
go -3t &
&5 1 0u &
_ Up_ @& U
d)A_é -5 13B=j

g0 0 -59 @4

20. Cho sd dd mach dién sau:

b A— "

Ly N

Tl

a)vi€t phuong trinh vi phan mo t& mach dién.
b)Vi€t ham truyén md td mach dién.
¢)Vi€'t phuong trinh trang thdi mo t4 mach dién.
21. Tim tin hiéu x(t) ¢6 dnh Laplace
25 +13s+17 s’ +55° +9s+7

DX =" asrz DO L sey
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CHUGNG 3 : PAC TINH PONG HQC
3.0.Pap @ng thoi gian ciia hé dif liéu lién tuc: Gidi thiéu:

Pép ting thdi gian clia hé thong diéu khi€n gdm hai phan: d4p ng qui do
va ddp tng xdc 1ap. Cho y(t) 1a ddp @ng thdi gian ciia hé dit liéu lién tuc, tdng
quét y(t) c6 thé dugc vi€'t nhu sau:

Y(0) = Yoo (O + Y, (1)

trong d6 yqa(t) 12 ddp tng qua dd, y«(t) 1a dap ting xac lap.

Trong hé thong diéu khién, ddp tng qud d6 dugc dinh nghia 14 phin clia ddp @ng
thdi gian ma ti€n vé zero khi thdi gian trd nén vo cing 16n. Nhu vy, yqu(t) c6
tinh chat:

lim yq () =0

Pdp tng xdc 1ap don gidn 12 phin clia d4p ng tdng con lai sau khi sy qua do mat
di.

3.1. Tin hiéu tdc dong vao thi.

D61 véi mot khau (hay hé thong) thudng c6 hai loai tin hiéu tdc dong vao
: tin hiéu tién dinh va tin hiéu ngiu nhién. H&é thong c6 tin hiéu ngiu nhién tac
dong vao sé dudc xét & phan sau :

Bat cit mot tin hiéu phic tap ndo ciing c6 thé phan tich thanh cic tin hiéu
don gidn. Sau day ta s& néu mot s tin hiéu don gidn dién hinh.

1) Tin hi€u bac thang don vi:
1t2 0

1(t):%o’t<o 3.1)

1(t) (hay ug(t)) 12 loai tin hiéu thudng ding trong cic hé thdng diéu
khién tu dong.
2)Tin hi€u xung don vi: xung Dirac

d=Suy=1o""°
-

3.2
l¥t=0 (3-2)

¥
Ham d(t) ¢6 tinh chat: ¢§i(t).dt=1
¥

50 1
A 1
>t >t
0
a) b)
Hinh 3. 1:

a)Ham xung Dirac ; b)Ham néc thang don vi
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3)Tin hiéu diéu hoa:
sin(Wt +j ) hay 1a : ™+ (3.3)
x(t)=sinmt

4/ Tin hiéu ham ddc r(t)=Rt.1(t)

trong d6 R 1a hiing s6 thuc.

5/Tin hiéu ham parabol

r(t) :R;.:I(t)

6)Tin hiéu c6 dang batky:
Mo ta bdi ham x(t) c¢6 thé bi€u dién theo tin hiéu 1(t) hay d(t)
-Biéu dién x(t) qua 1(t) : phan tich ham x(t) theo tich phan duyamen
-Biéu dién x(t) theo d(t)

3.2 Pap ng theo thdi gian doi vdi tin hieu thi

X(s) Y(s)
— 3 G(s) S
X(t) y(t)

Hinh 3.2: Tin hiéu vao va tin hiéu ra ciia hé thong.

Phén @ng ciia mdt khau khi c6 tin hiéu vao xdc dinh ciling chinh 1a dic tinh
qué do hay dic tinh thoi gian clia khau d6. P6i véi cdc tin hiéu vao khéc nhau, ta
c6 ddc tinh thdi gian khdac nhau.
1)Ham qué dd clia mot khau (ddp ¢ng nic): 12 phdn ¢ng clia khau d6 khi tin hiéu
tdc dong vao 1a mGtham bac thang don vi 1(t). Ky hi€u ham qué dd 1a h(t).

Néu x(t)=1(t) & 1/s thi

H(t) &H(s)=Y(s)=G(s).(1/s) (3.4)
2)Ham trong lugng (hay la ham qud dd xung, ddp tng xung) cia mdt khiu la
phdn dng cia khau d6 khi tin hiéu tdc ddng vao la ham xung don vi (xung Dirac)
d(t). Ky hiéu ham trong lugng la g(t).

Né&u x(t)= d(t) & 1 thi

g(t) ag(s)=Y(s)=G(s).1 (3.5)

3)Ph4n ting clia mot khau khi tin hiéu tic dong dau vao 1a mdt ham x(t) batky

3.3 Pap tng tan s , biéu dé Bode, biéu dé Nyquist
Pic tinh tan s6 12 quan hé gitta lugng ra va lugng vao clia mot khau & trang

thai x4c 1ap khi lugng vao bién d6i theo quy luat diéu hoa : x=X,sinWt, v6i tin s6&
w thay ddi.
Lugng ra ciia khiu d6 c6 dang : y=Y,.sin(Wt+j )
Cho hé sau :

d dy_ & d'x

ad 4 ~a o
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Bi&n ddi Laplace :

(& as)(9 =@ bs X

m

abs
suyra : G(s)=i§3 = EO . (3.6)
aas

i=0
Cho x(t)=sinwt, tim y(t)
bat x;(t)=coswt
Xo(t)=jsinwt
X(t)=x1(t) + x2(t)= coswt + jsinWt=eth
Tim Y(tH)=A &

Suyra: g aA(jw) e™ =3 b (jw)'e™

i=0 i=0
a b (jw)
A= i=0
a a (jw)
i=0
YO _ Ae™ (3.7)
X(t) eM™

PAiy 12 ham truyén dat tin sd va 1a sd phic.
Ngd ra y(w)=AGw).x(jw)

R6 rang mudn tim ham truyén dat tan s§ ta chi viéc th& bi€n s= jw cho
ham truyén dat ciia mot khau.

Né&u ham truyén dat phitc A(jw) vi€t & dang bién do pha thi :
AGw)y=Aw)e! W (3.8)

Trong d6 A(w) 1a bién d6 cua A(jw), con j (jw) 1a pha cia A(jw)
A(jw) Vi€t & dang phan thyc va 4o :

A(w)= P(w) + jQ(wW) (3.9)
Trong d6 P(w) 1a phan thyc cia A(jw)

Q(w) 12 phan 4o cda A(jw)
M (w) = Aw) =/P? +Q? : dp ting bién do. (3.10)
j = arctgw : ddp ung pha. (3.11)
Pw)

Ham truyén dat tin s6 A(jw) dugc xay dung thanh mét dudng cong trén
mit phing phic, ta goi 12 dic tinh tin s6 bién-pha khi w bi€n ddi tir -¥ tdi +¥.
Pic tinh bién pha(PTBP) gdém hai nhanh ddi xing qua truc hoanh. Thong thudng
ta chi xét PTBP ting v6i w>0.

Pé€ biéu dién dic tinh tAn s6 mot cach tryc quan, ta cé thé dung dd thi. C6
hai dang dd thi thudng st dung :
1-Bi€u @6 Bode bién do: dd thi bi€u dién mdi quan hé giita logarithm clia dap
trng bién do L(w) theo tin s& W.
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L(w)- 1a dap ttng bién dd tinh theo don vi dB(decibel).

2-Bi€u @6 Bode pha: d6 thi bi€u dién mdi quan hé giita ddp ng pha ¢(w) theo tin
s6 W.

C4 hai db thi trén déu dugc vé trong hé toa d6 vudng géc véi truc hoanh w
chia theo thang logarith co s6 10. Khodng c4ch giita hai tin s6 hon kém nhau 10
1an goi 1a decade.

Biéu dd Nyquist: (dudng cong Nyquist) 12 dd thi bi€u dién dic tinh tin s&
G(jw) trong hé toa do cyc khi w thay ddi tir 0&co. N6i ciach khic dudng cong
Nyquist chinh 13 tip hop tit cd cdc di€ém ngon cda vector bi€u dién s§ phifc
G(jw)(bién dd vector 1a M(w), géc clia vector 1a @(m) khi o thay d6i tir 0&xco.
Mic du bi€u dién dudi hai dang dd thi khac nhau nhung thdng tin c6 dugc vé hé
thong tir bi€u dé6 Bode va bi€u dé Nyquist 12 nhu nhau. Tir bi€u d6 Bode ta c6 thé
suy ra dugc bi€u dd Nyquist va ngugc lai.
Pdp ttng tin s6 clia hé thdng vong kin:
Cho hé thong hoi ti€p Am di nghién cifu & chuong trudc, G(s) 1a ham truyén doi
tugng vong hd, H(s) 12 ham truyén nhdnh hdi ti€p, ngd vao 1a R(s), ngd ra la
Y(s). Khi @6 ham truyén hé vong kin nhu sau:

vig=YO . GO

R(s) 1+G(s)H(s)

Dudi diéu kién trang thdi x4c 14p hinh sin, s=jo, phuong trinh (1) tr§ thanh:

(3.12)

Y(iv) _ G(jv)
R(jv) 1+G(jv)H(jv)
Ham truyén M(jo) c6 thé bi€u dién & dang bién d6 va pha:

M(jv )= (3.13)

M(jv)=|M(jv)PM(jv) (3.14)

M(jo) c6 thé bi€u dién & dang phan thuc va phan 4o:

M(jv)=ReM(jv )]+ jImM(jv)] (3.15)

Bién d6 ciia M(jo) 1a

M (jv )\=‘ Glv). - ‘G.(JV ) _ (3.16)
1+G(jv)h(jv )| L+G(jv )IH(jv )

va pha cia M(jo) la
BM(jv ) =1y, (jv)=bG(jv)- B[1+G(jv )H(jv)] (3.17)

Pic tinh tan s& sta hé thdng c6 cdc thdng s6 quan trong sau day:
Pinh cong hudng (Mp) (Mr): dinh cong hudng 1a gia tri cuc dai cia M(w)=IM(jo)l.
Tan s cong hudng (op)(or):1a tin sd tai d6 c6 dinh cong hudng.
Bing thong BW: Ia tin sO tai d6 M(w)=IM(jo)l gidm ti con 70,7 phan
traim(0,707), hay gidm xudng -3dB, cla gid tri tan sd zero clia né.
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IM(jo)|

1 cutoff rate

fu V)

(dd)

Hinh 3.3: Bdc tinh bién dé-pha tiéu biéu ciia hé thong diéu khién hoi tiép.
Cutoff rate: P6i khi can nhin vio d6 ddc clia IM(jo), ma dugc goi 1a cutoff rate
(tdc do cit) clia dap Gng tan s, tai tin s cao. R rang 13 hai hé thdng c6 cling
bang thong, nhung cutoff rate lai khic nhau.

Tan sd cit bién (oc): 12 tin sd tai d6 bién dod cia dic tinh tan s§ bing 1( hay bing

0dB).
M(wc)=1 (3.18)
Hay L(w)=0 dB. (3.19)
Tan s cdt pha(v _, ): la tin s6 tai d6 pha cda déc tinh tan s6 bing —I(hay -1800).
j @ ,)=180° (3.20)
b4 dy trit bi€n (GM-Gain Margin)
GM = Ml (3.21)
v .)
hay GM =- L(v _,)[dB] (3.22)

Cong thiic tinh theo don vi dB dugc st dung nhiéu hon .
b4 dy trit pha (DM- Phase Margin)
FM =180° +j (v ) (3.23)
D6 dy trit bién va d6 dy trit pha ctia hé thong cho bi€t hé théng c6 &n dinh
hay khong. Chuong 4 sé& dé cip chi ti€t vin dé nay.
Pinh cdng hudng, tin s& cong hudng va biang thdng clia hé bac hai:

Xét ham truyén vong kin ctia hé bac hai ¢6 dang:
Y(s) _ Vo

RS s*+2xv s+v 2

Thay s=j, ta c6 M(jo)

M(s) =
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Tan s6 cong hudng or (hay wp) 1a:

vV, =V 41- 2x? véi x £0,707

binh cdng hudng Mr hay Mp la:
M :; véi X £ 0,707

" x1- x?

Béng thong BW Ila:

/12
BW =v n[(1- 2X2)+4/4x " - 4x*? +2]1

*Anh hudng cda thém cuc va zero vao nhanh thing clia ham truyén.

3.4 Pic tinh dong hoc khau khué&'ch dai
Khau ty 1é:
Ham truyén : G(s)=K (3.24)
*Pac tinh thdi gian: C(s)=G(s).R(s)=KR(s)
C(t)=Kr(t) (3.25)
Vay tin hiéu ra cda khau ti 1& bing tin hiéu vao khuéch dai 1én K 1an. Hinh 3.4
mo td ham trong lugng va ham qud d6 cda khau ti 1€.

a) b)
Hinh 3.4 : Ddc tinh thoi gian ciia khdu ti [¢

a)Ham trong lugng ; b)Ham qua dd
*Pic tinh tan s6 : G(jo)=K
Bién d6 : M(o)=KaL(»)=20Ig K
Pha: ¢(0)=0

Cic biéu thic trén cho thdy dic tinh tin s6 cda khau ti 16 1a hiing s6 vdi

moi ®, do d6 bi€u dd Bode vé bién d6 12 mot dudng song song vdi truc hoanh,
cdch truc hoanh 20IgK ; bi€u dd Bode vé pha 132 mot dudng nim ngang tring vdi
truc hoanh ; bi€u dd Nyquist 12 mot di€m do vector G(jo) khéng d6i v6i moi .
Xem hinh 3.5.

Hinh 3.5 : Pic tinh tan s6 cda khau t 1é.
Thi du : G(s)=50
Pdp tng nic :
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3.5 Pac tinh dong hoc khau tich phan

Ham truyén : G(s) = 1 (3.26)

q

<

bic tinh thoi gian : C(s) = R(s).G(s) = @

q

<

Ham trong Iugng : g(t) = LY{G(s)} = L'l{%} =1(t) (3.27)

Ham qué do : h(t) = L-l{@} . L'l{q—];} —tAt)  (3.28)

Vay ham trong lugng va ham qud do clia khiu tich phan 1y tudng tuong
rng 13 ham nic don vi vd ham déc don vi (Hinh 3.10). M6t dic di€m quan trong
cAn quan tAm 13 ham qu4 do clia khiu tich phan 1y tudng ting d&€n vd cluing.
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4

-
v
-

b) a)

Hinh 3.10 : Bdc tinh thoi gian ciia khdu tich phdn Iy tudng.
A) Ham trong lugng b) Ham qua dé.
. Diic tinh thn's8: G(jv )=+ =- | = (3.29)
jv %
1
MVv)=— (330
Bién do : Y )
- _ o EL 0
P L(v)=20lgM( ) =20lgc—=+=-20Igv (3.3
ev g
Pha:j (v)=-90° (3.32)
Hinh 3.12 : Ddc tinh tdn s6 ciia khdu tich phan Ii tudng.
a)Bi€u d6 Bode b)Bi€u dd Nyquist
Thi du : G(s)=1/s
Pdp tng nic :
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3.6 Pac tinh dong hoc khau vi phan
Ham truyén: G(s)=s (3.33)
. bac tinh thgi gian: C(s)=R(s).G(s)=sR(s)
Ham qua d6 :

h(t) = L-l}@” = L4 =d(t) (3.34)

L s p
Ham trong lugng:
d
g(t) = ah(t) =di(t) (3.35)

Ham qud d6 cda khau vi phian la ham xung don vi, ham trong lugng 1a dao
ham ctia ham qud d6, chi c¢6 thé mo ta bing bi€u thic todn hoc, khong bi€u dién
bing do thi dugc.

Hinh 3.17: Ham qud d¢ ciia khdu vi phén li tudng.

. Pic tinh tin s6: G(jo)= jo (3.36)

Bién d6 : M(0)= o (3.37)
al(w)=20lg M(®)=20Igm (3.38)

Pha: ¢(0)=+90". (3.39)
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Pic tinh tan sd clia khau vi phan li tudng hoan toan trdi ngudc vSi khau
tich phén 1i tudng.
Hinh 3.18: Pdc tinh tdn s6 ciia khdu vi phédn i tudng.
a)Bi€u d6 Bode b)Bi€u dd Nyquist

Thi du: G(s)=s
Bi€u db Bode:

) Figure No. 1 [:”EWXI
File Edit Yew Insert Tools \Window Help

DEEH&S YA 2/, 2P0

Bode Disgram
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Biéu dd Nyquist:
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J Figure No. 1
File Edit Yew Insert Tools \Window Help

DeEES " A A, 2o 0

Myquist Disgram
10 T T T T T

Imaginary Axis
o
}
i

10 ] | I ] F ]
-1 -0.5 -06 0.4 0.2 a 0.2 04

Real &xis

H3.20

3.7 Pic tinh dong hoc khiau quan tinh bic nhat
1

Ts+1

Ham truyén: G(s) = (3.40)

. Béc tinh thoi gian:

N .. l _i
Ham trong luong: g(t) = L1} —— Y= Tyt 341
am trong luong: g(t) {Ts+1% = t) (3.41)

Ham qué do: h(t) = L'}
1S(Ts+1)
Ham trong lugng cda khiu quén tinh bac nhit 12 ham mi suy gidm vé 0,

ham qué do ting theo qui luAt hAm mii dén gi4 tri x4c 1ap bing 1.
Hinh 3.21: Ddc tinh thoi gian ciia khdu qudn tinh bdc nhdt
a)ham trong lugng b)ham qua do.
1 _1-Tjv

Tiv +1 1+T% 2

gz (1- e_$):h(t) (3.42)

. Pic tinh tAn s6: G(jv ) =

(3.43)

. 1
Phan thuyc: Pv ) =———
' v) 1+Ta 2
N -Tv
Phan do: Qv )=———
V) 1+Tw 2
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M )=\{P*(v)+Q*V)

2 2
. & 1 0 e v 0
Bién do: = = + = 3.44
' \/gl+T2V 2y gl+T2V ) ( )
-1
V14T 2
P L(v)=20IgM(v )=-20Igv1+T% ? (3.45)
Pha: j (v ) =tg 52V )E: “tg ™t (Tv ) (3.46)
éPV @
Hinh 3.22: Bdc tinh tdn s6 ciia khdu qudn tinh bdc nhdt
a) Bi€u d6 Bode b)Biéu d6 Nyquist

Thi du: G(s)=1/(2s+1)
Diép tng nic:
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File Edit Yew Insert Tools \Window Help
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bép tng xung:
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) Figure No. 1 [:”E”X'
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3.8 Pac tinh dong hoc khau béic hai
Ham truyén:
1
G =————— O<x <1 3.47
(s) T2 + XTs=1 ( ) (3.47)
v 2
hay G(s) = L 61 w,=1/T 3.48
ay G(s) S+ sty ? (véiw ) (3.48)
. Béc tinh thoi gian:
R 2
C(s) = R(5).G(s) = (V.

sP+2Xv s+v
Ham trong lugng:
2

i Vv U
t :L—ll, n -
90 TSZ+2><vns+vn2é

(3.49)

XV ot

b g(t) :VJfT: .sin[(v A1- xz)t]

Ham qua do:
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2

i1 Y, U
h(t) =L"~. n ;
® %s sz+2xvns+v§?;
- (3.50)
b h(t)=1- > .sin[(v - xz)t+q]

J1-x?

trong d6 do 1éch pha 0 xdc dinh bdi g =cos™*x .

Biéu thifc (3.49) va (3.50) cho thdy dic tinh thdi gian cia khau dao dong bac 2 c6
dang dao dong suy gidm, ham trong lugng 1a dao dong suy gidm v€ 0, ham qué do
12 dao dong suy gidm dén gid tri x4dc lap 1a 1.

Hinh 3.27: Pac tinh thdi gian cda khau dao dong bac 2.

a)Ham trong lugng. B)Ham qua dé.
N . 1
Pac tinh tan s6: G(jv ) = 3.51
' () -TA 2+ 2Tjv +1 3-31)
Bién do: M ) =|G(jv )| = ! (3.52)

J@- T 2)2 +ax 2T 2

b Ly )=20lgM{ )=-20lgy/(l- T¥ 2)> +4x’T¥ > (3.53)

) ) i XTv 0§
Pha: =pG(jv)=-tgt&2 L 9 3.54
arj (v) (iv)=-1g T g (3.54)

Biéu thifc (3.53) cho thdy bi€u db Bode bién d6 clia khau dao dong bac 2 13 mot
dudng cong.
Hinh 3.28:Pdc tinh tan sé  ciia khdu dao dong bdc 2.
a)Biéu dd Bode. B) Bi€u d6 Nyquist.
Thidy: X =0,6,v , =5rad/sec
G(s)=25/(s*+65+25)
bdp ng nic:
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) Figure No. 1 [:”E”X'
File Edit Yew Insert Tools \Window Help
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3.9 Diic tinh dong hoc khau tré(tri hodn)
Ham truyén: G(s)=e ™ (3.55)
. Pic tinh thdi gian: C(s) = R(s).G(s) = R(s)e ™
Ham trong lugng: g(t) = Ll{e' TS} =d(t-T) (3.56)
ie™u
Ham qué do: h(t) = L} g:m T (3.57)
1 S

Pic di€m cla khau tré 13 tin hiéu ra tré hon tin hiéu vhio mot khodng thdi gian T.

g(t) h(t)
A A
1 T 1
> >t
a) 0 T b) 0O T

Hinh 3.33: Ddc tinh thoi gian ciia khdu tré.
a)Ham trong lugng. B)Ham qua dé.
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.Pic tinh tain s6: G(jv )= ™ (3.58)
M )=IG(jv) =1

P L(v)=20IlgM(v)=-20lgl=0
Pha: | (v)=DG(jv)=-Tv (3.60)

Biéu dd Bode bién dd ctia khau tri hodn 13 dudng thing nim ngang véi truc hoanh
do L(®)=0 v6i moi .

Hinh 3.34:Pic tinh tAn s§ cta khau tri hodn.

a)Biéu dd Bode. B) Bi€u d6 Nyquist.

Bién do6: (3.59)

3.10 Dic tinh dong hoc cia HTDKTD
3.10.1. Dic tinh thoi gian ctia hé thong
Xét hé thong c6 ham truyén:

bys™ +bs™! +...+b, ,s+b,

G(g)=2> TS (3.61)
a,s"+as"t+..+a s+a
Bié&n d6i Laplace ctia ham qué do la:
"+hs™ +.+ +b_ 0
H(s) = G(s) _1ah,s™ tbs by, ,s+b, 0 (3.62)

s sgas'+as"'+..+a  s+a,
Ty theo dic di€m cda hé théng ma dic tinh thdi gian clia hé thdng c6 thé c6 cic
dang khdc nhau. Tuy vay chiing ta c6 thé rit ra mot s§ k&t luan quan trong sau
day:

. N&u G(s) khong ¢6 khau tich phan, vi phan Ii twdng thi ham trong lugng suy gidm
vé 0, ham qué d6 c6 gia tri x4c 1ap khac 0.

. N&u G(s) ¢6 khau vi phan 1i tudng (bm=0) thi hAm qué do suy gidm vé 0.

. N&u G(s) 1a hé thdng hgp thitc (m<n) thi h(0)=0.

. N&u G(s) 1a hé thdng hgp thitc chit (m<n) thi g(0)=0.

. N&u G(s) khong c6 khau tich phan, vi phin 1i tudng va c6é n cuc phan biét, H(s) c6
thé phan tich dugi dang:

> h (3.63)
H(s)=h,+q — '
° iz S- P
Bi&n ddi Laplace ngugc bi€u thifc (3.63) ta dude ham qué do clia hé thong la:
h(t) =h, + § he™ (3.64)
i=1

Do d6 ham qud d6 1a t6 hgp tuyén tinh clia cdc ham mii co s ty nhién. N&u tit ci
céc cyc pi déu 1a cuc thyc thi haim qui dd khong c6 dao dong; ngudc lai néu cé it
nhat mdt cip cuc phifc thi ham qud do c6 dao dong.

3.10.2. Dic tinh tin s¢ cta hé thong

Xét hé théng tw dong c6 ham truyén G(s). Gid st G(s) c6 th€ phan tich thanh tich
clia cic ham truyén cd ban nhu sau:

G(s) = é_') G (s) (3.65)

Pic tinh tan s& cda hé thong 1a:
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L
G(iv)=0G(iv)

. (3.66)
L iaiiv)
:OGi v)e™"
Bién do: _
M@ )=IG(jv ) =0OG(jv)=0G(iv)
) = = (3.67)
PMy)=OM)
L(v )=20IgM (v ):ZOlgé) M, (v ):ZOé lgM.(v)
= = (3.68)

|
PLV)=aLW)

i=1
Biéu thic (3.68) chitng té bi€u d5 Bode bién dd cda hé thong bing tdng cic biéu
dd Bode bién dj clia cdc khau co ban thanh phan.

. . é X NV .

j ¥)=6G(jv)=agdD G (jv )g=a PG (iv)
Pha: | €= U= (3.69)

Pj@)=aiv)

i=1

Biéu thifc (3.69) chitng td bi€u d6 Bode pha clia hé thong bing téng cic bi€u dé
Bode pha ctia cic khau co ban thanh phan.
Phuong phdp vé bi€u dd Bode bién do bing cic dudng tiém can:
Thi du: V& bi€u db Bode bién dd gan diing clia hé thong c6 ham truyén :

+
6(g) = 100015+
s(0,01s+1)
Dua vao biéu d6 Bode gan ding, hiy x4c dinh tan sd cit bién clia hé thdng.
Giai:
+
Thi du: Cho hé G(s) = (02S*D
S(10s+1)
Vé dudng dic tinh bién do —tan s6 va pha-tin so.
- Lad
X(t— s+ L1 [—* y(®
T1=1 T2=10 T3=0,1
wl=0 ®2=0,1 ®3=10
Gia st k>=1, T2>T3
Tan s6 giy: @1=0 ©2=0,1 ®3=10
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o 0 0.1 10 "
% -20dB/dec -200B /dec -20dB/dec
1051+1 OdB/dec -20dB/dec -20dB/dec
O’liﬂ 0 0 +20dB/dec
¥dB 20 dbidec _40dB/dec -20dB/dec
G(jo)|  +10dB +20dB _60dB
i 90 90 90  -90 90
ict 45 90 90 90
10s+1
j (0’1?1) 0 0 0 45 190
i@) -9 135 <180 -135 90

Biéu dd bode:
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Pdc tinh bién dj-tdn s hinh 3.36

Pdc tinh pha-tan s6- hinh 3.37

Qua dic tinh L(w) ta thdy: khi chuyén qua doan dic tinh cia mot khau Wi(s) thi
dd nghiéng clia dic tinh tan s bién do logarit cia hé thong bing dd nghiéng cda
Li(w) cong v6i dd nghiéng cia doan dic tinh bién d6 logarit cia hé thdng dng vdi
khau Wi.ys). Cu thé vdi hinh 3.36 ta c6 ab tng vdi khau tich phan i tudng cé do
nghién -20db/dec, doan bc c6 d6 nghiéng bing do nghién dic tinh Ly(o) cla
khau 1/(10s+1) (la -20db/dec) cdng v6i dd nghi€éng doan dic tinh ab trudc dé 1a -
20db/dec, tic 1a be c6 dd nghiéng -40db/dec; tuong ty doan bc c¢6 d6 nghi€éng la -
40db/dec cong vdi dd nghiéng ctia khau W3(s)=0,1s+1 1a +20db/dec tirc 1a doan cd
c6 d6 nghiéng -40+20=-20db/dec.

Véi cdc gid tri ® khic nhau ta tinh cdc j (v ) thanh phidn va biéu thic (3.66) ta
x4y dung dudc dic tinh tan s& pha logarit ciia hé thdng & hinh 3.37.

jv)=- % arctanT,v +arctanTy

3.11 So sianh dic tinh dong hoc hé kin va hé
Trong mién tan sd, hé thdng dugc phan thanh hai loai: hé thdng hd va hé théng
kin, c6 sd dd0 dugc md td nhu hinh 3.38
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— " GG " X—{ > Gy (s) »Y
a) b)
Hinh 3.38: c4u triic hé thdng hS a va hé thdng kin b.
Trong d6 Gy(s) 1a ham truyén dat ctia hé thdng hd.
Ham truyén dat ctia hé thong kin 1a:

G (S) - Gh(s)
714G (9)

Gia stt Gu(s) c6 thé phan tich thanh tich cda cdc hAm truyén co ban nhu sau:

A
c.(9=06(

A
Ham truyén tan s6 cia hé hé : G, (jv )=Q G (jv)

i=1
Ham truyén tan s§ cia hé thong kin:

Gy(iv) _ Rv)+jl(v)
1+G,(jv) 1+R(v)+]jl(v)
Pic tinh bién do-tan so:

\/ﬁ
)= ARG
VR P +17)
Dic tinh pha-tan s6:
)= arctgm— arctgiI v)
RV ) 1+RV )
Phu luc: Khao sat dic tinh dong hoc cia hé thong dung MATLAB
. V& dap tng xung: 1€nh impulse.
.Vé dap tng nac: 1énh step.
.Vé& bi€u dd Bode: 1énh bode.
.Vé& bi€u d6 Nyquist: 1énh nyquist.
.V& bi€u d6 Nichol: 1énh Nichols.
Thi du: Khdo sat dic tinh thdi gian va dic tinh tan sd cda hé thdng sau:

G (jv)=

G(s) = (01s+1)
S(10s+1)
Cau hoi
1. Dang céc tin hiéu tdc dong vao hé thong ty dong. Tin hiéu nao hay dung.
2. Quan hé gitta ham qua d6 va ham trong lugng.
3. Dic tinh tin s6 Bién pha (bi€u d6 Nyquist).
4. Pic tinh tin s6 logarit (Bi€u d6 Bode): pha-tan s6 va bién do —tin s6.
5. Phéan tich cidc khau ddng hoc dién hinh cia hé thong ty dong.
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6. Céc dic di€m clia khdu qudn tinh bac 1.
7. Dic tinh tin sd ciia hé thdng PKTD.
8. Phuong phdp vé bi€u db bode bing cic dudng tiém can.
Bai tap
1. V& bi€u @6 Bode, Nyquist, bi€u db pha, bi€u d6 dap tng qua dd cia khau quin
tinh bac 1.
2. V& bi€u dd Bode ctia hé thdng sau: (dudng tiém cin)
& = K (0,055 +1)
s(0,02s+1)(0,01s+1)?(0,04s” +0,4es +1)
O<e<l1
3.a.Vé biéu db Bode ctia hé thong sau:
G(s)= K K=100
S(0,1s+1)(0,01s+1)
b.Hiy diing mdy tinh @€ vé& bi€u d6 Bode, Naiquit, biéu d6 pha clia cic hé thong
néu trong bai tdp . (Dung Pascal, C hodc Basic)
Vidu :G(s)= 100s(0,1s+1)
(s +0,18s+1)(s+1)
4. St dung MATLAB, vé bi€u dd bode dic tinh tin s& bién d6 bing cic dudng
tiém can (don vi dB) va dic tinh pha (don vi do) clda cdc ham truyén sau:
20
G, =
S(L+0,55)(L+0.1s)
G = 2s?
®  (1+0,4s)(1+0,04s)

Gia st Ga(s) va Gg(s) biéu dién ham truyén vong hd ctia hé thdng phin hdi Am
mot don vi. Xdc dinh d du trit bién d6 va pha & cdu a va b.

5. Xay dung dic tuyé&n tin so bién do logarit clia cac ham truyén sau:
50.(4.s+2 10.(2.s+
AW(9 = T2 ) (g = 10029
s.(3s+)) 3s+1
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Chuong 4 : PANH GIA ON PINH HE THONG PIEU KHIEN TU PONG
4.1 Khai niém vé 6n dinh
1. Kh&iniém on dinh :
Hé khong 6n dinh : néu ddu vao hitu han thi tin hiéu ra y(t) sé trd nén vd han
khi t ti€n ra ¥ hay dao dong c6 bién dd ting dan
Y(©) y(©)

7\

Hinh 4.1
Hé &n dinh : khi tin hiéu vio bing 0, hé & trang thdi binh &n y=const. Khi tin
hiéu vao khdc 0, hé c6 dap tng. Khi diu vao =0, tin hiéu ra y(t) tit dan.

Y(t) y(t)

Hinh 4.2
Hé & ranh gidi 6n dinh: hé dudc goi 1a & ranh gidi 6n dinh néu tic dong dau
vao tit rdi thi hé c6 dao dong bién do khong ddi.

Y(t) y(t)

N\
\/

Hinh 4.3
2. Piéukién 6n dinh:
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Hé khong &n dinh néu phuong trinh dic trung c6 nghiém c6 phan
thyc dudng.

n n-1
Phuong trinh a, ddi/”(t) +a ddt nyft) +..+ayt) =x@t) 4-1)

Y(s) _ 1
X(s) a,s"+as"t+..+a

Bi&n ddi Laplace : G(s)= (4-2)

Phuong trinh dic trung :

a,s"+as"t +..+a,=0 (4-3)

nghiém S;= a+jb (a 1a Re, b 1a Im)

N&u a>0 thi hé khong 6n dinh

Cu thé né€u di€m S;(a,b) nim bén phai mit phing phitc thi hé khong dn dinh.

Thi du : Cho hé 3}; - y=Xx(t)
A/Hé c6 6n dinh khong?
B/Cho x(t)=d(t) (1a xung Dirac) , y(t) =?
Giai :
Y 1
Gsy= 1) =
X(s) s-1
Cuyc : s=1 >0 : hé khong 6n dinh.
X(t)= d(t)--> x(s)=1

Y(t)=L"'[G(s).x(s)]=L"[

]=e".

s-1
Y(t)=e".

Y(©)
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Hé 6n dinh néu phuong trinh dic trung c6 nghiém c6 phan thyc 1a

am .
G(s)= B(s)

A(s)
Phuong trinh déc trung : A(s)=0 P s;=a+jb,
a<0 : hé 6n dinh.

Thi du : Cho hé (;i/ +y=Xx(t)
A/Hé c6 &n dinh khong?
B/Cho x(t)=d(t) (1a xung Dirac) , y(t) =?
Giai :
G(s)= Y(s) _ 1
X(s) s+1
Cuc:s=-1<0:hé &n dinh.
X(t)= d(t)--> x(s)=1

Y(t)=L‘1[G(s).x(s)]:L-1[q1+1 =,

Y(t)=e™. y(t)

0 t

.Hé & ranh gi6i 6n dinh : néu nghiém ctia phuong trinh dic trung c6 phin thuc

bing 0.

Thi du :

d?y
+y =Xt

a Y (t)
Y(s) 1

G(s)= =

®) X(s) s*+1

Nghiém cuc : s; 5=+-j. Vi phan thyc =0 nén hé & ranh giGi 6n dinh.
X(t)= d(t)--> x(s)=1

Y(t)=L"[G(s).x(s)]=L"[ !

%+

]=sint.
1
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y(t)

[\

4.2.Tiéu chuin on dinh dai s ROUTH- HURWITZ

4.2.1. Tiéu chuAin ROUTH

\/

Tiéu chuin Routh nhiim xdc dinh sy ton tai 1 nghiém khong 6n dinh (nghiém

¢6 phan thyc duong ).

Cho hé c6 phuong trinh dédc trung:
a,s"+as"t+..+a,=0

Trudc tién ta phai 14p bdng Routh:

A0 A2 Ad A6
Al A3 A5 A7
Bl B3 B5 0
Cl1 C3 0
D1
|,
gl %8| _aa, - aga,
& &
|38,
B3= 8,85 - a8, - 88y
& &
g
Cl= b,b;| _ ajb, - ab,
by by
|
C3= b,bs| _ ab, - ab
by by
_ b, b,
Dl= GG - byc, - b,
G, G,
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Tiéu chudn : Hé tuyén tinh 6n dinh n€u cot thi nhat ciia bang Routh khéng
ddéidau .
Hay : Diéu kién cin va di dé tit cd cdc nghiém cda phuong trinh dic trung
nim bén trdi mat phing phic 1a tit cAd cdc phan tf nim & cot 1 cla bing
Routh déu duong. S6 1an d8i ddu cda cdc phian t& & cot 1 cda bang Routh
bing s6 nghiém nim bén phai mit phdng phic.
Thi du 1 : Xét n dinh cla hé :

28° + 45> +4s + 12 =0

Lap bang Routh:
2 4
4 12
-2 0
12

Do cot thif nhit bing Routh c6 ddi dd'u tir 4 sang —2 nén hé khong 6n dinh.
Thi du 2 : Xét 6n dinh cda hé :
s’ +4s” +8s+12=0

Lap bang Routh:
1 8
4 12
5 0
12

Do cdt thit nhit bAng Routh khong d8i diu (déu duong ) nén hé 6n dinh.
Thi du 3: Cho hé :

Ym(t) C G(s) LY

Hinh 4.4
k 1
O e reras
Véi k =? Thi hé kin &n dinh.
Giai :
Ham truyén hé kin
G(s)
Gk(s)=—_——
k(s) 1+G(9)
Phuong trinh déc trung:
1+ G(s)=0
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U s(s*+s+2) +k=0
U s® + s>+ 2s + k=0

Bang Routh:
1 2
1 K
2-k 0
k

Hé &n dinh thi c6t 1 bing Routh phdi duong

i2-k>0 .
i U O<k<?2
ik>0

Cdch 2 : Lap bang Routh theo quy tic:
- Béng Routh c6 n+1 hang.
- Hang 1 cda bang Routh gdm céc hé s6 c6 chi sd chin.
- Hang 2 cda bang Routh gdm cédc hé s& c6 chi sd 18.
- Phan tk § hang va coOtj cda bidng Routh ( >=3) dugc tinh theo cong
thitc:
Cj =Cizju-aiCipjn

C
2 -21
vlia, = L
Ci 11
n
S Cii=ao Cp=a, Ciz=a4 Cu=ae
n-1
S Coi=a, Cor=a3 Cas=as Cos=ay
n-2
A Cyy S Ci1=c12- Cao=c3- Caz=c14- Cas=c5-
3=
C,, as.Co as.Co3 as.Co4 as.Cos
n-3
au= Cx S Cy1=Co2- Cyr=Co3- Cuz=cCo4- Cus=Cps-
Cyy a4.C3p a4.C33 a4.C34 a4.C35
0 _
a Co21 |S Chi=Cn-2,2-
=
Cn—ll anocn—1,2

Thi du 4 :Hiy xét tinh 6n dinh clia hé théng c6 phudng trinh dic trung 12 :
st 4457+ 587+ 25+ 1=0
Giai : Bang Routh

st 1 5 1
s? 4 2 0
2
as=" S 5.1 5.9 I
4 4 2
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1
= S ,.8,.10 0
9 9 9
0
8l S i
20

Vi titcd cdc phin tt & cot 1 bing Routh déu duong nén tit cd cdc nghiém cida
phuong trinh dic tinh déu nim bén trdi mit phing phitc, do d6 hé thdng 6n dinh.

4.2.1. Tiéu chudin Hurwitz
Hé 6n dinh khi phuong trinh dic trung phdi c6 tit cd cdc nghiém cyc déu c6 phan
thyc am.
Bdng Hurwitz:
Phuong trinh dic trung :
a,s"+as"t+..+a,=0

Al A3 A5

A0 A2 A4 .

0 Al A3 A5
0 A0 A2 A4

Cac dinh thic :

D;=al.

D= & =a;a, — apas.
8 &
a & &

Di=la, a, a,/=+aj.(azasz-ajas) — aop.(azaz-a;as)
0 a a

= ajarasz + apaias —a12a4 - aoa32
Tiéu chudn : Moi nghiém cla phuong trinh dic trung c6 phan thuc Am néu va chi
né&u véi moi dinh thitfc con D >0 déu duong ( " Di >0,i =1,n).
Thi du: Xét 6n dinh clia hé :
s +4s>+8s+12=0
Lap bang Hurwitz:

4 12 0
1 8 0
0 4 12
0 1 8

Tinh cac dinh thic :

D1=4>0.

4 12 4.8-1.12=20>0
Dz—l g |~H8-1.12= >0.
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412 0
D=l 8 0|=4.8.12+1.4.0-4%0-1.12°
04 12
=240>0

Vi tit cd cac dinh thifc con déu duong nén hé 6n dinh.

Thi du: Xét 6n dinh cud hé va xac dinh pham vi cda K ma hé 6n dinh.
G(s) =s" +25s° +155” + 20s+K =0

Lap bang Hurwitz

25 20 0
1 15 K
0 25 20
0 1 15
Pinh thic
D,=25>0
25 2
D, = =25.15-1.20=355>0
1 15
25 20 O
15 K 20 O
D,=/1 15 K|=25 -1 =25(15.20- 25.K)- 1.(20.20- 25.0)
0 25 20 25 20 25 20

D, = 7500- 625K - 400>0U0 0<K <1136

Vay hé 6n dinh khi 0<K<11,36.
4.3.Tiéu chuin 6n dinh tin so’
4.3.2. Tiéu chuin 6n dinh tin s NYQUIST, d¢ dv trit 6n dinh

Cho hé théng ty dong c6 so db khdi :

R(s) O G(s) L)

H(s)

Hinh 4.5
Cho bié€'t dic tinh tan s ctia hé hd G(s), bai todn dit ra 12 xét tinh 6n dinh cla hé
thong kin Gi(s).

Tiéu chudn Nyquist:
biéu kién cAn va di dé€ hé kin 6n dinh :
1/Khi hé hd G(s) 6n dinh :
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Hé kin Gi(s) s& 6n dinh khi dic tinh tin s bién pha (Nyquist) ctia hé hd G(s)
khong bao quanh diém (-1,j0).
2/Khi hé hd khong 6n dinh :

Hé kin 6n dinh thi hé hd phai c6 Py nghiém clia phuong trinh dic trung nim &
nlta mit phing phdi, dic tinh bién pha(Nyquist) quét bdi vector GH(jw)+1 quay
quanh di€m (-1,j0) theo ngudc chiéu kim ddng hd Po/2 1an.

Phdt biéu 2:

Cho hé hd G(s), Py 12 s6 cuc nim & mit phing phai (cuc khong 6n dinh). N 1a
t6ng s6 khoanh tron thuin chiéu kim dong hé cia Nyquist bao di€m (-1,j0). Thé
thi hé kin 6n dinh n€u va chi né€u (N=-Py)£0.

Céc trudng hop :

Goi N=Zy-Py, Zy 1a s6 zero clia 1+GH(s) nim & mit phing phai.

& Zy=N+P, (1)

N>0 & tinh Z, theo cong thitc (1) va hé khong n dinh.

N<=0 & bi€u dd Nyquist khong bao diém (-1,j0) va hé 6n dinh.

N=0 & hé dn dinh tuyét d5i né€u va chi néu Py=0.

Thidu 1: Cho hé

M Of G

Hinh 4.6
Hé hé G(s)= va H=1, phan héi am.
s(s+1
Hoi hé kin Gi(s) n dinh ?
G(s) _ 1

Cils)= 1+G(s) - s(s+1)+1

V& bi€u @6 Nyquist clia hé hd.
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) Figure No. 1 D

File Edit Yew Insert Tools MWindow Help

DeEd& "A A/ 2a0

Myquist Diagram
QD T T T T T T T T T

13+ —

Imaginary Axis
=
[l

=13 o

454 !

20 I I I I ! ! I ! !
-1 -0.a -0.G 0.7 -0.6 -3 -0.4 -0.3 02 -0 ]

Real Axis

H4.7

Nyquist khong chita diém (-1,j0) & N=0.
Hé hd c6 cic cuc s1=0, s2=-1 & s8 cyc nim § mit phing phai Py=0.
Vay day Ia trudng hdp N <=0, Po=0 nén hé kin &n dinh vi N=-Py<=0
Kiém ching :
Phuong trinh dédc trung hé kin :

1+ s(s+1)=0

s +s+1=0

V5

C6 nghiém s;,=-0.5 +-j

Vi phan thyc Re=-0.5 <0 nén hé &n dinh.
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Thi du 2: Cho hé th6ng nhu vi dy 1 véi ham truyén hé hd G(s)=

1
s(s- 1)
V& Nyquist cia hé hd G(s)

J Figure No. 1 E”E”g|
File Edit Yew Insert Tools MWindow Help

DeEd& "A A/ 2a0

Myquist Diagram
QD T T T T T T T T T

13+ —

10 —

Imaginary Axis
=
[l

=13 o

454 !

20 I I I I ! ! I ! !
-1 -0.a -0.G 0.7 -0.6 -3 -0.4 -0.3 02 -0 ]

Real Axis

H4.8

Nyquist chtra (-1,j0).

a N=1, N>0.

G(s) c6 céc cuc 1a s1=0, s2=1. C6 1 cuc nim & mit phing phii & Po=1.

A Z0= N+ P=1+1=2

Vay 1+G(s) c6 2 zero nim & mit phing phai. Hé kin khong &n dinh

(Chi ¥ : s zero ctia 1+G(s) chinh I1a nghiém cuc clia phuong trinh dic trung hé
kin G(s)).

Kiém ching :

phuong trinh dédc trung hé kin Gi(s): 1+ G(s)=0
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al+

=0
s(s- 1)
as(s-1) +1=0
as?—s+1=0

NE

$1,2=0.5+-]
2

Vi nghiém cuc c6 phan thyc Re=0.5>0 & hé kin khong 6n dinh.
Nhic lai dd du trit 6n dinh: xem chuong , muc 3.3.
D6 du trit bién va dd du trit pha clia hé thong cho bi€t hé thong c6 6n dinh hay
khdng.
4.4 Phuong phap bi€u dé Bode
Cho hé théng ty dong c6 so dd khdi :

R(s) O G(s) L)

Hinh 4.9
Cho bié€'t dic tinh tan s6 ctia hé hd G(s), bai todn dit ra 1a xét tinh 6n dinh cla hé
thong kin Gi(s).
Tiéu chudn Bode :
Hé thong kin Gi(s) n dinh n€u hé thong hd G(s) c6 do dy trit bién va do dy trix
pha duong.

JGM >0

i P hé thong 6n dinh
ifM >0

4.5 Phuong phap quy dao nghiém so
Phuong phédp qu§ dao nghiém s6 d6i véi hé thdng hoi ti€p am

Phuong phip quy dao nghiém s& 1a phuong phdp dung d€ xic dinh
nghiém clia phuong trinh dic tinh vong kin cta hé théng nhu la mot ham cla hé
s6 khu€ch dai tinh. Phuong phdp nay dya trén mdi quan hé gitta nghiém ctia ham
truyén vong kin véi cuc va zero clia ham truyén vong hd. Phuong phdp quy dao
nghiém s§ dugc dé& xuit nim 1948 bdi Evans va c6 mot s6 vu diém riéng. Viéc
nhan biét vi tri clia cic nghiém vong kin cho phép ddnh gid ri't chinh xdc su dn
dinh va dic tinh qud do ctia hé thong diéu khién. Tuy nhién, ching ta c6 thé dua
ra 15i gidi gin ding nhim gidm cong stfc tinh todn néu 15i gidi chinh xdc khong
can thiét.
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R(s) _ + E(s) G(s) Cy)

H(s)

Hinh 4.10. H¢ thong diéu khién hoi tiép cé hé s6” hoi tiép khdc 1

Chiing ta hay xét HTPK t6ng quat minh hoa & hinh 4.10. P€ fim cuc clia hAm
truyén vong kin, chiing ta can xét

1+ G(s)H(s)=0 (4-5)

G(s)H(s)=-1=1 2(n+1)p  (4-6)
Trong d6 n=0,+-1, +-2,.Bi€u thifc (4-6) chira diéu kién cAn phai théa min cho sy
ton tai cda mdt cuc vong kin.
1.G6c pha clia G(s)H(s) phaila mot boi s 1é cia p.

Géc ctiia G(s)H(s)=2(n+1)p 4-7)
Trong d6 n=0,+-1, +-2,.
2.Bién do cia G(s)H(s) phdi bing don vi

IG(s)H(s)I=1 (4-8)
Viéc x4y dung quy dao nghiém s d6i véi mot hé thdng cu thé bit ddu bing viéc
x4c dinh vi trf clia cuic va zero vong hd trén mit phing phitc. Cdc di€ém khéc trén
quy dao c6 thé ritra bing cich chon cic di€m thit khac nhau va ki€m tra xem
chiing c6 thda man biéu thitc (4-7) khong. Géc pha cia G(s)H(s) c¢6 thé tinh dugc
dé dang tai bat ¢ di€m thr niao trén mit phing phic bing cich do géc pha
déng gép vaoné do cdc cuc va zero khdc nhau. Thi du, sét hé thong hdi tiép c6 :

K(s+s,)(s+
G(S)H(S) - ( A)( SC) (4_9)
S(s+sg)(s+sp)
Tai di€m khao sit sg nao d6, G(s)H(s) c6 gid tri :
K(s. +s,)(s- +5
G(SE)H (SE) — ( E A)( E C)
Se(Se +Sg)(Se +Sp)
Biéu thic (4-10) c6 thé dién td bing hinh 4nh nhu & hinh vé , trong dé cdc vector

(4-10)

aA=Sg + Sa

b= sg + sp

O~ SE + Sc

0= sg + Sc

€=Sg

Géc pha ctia G(sg)H(sg) 12 tdng cdc géc¢ O, G, O3, G4, G5 xdc dinh tuong Wng bdi
cac vector a,b,gd.e.

Géc pha clia G(sg)H(sg)=Sgéc clia cic vector a,b,gd,e dén diém sg
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=Qi- Qo+ O3- G4- G5 (4-11)
Pinh nghia : Quy dao nghiém s6 12 titcd cdc nghiém cta phuong trinh dic tinh
clia hé thong khi c6 mdt thdng sd nao d6 trong hé thay ddi tir 0 & oo.
Quy téc vé quy dao nghiém s0 :
Xét hé thong didu khién :
Phuong trinh dic tinh ctia hé
1+ G(s)H(5)=0 (4-12)
Muén 4p dung cdc quy tic vé quy dao nghiém s0, trudc tién ta phai bi€n d6i
tuong duong phuong trinh dic tinh vé dang
14k NO _g 43
D(s)
N(s)
D(s)
trong d6 K 1a thong s6 thay ddi.
Pat Gy(s) = K
D(s)
Goi n 12 s6 cuc ctiia GO(s), m 12 s6 zero ctia GO(s)

vdi G(s)H(s) =K

(4-13) U 1+G,(9)=0
(4-13) 0 i |G,(s) [F1: Dieukienbiendo
1DG,(s) = (2 +1p : Dieukienpha
Sau diy 1a 11 quy tic v& quy dao nghiém s6 clia hé thoéng c6 phuong trinh dic
tinh cé dang (4-13):
Quy tdc 1: SO nhdnh clia quj dao nghiém s6 = sd bac clia phudng trinh  dic tinh
=s0 bac cia GO(s)=n.
Quy tdc 2: Khi K=0: cdc nhdnh clia quj dao nghiém s6 xudt phdt ti cdc cuc cla
GO(s).
Khi K ti€n d&€n +o0: m nhdnh ciia quj dao nghiém sd ti€n d€n m zero cia GO(s), n-
m nhdnh con lai tién d€n oo theo c4c tiém cin xéc dinh bsi quy tic 5 va 6.
Quy tic 3: Quy dao nghiém s6 d6i xitng qua truc thuc.
Quy tic 4: mot diém trén truc thyc thudc vé quy dao nghiém sd néu téng s6 cuc va
zero ctia GO(s) bén phdi n6 12 mot s6 18.
Quy tic 5: Géc tao bsi dudng tiém cin cla quy dao nghiém s6 vdi truc thuc x4c

dinh bdi:
2 +7 :
a=@*P 0140,
n-m
Quy tic 6: Giao diém giita cdc tiém can vdi truc thuc 12 diém A c6 toa d6 x4c dinh
bdi

3 g
OA:é_cuc—é_zero:ia;lp‘_ia;lZ‘
n- m n- m

pi va zi la cdc cuc va zero cia GO(s).
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Quy tic 7: Piém tidch nhap (n€u cb) clia quy dao nghiém s& niim trén truc thyc va

la nghiém cta phuong trinh: (ZK =0
<

Quy tic 8: Giao diém clia quy dao nghiém s6 vdi truc 4o c6 thé xdc dinh bing
mdt trong hai cich sau day.
-Ap dung tiéu chudn Routh-Hurwitz.
-Thay s=jo vao phuong trinh dic tinh (4-13), cAn biing phin thuc va phan 4o sé
tim dugc giao di€m vdi truc 4o va gia tri K.
Quy tdc 9: Géc xuat phat clia quy dao nghiém sd tai cyc phic pj dudc xdc dinh bdi
m n
q; =180° +Q arg(p; - 2)- @ ay(p; - P)
i=1 :1=lJ
Dang hinh hoc ctia cong thic trén la:
0j=1800+( S géc tir cac zero dé€n cuc pj)-( Sgdc tir cac cuc con lai dén cuc pj).
Quy tic 10: Téng cic nghiém 12 hiing s& khi K thay ddi tir 0-->+oo.
Quy tic 11: Hé s6 khuéch dai doc theo quj dao nghiém s c6 thé xdc dinh tir diéu
kién bién do

k N (9 _
D(s)
Thi du:Cho hé thdng ty ddng cé sd do khdi sau:
Rs) + Gi(s) (C(s)
Hinh 4.11
G(S) = L
s(s+2)(s+3)

Hiy vé quy dao nghiém s6 clia hé thong khi K=0-->+o0.
Giai:
Phuong trinh dic tinh ctia hé thdng:
14G(s)=0 U 1+L =0
S(s+2)(s+3)

cic cyc:
p1=0, p2=-2,p3=-3.
Cac zero: khong c6.

€ QPNS gbdm c6 ba nhdnh xuit phat tir cdc cyc khi K=0.
Khi K-->o0, ba nhdnh cia QDNS sé& tié€n dén vo cling theo cic tiém can xdc dinh
bdi:
-G6c gitta tiém cdn va cic truc thuc
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Pa=t (=0

a:(2|+1)p:(2|+1)pp’I[al:_g (=1
n-m 3-0 i 3

i a.=p (=1

i

-Giao di€m giifa cdc tiém cin va truc thuc

OA~ dcuc- g zero _[0+(-2)+(-3]-0_ 5
n-m 3-0 3
o AT A o dK
-bi€m tich nhép & nghi€m cua phuong trinh a 0
(1)<-->K=-5(s+2)(s+3)=-(5"+55"+68)
-->dk/ds=-(35"+10s+6)
Do d6 dK/ds=0<-->-(35°+10s+6)=0
<-->s1=-2,549 (loai)
s2=-0,785

-Giao di€m cta QPNS véi truc 4o c6 thé xdc dinh bing mot trong hai cich sau
day:
cich 1:
Ap dung tiéu chuin Routh
(1)<--> 5™+ 587 +65+K=0
Bang Routh

s’ 6

s? 5 K
a=1/5 S! g 0

5
s’ K

Piéu kién dé€ hé thong &n dinh
1.1
fe- =K>00 o<k <30
f K>0

Vay hé s6 khuéch dai gi6i han 1a Kgh=30.

Thay gi4 tri Kgh=30 vio phuong trinh (2), gidi phuong trinh ta dudgc giao di€m
QDNS vdi truc do.

s’ +5s” +6s+30=0

is, =-5(loai)
O s=i6

i s=-j/6
Cach 2:

Giao diém (né€u c6) cia QPNS va truc 4o phai c6 dang s=jo. Thay s=jo vio
phuong trinh (1) ta dugc
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(jw)* +5(jw)? +6(jw) +K =0
U -jw?-5w?+6jw+K =0

~ 1-jvi+6jv =0
Ui )
T -9 “+K=0
v =
i
. K=
U

@@ D @3 D D> D
<
1
I+
S o o
(o))

QDNS la:
J Figure No. 1

142

mEE

File Edit Yew Insert Tools \Window Help
DEeEE A A, BPoD
Cluy dao nghiem cua Gisi=k(s(s+2)(5+3)]
i . . : =
L e
- E—  SO—— SO O SO— SO— -
e e o
: & i
- FUVURUS. VNS - R ISP -
: g :
- | o | |
o Of---0--0-G-CoHs--- - 400 - SO0k - - bisastanata e -
= ! ] & :
: B i
e s e e —
| P |
: | ;
| SUEREERLREE penoesnoaes Losautieand poinlosnend boroonnos P =
: o :
£ | A |
5 4 ] 2 4 ]
Truc thuc
H4.12
Thi du 2: V& qu§ dao nghiém cia hé hdi ti€p 4m don vi sau:
Ris) + Gis) (C(s)
H4.13
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k(s +6)
(s+2)(s® +8s+25)

Cho ham truyén vong hd G(s): G(s) = (1)
Phuong trinh dic trung cia hé thong kin:

1+G(s)=0 0 1+ K(s+6) _
(s+2)(s” +8s+25)

GO (S) = kw
D(s)
cac cuc cia Go(s) : s=-2, s=-4+13,s=-4-13 (n=3).
Zero cua Gy(s): s=-6 (m=1)
Quy dao nghiém s6 ¢6 3 nhanh xuat ph4t tai ciac cuc khi k=0. Khi k& o« c6 mot
nhdnh cia QDNS ti€n dén zero (s=-6), hai nhdnh tié€n d€n v6 cung theo tiém cin
xdc dinh bdi:
-G6c gilta tiém cidn va cic truc thuc

fa=t (=0

a=@+p _(2+Dp ’I[al:_g (=1
n-m 3-1 i 2

| al=3p/2 (Izl)

)
-Giao di€m giifa cdc tiém cin va truc thuc
o
8 cuc- § 0 _[-2+4(-4+i3 +(-4-13)]- (-6) _
n-m 3-1

OA=

Q

tol

-Pi€m tich nhap 12 nghiém clia phuong trinh (ZK =0

(DU k(s+6)+(s+2)(s*+8s+25 =0
_- (s’ +10s+41s+50) _u

k

S+6 Y
dk _u'v- viu _ (-3s® - 20s- 410(s+6) + (35 +10s” +41s+50) _ 0
ds u? (s+6)°

Suy ra s=-8,06 , s=-2,96+11,83 , s=-2,96-11,83

Khong c6 di€m tach nhap.

Giao di€m ctia QDPNS vdi truc 4o duge xdc dinh bing thay s=jo vao phuong trinh
déc tinh:

K(s+6)+(s+2)(s*+8s+25) =0

U s®+10s® +(41+k)s+6k+50=0

Thay s=jo vao ta dudc :
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- jv 3-10v 2 +(41+K)jv +6k+50=0
-10v 2+6k+50=0
- jv ¥+ (41+K)jv =0

i
i
i

. !v =0,k (Ioai)
i i7.k=-90 (loai)

—
<
1
I+

J Figure No. 1

File Edit Yew Insert Tools \Window Help
DeEdE M AAs, 2250
Cluy dao nghiem cua G(s)=k(s+E]|I[((s+2)(52+85+25)]
E I I I I I
o]
11 """"""" (;i'é') E::--"r """""" T T e ) et e gt s b =4
2 _______________________________________________________________________ —
6 05000 O O 0060 bommmnnsenas bommmmsssees bommssssens -
= ; - - - '
) ____________:L __________________________________________________________ =
-4 """"""" :r """ E:::""r """""" T s R s e, } e e e T s S e -
L]
B L L L L |
5] 4 2 1] 2 4 B
Truc thuc
H4.14
Thi du 3: V& qu§ dao nghiém cia hé héi ti€p 4m don vi sau:
Ris) + Gis) (C(s)
K(s+
G(9 =3I
s(s+1)

Phuong trinh dic trung clia hé thong kin:
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o 1. K3 _

1+G(s)=0 U 1+ %o+D) =0
_ NG9

G,(s) =k D(s)

cac cuc cia Go(s) : s=0, s=-1 (n=2).
Zero cua Gy(s): s=-3 (m=1)
Quy dao nghiém s6 ¢6 2 nhanh xuit ph4t tai ciac cuc khi k=0. Khi k& o c6 mot
nhédnh ctia QPNS tién dén zero (s=-3), mdt nh4nh ti€n dén vo cing theo tiém cin
xdc dinh bdi:
-G6c gitta tiém cdn va cic truc thuc

ia=p (=0
a:(2|+1)p:(2|+1)p b Ilal:_p (=-1)
n-m 2-1 i : :
P a; =3 (1=
-Giao di€m giifa cdc tiém cin va truc thuc
Q cuc- § zero _[-1+0]- (-3 _,

n-m B 2-1 -

OA=

-Pi€m tich nhap 12 nghiém clia phuong trinh a =0

Q

tol

MU k(s+3)+s(s+1) =0

k:_g_S:E

s+3 %
dk _uwv-Vvu _(-2s-s)(s+3)-1-s*-9)
ds  u? (s+3)?
_-s’-6s-3_
© (s+3?

Suy ra s=-55.,4 (loai) , s=-0,55(loai)

Khong c6 di€m tach nhap.

Giao di€m clia quy dao nghiém s6 vdi truc tung: thay s=jo vao phudng trinh dic
tinh:

S(s+1)+K(s+3)=0

jv (jv +D+K(jv +3)=0

o 1-vZ+K=0
Ui,
Tjiv(K+)=0
0‘! v =0,K =0
v =£jJ3,K = - 1(loai)
Quy dao nghiém nhu sau:
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T

k-->00 k=0 =0 k-->00

4.6 Xét 6n dinh biing phuong phap bién trang thai.
Chiing ta ¢6 thé minh hoa tir ti€p cin chi ti€t hon ring 6n dinh ngd vao zero clia
hé tuyén tinh bat bi€n theo thdi gian dudgc xdc dinh béi vi tri nghiém clia phuong
trinh dic trung hay 14 hanh vi cia ma trin chuyén trang thai d(t).
Cho hé tuy&n tinh bit bi€n theo thdi gian dugec mo ta bdi phuong trinh trang thii
k(t) = AX(t) + Bu(t) (4-14)
trong d6 x(t) 1a vectd trang thai va u(t) 1a vectd ngd vao. Vi ngd vao zero
(u(t)=0), x(t)=0 théa man phuong trinh trang thai thuin nhat (t) = Ax(t) va duogc
dinh nghia nhu 13 trang thdi cin bing clia hé. On dinh ngé vao zero dugc dinh
nghia nhu sau: N&u ddp tng ngd vao zero x(t), v6i trang thai dau hitu han x(t0), tré
vé trang thai can bing x(t)=0 khi t ti€n d€n vo han, thi hé thong dugc xem 12 dn
dinh.; ngudc lai hé thong khong 8n dinh. Loai 8n dinh nay dugc bi€t nhu 1a &n dinh
ti€ém can.
Trong cich todn hoc hon, dinh nghia trén c¢6 th€ dugc phat bi€u: hé tuyén tinh bat
bién theo thdi gian dugc xem 1a 6n dinh (ngd vao zero) né€u vdi bat ki trang thdi
d4u hitu han x(t0) thi tdn tai mot s6 M duong [phu thudc vio x(t0)] d€ ma
(4-15) |x(t)| <M véi tdt cd et0
va
(4-16) lim|x(t)|=0

trong d6 HX(t)H la chuén cda vecto trang thii x(t) hay

64 l:ll/Z

[¢]

Ix®)] = e x*(t)y
€i=1 u
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Piéu kién (4-15) chi ra ring chuyén trang thai v6i bt ki t>t0 khi dugc thé hién bsi
chuin ciia vecto x(t) phai bi chin. Phuong trinh (4-16) néi riing hé thdng phai ti€n
dén trang thdi cin biang khi t ti€n d€n vo han.

Véi diéu kién ngd vao zero, phuong trinh chuyén trang thii clia hé 1a

X(t) = F (t- to)x(t)

trong d6 F (t- t,) 12 ma tran chuyén trang thai.

LAy chuin hai vé& phuong trinh trén, ta dugc:

X =[F (- t)x(t)]

Mot tinh chit quan trong clia chudn vecto 1a:

X £]F (- t)]x(t)]

diéu nay tuong ty quan hé gifta do dai cda vectd.

Diéu kién (4-15) yéu cau HF (t- tO)HHX(tO)H la hitu han. That vay,
|F(t-t,)| cling phdi hitu han véi t>t0.

Tuong tu, di€u kién (4-16) din tdi 1a

lim|F (t- t,)| =0 (4-17)

X(to)] bi chin,

hay [!@TF j(t-1)=0
v6i Lj=1,2,..n, trong d6 F(t- t;)1a phin tf th ij cda F(t- t,).
Ma trin chuyén trang thdi dugc viét lai:
Fty=LYs - A
hay
F (=L (s - AY

6 S-A g
Vi IsI-Al=0 1a phuong trinh dic tinh cia hé , nén ddp dng thdi gian ctia d(t) dugc
ki€m sodt bdi nghiém clia phuong trinh dic tinh. Phuong trinh (4-17) yéu ciu
nghiém ciia phuong trinh dic tinh tt ca phdi c¢6 phan thuc Am.

On dinh ciia hé tuyén tinh bat bi€n theo thoi gian véi ngd vao:

Mic du tiéu chudn &n dinh cho hé tuyén tinh bat bi€n theo thdi gian dudc
dua ra trong phan trudc, ching ta chifng minh ring trong trudng hdp tdng quit,
diéu kién 6n dinh cho 1p hé thong nay la do 14p vdi ngd vao. Mot ciach khic dinh
nghia sy 6n dinh clia hé tuy&n tinh bat bién thdi gian la: hé thdng 6n dinh néu ngo
ra clia nd bi chin d6i véi bat ki ngd vao bi chiin.

NG6i cach khdc , cho c(t) 12 ngd ra, r(t) 12 ngd vao clia hé tuyén tinh vdéi mot ngd
vao-ra. Néu

r(t) £N <¥ véie=t0

thi

C(t) £EM <¥ véi t0

P& hé 6n dinh thi nghiém ctia phuong trinh dic tinh tt cd phai nim bén trdi clia
mit phing s.

4.7.Biéu db Nichols
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Gidi thiéu:

Phan tich gidn d6 Nichols 12 moat phuong phap dap tng tan s&. Gidn d6
Nichols vé& co ban chuyén vong tron M (bién d6) va N (pha) & toa dd cuc thanh
vong khong tron M va N trén d6 thi bién dd db —géc pha & toa dd décidc. Haim
truyén dap tng tin s vong hd GH(jo) dudc vé trén gidn d6 Nichols dudc goi 1a
bi€u db Nichols ciia GH(jw).

Do thi bién djdb-gdc pha

Dang toa d6 cuc clia ham truyén d4p &ng tin sd vong hd 1a:

GH(jv ) =|GH(jv )PargGH(jv )

Dinh nghia: Do thi bién d6 db-géc pha clia GH(jo) 1a dd thi clia IGH(jo)l theo géc
pha arg GH(jw) & do, trong toa do décic vdi o 1a tham sd.

Xady dung do thi bién dé db-goc pha:

D4 thi bién do db-géc pha c6 thé dugc xay dung truc ti€p bing cach tinh bién do
20log,,/GH (jv ) va géc pha argGH(jo) d6i véi moat s§ gid tri clia @, va v& ket
qud. Piéu nay nham chén, nhung phuong phép sau thi don gidn hon. Pau tién vé
GH(jo) & dang bi€u dd Bode:

GH(jv ) = .KB|(1+ j\./ /z)..1+ j\{ lz,)
(iv) @+jv /p)...A+jv /p,)
trong d6 11a s6 nguyén khong am.
20l0g,,|GH (jv )| = 20log,, K +20l0g,,|(1+ jv /Z)|+...+20log,y|(L+ jv / Z,))

(4.18)

+20log,, +...+20log,,

1
(jv)' +20log,,

1
@+ jv /p) @+jv/p,)
(4.19)
argGH(jv ) =arg(l+ jv /z) +..+arg(l+ jv /z,) +arg[(jv )']
targ————+.taAg (*20
@+jv /p) @+jv /p,)
Dung phuong trinh (4.19) va (4.20), do thi bién d6 db-géc pha clia GH(jo) dugc
tao ra bing cich cong bién dd db vd gdéc pha cda cic cuc va zero, hay cip cuc va
zero khi chiing 1a s6 phuc lién hop.
Thi du: V& bi€u db Nichols clia ham truyén:
GH(s) = 10(1+ s/ 22) = 20_2,+1O
@+9s)1+(s/2)°+s/2] s +3s"+6s+4

thay s=jm ta c6:

e
GH(jv)=— Sa*IVI2)
@+ jv)[- v /2°+jv /12

D6 thi bién @6 db-géc pha clia GH(jo) dugc xay dung tif cdc thanh phan sau:

10,(1+ jv /2), 1 , 12 :
1+jv 1- (v /2 +jv /2
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J Figure Mo. 1 E]

File Edit Yew Insert Tools \Window Help

DeEES " A A, 2o 0

Michols Chart
20 T T T T

Cpen-Loop Gain (dB)

-50
-180 <133 =40 43 0 43

Cpen-Loop Phasze (deq)

Hinh 4.15: Biéu dé Nichols
On dinh tuong doi:
D6 dy trit bién d6 va do du trit pha cé thé doc truc ti€p tir @b thi bién d6 db-géc
pha ciia GH(jo).
Tan s6 cit pha o, 1 tAn s6 tai d6 dd thi cia GH(jo) giao v6i dudng thing -180°
trén do thi bién dd db-géc pha. Pd du trit bién dd & db dugc cho bdi:
b6 du trir bién GM=-20log0lGH(jo)| db
Va dudc doc truc tiép tir d6 thi bién do db-géc pha.
Tan s6 cit bién oc 12 tin s6 tai d6 db thi GH(jo) giao v6i dudng thing 0db trén d6
thi bién dd db-géc pha. P du trit pha dugc cho bdi:
Do du trit pha PM=180"+arg GH(jv )
Va c¢6 thé dudc doc tryc tiép tir d6 thi bién do db-géc pha.
Trong hau heat trudng hdp, dd du trit bién duong GM>0 va do du trit pha PM>0 sé&
ddm bio on dinh cia hé vong kin. Tuy nhién 6n dinh tuyét doi sé dugc thi€t lap
bdi cdc phuong tién khac.
Thi du: xét thi du trén, GM=15 db>0, PM=35">0 nén hé vong kin &n dinh.
Biéu dé Nichols:
Xem xét hé héi ti€p Am don vi. K&t qua dé dang tdng quat héa cho hé khong hdi
ti€p Am don vi.
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Ham truyén d4p ng tin s6 vong kin clia hé hdi ti€p 4m don vi c6 thé viét § dang
toa dd cuc sau:
C,. o o G(jv G(jv )bf
€ (w)=[C(wipargS vy = CUV) - [BUIBI
R R R 1+G(jv) 1+[G(jv )bf.
véi fo=agG(jv).
4.8. Tiéu chudn 6n dinh tan s6 Mikhailov
Nguyén Iy goc quay:
Xét hé thdng bac n ¢6 phuong trinh dic tinh clia hé s6 hing:
A(S) =a,s"+as "t +..+a, =0 (4-4)
Pa thitc A(s) dugc viét du6i dang:
A(S) =a,(s- p)(s- Py)---(S- Pn)

v6ipl, p2,.. 1a cdc cyc cia hé thdng, 12 nghiém clia phuong trinh dic tinh.
Thay s=jo vao (), ta cé:

A(iv) =a,(jv - p)(iv - p)--(iv - p,)

Gid st phuong trinh (4-4) ¢6 m nghiém phai (c6 phan thuc dudng), con (n-m)
nghiém trdi (c6 phan thyc Am).
Géc quay cida vecto da thifc dic tinh tin s6 A(jo)
. J .
agA(jv)=a ag(jv - p)
i=1
Khi tin s6 o thay d8i tir -co d&n +oo thi sy thay ddi géc quay clia vectd da thifc
dic tinh tin s6 A(jo) s€ 1a:
DargA(jv ) = arg(jv - p)
i=1
Ky hiéu A chi sy thay d6i géc quay.
Nguyén 1y géc quay duge phat bi€u nhu sau:
Hé thong bac n c6 m nghiém phdi va (n-m) nghiém trdi cé vecto da thitc dic
tinh tin s6 A(jo) s& quay mot géc 1a (n-2m)/2 vong kin theo chiéu ngugc chiéu
kim dong hé khi tin O ® bi€n thién tr -0 dén +oo.

Tiéu chuin 6n dinh dua vio nguyén li géc quay dudc A. V. Mikhailov phét
bi€u vio nim 1938:

Hé thong diéu chinh ty dong c6 da thitc dic tinh bac n (A(s)) vdi cac hé s&
duong s& 6n dinh néu dd thi vectd da thitc dic tinh A(jo) xudt phat tif mot diém
trén phan duong truc thuc quay mot géc bing np /2 ngugc chiéu kim dong hod
khi o thay ddi tir 0 dén oo.

Bai tap
1. Khong dung tiéu chuin Routh-Hurwitz, xdc dinh xem hé sau c6 6n dinh
tuyét doi, ranh gidi 6n dinh, hay khong 6n dinh. Trong mdi trudng hop, ham
truyén hé kin dugc cho.
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10(s+2
a) M (S) = CS +E))SS-: +)5Q
s-1
M@= > >
D ME= 5t +2)
K
OMO =G 5ers
d) M(s) = 100(25— i)}
(s+5)(s” +2s+2)

2. Duing tiéu chudn Routh-Hurwitz xdc dinh &n dinh cida hé kin ma cé phudng
trinh dic tinh sau. Xdc dinh s6 nghiém cuc cia mdi phuong trinh 12 nim bén
tay phdi mit phang s va trén truc jo.
a)s® +25s? +10s+450=0

b) s*+25s° +10s+50=0

c) s®+25s5? +250s+10=0

d) s*+2s® +10s* +20s+5=0

3. B6i vdi mdi phuong trinh dic tinh ctia hé thdng hdi ti€p dugc cho, xdc dinh

pham vi cia K € ma hé n dinh. Tinh gid tri cda K d€ hé & ranh gidi 6n dinh va

tan s6 dao dong c6 thé 4p dung.

a) s*+25s° +15s% + 20s+ K =0

b) s*+Ks®+2s” +(K +1)s+10=0

c) S +(K+2)s*+2Ks+10=0

d) s* +Ks® +55? +10s+10K =0

4. Cho ham truyén nhdnh thing ctia hé thdng hdi ti€p Am don vi :

2) G(s) = 3K(s+4)(s+ 20)
s°(s+100)(s+500)
b) G(s) = K(s+210)(s+ 20)
s°(s+2)

Ap dung tiéu chuin Routh d€ xét n dinh cda hé thong kin nhu 13 ham theo K.
Xdc dinh gid tri ctia K ma gy ra dao dong bién do hiing s& trong hé. X4c dinh tin
s6 dao dong.

5.S0 @b khdi hé thong diéu khién dong co vdi tachometer(may phat tdc) duge cho
& hinh sau. Tim pham vi clia hing s& Kt clia tachometer d€ hé dn dinh.
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100

I—(—Q—@—e—(n—b 10 s(s+5,6)(s+10) y(©)

K,s

6.Hay vé& quy dao nghiém s6 cla cdc hé thdng sau:

K(s+6
969z oD
(s+2)(s” +8s+25)
b) G(s) = _ 400 (vé theo tham sd a)
s(s+6)(s+a)
¢) G(s) = K(s+3)
s(s+1)
d) G(S) = L
s(s+2)(s+3)
7. Cho ham truyén hd hé phan hdi -1 don vi.
0,628+9,1s
G(e)=—
s(1+50s)

a)Duing bi€u dd Bode xét n dinh cho hé kin. Tinh pha du tri.

b)Ciing cdu hdi nhu trén véi:

G(s) = 0,628+9,1s o2

S(1+50s)

9. Bing phudng phép tan s6 Nyquist, hiy xdc dinh xem hé thong minh hoa &
hinh sau c¢6 6n dinh hay khong?

R(Gw) ;( ) 10 C(jw)

jv 1+jv)

9. Cho hé théng ham truyén hé:
6.(9=C0 10K (s+2)
R(S)  (s+372)(s- 0361+ j16)(s- 0,361- jL16)
a.Xét &n dinh hé kin phan hdi Am 1 don vi véi K=10.
b. V& quy dao nghiém s6 khi - ¥ <K <+¥ .
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10.Xay dung biéu d6 bode va Nyquist ctia G(jw)/K va xdc dinh mién K dé€ hé 6n
dinh. Dung chuong trinh MATLAB.

10

K 'Y —
Rlsp()Elshy 1+01s 0,01 %)

A- -

K,s
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Chuong 5 : CHAT LUGNG HE THONG PIEU KHIEN
5.1.Cdc chi tiéu chat lugng
On dinh 12 diéu kién cin d6i v6i mot hé PKTD, song chua phai 1a di dé hé
théng dugc st dung trong thuc t&€. Nhi€u yéu cau doi hdi hé thong phai thda
min dudc cling mot lic cic tiéu chudn chi't lugng khac nhau nhu d6 chinh x4c, do
dn dinh, ddp tng qua do, do nhay, kha ning chdng nhiéu..
c(t)

A

cmax

(O [N

0 tp Tt (sec)

Hinh 5.1
-Sai s6 x4c lap.
e, =lime(t) =lim S&(S) (5-1)

e(t)=r(t)-c(t)
Sai 1éch 12 hiéu sd giita tin hiéu vao va tin hiéu hdi ti€p. Muc dich mudn tin hiéu
ra qua vong héi ti€p ludn ludn bam dugc tin hiéu vao mong mudn. Piéu dé c6
nghia 12 sai 1éch x4c 1ap bing khong.
-b6 qué diéu chinh(do vot 18).

CXl

s % =Sm” % 00 (5-2)
C

bl
Thai gian 1€n dinh 1a thoi gian ddp ng ra dat gid tri cuc dai (tp=tpeak).
Thdi gian qud do ts=tset x4c dinh bdi thdi di€m dap tng ra tir sau d6 trd di khong
vugt ra khdi mién gii han sai s6 A quanh gia tri x4c 1ap.
Thi du: A ¢6 thé 1a £2%, £5%...
5.2.Sai s6 xdc lap
Xét hé thong hoi ti€p Am c6 so dd khdi nhu hinh vé:

RO 5~ EY g )

H(s) <

Sai s6 ctia hé thong la:
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G(s) u

— - = - é s ———
E(s) = R(s)- C(9H(s) =R(s) gR(S)1+ G(s)H(s) HH ©
p E(s):&

1+G(s)H(9)
Sai s0 xéc 1ap:
. o L SR(s)
& TS TIEOP & i s

Sai s& xdc 1ap khong nhitng phu thudc vao ciu tric va thong sd clia hé thdng ma
con phu thudc vao tin hi€u vao.
a)Tin hiéu vao 12 ham nic don vi
Ta tinh sai s& xéc 1ap bing cach thay R(s)=1/s vao bi€u thiic ey:
. s@/s) _ 1
e, =lim =
®01+G(s)H(S) 1+IS|®rT3G(s)H(s)

Ta dinh nghia hé s6 vi tri 1a dai lugng Isi®rrg G(s) va ki hiéu la Kp.
K, = IJ@rrg G(S)H(S) : hé s6 vi tri.

1

P e, = 5-3
Xl 1+ K ; ( )
b)Tin hiéu vao 12 ham déc don vi
r(t)=tu(t)p R(S) = iz
S
2
_ s(/s?)  _ lim 1 1

=lim = =
¥ w01+G(S)H(S) 00 s+SG(S)H(S) Isl®rrg SG(s)H (s)
biat K, = Isi®rrg SG(s)H (s) : hé s6 van tdc.
1

P e, :?V (5-4)
¢)Tin hi€éu vao la ham parabol
_t? 1
r(t) —Eu(t) P R(S) ]
3
_ s@/s’) lim 1 1

e = = =

¥ w01+G(S)H(S) 00 S? +SPG(S)H () lim S°G(S)H(s)
bat K, =lim S°G(S)H (S): hé s gia tdc.
1

p exl :Ki (5-5)

a
Nhin xét:
- Céc y€u t6 dnh hudng dé€n sai s6 xdc lap
- Bac vo sai, Cac hé s sai s6
- Phuong phdp gidm sai s& xdc lap
Tuy theo khau tich phan 1y tudng c6 trong ham truyén hé G(s)H(s) ma Kp, Kv,
Ka c6 gid tri nhu bang sau:
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S6 khau tich phan | Hé s6 vi tri Kp Hé s6 van toc Kv | Hé s& gia tdc Ka
trong G(s)H(s)

0 Kp<owo 0 0

1 o0 Kv<oo 0

2 0 0 Ka<oo

>3 e 0] e 0] e 0]

-N€u G(s)H(s) khong c6 khau tich phan ly tudng thi hé thong kin theo kip su

thay d6i clia tin hiéu vao 1a ham nac véi sai s6 e, = va khong theo kip

su thay ddi clia tin hiéu vao 12 ham dSc va ham parabol.

-N€u G(s)H(s) ¢c6 mdt khau tich phan Ii twdng thi hé thdng kin theo kip su thay

ddi clia tin hiéu vao 12 ham nic véi sai s6 ex]=0, va theo kip sy thay d6i clia tin
1

hiéu vao 12 ham ddc vdi sai s6 e, = v

\

khong theo kip su thay ddi cda tin

hiéu vao I1a ham parabol --> hé thdng c¢6 mot khau tich phan 1i tudng goi 1a hé
vO sai bac mot.

-N€u G(s)H(s) ¢6 hai khau tich phan Ii twdng thi hé thong kin theo kip su thay
ddi cia tin hiéu vao 12 ham nic va ham ddc véi sai s& exl=0, theo kip su thay

ddi cda tin hiéu vao 1a ham parabol véi sai s6 €, = --> hé thong c6 hai

a
khau tich phéan li tudng goi 1a hé v sai bac hai.
--N€&u G(s)H(s) c6 ba khau tich phan Ii tudng thi hé thong kin theo kip su thay
ddi cha tin hiéu vio 12 ham nic, him doc va ham parabol vdi sai s exl=0 --
>hé thdng c6 ba khau tich phan 1i twdng goi 12 hé vo sai bac ba.
-->Hé thong c6 n khau tich phan 1y tudng goi 1a hé vo sai bac n.
Thi du 1: Xét hé thong hdi ti€p Am c6 sd d6 khoi nhu hinh vé:

R(s) +C E(g )

G(S) cQ

H(s)

G(s)=1/(s+1), H=1

Tim Kp, Kv, Ka va ey tuong ting.
Giai:

a/r(t)=uy(t)

ey .1
K, = IJ(ngG(s)H(s) = Q(grgs—ﬂ.l—l
pe= L =1 _gs

1+K, 1+1

b/r(t)=t. uy(t)
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K, =limsG(s)H(s) =lims 1 =0
s®0 ®0 g+1
P e, —i:¥
KV
t2
c/r(t)=—u(t
() 5 (t)
K. =lims’G(9)H(s) = lims>—+— = 0
s® 0 s® 0 s+1
b e, :i:¥
K

a

Thi du 2: Xét hé thong hdi ti€p Am c6 sd d6 khoi nhu hinh vé:

RO~ EY 5 )

H(s) <

G(s)=1/(s*+s+2), H=1/(s+1)
Tim Kp, Kv, Ka va ey tuong ting.
Pap s6:
Kp=0.5 ; exl=2/3
Kv=0, exl=c0
Ka=0, exl=x
5.3. Pap d@ng thdi gian ciia hé bac nhat
5.3.1. Piéu khién t6c d6 cia dong cd DC
Ching ta xem xét hé thdng dong co DC trong chuong 2. Chiing ta gid st dién
cam phan tng L vd ma sdt dong co bi bd qua (thuc t& cdc gid st nay it khi
dugc xét) d€ ching ta minh hoa cho hé bac nhat. Phuong trinh dong co DC don
gian héa:
Momen: T, (t) = K_i, (t)
Strc phan dién dong phan ung: €, (t) = Kv . (t)
& ()- &)
R,
Téc do dong ca: v . (t) = Jle (t)
&, (t) = Ke(t)
trong d6 e(t) 1a dién ap 4p dung ngd vao; Ka la do 1¢i khuéch dai; Kb 1a hiing
s0 stic phdn dién dong ; Km Ia hiing s6 momen; Jm 12 momen quén tinh dong
co va Ra la dién trd phan ting.
Vi day 1a hé thong diéu khién t6c do, chiing ta quan tim dén v _(t) va xem la

Dong dién dong co: i,(t) =

bi&€n ngd ra. Ham truyén vong kin 13
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Vi ngd vao ham nic don vi e(t)=1(t), E(s)=1/s, tdc dd ddong cd dugc cho bdi

W, (9)=—
s(s+a)

Bién ddi Laplace ngudc hai v€ ta dugc:
K K

v, O)=—@Q-e*)=—2@1-e%) t>=0.
a K

b

5.4. Dap ung qua do hé bac hai
Pap tng qué do 1a ddp ng clia hé thdng khi tin hiéu vao 1a ham nac don vi.
5.4.1.H¢ dao dong bac 2

R(s) +© E(Y v 2 Ces)

] S*+2XV S
Ham truyén hé kin:
v:
2 2
G.(s) = ST+2XVv S _ V] _ 1
“ 1+ Ve SP+2xv s+v 2 T?s®+2XxTs+1
SP+2XV S
. 1
véi T =—
v

Hé théng c6 cip cuc phic lién hgp

S, =-XV , tjv 1-x?

a =xv , goila hiing s6 suy gidm (hé s& suy gidm), 1a phan thyc clia cuc.
X 1a ti 1é suy gidm.
=v /1- x? tin s6 dao dong tu nhién, 1a phin 4o cia cyc.

v . 1a khodng cdch tir cyc d€n géc clia mit phing s.

<

a
X =—, X =C0s(q
v

n
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Gidn dd cuc —zero clia hé dao dong bac 2

C(t)

cmax

cmin

v

0 tmax tS

Pap tng qua do ctia hé dao dong bac 2
Pap tng cla hé thong kin khi tin hiéu vao 1a ham néc
1 1
C(s)=R(9)G (5 ==.—————
() =ROCA = S r2g y uTset
- XVt

\/el_TSin[(v n\/ﬁ)Hq]

P c(t) =1-

trong d6 d6 1éch pha 0 xac dinh bdi cosb=¢..
Nhan xét:

DPdp ttng qud d6 ctia khau dao dong béc hai c6 dang dao ddng vdi bién do
gidm dan.

-Né&u &=0: c(t)=1-sinm,t, ddp &ng clia hé 13 dao dong khong suy gidm véSi tin s§
©, --> O, goi 12 tan s& dao dong ty nhién.
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-N&u 0<&<1: dap tng cta hé 1a dao dong v6i bién do gidm din -->& goi 1a hé
s0 tit (hay hé s6 suy gidm), & cang 16n dao dong suy gidm cang nhanh.
.DPép dng cia khiau dao dong bac hai c6 vot 16.
Téng quét, d6 vot 16 (POT-Percent of overshoot) dugc dinh nghia 1a
POT = Sma” % 10096 (5-6)
CxI

(Cmax-gid tri cuc dai cla c(t); cx-gid tri xdc 1ap cta c(t))
D6i véi hé dao dong bac hai, dd vot 16 POT dudc tinh bdi cong thitc

& xp O . y
POT = exp%- - ~100%  (5-7) :1a phan trim vot 16 cuc dai.
1-x° 5

e px/1-x2 _ p

vat =—7———

oy A1-x?

.Thdi gian xdc 14p ts la thdi gian dé sai s0 gitta c(t) va gid tri xdc lap nho hon €
(e=5% hay 2%).

DPdi véi hé bac hai:

b6 vot 16 cuc dai=y,, - 1=

-Theo tiéu chuin 5%: t, = 3 (5-8)
XV n
. 2 4
-Theo ti€u chuan 2%: t, =—— (5-9)
XV n
.Thoi gian delay(tri hodn):
+
t, = 10X ko (5-10)
+ + 2
hay t, = 11+0125¢ +0.46% , 0<&<10 (5-11)
V n
.Th&i gian 1én tr: (rise time) 12 thdi gian d€ c(t) ting tir 10% d&n 90% gid tri
xdc 1ap.

Dbdi vdi hé bac hai:

t = i(ZL589>(3 - 01562x % +0,924x +1,0141)  (5-12)
V n

C6 thé€ chon:

{ = 0,8+ 2,5x

v

, 0<&1 (5-13)

_1- 0,4167x +2,917x 2
' v

hay t , 0<é<1 (5-14)

n
tiy theo d6 chinh x4c ta c6 thé chon mdt trong ba cong thifc trén.
Chu y: néu &>1 ta khong goi 1a hé dao dong bac hai vi trong trudng hgp nay
dédp dng cia hé khong c6 dao dong.
. N€u &=1 hé thong kin ¢c6 mot nghiém kép (thuc).
DPap tng cla hé thdng:
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V2

C(s) = :
) S(s®+2v s+v ?)
pct)=1-e'"-v te"

. N€u &>1 hé théng kin ¢6 hai nghiém thuc phin biét.

DPap ng cla hé thdng:

ce="+ B €
S S+ pl S+ le

P c(t)=A- Be ™ - Ce ™

*Anh hudng cda thém cuc va zero vao nhanh thing clia ham truyén.

5.5. Cac tiéu chuéin toi vu héa ddp Wng qua dé
1. Tiéu chuin IAE(tich phan tri tuyét d6i bién do sai s6)

+¥
J, = Qelt)dt (5-15)
0

D6i véi hé bac 2: J;-->min khi £=0,707.
2.Tiéu chuén ISE (tich phin ciia binh phuong sai s6)

+¥
J, = ¢g'(Hdt  (5-16)

0
bdi véi hé bac 2: J,-->min khi £=0,5.
3.Tiéu chuin ITAE (tich phan clia thdi gian nhan vdi tri tuyét ddi clia sai s6)

J; = et)dt  (5-17)

DP6i v6i hé bac 2: J3-->min khi £&=0,707.
Trong ba tiéu chuin t6i vu héa dap tng qua do vira trinh bay § trén, tiéu chuin

ITAE dugc st dung nhiéu nhat. P dip ting qui dd cda hé thdng bac n 12 t8i uu
theo chuén ITAE thi miu s6 ham truyén hé kin bac n phdi c6 dang

Bac MAu s6 ham truyén

S+v

n

s*+1414 s+v ?

s’ +1.75v ,s° +2.15v ’s+v }

AW~

s*+2W S +34 ST +2W Js+v !

n n

Ngoai ra con c6 céc tiéu chuin chit lugng khéc:
¥
ITSE: J, = ¢ye’(t)dt
0
Tich phan cla thdi gian nhan véi binh phuong sai 6.

¥
ISTAE: J, = ¢§|e(t) dt
0
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Tich phan ctia binh phuong thdi gian véi tri tuyét d6i bién do.
¥

ISTSE: J, = ¢y’ (t)dt
0

Tich phan ctia binh phuong thdi gian va binh phuong sai s6.

5.6.Pap ing qua d0 HTPK

5.6.1.Bi€n d6i Laplace ngugc: xem chuong 2, muc 2.1.
Thi du: Tim tin hiéu x(t) ¢c6 dnh Laplace

2522+133+17;b)x(s) _ S’ +58” +9s+7
S°+4s+3 (s+D(s+3)

5.6.2.Ma tran qua d6 (Ma tran chuyén trang thdi) va nghiém ctia phudng trinh
trang thdi. Xem chuong 2, muc 2.12

a)X(s) =

Thi du: Cho hé théng ¢6 ham truyén 1a
S
GO = a2
1.Thanh 1ap hé phuong trinh bi€n trang thdi mo tA hé théng trén.
2. Tinh ma tran qua do.
3.Tim dép tng clia hé thong khi tin hiéu vao 1a ham nic don vi (gid st diéu kién
diu bing 0).
Giai:

Thi du: Cho hé ¢6 ham truyén:
S+6
G()=————
) s +5s+4
Tim phudng trinh trang thai:
é0 1u éln
= +B=a C=[1 0], D=[0
5B = g C=[1 01.D0)

&4 -

Tim Ma trin qua do( ma tran chuyén trang thi )

Tim d4p ng cda hé thong khi tin hiéu vao 1a ham nic don vi (gia st diéu kién dau
bing 0).

5.6.3. Ham Matlab

Bién ddi Laplace ngudc. Lénh Matlab residue duge dung dé€ 13y bién ddi
Laplace ngudc clia ham truyén bing cach tim cdc hé s& clia m3 rong phan s&
tirng phan. M& rong phan sd tiing phan dudc gid thi€t cho & dang sau:
V- @ , 1@ 1@ ) o

s- p@d) s-p(2) s-pE s- p(n)
Thi du: Gid s& ching ta mudn tim hé s6 A, B, va C cda md rong phan s§ ting
phan sau:

Y(s) =

1 _A,B  C
(s+tD(s+2)(s+3) s+1 s+2 s+3
Lénh Matlab nhu sau:
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>>num=|[1]

num =

>>den=[1 6 11 6]
den =
1 6 11 6

>> [r,p,k]=residue(num,den)

0.5000
-1.0000
0.5000

-3.0000
-2.0000
-1.0000

k=

(1
M4 rong phan sd tirng phan dugc yéu cau la:
=05 1,05
s+l s+2 s+3
Bié&n d6i Laplace ngugc la:
y(t) =(0.5e" - & +0.5e*).1(t)

Bai tap
1. Cip cuc phifc lién hgp trong mit phang s dugc yéu cau ddp ¥ng cic chat
lugng khic nhau sau. V6i mdi trudng hop cu thé, vé mién trong mit phing
s ma cuc dugc dinh vi.
a)£>0,707 ©n>2 rad/sec (positive damping)
b) 0<&<0,707 ©n<2 rad/sec (positive damping)
¢) 20,5 1<on<5 rad/sec (positive damping)
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d) 0,5<£<0,707 n<5 rad/sec (positive and negative damping)
2.X4c dinh loai cia hé thdng hdi ti€p Am don vi sau ma ham truyén hd dugc cho

nhu sau.

2)G(s) = K
(1+s)(@+10s)(1+ 20s)

b) G(S) _ 10e 0,2s
(1+s)(@+10s)(1+ 20s)

¢) G(s) = ~ 10(s+D
S(s+5)(s+6)

4 G =, 100(s- 1) }
s°(s+5)(s+6)

3.Xdc dinh hiing s6 sai s6 ham nic, hAm ddc va ham parabol cia hé thong diéu
khién hdi ti€p Am don vi. Him truyén hé dudc cho.

a) G(s) = 1000
(1+01s)(1+10s)
b) G(8) =, 100
s(s” +10s+100)
0 G(s) = «
S(1+0,1s)(1+0,5s)
d) G(s) = 100

s?(s® +10s+100)

4.V6i hé hdi ti€p 4m don vi mo tad & bai 2, x4c dinh sai s& x4c 1ap cho ngd vao
ham nic, ham d6c va ham parabol. Ki€m tra tinh 8n dinh ctia hé trudc khi 4p dung
dinh 1i gid tri cudi.

5. Xét hé thdng hdi ti€p Am c6 sd d6 khdi nhu hinh vé:

RO~ Y g )

His  [|[«—
Ham truyén G(s) va H(s) dudgc cho. Tim sai s& xac 14p v6i ngd vao ham nic , ham
déc va ham parabol ((t2/2).u(t)). Kiém tra tinh 6n dinh ciia hé truée khi 4p dung

dinh 1i gi4 tri cudi.

_ . _ 1
a) G(S)_ (SZ+S+2)’H(S)_ S+1

_ 1 _
b) G(s)—S(S+5),H(s)—5

_ 1 . _s+l
¢ G(S)_sz(s+10)’|_|(s) s+5
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_ 1 _
d) G(s) _M’H(S) =5(s+2)

6. SO d6 khdi hé thdng diéu khi€n dugc cho nhu hinh sau.

100 -
<> “ Go(9)= 1+0,2s

% (s)

Tim hiing s6 sai s6 ham nic, hAm déc va ham parabol. Tin hiéu sai s6 dudc dinh
nghia e(t). Tim sai s6 xdc 1ap theo K va Kt khi ngd vao sau dugc 4p dung. Gid st

hé théng 14 8n dinh.
Ar(H=u(t) b)r(t)=tu(t) c)r(t)= (t*/2).u(t).

7. Pdp ting nic (unit-step response) clia hé thong diéu khién tuyén tinh dugc cho
& hinh sau. Tim ham truyén cda hé mo ta bac hai € mo hinh héa hé.

g:(t)
1,25
1 [N
i 5 4
0 001 "t (sec)

8. Hiy tim bi€u thitc d4p tng qui do clia cic hé thdng sau:
Pau vao 12 haim nic don vi r(t)=us(t)

_ s+3
aa) GO = i nise2)
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1
b) G(§) =~
)G = oo
s+1
©)G()=——+———+
S(s®+s+1)
+
d) G.(S):SS—Z2
(s+D(s+2)
9. Tim dédp ¥ng qua do cia hé thdng sau:
Aﬂiu é0 luéxu éu

PN

478 2 - dB el

‘%P
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Chuong 6 : THIET KE HE THONG PIEU KHIEN TU PONG
6.1. Khai niém vé hiéu chinh
+B0 hiéu chinh:
Cho G(s), H(s) va lap vong diéu khién theo nguyén 1i hdi ti€p am

R(s) +: g ) G C(s;)

E(
L His)  |«<—

Hinh 6.1
Cha't lugng phu thudc vao G(s), H(s). Mudn cdi thién ta thém Ge(s) va Hc(s)
vao vong diéu khién.

R(s) +: gl Gc(s) | G(9) C(s)

E(
L Hc(s)
Hinh 6.2

Gc(s), He(s) vé todn hoc 1 cdc ham truyén ctia bo hiéu chinh. Vé vat 1i, Ge(s),
Hc(s) 1a céc thi€t bi thyc hién bd hiéu chinh.

Gc(s)-bu mach thing.

Hc(s)-bu mach phan hdi.

+Tiéu chudn chat lugng:

-Sai s6 tinh bé.

-bBéap ttng nhanh (qué trinh qua d6 khong dugc kéo dai).
-On dinh (quan trong nhat).

+bic tinh logarith (Bode)

+Phuong phdp quy dao nghiém sd.

+ Céc trudng hgp:

1/Hé 6n dinh , d4p tng qud do tot, nhung sai 1éch tinh 16n.
2/Hé 6n dinh, sai s6 xdc 1ap nhd nhung d4p ng cham.
3/On dinh, sai s& x4c 1ap 16n , dap Gng cham.

+Céc phuong phép:

1.Bl sé6m pha.

2. B tré pha.

3. Bl sém-tré pha.

4.Bu ti 1€ vi phan tich phan.

-Bu gia lugng (ti 1€).

-Bu ti 1€ tich phan.

-Bu ti 1€ vi phén.

A

HES ||
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- Bu ti 1€ vi phan tich phéan.
C6 thé bl & nhanh thing hay phan hdi.
6.2. Thi€t k& dung phuong phap quy dao nghiém s6 (QDNS):
Nguyén tic thi€t k€ hé thong diéu khién tv dong diing phudng phap QPNS
12 dya vao phuong trinh dic tinh clia hé théng sau khi hiéu chinh.
1+G.(9)G(s) =0 (6-1)
Gc(s)G(s) =1
DG, (s)G(s) =- 180°
Ta cin chon thong s& clia bo diéu khién Ge(s) sao cho phuong trinh (6-1)
¢6 nghiém tai vi tri mong mudn.
6.2.1. Hiéu chinh s¢m pha
Ti€p cin quy dao nghiém dé& thi€t k& 12 rat manh khi cdc chi tieu dudc
cho & cic dai lugng thdi gian nhu 12 ti 1& suy gidm, tAn s6 khodng suy gidm tu
nhién, cyc vong kin mong mudn, do vot 16 cuc dai, thdi gian 1én, thdi gian x4c
lap.
Xem xét bai todn thi€t k€ ma trong d6 hé gdc hoic 1a khdng 6n dinh véi tat ci gid
tri clia d6 1gi hay 1a 6n dinh nhung tinh chdt dap @ng qui dd khong mong mudn.
Bai todn nay c6 thé dudc gidi bing cich thém bo bl mic ndi ti€p véi ham truyén
nhdnh thing.
Thi tuc thi€t k€ bd bl sém pha cho hé thdng dudc minh hoa & hinh 6.3
sau biing phudng phap quy dao nghiém s dugc phat bi€u nhu sau:

" i LN *A *A A N LN A
i biéu kién bién dd va dieu kién pha.
)

O Ge(9 G(9 59

A

Hinh 6.3

1. Tit chi tiéu chat lugng, x4c dinh vi tri mong mudn clia cyc hé vong kin.

2. Bing c4ch vé& quj dao nghiém sd ctia hé chua c6 b (hé gdc), xem xét viéc
chinh d6 lgi mot minh cé dat dude cuc vong kin hay khong. Néu khong,
tinh géc f . Géc nay dugc ciu tao bdi bd bu sém pha n€u quy dao nghiém
mdi 12 thong sudt vi tri mong mudn cho cdc cuc vong kin.

3. Gié st bo bu s6m pha ¢6 dang:

1

S+ —

Ts+1 T
G.(9=Kea—— =K, ——7—, O<oa<l 6-2

S+—

aT

trong d6 o va T dugc xdc dinh tir géc f . K¢ dude xdc dinh tir yéu ciu clia do
1gi vong hd.
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4. N&u hiing s6 sai sd tinh khong dugc chi ra, xdc dinh vi tri clia cuc va zero
clia bo bl s6m pha d€ ma bo bli sém pha s& déng gép géc cin thi€t f . N&u
khong c6 yéu cau ndo khac dudc dua vao hé thdng, hdy thi 1a gid tri clia
0.16n c6 thé c6. Gi4 tri 16n cida o din k&t qui 1a K, 16n mong mudn.

5. Xéc dinh @6 10i vong hé clia hé thong dugc bu tir diéu kién bién do.

Thi du: Thi€t k&€ khau hiéu chinh sém pha diung phuong ph4ap quj dao nghiém s6.
Cho hé thong diéu khién nhu hinh vé 6.4. Hay thi€t k&€ khau hiéu chinh Ge(s) d€
ddp ing qud do cla hé thong sau khi hi€u chinh thdéa: POT<20%; t4e<0,5 sec (tiéu

chuin 2%).

R(s + C(s

(s) »(O Gc(9) . 50 é )
s(s+5)
Hinh 6.4

Giai:
Vi yéu ciu thi€t k& cdi thién ddp dng qua do nén st dung khau hiéu chinh s6m
pha:

s+(1/aT)

7’(3. >

s+(1/T)

Budc 1: Xéc dinh cdp cuc quyét dinh.

Theo yéu cau thi€t k&, ta c6:
e 0

POT =expt- P *<o2p - P <ino2=-16
& J1-x% 5 J1-x?

1,95¢ >1- x> b 48*>1b x >0,45

Chon £=0,707.
=% cospv,>
XV 0,5xx

Chon on=15.

Vay ciip cuc quyét dinh la:

S, =-XV % jv |1-x? =-0,707x15+ j15|1- 0,707°

b s,=-105% j105

Bué6c 2: X4c dinh géc pha can b

Céch 1: dung cong thic dai s6

F’ =-180° +{arg[(- 105+ j10,5) - O] +arg[(- 10,5+ j10,5) - (- 5)]}

=-180° +7 arctanglelo’5 9 arc:tangéLo’5 &
T e-105g e- 5,5%

Ge(s) = Ke D

.t

pv,A>114

qd

=-180° +(135+117,6)
b F =726
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Céch 2: dung cong thitc hinh hoc
=-180° +(b, +b,)

=-180° +(135+117,6)

b F' =726°

Budc 3: xdc dinhcuc va zero cda khau hiéu chinh biing phuong phdp dudng phan
gidc.

-V&PA 1a phan gidc géc OPX.

-Vé& PB va PC sao cho APB= FZ,AI5C :':2 :

Piém B chinh 14 vi tri cuc va C 1a vi tri zero ctia khau hiéu chinh:
1o 1:-0c

T aT

Ap dung hé thitc lugng trong tam gidc ta suy ra:

_aPx F'0 . 2a35° 7260"
: Sn +

M2 "ok 2 2
OB=0P ———P=15 02812
. @Px F 0 . aa35° 726°
sin - T Sn =
é 2 2 g g
. a@Px F 0 . a135° 726°0
an - T an =
2 25 2 2 5
OC=0P _ P-15 =80
. @Px F'0 . 35" 726°0
anG——+—~ an X
2 25 g 2 2 5
s+8
P G.(s)=Kc S 28
Buéc 4: Tinh Kc.
G (9)G(9) . =
s+8 50
. =1
S+28 S(S+ 5) s=-10,5+j10,5
b | ~105+]105+8 50 _
©.105+j105+28 (- 10,5+ j10,5)(- 105+ j105+5)|
10,79x50
© 20,41x15x11,85
K. =6,7
Vay ham truyéncia khau hiéu chinh sém pha cin thi€t k€ 1a:
P Ge(9)= 67 S+8
+28

Nhian xét:

Thi du: Thi€t k&€ khau sém pha cho hé hdi ti€p Am don vi ¢6 ham truyén nhanh hé
12 G(s)=4/(s(s+2))

6.2.2. Hiéu chinh tré pha:
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Xem xét bai todn tim bd ba phi hgp cho trudng hgp hé trinh bay tinh chat
ddp dng qud do théa min nhung tinh chat sai s6 xdc 1ap khong thda man. Bo bu
trong trudng hop nay co ban gdm c6 su ting d6 1¢i vong hd ma khong thay d6i
ddng k€ tinh chit ddp ng qua do. Bai todn dugc gidi khi bo bu tré pha dugc mic
ndi ti€p véi ham truyén nhanh thing.

Tha tuc thi€t k&€ bd b tré pha cho hé & hinh 6.5 sau bing phuong phdp quy
dao nghiém s6 dugc phat bi€u nhu sau:

e Ge(9 G(9 S

A

Hinh 6.5

1. V& quy dao nghiém s6 ctia hé chua c6 bu ma c¢6 ham truyén vong hé 1a
G(s). Dua trén chi ti€u dap ng qua do, dinh vi cuc vong kin trén quy dao
nghi€ém.

2. Gia st ham truyén ctia bo bu c6 dang:

1
S+—
- Ts+1 _ T
G =K.b =K 6-3
S+—
bT

th& thi ham truyén vong hd clia hé c6 bu trd thanh Ge(s)G(s).

3. Pdnh gid hing s sai sd tinh cu thé dugc chira trong bai todn.

4. Xic dinh lugng ting trong hiing s6 sai sO tinh can thi€t théa man chi tiéu
thi€t k€.

5. Xéc dinh cyc va zero clia bo bil ma tao ra gia ting can thi€t trong hiing s§
sai sO tinh cu thé ma khong thay ddi dang k€ quy dao nghiém s& gdc (chi
y 1a ti s& cla gid tri d6 1gi yéu cau trong chi tiéu thi€t k€ va do 1gi tim ra
trong hé chua bu 1a ti s6 yéu cau giita khodng cich ctlia zero tir gdc va
khodng cédch clia cuc tir goc).

6. Vé quy dao nghiém s6 méi cho hé c6 bu. Pinh vi cuc vong kin mong
mudn trén quj dao nghiém (néu déng gép géc clia hé tré pha la rit nhd,
chi vai d, thi quy dao nghiém clia hé gbc va mdi l1a gidng nhau. Ngugc
lai s& c6 moat sy khdc biét giita ching. Khi dinh vi ,trén quy dao nghiém s&
mdi, cuc vong kin mong mudn dua trén chi tiéu ddp ¢ng qué do.

7. Biéu chinh d6 1gi kc clia bd bu tir diéu kién bién d6 d€ ma cuc vong kin
name & vi trf mong mudn. (K, s& 1a xdp xi bing 1).

Thi du: Thi€t k&€ khau hiéu chinh tré pha dung phuong phip QPNS
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Hiy thi€t k&€ khau hiéu chinh Gc(s) sao cho hé thdng c6 so d@6 khdi dusi nay sau
khi hiéu chinh c6 sai s6 d6i véi tin hiéu vao 12 ham ddc 1a 0,02 va dép dng qud do
thay ddi khong dang ké.

R(s) + Gc(9) 10 C(s)
— » — |—
) S(s+3)(s+4)
Hinh 6.6
Giai:
Hé s6 van téc clia hé thong trude khi hiéu chinh :
Ky =limsG(s) =lim sl—o =083
B0 ®0  g(s+3)(s+4)
Sai s6 xac I1ap ctia hé thdng khi tin hiéu vao 1a ham ddc la:
eXl = i = i = :L2
K, 083

Vi yéu cau thi€t k& 1a gidm sai s6 xdc 1ap nén st dung khau hiéu chinh tré pha:
+
G (9 =K. S &PD) iy <y
s+(1/T)
Budc 1: Tinh
Hé s& van toc cla hé sau khi hiéu chinh:
DS S
e, 002
K, _083
, 50
Budc 2: Chon zero cta khau hiéu chinh

C4c cuc cla hé thdng trude khi hiéu chinh 1a nghiém cda phudng trinh:

Dodé b = =0,017

1+ G(s)=0 U 1+$:o U s®+7s? +12s+10=0
s(s+30(s+4)
~1S,=-1%]
0 :,Sl,z J
T S=-9
Vay cip cuc quy€t dinh trude khi hiéu chinhla s, =-1+j.

1 1 _ 1 _
Chon bT sao cho: bT << \Re{sl}\ =1p T 01

Budc 3: Tinh cuc clda khiau hiéu chinh

1_pt. (0,017).(0.) b 1 0,0017
T bT T
s+01
b G.(s)=K. ~
c(8)=Ke s+0,0017
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Budc 4: Tinh KC
G (9)G(9) . =1
s+01 0 |

©$+00017 s(s+3)(s+4)_.
DPé& d4p ting qud d6 khong thay ddi ddng k& thi:
SI,z =5, =-1%
Thé vao cong thic trén ta dugc:
«  cl+j+ol 10

€ -1+ j+0,0017 (- 1+ j)(- 1+ j+3)(- 1+ j +4)
P K. =10042=1
Vay khau hiéu chinh tré pha cin thi€t k€ la:

s+01

9= 500017
Hinh vé& cho thdy QDNS cidia hé thdng tru6c va sau khi hiéu chinh tré pha gan nhu
tring nhau. Do vi tri cidp cuc phitc quyét dinh gan tring nhau nén d4p dng quéa do
clia hé thdng trudc va sau khi hiéu chinh gan nhu nhau.
Thi du: Thi€t k& khau sém pha cho hé hdi ti€p am don vi ¢6 ham truyén nhanh hé
la G(s)=1,06/(s(s+1)(s+2))

6.2.3. Hiéu chinh sém tré pha:

Ham truyén khau hiéu chinh sém tré pha can thi€t k&€ c¢6 dang:

Ge(8) = Gy (9) G, (9)

trong d6 Gci(s) 1a khau hiéu chinh s6m pha.

Gca(s) 1a khau hiéu chinh tré pha.

Bai todn ditra la thi€t k&€ GC(s) d€ cdi thién ddp tng qua d6 va sai s6 xdc 1ap
cia hé thong.

Trinh tu thi€t k€&

Khau hiéu chinh: sém tré pha.

Phuong phap thi€t ké: QDNS

Budc 1: Thi€t k&€ khau s6m pha Gei(s) d€ thda min yéu ciu vé& ddp tng quéd do
(xem phuong phép thi€t k€ khau hiéu chinh sém pha é muc 6.2.1).

Budc 2: Pat G,(s) =G, (9).G(s)

Thi€'t k& khau hiéu chinh tré pha Gea(s) mic ndi ti€p vao Gi(s) d€ thda min yéu
ciu vé sai s6 xdc lap ma khong thay d6i ddng k€ ddp tng qud do cia hé thong
sau khi d@ hiéu chinh s6m pha (xem phudng phédp thi€t k&€ khau hiéu chinh tré
pha ¢ muc 6.2.2).

Thi du: Thi€t k&€ khau hiéu chinh s6m tré pha dung phuong phap QDNS.

Hiy thi€t k&€ khau hiéu chinh G¢(s) sao cho hé thong sau khi hiéu chinh ¢6 cip cuc
phifc véi €=0,5, on=>5 (rad/sec); hé s6 van tdc Ky=80.
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R(S) + GC(S) - 4 C(Sl
s(s+0,5)
Hinh 6.7
Giai:
Pidp s6:
G. (9 = 631 (s+0,5)(s+0,16)
(s+5)(s+0,01

6.3 Hiéu chinh trong mién tan s : dung biéu d6 Bode
6.3.1.Hiéu chinh s¢m pha
Chitc ning chinh clia bo bu s6m pha 1a dinh hinh lai dudng cong ddp dng tan s&
dé cung cdp gbc sém pha di d€ chinh do 1éch géc tré pha qui k&t hgp véi thanh
phin clia hé cd dinh. Xem xét hé & hinh 6.8 sau.

o5 Ge(9 J 9

Hinh 6.8
Gia str chi tiéu chat lugng dugce cho & do du trit pha, do du trit bién, hiing sd sai s6
van tdc tinh Kv,... Thii tuc thi€t k& bd bl s6m pha bing ti€p cin ddp @ng tan s& c6
thé dugc phat bi€u nhu sau:
1. Gia st bo bu s6m pha c6 dang sau:

1
s+=
Ts+1
G.(s)=K_.a =K , O<oxl 6-4
S+
aT
binh nghia K.a =K
Thé thi
Ts+1
G.(s) =K
(9 aTs+1
Ham truyén vong hd clia hé b 1a:
Ts+1 Ts+1 Ts+1
G.(9)G(s) =K G(s) = KG(s) = G, (s
c (5)G(s) aTorl (s) ] (s) aTorl 1(9)

trong d6é Gi(s)=KG(s).
Xic dinh d6 1gi K d€ thda man yéu ciu vé& hiing s6 sai sd tinh cho trudc.

Ly thuyé&t Piéu khién ty dong-© Huynh Minh Ngoc

PDF created with pdfFactory Pro trial version www.pdffactory.com


http://www.pdffactory.com

175

2. Dung d6 1gi K vira xdc dinh, v& bi€u d6 Bode cia G,(jo), dd 1gi duoc
chinh nhung hé chua dugc bu. Panh gia d6 du trit pha.

3. Xic dinh géc sém pha cin thi€t d€ thém vao hé. Thém vio 5° d€n 12° vao
géc sém pha yéu ciu, bdi vi sy thém clia bd bi sém pha dich chuyén tin
s6 cit bién vé bén phai va gidm du trit pha.

4. Xac dinh hé s6 tdc dong a bing cdch dung cong thic

1-a
snf_=_2 =1-a
l1+a 1+a

2

Xac dinh tin s6 & d6 bién do clia hé chua c6 bu Gi(jw) Ia bing
- 20log(1/~/a) . Chon tin s6 nay nhu 13 tAn s cdt bién méi. TAn s6 nay tuong
tng v6iv  =1/(+/aT), va dich pha cuc dai ®m dién ra & tin s8 nay.

5.Xéc dinh tin s6 g6c clia by bu sém pha nhu sau:

AL 1
zero cua bd bu sém pha: v = T
y LA 1
cuc cua bd bu s6m pha: v =—
aT
6.Dung gid tri K x4c dinh & budc 1 va gia tri cda o x4c dinh & budc 4, tinh hiing
86 Kc tor
K
Ke=—
a

7.Ki€m tra dd du trit bién d€ ddm bido né thda min. N&u khong thda, lai thi
tuc thi€t k€ bing cdch chinh vi tri cuc va zero cda bo bu cho t6i khi k&t qua
théa man dat dudc.

Thi du: Xét hé hdi ti€p 4m don vi & hinh sau. Him truyén vong hg la
G(S) = 2;

s°(s+5)

Thi€t k& bd bt s6m pha mong mudn d€ do du trit pha it nhat 1a 50°, d6 du trit
bién it nhat 1a 10 db, bing thong mong mudn ctia hé vong kin I1a 1~2 rad/sec.

Thi du: Thi€t k& khau hiéu chinh s6ém pha diing phuong phap bi€u dd Bode.
Hiy thi€t k€ khau hiéu chinh sém pha sao cho hé thdng sau khi hiéu chinh c6:
K, =20;FM” 3 50°,GM"  10dB.

R(S)—"'> G C(S) - 4 C(Sl
s(s+2)

Hinh 6.9
Giai:
Ham truyén khau hiéu chinh sém pha cin thi€t k€ la:
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1+aTs
G.(s) = K¢ 1

Buéc 1: Xac dinh Kc.
Hé s& van toc cla hé sau khi hiéu chinh Ia:

@=>1)

+Ts '

. . . 1+aTs 4

K, =1limsG.(s)G(s) =limsK . =
Vv s®0 C() () s®0 C 1+TS S(S+2) C
b KC :&:@

2 2
P K. =10
Budéc 2:
it G,(s) =20

s(0,55+1)

bé thi Bode ciia G1(s):

Hinh 6.10: Biéu d6 Bode ctia hé théng tru6c va sau khi hiéu chinh sém pha.
Budc 3: Tan s6 cit ciia hé tru6e khi hiéu chinh

Gi(jv ) =1
40 10 40 _1
Ve(ive +2) Vv E+4

Ve+aZ-1600=0

U v, =6,17(rad/sec)

Budc 4: Do du trit pha ctia hé khi chua hiéu chinh.
FM =180° +j ,(v )
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40 &
P FM 180°+arg u =180° - e90°+arctan —<
&iv e (iv e +2)0 $2 %
b FM =180° - &90° a@ 1780 1800 - 007 - 72°
e

P FM =18°
Budc 5: G6c pha can ba

=FM'-FM+q (chon 0=5°)
=50° - 18° +5°

J e
[

P e =37°
Buéc 6: Tinh o
_1+sinj . 1+sin37°
" 1-snj ., 1-sin37°
P a=4
Budc 7: Tinh tin s6 cit mdi

Gy(jv o) =1/"a
40

1y 4 1
VAT v o)rea V4
U ()" +4(v .)*-6400=0

Vv . =883(rad/sec)

Bu6c 8: Tinh T

v

T= 1 _ 1
v.ia  (883)(V4)
P T =0,057

P aT =4x0,057 = 0,228

1+0,228s

1+0,057s

Budc 9: Ki€m tra lai diéu kién vé bién do

Vi tn s6 cidt pha vV __ truSc va sau khi hiéu chinh déu bing vo cling nén d6 du trif

Vay: G.(s) =10

-p
bién ctia hé trudc va sau khi hiéu chinh déu biing vo ciing (>10 dB)
K&t luan : khau hiéu chinh can thi€t k€ 12 c6 ham truyén nhu trén.

6.3.2.Hié¢u chinh tré pha
Ham truyén khau hiéu chinh tré pha can thi€t k&€ c6 dang:
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1
S+—
Ts+1
G.(s) =K.b = , b>1 6-5
e(9=Keb = Z =Ko, (b>]) (6:5)
S+ —
bT

Ctic ning chinh ctia b bl tré pha 1a cung cAp sy quan tAm trong viing tan sd cao
dé cho hé¢ du du trir pha. Thd tuc thi€t k€ bo bu tré pha cho hé & hinh 6.3.1
bing ti€p can ddp dng tAn s& dudc phat bi€u nhu sau:

1. Gia st bo b tré pha c6 dang sau:

1
S+
Ts+1 T
G.(s)=K_.b = , b>1
c(9=Keb =" =Ke T (b>D)
S+ —
bT
binh nghia K b =K
Thé€ thi
Ts+1
G.(s) =K
c(9 bTs+1
Ham truyén vong hd clia hé b 1a:
Ts+1 Ts+1 Ts+1
G.(9G(s) =K G(s) = KG(s) = G, (s
c(9G() bTs+1 (s bTs+1 (5 bTs+1 1(9)

trong d6é G(s)=KG(s).

Xac dinh d6 1gi K d€ thda man yéu ciu vé& hiing s6 sai sd tinh cho trudc.
2. Né&u d6 1¢i dugc diéu chinh nhung hé chua c6 bu Gi(s)=KG(s) khong théa diéu
kién vé dy trit pha va du trit bién, thi tim di€m tin s6 tai d6 géc pha cia ham
truyén vong hd bing -180° cong du trit pha yéu viu, trong d6 du trit pha yéu ciu la
du trit pha mong mudn thi€t k& cong thém 5° dén 12°.
j,vc)=-180°+FM" +q
trong d6 ®M* 12 do du trit pha mong mudn, 0=5" d&n 12°.
3.Pé€ trdnh dnh hudng cla tré pha vi vi bd bu tré pha, cuc va zero cla bd bu
tré pha phdi dugc dit ngay thAp hon tin sd cit bién méi. Vi vay, chon tan s&
g6c o=1/T (tuong &ng vdi zero clia bo bu tré pha) thdp hon 1 octave hay 1
decade tan sd cit bién méi. (n€u hing s6 thdi gian cda bd b tré pha khong
trd nén qua 16n, tan s& géc w=1/T c6 th€ dugc chon thdp hon 1 decade tin s&
cit bién mdi.)
4. Xac dinh sy quan tdm can thi€t &€ mang dudng cong bién b99 xudng 0 dB
tai tin sO cit bién mdi. Chd ¥ 1a sy quan tim nay 1a -20logP, x4c dinh gid tri
cda B. Thé thi tan s6 géc (tuong ng vSi cuc clia bo bl tré pha) dugc xac dinh
it w=1/(BT).
5.8 dung gié tri cia K dugc xdc dinh trong budc 1 va gié tri cia B xdc dinh
trong budc 4, tinh hiing s6 Kc tr

K.=—
S p

Thi du: Xét hé hdi ti€p 4m don vi & hinh sau:
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s+01

s?+1

Thi€t k& bo bu tré pha dé hiing sd sai s6 van toc tinh 12 4 sec™, do dif trit pha 1a
50°, dd dy trir bién la 10dB.

Cho ham truyén vong hd 1a G(s) =

Thi du: Thiét ké khau higu chinh tré pha diing phuong phép biéu d6 Bode
Hay thiét ké khau hiéu chinh tré pha sao cho hé théng sau khi hiéu chinh c6 :
K, =5fM" 3 40,GM" ? 10dB.

R(s + C(s
( ) _ Gc(s) > 1 #( )
S(s+1)(0.5s+1)
Hinh 6.11
Giai : ‘ o
Ham truyén khau hiéu chinh tré phacan thiét ké Ia:
_ 1+aTs
Ge(9 =Ko~ @ <D

Budc 1: Xac dinh Kc.
Hé s6 van toc ciahé sau khi hiéu chinh &

. s . + 1
Ky :IlmsGC(s)G(s):IlmsKC1 aTs. =K¢
s®0 s®0 1+Ts s(s+1)(0.5s+1)

P K. =K, b K. =5.

Buoc 2:

Ham truyéen hé G(s):

>> G1=tf(1,conv([1 1 0],[0.5 1]))

Transfer function:

1
05s"3+155M2+s
1
bat G, (s) = K.G(s) =5.
a 1( ) c ( ) S(S+1)(O,58+1)
b G()=— >
S(s+1)(0,5s+1)

Budc 3: X&c dinh tn s cat moi
Céch 1: Timv . bang phuong phép giai tich. Ta co:
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j,(v.)=-180°+FM" +q
p -90°- arctan(v ..) - arctan(0,5v ) =-180° +40° +5°
p arctan(v .) +arctan(0,5v ) = 45°

)+ (05 ()

1- 0,5(v ..)?

P 05V .)*+15Vv .)-1=0
P v . =0,56(rad/sec)
Céch 2: duavao biéu do Bode
Taco:
jivc)=-180"+FM’ +q
P j,Vv.)=-180"+40° +5
Pj,vc)=-135
V& duong thing cd hoanh do -135°. Hoanh d6 giao diém ciaa duong thing ndy véi
biéu d6 Bode vé pha j ,(v ) chinh la gia tri tan s cit méi. Theo hinh vé ta co
V . =0,5(rad/sec).

= tan(45°) =1

Buéc 4. .
Céach 1: Tinh a tir diéu kién:
g1
Guive) =
b 5 | _1
S(s+1)(05s+1)|_ .
5 1
j0,56(j0,56+1)(0,5x0,56+1)| a
5 1
= ==
0,56(,/0,567 +1)(,/0,28% +1) @
> 1pa-o013:

056x1,146x1,038  a
Céch 2: Tinh o tir diéu kién: L,(v ) =-20lga
Dya vao biéu d6 Bode tathiy : L, (v .) =18dB
Suy ra: Iga=-0,9

0=10°
o= 0,126 n

Tathdy giatri o sai khéc khong dang ké & hai cach. O céc budc thiét ké tiép theo ta
chon a=0,133.
Budgc 5: Chon zero caa khéu tré pha

EIPY . =056
aT
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1 _
Chon 57 =005

P aT =20 .
Budc 6: Tinh thoi hang T
1 =a i = 0,133x0,05 = 0,067
T aT
P T =150
Vay: G.(s) = S.M
(150s+1)
Budc 7: Kiémtralai diéu kién bién do
Dya vao biéu do Bode tathdy do dy trir bién sau khi hi¢u chinhla: GM =10 dB.
Két luan: Khau hi¢u chinh virathiet ké dat yéu cau ve do du trir bién.
6.3.3.Hi¢u chinh sém — tré pha
Bo Hiéu chinh sém tré pha dudc cho bdi

(6-6)

Thanh phan
& .10 & 0
ST 18Tse1l
¢ 17=2C12 =" (g>1) tao inh hudng ctia bd bl s6m pha
¢..,97 g¢l
S+— - QfS"‘lT
¢ hg €9 g
Thanh phan
895+T12 &eT,s+1 0
¢ 2 Fop@2STE 2 (b >1) tao 4nh hudng ctia bd bu tré pha.
6o+ 9 T bT,s+1g
& bT, 5
Ching ta hay cho b bu sém tré pha c¢6 dang
1 1
(T,s+1)(T,5+1) s+ )+ 1)
s
G () = Ke —* . =K bl f
~1s+1)(bT, +1 S+ )(s+-—
(b )(bT, +1) ( Tl)( bTZ)

trong d6 f>1.
Ta thi€t k€ bd b sém tré pha thong qua vi du sau.
Thi du: Xét hé hoi ti€p 4m don vi 6 ham truyén vong hd
G(s) = Kk
s(s+(s+2)
Thi€t k€ bd b sém tr& pha d€ hiing s6 sai s6 van téc tinh 1a 10 sec’, do du trit
pha la 500, d6 duy trit bién la 10 dB.
6.4.Hi¢u chinh PID
Hiéu chinh P, I, D, PD, PI, PID
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1/Luat diéu khién ti 1& P:
Phuong trinh vi phan mo ti quan hé tin hiéu vao ra ctia bo diéu khién:
y(t) = Ku(t) (6-7)
trong d6 y(t) 1a tin hiéu ra ctia bd diéu khién, u(t) 12 tin hiéu vao cia bo diéu
khién, Km 13 hé s6 khuéch dai cta bo diéu khién.
Theo tinh chdt clia khau khué€ch dai ta thdy tin hiéu ra ludn trung pha vdi tin
hiéu vao. Uu diém cta khau ti 16 1a t6c do tdc dong nhanh. Vi vay, trong
cong nghiép, quy luat ti 1& 1am viéc 6n dinh véi tit cd d6i tugng.
Ham truyén dat la:
_Y(s) _
G(s) = U =K, (6-8)
2/Luat diéu khién tich phan:
Phuong trinh vi phdn mo td dong hoc:

y(t) =K t(‘y(t )t = Tl 61@ )t (6-9)

trong d6 y(t) 1a tin hiéu ra ctia bd diéu khién, u(t) 13 tin hiéu vao cia bo diéu
khién, Tila hiing s& thdi gian tich phan.
Ham truyén dat la:
G(s) =791 (6-10)

U(s) T.s
3/Luat diéu khién vi phan:
Phuong trinh vi phAn mo td dong hoc:
U(t)=Td-@ (6-11)

dt

trong d6 U(t) 1a tin hiéu ra clia bd diéu khién, e(t) 12 tin hiéu vao cda bo diéu
khién, Td 12 hiing s6 thdi gian vi phan.
Ham truyén dat la:
G(s) :@ =T,.s (6-12)

E(s)
4/Luat didu khién ¢ 1& tich phan (PT)
Phuong trinh vi phan mo ti quan hé tin hiéu vao va ra clia b diéu khién:

U () = K,.e(t) + K, opt )t
° ) (6-13)
e 1 0
U(t) =K, Set) + = cpt )dt =
T 2

trong d6 U(t) 1a tin hiéu ra clia bd diéu khién, e(t) 1a tin hiéu vao cda bo diéu

2 ’ 7’ . K b ~ N, . z A
khi€én, Km=K1 1a h€ s6 khuéch dai, T, = K—l 12 hdang s6 thdi gian tich phan.
2
Ham truyén dat la:

_U@ 1
G(s) = S Km(1+ﬁ) (6-14)

5/Luat diéu khién € 1& vi phan:
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Phuong trinh vi phAn mo td dong hoc:

Ut) = K, e(t) + K,. de(t)
q (6-15)
Ut) =K, (et) +T, Zf’)

trong d6 U(t) 1a tin hiéu ra clia bd diéu khién, e(t) 1a tin hiéu vao cda bo diéu
2 K, ...\ e e
khién, T, = K—Z 12 hing s& thdi gian vi phan.
1
Ham truyén dat la:

G(s) :Lég: K,@+T,.9) (6-16)

6/Luat diéu khién ti 1& vi tich phan (PID):
Bo diéu khién PID dugc st dung rong rii d€ diéu khién ddi tudng SISO theo
nguyén li hdi ti€p nhu hinh 6.12:

R(s) + ~ et PID ba6i tugng C(9)
—> N .2 >
di€u khién

Hinh 6.12

Phuong trinh vi phdn mo td dong hoc:

Ut) =K, et) + Kzt(‘?(t )t + Ks-dz(tt)

(6-17)
0 U@ =K, cet) +—Oa(t )t +T, de(t)
ﬂ
trong d6 U(t) 1a tin hiéu ra clia bd diéu khién, e(t) 12 tin hiéu vao cda bo diéu
khién,
Km=K1 la hé s6 khuéch dai.
K,
T, = K— 12 hiing s6 thdi gian vi phan.
1
K, N
T, :K— 12 hiing s6 thdi gian tich phan.
2
Ham truyén dat la:
69 =" =k @+t +T,9 (6-18)

Es) " Ts

Cic phuong phép tdng hdp b diéu khién PID:
1/ Dung phuong phip quy dao nghiém s& hay biéu d6 bode, phuong phdp gidi tich:
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B6 diéu khién PID 13 trudng hgp cu thé clia khau sém tré pha nén ta c6 thé thi&t
k& diing phuong phap QPNS hay bi€u dd Bode, phuong phdp gidi tich.
Thi du 6_4_1: Xem xét md hinh bac hai clia hé thdng diéu khi€n hianh vi mdy bay
& hinh. Ham truyén nhanh thing ctia hé thong dudc cho bdi phuong trinh sau:
G(9)= 0K (6-19)

s(s+3612)
Ching ta hdy dit dic tinh yéu cau chit lugng nhu sau:
Sai s6 x4c l1ap doi v6i ngd vao ham dbc r(t)=t.1(t) £ 0,000443.
b6 vot 16 cuc daif 5%.
Thdi gian 1én t, £ 0,005 sec.
Thoi gian xdc lap t, £ 0,005 sec.
Giai:
Pé théa man gid tri cuc dai cia yéu cau sai s6 xdc 1ap chi ra, K nén chon la
181,17. Tuy nhién véi gid tri ndy cta K, ti 1& suy gidm cda hé 1a 0,2, d6 vot 16 cuc
dai 12 52,7 % nhu dugc minh hoa bdi ddp tng nic don vi (d4p ¢ng qui dd) & hinh.
Chiing ta hiy xem xét dua vio bo diéu khién PD & nhdnh thing dé ma sy suy
gidm vd vOt 16 cuc dai clia hé thong dudgc cdi thién trong khi van giit sai sd x4c
1ap v6ingd vao ham doc tai 0,000443.
Thié't k&€ mién thoi gian:
Vi bo diéu khién PD c6 dang (6-20)
GC(S):Kp+de:Kp(1+EdS) (6-20)

p

Va K=181,17, ham truyén nhénh thing ctia hé thong trd thanh:
Q,(s) 815265K , +K;s)

G(s) = = 6-21)
Q.(s) s(s+3612)
Ham truyén vong kin 1a:
S 815265(K +K_ s
Gk(S)=Qy()= . AK, +Kq9) (6-22)
Q.(5) s +(3612+815265K )5 +815265K ,
Hing s6 sai s6 ham doc (hé s6 van tdc) 1a
_ 815265K |
K, =limsG(s) =—_ ——— =22571K (6-23)
s® 0 361,2

Sai s0 xdc 14p d6i v6i ngd vao ham ddcdonvila e, = Kl =0,000443/ K, .
Phuong trinh (6-22) chitng minh ring 4nh hudng ctia b diéu khién PD 1a
1. Thém mot sero tai s=- K /K, t6i ham truyén vong kin.
2. ting thanh phin suy gidm, ma 13 hé sd clia thanh phin s & miu s&, tr
361,2 1€n 361,2_815265K,.
Phuong trinh dic tinh dugc viét:

s® +(361,2+815265K ,)s +815265K , =0 (6-24)
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Chiing ta cho K,=1 ma chdp nhan dudc tif yéu ciu sai s§ xdc 1ap. T 1€ suy gidm
cua hé 1a

 _361,2+815265K,

1805,84

ma rd rang minh hoa ring dnh hudng tich cuc dén sy suy gidm. N€u ching ta
mudn ¢ suy gidm manh z =1, phuong trinh (7) (6-25)cho ra K4=0,001772. Chiing
ta nén chi ra riing phuong trinh (6-21)khong con thé hién hé bac hai miu nita, vi
ddp ¢ng qud do ciing bi 4nh hudng bdi zero cla ham truyén tai s=-K_ /K.

=0,2+45146K, (6-25)

Diéy nay din t6i cho hé bac hai nay, khi gid tri cia Kd ting 1én, zero s& di
chuyén rat gan géc va dnh hudng triét tiéu cuc cia G(s) tai s=0. Thé thi, khi Kd
ting, ham truyén (6-21) ti€n d&€n hé bac nhit vdi cuc & s=-361,2 va hé thong
vong kin s& khong c6 bat ki vot 16. Téng quat, d&i véi hé bac cao, tuy nhién zero
tai s=-K_ /K, c6 thé€ 1am ting vot 16 khi Kd trd nén qué I6n.

Chiing ta c6 thé 4p dung phuong phdp quy dao nghiém sé t6i phuong trinh
dic tinh (6-24) va xem xét dnh hudng cia thay ddi Kp va Kd. PAu tién cho Kd=0,
phuong trinh (6)(6-24) trd thanh:

s® +361,2s+815265K , =0 (6-26)

Quy dao nghiém s& ciia phuong trinh cudi khi Kp thay d6i tir 0 dén oo dugc
minh hoa & hinh 6.13:

v
Kp=1— Kp  —1j884,67
Mit phing s
A
K\p=0 Kp=0
X <
-361,2 0 re
-180,6 y
Kp=1 fp -j884,67
o0
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Hinh 6.13: Quy dao nghiém s& clia phudng trinh (6-26)
Khi Kd#0, phuong trinh dic tinh trong (6-24) dugc diéu kién nhu sau
815265K ;s _
s? +361,2s+815265K o

Qu¥ dao nghiém ctlia (6-24) véi Kp=khong ddi va Kd thay ddi dugc ciu tric dua
trén ciu hinh cuc —zero clia Geq(s), va dugc minh hoa & hinh 6.14 v6i Kp=0,25 va
Kp=1. Chiing ta thdy ring khi Kp=1 va Kd=0, nghiém phuong trinh dic trung la
tai -180,6+j884,67 va -180,6-j884,67, va ti 1€ suy gidm cta hé vong kin 1a 0,2. Khi
gia tri Kd ting Ién, hai nghiém cla phuong trinh dic tinh s& di chuyén huéng vé
truc thyc doc theo dudng cung tron. Khi Kd ting d&én 0,00177, nghiém la s& thuc
va bing tai -902,92 va sy suy gidm I1a manh nhat. Khi Kd ting qua 0,00177, hai
nghiém tr§ nén thyc va khong bing nhau va hé 12 qud suy gidm (overdamped).
Khi Kp=0,25 va Kd=0, hai nghiém cia phudng trinh dic tinh la tai -180,6+j413,76
va -180,6-j413,76. Khi Kd ting 1&én vé gid tri, quy dao nghiém lai chitng minh suy
gidm dudc cai thién vi bo diéu khién PD. Hinh 6.15 minh hoa dap ng nic don vi
(ddp ng quéa dd) clia hé vong kin vdi khong c6 diéu khi€n PD va véi Kp=1 va
Kd=0,00177 (c6 diéu khi€n PD). Véi diéu khi€n PD, vot 16 cuc dai la 4,2 %. Trong
trudng hop hién tai, mic dit Kd dude chon cho suy gidm manh, vot 16 vi zero tai
s=-K, /K, cla ham h¢ vong kin. Bdng 1 cho két qua vé dod vot 16 cuc dai, thdi

gian 1én, va thdi gian xac 1ap d6i véi Kp=1, Kd=0;0,0005;0,00177 va 0,0025. K&t
qui & bang 1 minh hoa riing yéu ciu chit lugng thi€t k& 1a tat cd théa min véi
K, 2 0,00177. Chiing ta nén nhé ring Kd chi nén di 16n dé€ théa yéu ciu chat
lugng thi€t k€. Kd 16n twong ¥ng véi bing thong BW 16n, ma giy ra bai toan
nhiu tan s6 cao va c6 sy quan tAm ctia gid tri tu dién trong hién thuc mach Op-
Amp.

K&t luan tdng quat 1a bo diéu khién PD lam gidm vot 16 cuc dai, thdi gian 1én va
thdi gian xdc lap.

Mot cdch phan tich khdc vé nghién citu 4nh hudng cda tham s6 Kp va Kd 1a danh
gid dic tinh chit lugng trong mit tham s& cda Kp va Kd. Ti phuong trinh dic
trung (6-24), ta cé
_ _02+45146K,

K,

Ap dung yéu ciu 8n dinh t6i phuong trinh (6-24) chiing ta thiy ring diéu kién cho
hé &n dinh I

K, >0 va K, >-0,000443.

Hinh H6.14: Quy dao nghiém s6 cua phuong trinh (6-24) khi Kp=0,25 va 1; Kd
thay ddi.

Hinh H6.15: Pap tng nic don vi clia hé thdng diéu khién hanh vi mdy bay vdi
khong c6 diéu khién PD va véi ¢6 diéu khién PD.

1+Gy (s) =1+ (6-27)

(6-28)
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Bing 1

Dic tinh clia ddp ing qud dd clia hé thong trong thi du v6i b diéu khién PD.

Kd t(sec) ty (sec) Vot 16 cuc dai (%)
0 0,00125 0,0151 52,2

0,0005 0,0076 0,0076 25,7

0,00177 0,00119 0,0049 4,2

0,0025 0,00103 0,0013 0,7

Hinh 6.16: Mit phing tham s& Kp va Kd cho hé thong diéu khi€n hanh vi mdy bay
v6i bd diéu khién PD.

Cdc bi chian (rang budc) cia su 6n dinh trong mit tham s6 Kp va Kd dudc minh
hoa & hinh 6.16. Quy dao ti 1& suy gidm hiing s6 dugc md td trong phudng trinh
(10)(6-28) va la dudng parabol. Hinh 6.16 minh hoa quy dao z hing sd véi
z =0,50,707 va 1. Hé s6 van t6c Kv dugc cho bdi phuong trinh (5)(6-23) ma md
t4 dudng nim ngang trong mit phdng tham s6 , nhu minh hoa & hinh 6.16. Hinh
ndy cho biic tranh rd rang 1am thé nao gid tri Kp va Kd 4nh hudng tiéu chuin chit
lugng khic nhau ctia hé thong. Ching han, néu Kv bing 2257,1, tuong tng vSi
Kp=1, quj dao z hiing s6 minh hoa ring sy suy gidm la ting clung vdi su ting
trong Kd. Phin giao gitta quy dao Kv va qu§ dao z cho gia tri ctia Kd v6i Kv va
Z mong mudn.

Thi€t k& mién tan so:

BAy gid ching ta hiy thyc hién viéc thi€t k€ bo diéu khi€n PD trong mién tin so.
Hinh 6.17 minh hoa bi€u d Bode ctia G(s) trong phuong trinh (6-21) véi Kp=1 va
Kd=0. Dv trit pha cia hé chua c6 bu 1a 22,68" va dinh cdong hudng Mp=2,522. Gia
tri tudng ng t6i hé bi suy gidm nhe. Chiing ta hiy cho tiéu chuin chat lugng thiét
k€ sau:

Sai s6 x4c lap d6i v6i ngd vao ham dbc r(t)=t.1(t) £ 0,000443.

D6 dy trit pha 3 80°

binh cong hudng M ; £1,05

Bing thong BW £ 2000(rad / s)

Biéu dd Bode cia G(s) véi Kp=1, Kd=0; 0,0005; 0,00177; 0,0025 dugc minh hoa &
hinh 6.17. C4c do ludng chit lugng trong mién tan s6 cho hé di dugc bu vdi
nhitng tham s& bo diéu khi€n dugc ghi lai § Bang 2, cling v6i dic tinh mién thsi
gian d€ so sianh. Bi€u dd Bode ciing nhu dif liéu chat lugng thi€t k€ dudc tao ra
bing cdch dung cong cu Matlab (dung sisotool/hay ACSYS). Dung thanh phin
ACSYS controls d€ tao ra két qua & bang 2.

815265(K , + K ;9)

Hinh 6.17: Biéu d6 Bode cho G(S) =
s(s+3612)
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Bang 2 :Pic tinh mién tin s6 ctia hé trong thi du 6.4_1 v6i bd diéu khién PD

Kd GM(dB) | PM(d96) | Gain BW M, t(sec) | tu(sec) | B§
CcO (rad/s) vot 16
(rad/s) cuc
dai
(%)
0 00 22,68 868 1370 2,522 | 0,00125 | 0,0151 | 52,2
0,0005 | 46,2 913,5 | 1326 1,381 | 0,0076 | 0,0076 | 25,7
0,00177 | © 82,92 1502 1669 1,025 | 0,00119 | 0,0049 | 4,2
0,0025 | 88,95 2046 2083 1 0,00103 | 0,0013 | 0,7

K&t qua & bang 2 chitng minh ring d6 dy trit bién d6 1a ludén vo han, va vi th€ &n
dinh twong ddi dugc do ludng bdi do dy trit pha. Pay 1a mot vi du & d6 do du trit
bién do khong 132 mot do ludng c¢6 dnh hudng dén su dn dinh tuong d6i cda hé
thong. Khi Kd=0,00177, ma tuong &ng tSi suy gidm manh, dy trit pha la 82,92°,
dinh cong huéng Mp=1,025 va bing thong BW=1669 rad/s. Yéu ciu chit lugng
thi€t k& 1a tat cA dudc théa min. Cac dnh hudng khdc clia diéu khién PD la bing
thong BW va tin sd cit bién Ia ting 1én. Tan s& cit pha I1a ludn vo han trong
trudng hgp nay.
Thi du 6.4_2: Cho hé théng diéu khién nhu hinh v&:

Ris) + Cis)
’ ’| Gerp(s) . 100
- 5% +10s+100

Xé&dinhthongsé cuab¢diéukhiénPIDsaochoh¢ thongthoamany
éucau:
-H ¢ cocapnghi émphtc véix=05v , =8 .
-H ¢ s6 vantédc :Ky=100.
Papanla:
a GplD(s):12,64+@ +154s
Q

<

Thi du 6.4_3: Hé thong diéu khién vdi bd diéu khién PD cho & hinh sau.

R(s) + Ky +Kys 100 cE
s(s+10)

a)Tim gid tri ctia Kp va Kp d€ hiing s& sai s6 van tdc Ky=1000 va ti 1& suy gidm la
0,5.
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Giai :
Phuong trinh dic trung :
1+G.(5)G(s) =0
100 -0
s(s+10)
U s(s+10)+100.(K, +K,.5) =0
U s®+(10+100K,)s+100K, =0
Dang tdng quit cia phuong trinh dic trung 1a :
sSf+2xv ,s+v 2=0

DPong nhit hai vé ta ¢6 :

U 1+(K, +K,.9).

v , =10+100K (6-29)
v 2 =100K o (6-30)
Hé s van toc sau khi hiéu chinh K =1000
K. =lims(K, +K,9. 20 ~10K =1000
s®0 s(s+10) P
P K, =100
Tt (2)(6-30) suy ra :
v 2= 100K, =100" 100 =10000
P v =100(rad/s)
Tt (1)(6-29) suy ra :
2v,-10 _205100-10 _ o

‘ 100 100
Vay bo diéu khién PD 12 :
Gpp(s)=100+0,9s

2/Phuong phap Ziegler-Nichols

Phuong phdp Ziegler-Nichols 13 phuong phdp thuc nghiém dé thi€t k& bd
diéu khién P, PI hoic PID bing cich dua vao ddp wng qud do cia doi tudng
diéu khién. Bd diéu khi€n PID cin thi€t k& c6 ham truyén la:
G.(9 =K, +KS'+ K,s= KP§1+TI18+TDs§ 6-31)
Ziegler va Nichols dua ra cich chon thong s§ bo diéu khi€n PID tiy theo dic
diém cta ddi tuong.
Céch 1: Dya vao ddp tng qui dd ctia hé hd, 4p dung cho cdc doi tugng c6 dap
tng d6i v6i tin hiéu vao 12 hAim nic c¢6 dang chit S nhu hinh 6.10, vi du nhu
nhiét do 10 nhiét, tdc do dong co.

Mot hé c6 ddp tng ndc nhu hinh 6.18 ¢6 thé duge xap xi bdi ham sau:

R(t)= 1(t)——»| DOi > (1)
tugng
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Ham truyén

G9="0= K ge
U(s) 1+sT

v6i K 12 d6 1gi tinh, L 12 tri hodn thdi gian va T 14 hiing s6 thdi gian..

y
k
0
L T t
Hinh 6.18
Ziegler-Nichol dé nghi thiét 1ap gid tri Kp, Ti, Td theo cong thirc & bang 6.1
Bang 6.1
B diéu khién K, T) To
p T/L o0 0
PI 0,9T/L L/0,3 0
PID 1,2T/L 2L 0,5L

Pép ttng trén thudng dic trung cho 10 nhiét hay diéu khién mic, ddp ng hé kin
¢6 vot 16 v6i hé s6 dém khoéng 0,2.
Chi y 12 bo diéu khién PID dudc chinh theo cich 1 clia luat Ziegler-Nichol cho ta

1 T 1
G.(s)=K A1+—+T,8)=12—(1+—+05Ls
c(8) =K, ( Ts 4S) lL( s )
(s+1)?
:O’6L7L

q

Nhu vay bd diéu khién PID c6 cuc & gdc va zero kép tai s=-1/L.
Thi du: Hiy thi€t k&€ bd diéu khién PID diéu khién nhiét do 10 siy, biét dic tinh
qua do cda 10 sdy thu dugc tit thue nghiém cé dang nhu sau:
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C(°C
150
8 24 t(min)
Giai :
Dya vao dép tng qud dd thuc nghi€m ta c6 :
K=150

L=8 min=480 sec.
T=24 min=1440 sec.
Chon théng s6 bo diéu khién PID theo phudng phip Ziegler-Nichols :

1440
2— =12-~——-=36
=t L 480
T =2L= 2x480 = 960sec

T, =0,5L = 0,5x480 = 240sec

1 0 o)
Do d6 : Gpp (s) = Kpl+ — +Tysz=3,6¢L+ + 240s+
(9= Kol o+ Tosz=36lr 0+ 2405
. . 150
Ham truyén 10 nhiét xap xi: G(s) = >
(480s +1)(1440s+1)

Thi du: Xét doi tugng 12 dong cd c¢6 ham qud dd trong hinh. Tir hAm qué do ta c6
dugc k=3, L=0,75, T=3. Chon b6 diéu khién PID vdi cdc tham sé:
12T ],2 3

k, =—"— =48
L 0,75

T, =2L=20,75=15
T, =L/2=075/2=0375

Céch 2: dya vao dap ttng qud do cta hé kin, 4p dung cho céc d6i tugng cé khau
tich phan li twéng nhu myc chit 16ng trong bdn chia, vi tri hé truyén dong diung
dong cd,..Trong phuong phdp thit hai, dau tién chiing ta cho Ti=oo, Td=0. Chi st
dung hanh dong diéu khién ti 1¢ nhu & hinh 6.19a. Tang dan hé s6 khuéch dai Kp
dén gid tri Kgy, tai d6 ddp ng ra cla hé kin & trang thdi x4c 1ap 1a dao dong &n
dinh vé6i chu ki Tgy (NEu ngd ra khong trinh dién dao dong 6n dinh vdi bat ki gid
tri nao cia Kp, thé€ thi phuong phdp nay khong ap dung dugc).
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M) PG o)
- Ky bt > tugng g
Hinh 6.19a
C(t)
<>
: \/ \/ | |
Hinh 6.19b

Nhu vay do 1¢i t6i han Kgh va chu ki tuong tng Tgh dugc xdc dinh béing thuc
nghiém (xem hinh 6.19b). Niegler-Nichols dé nghi ring chiing ta chon tap gi4 tri
Kp, Ti, Td theo cong thic & bang 6.2.

Bang 6.2
Kp T, Tp
P 0,5K oh 0
PI 0,45K iTgh
1,
PID 0,6K, 0,91y, 0,125T,

Chi y 1a bo diéu khién PID dudc chinh theo phuong phép thi hai clia luat
Ziegler-Nichols cho

1 1
G.(s) = Kp(1+?S+TdS) =0,6K,, 1+ 05T

i ’ ghS

+0125T,,5)

4
(s+—)°

— gh

= 0075K Ty, — % —

<
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Nhu vay bd diéu khién PID c6 cuc & gdc va zero kép tai s=-4/Tgp.

6.5. Hiéu chinh dua vao dic tinh qua do chuin
Phuong phdp nay dua vao tich phan gid tri tuyét d6i cla sai s6. Phuong phdp nay
goi la ITAE. Xem chuong 5, muc 5.5.

6.6. Hi¢u chinh trong mién thgi gian : Thié't k& hé thong diéu khién héi tiép
trang thai
Tinh diéu khié€n dugc cia hé thdng diéu khién:
Tinh diéu khién dudc 1an diu tién dugc gidi thiéu bdi Kalman déng vai tro
quan trong trong ca khia canh ly thuyét va thuc hanh ctia diéu hién hién dai.
Piéu kién vé tinh diéu khién dudc va quan sat dugc ki€m sodt chi yéu su tdn
tai nghiém tdi bai toan diéu khién t&i uu.
Sd @6 khdi & hinh 6.20 minh hoa dong co nghién ciu tinh diéu khién dugc va
quan sat dugc. Hinh 6.20a minh hoa hé thong véi qué trinh dong dudc mo ta
bdi:

d’(;(tt) = AX(t) + Bu(t) (6-32)
y(t) = Cx(t)
Hé thong vong kin dugc tao bdi hdi ti€p bién trang thdi thong qua ma tran do
1¢i hiing s6 K. Nhu vay tir hinh 6.20

u(t) = - Kx(t) +r(t) (6-33)
thay (6-33) vao (6-32) ta dugc:
dx(t)

at = AX(t) + B(- Kx(t) +r(t))

RO_ZOMI S gty = Ax(t) + Bugt) > X0

Hinh 6.20A

R(t) +: 8O 20 = Ax) + Bu) P ¢ L y(0)

K le—1]B0 |e— |
quan

sat
Hinh 6.20B
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Hay la
Trong @6 K 1a 13 ma trin hdi ti€p pxn véi cdc phan ti hiing s6. Hé thong vong
kin dugc mo ta bdi:

ax(t

d(t) = (A- BK)X(t) + Br(t) (6-34)
Bai todn nay ciing dudc bi€t dén 1a thi€t k& dit cuc thong qua hdi ti€p trang
th4i. Muc tiéu thi€t k& trong trudng hgp nay 12 im ma trin hdi ti€p K d€ ma
tri riéng cia (A-BK) hay clia vong kin 12 c¢6 gid tri md ta cu thé. Tir cuc &
day 1a cuc cia ham truyén hé thdng vong kin, ma cling 1a tri riéng cda (A-BK).
Dinh nghia vé tinh diéu khi€n dugc trang thai:
Xét hé thdng tuyén tinh bat bi€n theo thdi gian dugc md td bdi phuong trinh

dong:
d)(;it) = Ax(t) + Bu(t) (6-35)
y(t) = Cx(t) + Du(t) (6-36)

trong d6 x(t) 1a vectd trang thai nx1, u(t) 1a vecto vao rx1, y(t) la vectd ngd ra
pxl.A,B,CvaDIa cdché s§ c6 chiéu phu hgp.
Trang thi x(t) dugc goi la diéu khi€n dugc tai t=t0 néu ton tai mot ngd vio
lién tuc u(t) ma 1ai trang thdi t6i bat ki trang th4i cudi x(t) trong thdi gian hitu
han (t; - t,) 3 0. N€u mdi trang thdi x(t0) cia hé 1a di€u khién dugc trong
khodng thsi gian hitu han, thi hé théng dugc goi 1a diéu khién dudc trang thai
hoan toan hay don gian la diéu khién dugc.
Pinh 1i 1: B hé dudc md td bdi phuong trinh trang thai (66-4)(6-35) 1a diéu
khién dudc trang thdi hoin toan, diéu kién cAn va dd 12 ma trin diéu khién
dugc nxnr ¢6 hang bing n:
S=[B AB A’B .. A"'B| (6-37)
Vi ma trin A vd B 1a bao gdm, tninh thodng chiing ta néi ring cip [A,B] la
diéu khién dugc, ma 4m chi ring S ¢6 hang 13 n, Rank(S)=n.
Chitng minh dinh 1i nay nim trong gido trinh vé hé thong diéu khién t&i vu.
Thi du: Xét hé cé phuong trinh trang thai dang (6-35) va (6-36):

(i} 2 1lu élu

= “B=5;C=[l 0
T
Ma trdn S:
el - 2u
S=|B AB|=a ¢
© 2l of

12 ki di . Hé khong diéu khién dugc.

Tinh quan sat dugc ctia hé thong tuyén tinh:

Cho hé tuyé€n tinh bat bi€n theo thdi gian ma dude md tA bdi phuong trinh dong
hoc (6-35) va (6-36), trang thai x(t0) dugc goi la quan st dudc néu cho trudc
ba't ki ngd vao u(t), ton tai thdi gian cudi t, 3 t, d€ ma tri thic cda u(t) véi
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t, £t <t,, ma tran A, B, C vd D va ngd ra y(t) v6i t, £t <t, l1a di dé€ xdc
dinh x(t0). N&u mdi trang thdi cia hé 13 quan sit dudc vdi thdi gian hitu han
tr, thi chiing ta n6i ring hé théng 1a quan sit dugc hoan toan hay don gidn 1a
quan sit dudc.

Pinh li : P& hé thdng dugc mo ta bdi phuong trinh (66-4)(6-35) va (66-5)(6-36)
12 quan sit dugc hoan toan, thi diéu khién cin va dd 13 ma trin quan sit dugc
nxnp c6 hang la n:

¢ Cu
e u
a CA g
V = 6CA? (6-38)
& 0
8CA™'H

D(iéu kién ciing chi ra cip [A,C] 1a quan sit dugc. Cu thé, néu hé chi c6 mot
ngd ra, C 1a ma trin hang 1xn; V 12 ma trin vudng nxn. Th€ thi hé thong la
quan sit dudc hoan toan néu V khong ki di.
Thi du: Xét hé cé phuong trinh trang thai dang (6-35) va (6-36):

&2 Ou_ &

A= g “B=a3C=[1 0
fo -1 et o
Ma trdn V:

_ecu_a o
"R o

l1a ki di nén cdp [A,C] khdng quan sat dugc. HEé khdng quan sat dudc.

Vv

Piéu khién héi tiép trang thdi

Phan chinh ctia ky thuat thi€t k& trong diéu khién hién dai la dua trén ciu hinh
hdi ti€p trang thai. Nghia 13, thay cho ding bo diéu khi€n véi cau hinh c&
dinh & nhédnh thing hay nhdnh hdi ti€p, viéc diéu khién dugc thyc hién bing
hdi ti€p bi€n trang thii thong qua d6 1gi hiing s& thuc. Sd dd khdi dudc minh
hoa & hinh 6.21.

RO 3~ u® Lo a0 + B 128 : ®

Hinh 6.21
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Thiét k&€ hé thong hdi ti€p trang thdi 1a chon vector hdi ti€p trang thdi K sao
cho hé théng kin mo t bdi bi€u thitc (6-42) thda man yéu cau chat lugng mong
mudn.

Thié't k& phan bd cuc (dit cyc) dung héi ti€p trang thdi
Khi quy dao nghiém dugc ding cho thi€'t k& hé thong diéu khi€n, mot ti€p can
t6ng quit c6 thé duge mod ta 1a dit cuc (pole placement): cuc & day 1a chi tdi
cyc ciia ham truyén hé vong kin, ma ciing 12 nghiém clia phuong trinh dic
trung. Hi€u méi quan hé gitta cyc vong kin va chit lugng hé théng, chiing ta
c6 thé thyc hién thi€t k& hiéu qua biing cich chi ra vi tri ciia nhitng cuc nay.
Mot cau hdi tu nhién 1a: dudi diéu kién nio nhitng cuc nay cé thé dudc dit
duy nhit? Pay 1a tv tudng thi€t k& hoan toan mdi va rd 1a ¢ thé dugc thuc
hién dudi mot s6 diéu kién.
Pé€ nghién citu diéu kién yéu cdu cho dit cuc duy nhét trong hé bac n, chiing
ta xét d6i tugng diéu khién duge md ta bdi phuong trinh trang thdi:
Phuong trinh trang thai:
k(t) = Ax(t) + Bu(t) (6-39)
y(t)=C.x(t) +Du(t) (6-40)
trong d6 x(t) 1 vectd trang thdi nx1, u(t) 1a tin hiéu diéu khién.

Luat didu khién hdi tiép trang thai 1: u(t) = - Kx(t) +r(t) (6-41)

Thay (6-41) vao (6-39), Khi d6 hé vong kin dugc thé€ hién bdi phuong trinh
trang thai la

dx(t)

S (A- BK)x(t) +Br(t) (6-42)

R6 rang 1a néu cip [A,B] 1a hoan toan diéu khién dugc (tdc 1a hé (6-39)hoan toan
diéu khién dudc) thi ton tai ma trin K ma c6 thé cho mot tip duy nhat tri riéng
cia (A-BK) ; nghia 1a n nghi€m ctia phuong trinh dic trung

sl - A+BK|=0 (6-43)
c6 thé€ dugc dit duy nhat.
Phudng phdp chon vector hdi ti€p trang thdi K d€ phuong trinh dic tinh (6-43) c6
nghiém tai vi tri mong mudn goi 1a phuong phdap phan bd cuc hay dit cuc (pole
placement).

Né&u hé (6-39)la diéu khién dudc hoan toan, thi hé ludn dugc bi€u dién & dang
chuén diéu khi€n dugc nhu sau :

€0 1 0 .. 0 u éou

é &40

a0 0 1 .. 0 g 204
A=é. . . . . uB=é.u (6-44)

e u e.u

g0 0 0 . 1y &

8‘ aQ - -a . - an—lH ng

Ma trin do 1oi hdi ti€p K dugc bidu dién 1a :
K=[k k .. k] (6-45)

Ly thuyé&t Piéu khién ty dong-© Huynh Minh Ngoc

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com

197

trong d6 k1, k2, k3,...,kn 12 hiing s thuc. Khi d6

é 0 1 0 0 u

é U

& 0 0 1 0 i
A-BK=8& . , , , .0 (6-46)

e u

<:a 0 0 0 1 u

g'ao'kl 'ai'kz 'az'ks 'an-l'an

Tririéng ciia A-BK (nghia 1a cdc cuc) dugc tim ra tir phuong trinh dic trung sau :
sl - (A- BK) =s"+(a,., +k,)s"" + (@, , +K,.,)s"? +..+(a, +k) =0 (6-47)
RO rang 1a, cdc tri riéng c6 thé dudc gdn duy nhat vi d6 1gi hdi tié’p k1, k2, .., kn
1a tach biét trong mdi hé sd cla phuong trinh dic trung.
Thi du : Cho ddi tugng diéu khi€n mo ta bdi hé phuong trinh trang thai :
k(t) = Ax(t) + Bu(t)
y(t)=C.x(t)+Du(t)
€0 1 0u &
trongds A=g0 0 1zB=3;C=[0 0 1]
g4 -7 -3 &
Hay x4c dinh luit diéu khién u(t)=r(t)-Kx(t) sao cho hé thdng kin cé cip cuc phifc
v6i £€=0,6 ;on=10 va cuc thit ba 1a cyc thyc tai -10.
Giai :
Phuong trinh dic tinh ciia hé hdi ti€p trang thdi 1a :
Det[sI-A+BK]=0

@€ 0 0u €0 1 Ou o 9
O detcsd 1 03-g0 0 1+@3Jk k, k]+=0
$€0 0 1§ g4 -7 -39 @y p

@ -1 00 é0 0 0
0 detggo s -lgvgk 3k 3k33%: 0
& 7 s*t3 Bk kK
& S -1 0 uwo
0 detgg K stk -1+3k U=
Sf+k, T+k, s+3+kf
O s(s+3K,)(s+3+k,) - S(7+Kk,)(- 1+3Kk,)
+3k (s+3+k;)- (4+k)(-1+3k;) =0
U s®+(3+3k, +k,)s” +(7+3k, +10k, - 21k,)s+(4+10k - 12k,) =0  (6- 48)
Phuong trinh dic trung mong mudn :
(s+20)(s* +2xv ,s+v %) =0
U s®+32s” +340s+2000=0 (6-49)
Can bing cdc hé s§ cda hai phuong trinh (6-48) va (6-49) ta suy ra :
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| 3+3K,+k, =32
{743k +10k, - 21k, =340

1 4+10k, - 12k, = 2000
Giai hé phuong trinh trén ta dugc :

i k, = 220578
bk, =3839
1k, =17,482

Vay K=[220,578 3,839 17,482]

Céch 2 : Tinh K bing cach d4p dung cong thitc Ackerman.
K=[0 0 .. 3S?*F(A) (6-50)
trong d6 T 1a ma trn didu khién dugc: S=[B AB A’B .. A™'B|

® 1a da thic dic trung : F(s) = 6 (s- p)=s"+as" +..+a ,s+a, (6-51),
i=1
véi pi la cdc cyc mong mudn.
Thi du: Thiét k€ bod diéu khién hdi ti€p trang thii phan bd cyc ding cong thic
Ackermann cho vi du trén.
Thi du: Xem xét hé thong ning vat bing tif trudng. Piy 1a hé thdng diéu khién
tiéu bi€u ma bai toan diéu khién 13 giit cho banh tai vi tri cAn bing.
Phuong trinh vi phdn mo ta hé :
47x(t) _ . K20
dt? x(t)
v(t) = Ri(t) + "O"d(tt) (6-53)
trong d6 phuong trinh (6-52) 1a phi tuy€n. Bi€n hé thong va tham s nhu sau:
v(t)= di€n dp vao (V)
i(t) dong dién cudn day (A)
x(t)=vi tri banh (m)
R= dién tr§ cudn diy =1 Ohm
M=khdi lugng banh=1 kg
k= hing s6 ti 16=1
L= dién cdm cudn diy=0,01 H
G=gia téc trong trudng =32,2 m/s’.

M

(6-52)

Bién trang thai dudc dinh nghia nhu sau
X, (t) = x(t)
dx(t)
X, (1) =——= 6-54
0= (6:54)
X3 (t) =i(t)

Phuong trinh trang thai la:
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dx (t) _
a0

() _ kG (6-55)
dt Mx, (t)

KO - Ry VO
dt L L

Tuyé&n tinh héa hé tai di€m can bing x1(t)=x(t)=0,5m ding phuong phip tuyé&n
tinh héa md hinh hodn hoc phi tuyén dudc md ti & phan 2.13, ta c6

d[jjxt(t) = A'X(t) + B'Dv(t)

Hé sd clla ma tran la:

€0 1 0 600

. _8 g _€,U

A_ge4,4 0 -164B =20 (6-56)
g0 0 -100§ E100§

M® hinh trang thdi tuyé&n tinh ho4 ctia hé thdng nang vat biang tr trudng dudc md
t4 biing phuong trinh trang thdi sau:

P = A x)+ B DV (6-57)

trong d6 Dx(t) ki hiéu vectd trang thdi tuy€n tinh héa, Dv(t) ki hiéu dién dp vao
tuyén tinh héa. Hé s clla ma tran la:
60 1 00 ¢0u
A 2264,4 0 —16&8 :go 3
§0 0 -100§  QO0f
Tri riéng clda A* 1a s=-100, -8,025 va 8,025. Nhu vay hé thdng khdng cé hoi ti€p
trang th4i 12 khong 6n dinh.
Ching ta hit thém yéu cau thi€t k& nhu sau:
1. Hé phai &n dinh.
2. Véi bat ki nhiéu ban diu tai vi tri clia banh céch vi tri cAn biing, banh
phdi tré vé vi tri cAn bing vdi sai s& xdc 1ap biang 0.
3. Pdp ttng thdi gian nén thi€t 1ap trong khodng 5% cda nhiéu ban dau khong

qud 0,5 sec.
4. Luat diéu khién dugc thuc hién bing hdi ti€p trang thai:
Dv(t) =- KDx(t) =- [k, k, Kk|Dx(t) (6-58)

trong d6 k1, k2, va k3 1a hiing s6 thuc.
Ta phdi chon cyc mong mudn clia phuong trinh dic trung ‘SI - A +BK|=0 d
ma yéu cau 3 vé dap ng thdi gian dugc théa man.
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Sau vai phép tht, ding cong cu Matlab, ta tim ra dudgc cdc cyc sau cda
phuong trinh dic trung thda yéu ciu thi€t k€ :

S=-20, s=-6+j4,9 va s=-6-j4,9

Phuong trinh ddc trung tudng Ung 1a :

S* +325% +300s+1200= 0 (6-59)

Phuong trinh dic trung cla hé vong kin v6i hdi ti€p trang thdi duge viét 1a:
S -1 0

- A +BK|=-644 s 16

100k, 100k, s+100+100k, (6-60)

=s® +100(k, +1)s” - (64,4+160k,)s- 1600k, - 6440(k, +1) =0

Can bing hé s6 clia (6-59)va (6-60), chiing ta dudc hé phuong trinh tuyé&n tinh
sau:

100(k, +1) = 32

- 64,4- 1600k, =300 (6-61)

~ 1600k, - 6440(k, +1) =1200

Gidi hé phuong trinh trén va dugc chic 1a nghiém ton tai va duy nhat, ta tim
dudc ma tran d6 10i hoi ti€p K 1a

K=[k k, ki]=[ 2038 -022775 - 0,68 (6-62)
Hinh sau minh hoa ddp tng y(t) khihé c6 diéu kién dau

élu
<0 = &

€0g
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PHU LUC: THIET KEE HE THONG DUNG MATLAB
Phu luc nay giéi thiéu cong cu Sisotool hd trg thi€t k& hé thong diéu khién ty
dong ciia Control system Toolbox chay trén nén Matlab 6.5.

Pé kich hoat cong cu Sisotool, tir cira 6 Command Window gb énh sisotool.
Tién hanh thao téc tir budc 1 dén budc 3 |, cira o SISO Design Tool xuét hién nhu
sau:

Trinhty thiét ké nhu sau:
Budc 1: Khai bdo dbi tugng diéu khién
G=tf(20,conv([1 1 0],[1 2]))
Transfer function:
20
N3+352+2s
H=tf(1,1)
Budc 2: Kich hoat SiSotool
Ctrash SISO Design Tool xuat hién
Budc 3: Nhap d6i tuong diéu khién v &0 sisotool.
Trong cira s SISO Design Tool chon [File]&[Import...]. Cira sb Import Data xuat
hién.

Pit tén hé théng tly y , nhu 1a thidu4. Ban @ au tat ca cac khdi trong hé
thbng diéu khién déu o6 ham truy én bang 1, ta thay doi ddi tugng diéu khién
(plant) 1a G, cam bién (sensor) la H, bo loc F(prefilter) bang 1, khau hiéu chinh
(compensator) C chua thiét ké nén ciing bang 1. Sau khi thyc hién xong nhap chuot
vao nut Ok.

Budc 4: Khao sét hé thdng trugc khi hiéu chinh.
Budéc 5: Thiét ké khau higu chinh.
Budc 6: Kiém tralai d¢4p ung caa hé thong.
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=} 5150 Design for System thidu64

File Edit Wiew Compensators Analysis Tools  window  Help
[ x o ¥ & % XX W
Current Competzatar
[c]
Clzl= |1 ‘ S
Rioot Locus Editor (12 Oren-Loop Bode Editor (C)

4 " 100
3 a0
2 . . TN ——
1 50 G -105dB

Frea: 1.41 radizec

Un=table loop
g - 100

-a0
1
L5 J
e - — - — - — - — - - —-—-—-=-

5

P -281 deg
4 . 270 ireq: 243 radisec A
6 -4 2 2 4 1" 10" 10' 10

Real Axis Freguency (radizec)

Imported model data. Right-click on the plots for design options.

Hinh 1
Ctra sb gom céc ving:
-Ving hién thi so do ciu tric caa hé théng dang thiét ké. C6 thé thay ddi cau tric
bang cach kich chudt vao nat [+/-] va[FS] & goctrd bén dudi. trong bai thi nghiém
nay tasir dung cau tric nhu hién thi.
G: dbi twong diéu khién(plant).
H: cam bién hoi tiép(sensor).
F: bo loc(prefilter).
C: bo hiéu chinh can thiét ké.
-Ham truyén caabd hiéu chinh C(9).
-Cra s hiénthi két qua trong quatrinh thao téc.
-Quy dao nghiém sb caahé thdng vong kin sau khi hiéu chinh .
-Biéu d6 Bode bién do va pha caahé théng vong ho sau khi hiéu chinh.
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Bai tap chuong 6
1. So db khdi hé thong diéu khién vé6i bd diéu khién ndi ti€p & hinh sau. Tim ham
truyén clia bo diéu khi€n Ge(s) d€ ma cic yéu cau sau dudc théa min:
Hing s& sai s6 van toc Ky=5.
Ham truyén vong kin c6 dang:
M (s) = Y(s) _ K
R(s) (s*+20s+200)(s+a)
trong d6 a va K 1a hiing s6 thuyc. Tim gi4 tri ctia K va a.

R(s +
(s) | Gc(9) . 100
s(s” +10s +100)

v

Chién lugc thi€t k€ 1a diat cdc cuc vong kin tai -10+j10 va -10-j10 va sau d6 chinh
gid tri cia K va a d€ thda min yéu cau sai s& x4c 1ap. Gia tri clia a 16n d€ ma né
khong 4nh huéng dap dng qua do. Tim do vot 16 cuc dai clia hé thdng dugc thi€t
k€.
2. Thyc hién lai bai tap 1 vdi Ky=9. Gid tri cuc dai ctia Ky 12 bao nhiéu ma c6 thé
hién thyc dudc. Nhan xét vé khé khian x4y ra khi thuc hién véi gia tri Ky rat 16n.
3. Hé thong diéu khién v6i bod diéu khién PD cho & hinh sau.

R + =G

Ko +Kgs . 100
s(s+10)

a)Tim gid tri ctia Kp va Kp d€ hiing s8 sai s6 van t6c Ky=1000 va ti 1& suy gidm &

12 0,5.

b) Tim gid tri ciia Kp va Kp d€ hiing s6 sai s6 van téc Ky=1000 va ti 1& suy gidm
1a 0,707.

a)Tim gid tri ciia Kp va Kp d€ hiing s& sai s6 van tdc Ky=1000 va ti 1& suy gidm la
1.

4. Xem xét md hinh bac 2 cua hé théng diéu khién hanh vi may bay. Ham truyén
caaddi tuong | :
Gp (s) = 4500K
s(s+3612)
a)Thiét ké bo diéu khién PD vai ham truyén Gy(s)=Kp +Kp.s dé céc tiéu chuan chat
lwgng sau théa mén:
- Sai sb xé&c lap voi ngd vao unit-ramp<0,001.
-Vot 16 cuc dai <5 %.
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-Thoi gian [én tr<0,005 sec.

-Thoi gian thiét 1ap ts<0,005 sec.

b)Lip lai phdn a) vdi tit cd tiéu chuin trén va thém diéu kién biang thong clia hé
phdi bé hon 850 rad/sec.

5. Hé thong diéu khién loai 0 véi ham truyén d6i tugng Gp(s) va bd diéu khié€n PI
cho & hinh vé sau.

R(s + E(s C(s
(9 (9 K 100 (9
s s® +10s +100

a)Tim gi4 tri cda KI d€ ma hiing sd sai s6 van toc KV=10.

b)Tim gi4 tri Kp d€ bién d6 phin 4o ctda nghién phitc cla phuong trinh dic tinh
hé thong 1a 15 rad/sec. Tim cdc nghiém clia phuong trinh dic tinh.

c)Vé qu§ dao nghiém cla phuong trinh dic tinh v6i gia tri KI xdc dinh & phan a)
va cho 0<Kp<oo.

6. Hé thong didu khién loai 0 di twgng didu khién va bo didu khién PID cho &
hinh sau. Thi€t k& tham s& bd diéu khi€n d€ ma cac yéu cau sau dugc thda min:
Hing s& sai s6 van t6¢ Ky=100.

Thdi gian 1€n ,<0,01 sec.

b6 vot 16 cuc dai <2 %.

V& ddp ting ndc don vi clia hé thong dugc thi€t kE.

RO__ o B9l L] (9
) Pt RoSTT s2 +10s +100

<

v

7.Cho hé thong diéu khién kiém ké & hinh sau
dx, ()
=-2%,(t
p 2 (1)
dx, (t
@) _ 2u(t)
dt
trong d6 x1(t)= mic ki€m ké, x2(t)=tdc dd bdn ra cia san phdm va u(t)=tdc do
san xudt. Phuong trinh ngd ra y(t)=x1(t). Pon vi thdi gian 12 modt ngdy. So d6 khdi
ctia hé kin & hinh sau. Bo diéu khién 1a PD, Ge(s)=Kp+Kp.s
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RS+~ EO [oqg | YO [ e c

a. Tim cdc thong s6 cda bo diéu khién PD, Kp va Kp d€ cic nghiém ciia phuong
trinh dic trung 12 s=-1 va s=-2. V& ddp tng qua do c(t) va tim dj vot 18 cuc dai.
b. Tim céc gid tri cia Kp va Kp dé d6 vot 16 cuc dai clia ddp wng qui dd c(t) bé

hon 2%.
8.Cho hé thong diéu khi€n ki€m ké& & hinh sau
dx, (t)
——= = -2x,(t

0 =200

t

B _ o)

dt

trong d6 x1(t)= mic ki€m ké, x2(t)=tdc dd bdn ra cia sidn phdm va u(t)=tdc do
sdn xuit. Phuong trinh ngd ra y(t)=x1(t). Pon vi thdi gian 12 mdt ngay.
Cho bd diéu khién sém pha c6 dang:

Ge(9) = K. 11+aTS @ >1)

+Ts '

RS+~ EO [oqg | YO [ e c

Xdc dinh gid tri cia a va T d€ yéu cAu sau théa min:

Sai s6 xac 1ap v6ingd vao nac don vi =0

bo vot 16 cuc dai <5%.

a)Thi€t k&€ b diéu khi€n diing qu dao nghiém s& vdi T va a nhu la tham s& bién.
V& dap ting nic clia hé dugc thi€t k€. V& biéu d6 Bode ctia G(s)=Gc(s).Gp(s) va
tim PM, GM, Mr va BW clia hé dudc thiét k€.

b)Thi&t k& bo diéu khi€n sém pha d€ cic yéu cau sau dudc thda mén:

Sai s6 xac 1ap v6ingd vao nac don vi =0

Phase margin PM >75°.

M.<1,1.

Xay dung bi€u dd Bode ciia G(s) va thyc hién tinh todn thi€t k& trong mién tin s6.
Tim dic di€m dap tng thdi gian clia hé dugc thiét k€.

9.Xem xét qud trinh cda hé thong diéu khi€n hdi ti€p am don vi:

G, (9= 1000
s(s+10)
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Cho bo diéu khién ndi ti€p 12 bo diéu khi€n s6m pha don tan:
Ge(9=" "% @ >D

a)Tim gia tri o va T d€ ma zero ctia Ge(s) x6a cuc ctia Gp(s) tai s=-10.

Ti s6 suy gidm clia hé thdng dugc thi€t k€ phdi la 1. Tim dic tinh cda dép @ng nic
cda hé dugc thi€t k€.

b)Tinh todn thi€t k& trong mién tan s& diing bi€u d5 Bode. Cha't lugng thi€'t ké 1a:
Phase margin PM >75° Mr<1,1.

Tim dic tinh clia ddp @ng nac clia hé dugc thi€t k€.

10. Thiét ké hiéu chinh sém tré phah¢ thong :
C6 ham truyén sau :
G(s) = 80
5(0.02s+1)(0.05s+1)
Sao cho : Ky=80, d¢ du trix bién=10 dB, d6 du trir phala 50°.
11.Xét hé thong diéu khi€n & hinh :

P2 9 oo [T
G(s)= K
S(s*+ 10s+ 26)
R(H)=t. 1(t)

1. Cho G(s) = 1. V& QDNS khi 0< K < ¥
2.Cho K=15. Thi€t k& khau hiéu chinh G.(s) thda 2 diéu kién a va b sau :
a. Hé kin c6 cip cuc phifc c6 hé s6 tit Xx= 2 /2 va tan s dao dong tu nhién
Wh=3 2
b. Sai s6 x4c lap dat 5%
12. Xét bo diéu khién trong hé diéu khi€n muc nudc & hinh sau. Bo6 diéu khién
1+aTs
1+Ts '
cia Gce(s) triét tiéu cuc ciia G(s) tai s=-1 va d6 vot 16 ddu ra Hé 14 nhd nhat. Gi4 tri
clia a khong vugt qud 100. Hiéu quéd clia bu sém pha 1én hé thdng nhu thé nao?

sdm pha: G, (S) = (a >1). Cho N=20. Chon céc gi tri cda o va T d€ zero

RO A BO | Kk, +Kys 10N Cls),
) s(s+1)(s+10)

13. Xét bo diéu khién trong hé diéu khi€n muc nudc & hinh sau. Bo diéu khién
1+aTs
1+Ts '

tré pha : G, (s) = (@ <1). Cho N=20. Chon céc gid tri cia o va T d€ hai
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nghiém phitc clia phuong trinh dic trung v6i hé s tit =0,707. V& ddp tng diu ra

c(t) khi ngd vao 1a ham nic don vi.

RS  +~ E©

Kp +Kos _ 1IN
S(s+1)(s+10)

C(s)

14.Cho hé diéu khién t6c dd dong co mot chiéu c6 dang vong khéa pha nhu sau:

-T6c do dit: fr=120 vong (xung)/sec.

-HSKD ctia bo do pha: Kp=0,06 V/xung/sec.
-HSKD: Ka=20.

-HSKD ctia by cdm bi€n t6c do: Ke=5,72 xung/rad.
-HSKDP ciia bd d€m: N=1.

HSKD: hé s6 khuéch dai.

C(s) _ 10

E.(s s(+0,059)

Ham truyén clia dong co:

E,(s) _1+R,.Cs
E,(S RCs

a. Gia st ham truyén cda bo loc

V6i R1=2.10° Q; C=1pF. Xdc dinh gia tri cia R2 sao cho cdc nghiém phic ciia
phuong trinh diic trung c6 hé s6 tdt I6n nhit. V& quy dao nghiém sd khi: 0<R2<co.
Hay tinh va vé ddp dng qud do clia dong cd fo(t)[xung/sec] vdi gid tri R2 da tim

dugc, khi tin hi€u dit la fr(t)=120 [xung/sec].

A +
b.Gid st ham truyén ciia bd loc: G, (s) = 11 ats

+Ts '

(@>1, véi T=0,01 sec. Tim a

sao cho phuong trinh dic trung ¢ nghiém phitc dat hé s6 tit 16n nhat. Tinh va vé
ddp ting quéi do fo(t) clia dong co khi tin hiéu datla fr(t)=120 [xung/sec].

R(s) + Ep(s

EO(s Ea(s)

— >0 " Kp Ka

A

Gc(9)

Motor

C(s).
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CHUGNG 7: HE: THONG PIEU KHIEN ROT RAC
7.1. Gidi thiéu

Trong nhitng nim gan diy, hé thong diéu khién dif liéu rdi rac va diéu
khién s§ trd nén quan trong trong cong nghiép, chi y&€u vi sy phat trién cda vi xtt
li va mdy vi tinh. Hon nita, ¢6 sy thuin Igi 16 rét khi 1am viéc véi tin hiéu sd so
v4i tin hi€u analog.

Sd dd kh&i clia hé thong diéu khién s6 dugc minh hoa & hinh 7.1. Hé
thong dic trung bdi tin hiéu dudc ma héa s6 & cdc phan khac nhau clia hé thong.
Tuy nhién thié€t bi ngd ra cliahé thudng la tuong tu, nhu 1a dong co DC, dudc dicu
khién bdi tin hiéu analog. Vi vy, hé thong diéu khién s6 thudng yéu ciu st dung
bd bién d6i s6-tuong ty (DAC) va tuong tu sang s& (ADC).

Bo didu o
i) | khiénss [P DIA [ DO MO ——byq

Hinh 7.1. S0 dé khéi ciia hé théng diéu khién s6’tiéu biéu

7.2. Bién ddi Z:
7.2.1. Pinh nghia bi&n ddi Z:
Rd&irac héa tin hiéu :

X(t) x*(t)

(SR

T : chu ki 14y mau

X (t) = x(t).g d(t- nT)
n= 2p

Tan s6 18y miu:v =
=

Bién ddi Fourier :

3 § e s
ad-nT)=g =
n=0 n=0
. Y g
Fx O} =Fa x). T }
n=-¥

., . ¥ 1 . .
X(Jv>:é’1;xuv-mvs>

n=-¥
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. N . ) o \ . n . -
Van dé mat méat théng tin: nu Vv ., < ?S thi thong tin dugc kho6i phuc tron

. \" e e el
ven.Néuv . > ?S thi thong tin bi mat mat.

Dinh 1y 14y miu (Pinh 1y Shanon) : Tin hiéu x(t) ¢c6 phd tin hiéu gii han trong
khodng (-®max, ®max) dUdc xdc dinh hoan toan tir tin hiéu 14y miu chi trong diéu
kién né€u tan sd 14y miu 16n hon 20max. Chi trong trudng hop nay méi khodi phuc
dugc tin hi€éu sau khi rdi rac hda.

®s>2Omax

Omax 12 tAn sd clia cic mit loc(cao, thap..).

Khbi phuc lai tin hiéu da bi rdi rdc héa : gid st ®>20max. Khdi phuc gin diing :
-Noi suy bac 0 : ké s& K=const, 14y tin hi¢u dau giit nguyén, ding khau ZOH.
-Noi suy bac 1 : tin hiéu sé& c6 hé s6 K trong mdi mdt doan sé khéc nhau.

Bié&n ddi z :

¥
X'(s) = g x(nT).e™ , diit z=e*" ta viét :
n=0

X(2) :é¥_ x(n).z’" (7-1)

n=0
X(2) = x(0) +x(1).z* +x(2).2% +..x(k).z
Cho chudi x(k), k=0,1,2,.. trong d6 x(k) th€ hién chudi s& hay su kién. Bi€n ddi z
cia y(k) dugc dinh nghia

X(2) = Z[x(K)] = é_l x(k).z ¥

Thi du 7.1: Cho chudi

y(k) =e* k=0,1,2,...
trong d6 o 12 hiing s6 thyc. Ap dung phuong trinh (7-1), bi€n d6i z clia y(k) dugc
viét 1a

24

¥
Y(2)=§ e*z"=1+e?z +e 27
k=0
ma Y(z) hoi tu véi \e‘a z'l\ <1.
Nhan c3 hai v& phuong trinh cudi véi € z'*, trir phuong trinh két qua tif phuong
trinh trén ,gidi ra Y(z) ta c6

Y@=, L - 2

ez <l
a,-1 -a

ez Z- €
7.2.2.Quan hé giia bién doi Laplace va bién ddi Z:
Y(k), k=0,1,,.. 12 chudi xung tdch biét & khodng thdi gian T. T dugc goi latan sd
14y miu. Xung tai khodng thdi gian thit k, 8(t-kT) thuc hién gid tri y(kT). Tinh

hudng nay thudng x3y ra trong hé thong diéu khi€n 14y miu di liéu hay hé thdng
diéu khién s& trong dé tin hiéu y(t) dugc s6 héa hay 14y mdu mdi T gidy dé tao
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thanh chudi thdi gian thé hién tin hiéu tai thdi di€m 14y mAu. Chiing ta thay chudi
y(kT) vdi tin hiéu dugc bi€u dién nhu sau
¥
y' () =a y(kT)d(t- KT)
k=0
LAy bién ddi Laplace hai v& phuong trinh trén, ta c6
¥
Y9 =Ly O] =a y(kT)e' ™ (7-2)
k=0
v6i z=e*"
Y(2)=Z[y(O)]=Z[Y(s)] (7-3)

Thi du 7.3: Cho ham sau:
y(t) = e *uy(t)
Bi&n ddi z cda y(t) dugc thuc hién thong qua cic budc sau:
1. Thé hién gid tri cda y(k) tai cac khodng t=kT, k=0,1,2,... &€ tao thanh y*(t) (hay
y(kT)):
¥
y' (t)=a e*d(t- kT)
k=0
2.LAay bién d6i Laplace hai v& phuong trinh trén:
Y(S) - g e—akTe- KTs - g e (sta)KT
k=0 k=0
3.Bi€u di&n Y*(s) § dang déng va dp dung phuong trinh z=e*" cho bi€n ddi z:
Z
Y(2) =
( ) Z- e—aT
Thi du 7.2: Bi€n ddi z mét s6 ham
1) Ham nac thang don vi : x(t)=uy(t), x(kT)=us(k)
x(k)=1 vdi k=0,1,2.... th€ hién chudi gid tri 1.
Bi&n ddi Laplace : X(s)=1/s

v 1 z
Bién déi z: X(2)= = 7-4
i€n doi z: X(z) 1 71 (7-4)
2/Ham xung Dirac:
ilLvoik=0
t)=x(t) =d(t),x(kT) =d(k) = { )
XO=XO =dOXKT) =d0Q) =1 o
Bi&n ddi Laplace : X(s)=1.
Bién d6i z: X(z)=1. (7-5)
3/Bién d6i Z clia ham t%/2 1a :
2
X(2)= LZ’L? (7-6)
2(z- )

4/ Bi€n ddi Z ctia ham sinat 13 :

zsnaT
z? - (2cosaT)z+1
5/ Bi€n d8i Z ctia ham cosat 1a :

X(z)=

(7-7)
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z(z- cosaT)

7-8
z? - (2cosaT)z+1 (°5)

x(z)=

7.2.3.Mét s6 dinh li quan trong ctia bién doi Z:
1.COng va tru:
Néu y1(kT) va y2(kT) cé bién ddi Z 1a Y1(z) va Y2(z) thi

Z[y,(KT) £y, (KT)] =Y,(2) £Y,(2) (7-9)
2. Nhan véi hiing s8:
Zlay(kT)] =aZ[y(kT)] =aY(2) (7-10)

v6i a 12 hiing 0.
3.Dich chuyén thyc (delay time and time advance)
Z[y(kT - nT)]=z"Y(2) (7-11)
va
$ . u
ZIy(KT +1T)] = 2" &Y (2) - & Y(KT)Z*(j (7-12)
e k=0 u
4.Dich chuyén phic:
Z[e™Ty(KT)] =Y (ze*") (7-13)

trong d6 a 1a hiing s8, Y(z) 1 bi€n ddi z cia Y(kT).
5. binh Ii gi4 tri dau
Ikl(grg y(KT) = IZ|®rQY(z) (7-14)

néu gi6i han ton tai.
6. Pinh li gi4 tri cudi

- — - _ _l _
ng y(KT) = 'Z'Q}(l z°)Y(2) (7-15)

Né&u ham (1-z")Y(z) khong c¢6 cyc nim trén hay ngoai vong trdn don vi lzl=1 trong
mit phing z.

7. Nhan chép thuc.

éd u éd u
Y.(2)Y2(2) =Zga Yi(KT)Y,(NT - KT)g=Zgaa Y,(KT)y,(NT - KT)y;
U &< u(7-16)

€k=0
=Z[Y,(9*Y,(2)]
trong d6 “*” biéu thi nhan chap thyc trong mién thdi gian rdi rac.
Thi du: Tim bié€n d6i z clia cdc ham
1/Z[1(kT-2T)]
2/7Z[10.1(kT)]
3/ cho Y;(2) = Z[UKT)],Y,(2) = Z[d (KT)], tim Z[y1+ y2]= Z[1(kT)+d (KT) ]

Giai:
ZIUKT - 2T)] = 2 2Z[UKT) = = .2 -
1/ Z° Z-
1
B z(z- 1)
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2/ Z[10.1(KT)] = 10.Z[L(KT)] = 21(_)21
3/
ZIUKT) +d (KT)] = ZIAKT)]+ Z[d (KT)] = : +1
_ 2z-1
z-1

7.2.4. Bi€n d6i z ngugc:

Bién d8i z ngugc cia ham Y(z) 14y thong tin chi trén y(kT) chi khong
phai y(t). N6i cdch khéc, bi€n ddi z chi mang thong tin tai khodng 14y mAu. Bi€n
ddi z ngudc dudc thuc hién bing cac phuong phap sau:

1. M& rong phén sd tirng phan.
2.Phuong phdp chudi cong suat.
3.Cong thitc nghich ddo.
Phuong phap mé rong phin sé tirng phan:
Phan tich Y(z) c6 dang:
K,z K,z
Y(Z) = 7- ei—aT + 7- é_bT
Trudc tién mé rong Y(z)/z thanh phan s6 sau d6 nhan véi z d€ dat md rong cudi

cling.

Thi du 7.4: Cho bién ddi z:
_ aaT

Y(2) = @Q-e?)z

C(z-D(z- €V)
Tim bién ddi z ngugc.

Giai:
M4 rong Y(z)/z thanh phan s6:
Y(2 1 1

z z-1 z-¢€*

Biéu thifc mS rong cudi ciing cho Y(z) la:
V4 V4
Y@= z-1 z-e¥
Theo bang bi€n ddi z ngugc , ta c6:
y(kT)=1- e*T  k=0,1,2,.
7.2.5. Gidi phdp may tinh ciia mé réng phian so tirng phan Y(z)/z
Khi ham dugc m& rong bing phan sd titng phan c6 dang Y(z)/z hay Y(z),

thi chuong trinh mdy tinh dugc thi€t k& dé thyc hién phan s6 tirng phan ham bién
ddi Laplace van con dudc dp dung.
Phuong phap chudi liiy thira:
Dinh nghia ctia bi€n d6i z trong (7-1) cho phudng phép truc ti€p tinh bi€n d6i z
ngudc. Dya trén (7-1) ching ta c6 thdy rd rang 1a trong trudng hdp 14y miu hé s6
cia z* trong Y(z) chi 12 y(kT). Vi vy, néu md rong Y(z) thanh chudi cong suit
lity thira ctia z™*, thi chiing ta tim dugc gid tri ciia y(kT) véi k=0,1,2,..
Thi du 7.5: cho ham Y(z) sau :
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Y(2) = (1-e?")z
(z- )(z- €77)
¢6 th€ md rong thanh chudi liy thita cia z” bing cdch chia da thic ti s§ cho da
thitc mAu s6 bdi phép chia dai:
Y(2)=@1- e )z +@1- e®N)z2+ ..+ (- e )k + ...
Piéu nay 16 la
Y(KT) =1- € v6ik=0,1,2,..
ma cung k&t qud véi vi du trén.
Cong thitc nghich dao:
Chudi y(kT) c6 thé dugc x4c dinh tir Y(z) biing cong thiic nghich ddo:

1
KT)=—@\VY(2)Zdz  (7-17)
y(KT) ZpJQ (2)

cT

Ia tich phan doc theo dudng r, nghia 1a dudng tron dudng kinh |Z =€ ¢6 tam tai

gdc trong mit phing z, va ¢ 14 gid tri ma cic cuc cia Y(z)z*" niim trong vong
tron. Mot cdch tinh tich phan trén la dung dinh 1i thing du cla li thuy&t ham bién
phuc.
7.2.6. Ung dung bi€n ddi z d& gidi phwong trinh sai phan tuy&n tinh
Bién ddi z c6 thé dung d€ gidi phuong trinh sai phan tuyén tinh. Nhu 13 vi
du don gidn, chiing ta hiy xét phuong trinh sai phan khong cudng bic bac nhat
Y(k+1)+y(k)=0 (7-18)
Dé& gidi phuong trinh nay, ta 14y bi€n ddi z hai v€ phuong trinh. Ta nhan c2 hai v&
ctia phuong trinh véi z* va 14y t&ng tir k=0-->00. Ta c6
¥ ¥
a yk+Dz +q y(k)z* =0
k=0 k=0
Ding dinh nghia ctia Y(z) va dinh li dich chuyén thyc theo thdi gian t&i, phuong
trinh dugc vi€t nhu sau
Y (2)-y(O)]+ Y(2)=0
Gidira Y(z) ta cé

Y(2) = ziﬂy(m

L4y bi€n ddi z ngudc clia phuong trinh cudi cé dat duge bing mé rong Y(z) thanh
chudi lily thir theo z" biing phép chia dai. Ta c6

Y(2=(@1-z'+2?%- 2%+..)y(0)

Vay y(k) dugc vi€t nhu sau

y(K)=(-1)*y(0) v6ik=0,1,.2,..

Phuong trinh (7-18) goi 12 phuong trinh trang th4i don. Nghiém bién ddi z ctia hé
rdi rac bac cao dugc md td bing phuong trinh trang thai trong muc 7.3.

7.3. Ham truyén cia hé thong diéu khién rdi rac:

Hé thong diéu khién dif liéu rdi rac c6 dic di€m 1a tin hiéu trong hé thong
hoic c¢6 dang chudi xung hay dugc ma héa s6, va ddi tugng diéu khién thudng
chita thanh phan analog. Ching han, dong co dc 1a thi€t bi analog, c6 thé dugc
diéu khién bdi bo diéu khién ma xuit ra tin hiéu analog hay bdi bé diéu khién s6
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ma xuit ra dit liéu s6. Trong trudng hgp thit hai, mot bo giao ti€p nhu 1a bi€n d6i
s6-tuong to (D/A) 1a cAn thi€t d€ phii hop v6i thanh phin s6 tdi thi€t bi tuong tu.
Ngé vao va ngd ra cda hé thdng dit liéu rdi rac dugce cho & hinh 7-1 dudc thé hién
bdi chudi s6 vdi cdc s& phan cdch bdi chu ki 14y mau T. Pdi véi hoat dong tuyén
tinh, b6 bién d6i D/A dugc thé hién bdi thiét bi 17y miu va gitt (S/H), gdm c6 bd
14y mAu va gitt dit liéu. B S/H thudng diing nhiu trong phén tich hé rdi rac 1a bd
14y miu i tudng va thi€t bi gitt bac khong. Hé thong trong hinh 7-1 vé chic ning
dugc thé hién bdi so d6 khdi trong hinh 7-2. Hinh 7-3 minh hoa hoat ddng ti€u
bi€u clia bo 14y miu 1i twdng va bd giit bac khong.

R(t) )%/ r*(t) ZOH » n(t)

T
Hinh 7-2: B &y mdu va giit

0 :
T 2T 3T 4T ST 6T 7T 8T 9T — —r f

(c)
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Hinh 7.3: a)Tin hiéu vao bé ldy mdu li tudng b)Ngé ra bé ldy mdu li tudng c)Ngé ra
b¢ 1y mdu va giit
Tin hiéu lién tuc r(t) dugc 1y miu vdi chu ki 14y miu T bdi bo 14y miu i tudng.
Ngé ra bo 14y mau i twdng r*(t) 1a chudi xung véi bién dd ciia r(t) tai thdi di€m T
dudc thuc hién bdi sitc manh chudi xung. Chd y 1a bo 1dy miu li tudng khong phdi
la phin t& vat 1i. N6 chi thé hién tin hiéu rdi rac thdi gian v& mit todn hoc. Vi
vay, bing dinh nghia, chudi xung c6 do rong biing zero va chiéu cao hitu han,
chiéu dai miii tén thé hién viing xung va 13 bién dd cda tin hiéu vao r(t) tai thdi
di€m 14y miu. B ZOH chi giit bién d6 cla tin hiéu thuc hién bdi xung tdi tai
khodng thdi gian cho tru6c kT, ching han toan chu ki 1Ay miu t t6i xung k€ ti€p
tai t=(k+1)T. Ng6 ra cia ZOH la xap xi bic thang clia ngd vao bo 1dy miu li
twdng r(t). Khi chu ki 14y miu T ti€n d&€n 0, ngd ra cda ZOH , h(t) ti€n vé r(t),
nghia la:
limh(®) = £(t) (7-19)
Vi ngd ra bo 1dy mau i tudng r*(t) 1a chudi xung, nén gidi han khi TA0 khong c6

y nghia vat li. Dya vao nhitng thdo luin & trén, hé thdng diéu khién rdi rac vong
hé dugec mo hinh hod & hinh 7.4.

G(s)
S1
R(t) >$ () ZOH [ h® | psi y(t)
—
tuwoneg
T

Hinh 7.4: So dé khéi hé dit liéu roi rac.

r(t) =r(t)d; (1) (7-20)
trong d6 d, (t) 12 chudi xung don vi.
d, (t) dugc bi€u dién bdi chudi Fourier :
¥ .
d, ()= § C.e®"" (7-21)
n=-¥

Cn 12 hé s6 Fourier dudc cho béi :

4
C, = Tl OO ™ (722)
0

trong d6 vV  =2p /T 1a tn s6 14y mau (rad/sec).

S2. y¥©
............ SN e >
S1 T
R(t) >gv () ZOH [ h® .| psi y(t)
; ,
tuwoneg
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T
Hinh 7.5: Hé roi rac vdi bé ldy mdu
Vi xung don vi dugc dinh nghia la xung c6 do rong § va chiéu cao 1/ va 30, Cn
dugc viet lai :
1 ¢ 1- ™ 1

=lim— e "sdt = lim—__ =— -
g T oy g T T

Thay (7-23) vao (7-21) va sau dé trong (7-20), ta dugc :

C

¥
r(t) :i a r(e™* (7-24)
=¥

n

LAy bién ddi Laplace ca hai v&€ phuong trinh (7-24), va ding tinh chat dich chuyén
phuc (7-13), ta dugc :
\ 14 . 14 .

R(s==-aR(s-jnv)==aR(s+jnv) (7-25)

T n=-¥ T n=-¥
Phuong trinh (7-25) thé hién bién ddi laplace clia tin hi¢u 14y miu r*(t). N6 12 biéu
dién thay th& clia phuong trinh (7-2). Tir (7-2) R*(s) c6 thé viét lai :

¥
R (s) = § R(KT)e' ™ (7-26)

k=0
Vi gidi han tdng ctia R*(s) c6 pham vi tif -co d&€n oo, n€u s dugc thay bing s+jnw,
trong (7-25), trong d6 m la s6 nguyén bat ki, ta c6 :
Ri(s+jmv ) =R (9 (7-27)
Ham truyén xung (Pulse-Transfer Function)
BAy gid chiing ta din t6i ham truyén clia hé rdi rac minh hoa & hinh 7.4. Bi€n ddi
Laplace cia ng6 ra y(t):
Y(s)=G(s)R*(s) (7-28)
Mic di ngd ra y(t) dat dudc tir Y(s) bing bi€n d6i Laplace ngudc tir hai vé& phuong
trinh (7-28), budc nay khé thuc thi bdi vi G(s) va R*(s) thé€ hién céc loai tin hiéu
khic nhau. B€ khic phuc viéc nay, ta ding bo 14y mau nhu hinh 7.5. Bé 14y mau
S2 ¢6 cling chu ki 14y miu T va dudgc déng bd v6i bod 14y mau gdc S1. Dang 14y
méu clia y(t) 1a y*(t). Ap dung (7-25) vao y*(t), va diing (7-28), ta c6

¥
Y'(9=1 A6+ i IR (s+jnv,)  (7:29)
n=-¥
Tl quan hé phuong trinh (7-27), phudng trinh (7-29) dugc viét lai
¥
Y'(9=R (9T AGs+im )=R (G  (7-30)
n=-¥
trong d6 G*(s) dugc dinh nghia nhu cdich R*(s) trong phudng trinh (7-25) va G*(s)
dudc goi 1a ham truyén xung cia G(s).
Ham truyén z (z-Transfer Function)
Chi y 1a tit ci cdc ham trong (7-30) 1a & dang 14y mAu, trong d6 R*(s), G*(s) va
Y*(s) c6 dang (7-26), chiing ta c6 thé 18y bi€n ddi z ca hai v€ cda phuong trinh
biing cdch thay z=e*". Ta c6
Y(2)=G(z)R(z) (7-31)
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Trong d6 G(z) dudc dinh nghia 13 ham truyén z ctia G(s) va dugc cho bdi
¥

G(2 =4 gkT)z* (7-32)

k=0
Vay vdi hé r&i rac & hinh 7.5 va 7.6, bi€n d6i z clia ngd ra bing véi ham truyén
bién ddi z ddi tugng va bi€n dbi z clia ngd vao.
7.3.1.Ham truyén ciia hé roi rac véi phan tif ndi tiep:

Cho hé rdi rac ¢6 hai khau ndi ti€p cach nhau bdi khau 14y mau:

R(S‘)%/T 2 Gies) T Gaes) [ T%C ®
Hinh 7.6a
_C(29 _
G(2) = R =G, (2)G,(2) (7-33)
Ci Gl1(s)=1/(s+a), G2(s)=1/(s+b). Tim ham truyén z twong duong clia hé:
_C(2 _ - z°
6= 0 =6@C,D= o,

Thi du: Cho g,(t) =1(t) ® G,(s) = %,

0,(t) =t.1t) ® G,(9) = iz, Tim ham truyén G(z) trong trudng hgp nhu hinh 7.6a.
S

Ta co:

_s1la_ z
G (2)=Z{~y=
S N

il Tz
G (2)=Zji=y=
2() ,:\Szg (Z 1)2
Suy ra:

z Tz

G(2)=G,(2).G,(2) = —
@=6.@8.@ =,
T
(z-1)°

Cho hé rdi rac ¢6 hai khau ndi ti€p khong cdch nhau bdi khau 14y mau:

R(L/T S ey | G2(s) i@‘T’ _ s

Hinh 7.6b
G1G2(2)=Z{G1(s).G2(s)} (7-34)
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Ci Gl(s)=1/(s+a), G2(s)=1/(s+b). Tim ham truyén z twong duong ctia hé:
v 6i G1G2(2)=Z{G1(s).G2(s))

c@=?=cg,@=, X&)

R(2) (b- a)(z- €)(z- &)

7.3.2.Ham truyén ctia bd giit bac khong ZOH
Duya trén md ta khidu ZOH & trén, ddp dng xung minh hoa & hinh 7.7

gn(t)

Hinh 7.7: Pdp ing xung ciia khdu ZOH

Ham truyén clia khiu ZOH:
1_ e- Ts
Gy(9)=LIg, M1 ="
N&u ZOH mic ndi ti€p véi ddi tugng tuyén tinh diing ham truyén Gp(s) nhu hinh
7.5, thi bi€n ddi z cta td hop la:
a_ e—TS
S

(7-35)

5
G(2) =Z[G, ()G, (9)] = Z G,(9)z (7-36)
a
Diing tinh chi't time-delay ctia bién ddi z, phuong trinh (7-36) dudc don gidn thanh
a8 (S) 6
c@=a-292 72 a3
S g

. x . 1
Thi dy 7.6: Ldy mau h¢ lién tyc v6i ham truyén: G,(S) =———— dung mach
s(s+0,5)

gitt bac khong ZOH va T=1sec. Ham truyén Z ctia hé giita ngd ra va ngd vao 1a :

[’_':l__.‘--""f_} 1_@_'—?3 = * Gp(s} _}F
=
70H
1
—(1- -1 =)= ! s2(s+05)
G@=(1-2)2{Gp()s)=3=(1-270. ZL 5 o o
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1 = K, +ﬁ+ﬁ
$’(s+05) s+05 s §°

1 1
k= (5+05)G1(9)) s0s = 5o = ) =4

$=0,5 ﬁ -
_ 1 _
% 05

Pat Gy(9)=

1
0 s+05

d d 1 -1
k, =—(S°G,(9)) —g=— =
2 dS( 1( ))‘ s=0 dS(S+O,5)‘S_O (S+O,5)2

k, =5°G,(9)

s=0 —

Suy ra:
4
G(=@1-zYHYZ
@=0- 292 )
_z-1l® 4z 4z 2Tz O
z 8z-e% z-1 (z-1)°g
_Mz-) _,, 2 _4z-1)*- 4z- Y(z- 0,6) +2(z- 0,6)
z- 0,6 z-1 (z- )(z- 0,6)
Rit gon , ta dugc:
G(2) = 04z+0/4

7z’ -16z+0,6

2
s?

4
- T+
S

_0,426z+0,361
G(Z) )
Z° - 1,606z + 0,606
7.3.3.Ham truyén ctia hé thong roi rac vong kin:
Ham truyén clia hé thong diéu khién rdi rac vong kin dudc din ra st dung thi tuc

sau:
1. Xem ngd ra cia b 14y miu nhu l1a ngd vao hé théng.
2. Tat cd ngd khdc 1a khong phdi ngd vao dudc xem nhu ngd ra.
3. Vi€t phuong trinh nhan qua gitta ngd vao va ngd ra clia hé dung cong thic
do 1gi SFG.
4. LAy ham truyén xung hay bi€n d6i z clia phuong trinh c6 dudc & budc 3 va
van dung cic phuong trinh nay d€ c6 ham truyén xung hay ham truyén z.

Cho hé théng r5i rac hoi ti€p c6 khau 14y mAu trong kénh sai s8:

PR A (9)
........... \v >
T Y*(s)
&Lﬁo—e&ﬁ e*(t) » D6i _y(®
R(s) 1 - T E(s) tirgne " Y(s)
G(s)
HE [ |
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Hinh 7.8 : H¢ théng diéu khién roi rac vong kin
Xem hé thong diéu khién r&i rac vong kin nhu hinh 7.8.Ngd ra b 14y mau 1a ngd
vao hé théng. Nhu vay hé thong c6 hai ngd vao R(s) va E*(s). Tin hiéu E(s) va
Y(s) dugc xem 1a ngo ra ctia hé.
Vi€t phuong trinh nhan qud cho E(s) va Y(s) dung cong thitc do 1¢i, ta c6
E(s) = R(s) - G(S)H(S)E " (9) (7-38)
Y(s)=G(S)E'(s)  (7-39)
Chd y 1a v€ phdi clia hai phuong trinh cudi chi chita ngd vao R(s) va E*(s) va ham
truyén. LAy ham truyén xung ca hai v€& ciia (7-25) va gidi tim E*(s) ta c6
R—(S)* (7-40)
1+[G(s)H (9)]
Thay E*(s) tir (7-40) vao (7-39) ta c6

E'(9=

Y(s) = & R'(s) (7-41)
1+[G(s)H ()]
LAy bi€n d6i xung ci hai v& (7-41) va ding (7-27) ta vi€t ham truyén xung cia hé
kin :
Y'(s) _ G'(s)

(7-42)

R(s) 1+[G(9H (9
LAy bién ddi z hai v&€ clia phuong trinh cudi ta dugc :

G(z):Y(Z): G  (7-43)
“ R(z) 1+GH(2)

Thi du 7.7: Cho G(s)=1/(s+a), H(s)=1/(s+b). Tim ham truyén z tuong duong clia hé
G hinh 7.8:

Co_ 6@ ..

R(z) 1+GH(2

C(2) _ (b- a)(z- ")z

R(2) (b- a)(z- €™ )(z- e )+z(e™ - )

Thi du: Xét lai thi du 7.6, trong trudng hgp hé vong kin hdi ti€p Am don vi (H=1)
tim ham truyén Gy(z).

Ham truyén Z ctia hé kin G, (2) =

G (2=
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RO+, x| 2O | ) pei y(®
R(s) %1 - T E(s) firdne Y(s)
Gp(s)

Ta c6 ham truyén vong hd: (thi du 7.6)
_ 04262+0,361

G(Z) )

z° - 1,606z + 0,606

Ham truyén vong kin:

6.(=YD . G0
R(z) 1+G(2
G.(2) = 0,426z + 0,361

~ 72-1182+0,967

Cho hé théng r5i rac hoi ti€p c6 khau 14y mAu trong kénh hdi ti€p (H7.9):

PR A (9)
........... X e
T Y*(s)
R() + e(t) » Dai y(®)
R(s) 4- E(s) tuone " (s)

G(s)

"0 e

Y*(s) T

Hinh 7.9 : H¢ théng diéu khién roi rac vong kin
R(s) va Y*(s) 1a ngd vao hé théng. Y(s) va E(s) 12 ngo ra.
Phuong trinh E(s) va Y(s)
Y(s)=G(s)E(s) (7-44)
E(s)=R(s)-H(s)Y*(s) (7-45)
Ham truyén xung ngd ra :
[G(9R(9I

T ener
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Bi€n d6i z clia ngd ra :

vz =_CR@ 54
1+GH (2)
7.3.4.Ham truyén ciia hé rdi rac
Quan hé giita tin hiéu vao va tin hiéu ra cia hé théng rdi rac dugc md ti bing
phuong trinh sai phan
a,c(k+n)+ack+n-1+..+a, ,c(k+1)+a,c(k) =
byr(k+m)+brk+m-1+...+b, ,c(k+1)+Db,r(k)
Bié&n d6i z hai v&, ta c6
a,2"C(2)+a,2"'C(2) +...+a,,zC(2) +a,C(2) =
b,z"R(2) +b,z"'R(2) +...+ b, ZR(2) + b, R(2)
Suy ra :
C(z) _b,z"+bz™ +..+b_ ,z+b,

R(z) a,z"+az"'+..+a _z+a
C(2) _by,z"+bz™ +..+b_ ,z+b,
R(z a,z'+az" +..+a ,z+a
G(z) dugc goi 1a ham truyén clia hé thong rdi rac.
Thi du 7.8: Cho hé thdng rdi rac mo ta bdi phuong trinh sai phin :
C(k+3) + 2c(k+2) -5c(k+ 1)+ 3c(k) =2r(k+2) + r(k). Tim ham truyén G(z)=C(2)/R(z)
cia hé théng :
Bié&n d6i z hai vé& phuong trinh :
7°C(2) + 2z°C(2) - 5zC(2) +3C(2) = 2z*°R(2) +1R(2)
C(2) _ 27> +1
R(z2) Z°+27°-5z+3
7.4.C4u triic hé théng diéu khi€n biing mdy tinh:

#C4u tric hé thong diéu khi€n bing m4y tinh:

Pit G(2) = (4-48)

G(29) =

r(kT) Mai analog . A y(t)
y 5 Cong | 5| Ddi 2
2l tih [ 5O D/A suat tugng | 1408
s0 chap
hanh

S6 (digital)| ADC .__analog | Cim

bién

Hinh 7.10: So d6 khéi hé thong diéu khién bang mdy tinh, bao géom by chuyén ddi
tin hiéu.

*Heé thong 14y miu tin hiéu
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-1dy mAu trong kénh sai sd:

kT k p . t
: tinh s& D/A tugng
ZOH
Héi
ti€p
Hinh 7.11
May
r(kT);Ojk tinh 4O | pei yy
& D/A ”
T tugng
D(z) ZOH
Héi
ti€p
Hinh 7.12

Khau c6 tré : hé thong c6 tré do khau tinh todn ctia may tinh. Bién d6i Z,,
ADC: bién d6i tuong tu —so.

DAC: bién d6i so- tuong tur .

R(kT): ngd vao tham chié€u , y(t): ngd ra

U(t): tin hiéu diéu khién.

-LAy miu trong kénh hdi ti&p:

r(kT) ;— e(kT| May u(kT u(t) Chép hanh y(t)
( )_> inh .
;1(? D/A va Dai tugng
D(z) ZOH
y(kT)
ADC |« | Hbi

ti€p

Hinh 7.13
R(kT): ngd vao tham chi€u , y(t): ngd ra
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7.5. Phuong trinh trang thdi ciia hé thong dit liéu roi rac tuyén tinh

Ta c6 thé mé hinh héa hé rdi rac bing phuong trinh trang thai. C6 hai tinh
hudng. Thit nhat 12 hé chira thanh phan dit liéu lién tuc, nhung tin hiéu tai mot s&
di€m cta hé théng 1a rJi rac theo thdi gian bdi vi khau 14y miu va giit (S/H).
Trong trudng hgp nay, hé vin dugc md td bdi phuong trinh vi phan nhung vi dit
liéu rdi rac nén phuong trinh vi phan dugc rdi rac héa d€ dat mot tip phuong trinh
sai phan. Tinh hudng thit hai gdm hé 13 hoan toan rdi rac theo thdi gian, va dong
hoc hé théng 1a phuong trinh sai phan .
7.5.1.Phuong trinh trang thai rdi rac :

Xét hé thong diéu khién rdi rac véi bd 14y mau va giit (S/H) nhu hinh

S1
R(t) >$ r¥(t) ZOH | h@ | G y(t)
—

T

Hinh 7.14 : H¢ roi rac véi b 1dy mdu(S/H)

Tin hiéu tiéu bi€u xuat hién tai cic di€m khic nhau cda hé nhu minh hoa trong
hinh. Tin hiéu ngd ra y(t) thudng Ia tin hiéu lién tuc. Ngé ra bd S/H 1a h(t) 1a chudi
cdc budc. Vi vay ta c6 thé viét :
h(t)=h(kT)=r(kT)
v6i KT £t £(k+DT,k=012,...
Bay gid ta xét d6i tugng G tuyén tinh lién tuc dudgc md td bdi phuong trinh trang
thdi va phuong trinh ngd ra :
ax(®) = AX(t) + Bh(t)

dt (7-63a)
y(t) = Cx(t) + Dh(t) (7-63b)
trong d6 x(t) 1a vectd trang thdi nxn, h(t) va y(t) 1a ngd vao va ngd ra tuong dng.
Céc ma trin A, B, C, D 12 ma trin hé s6. Phuong trinh chuyén trang théi 1a

t
X(0) =F (- t)X(t,) + ¢§ (t- ,)BAL )t (7-64)

fo
v6i t£t0. N&u ching ta chi quan tAm didp wng tai thdi di€ém 1dy miu, ta cho
t=(k+1)T va t0=kT. Phuong trinh tr thanh

(k+)T

X (k +DT]=F (T)x(KT) + [(k+)T-t]Bht)dt (7-65)

Vi h(t) 12 hiing s6 dinh nghia & (7-63), ngd vao h(t) trong (7-65) c6 thé 14y bén

ngoai d&u tich phan. Phuong trinh (7-65) dugc viét lai nhu sau
(k4T

{(k+DT] =f (T)x(KT)+ Ik +DT - t]Bdt . h(kT)
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hay
X(k+DT] =f (T)x(KT) +q(T)h(kT) (7-66)
Y(KT) = Cx(KT) + Dh(kT) (7-67)

(k+D)T
v6i q(T) = I(k+DT - t]Bdt , dSi bi€n 56 ta duoc

KT
q(m) =¢ ¢)Bat (7-68)

f(M)=e* =L - A

Phuong trinh (7-66) dugc goi la phuong trinh trang thdi r6i rac va phuong trinh (7-
67) ngd ra y(kT) .

7.5.2.Nghié¢m ctia phuong trinh trang thii rdi rac : phuong trinh chuyén trang
thai roi rac

Phuong trinh trang thdi r&i rac (7-66) c6 thé dudc gidi dung thi tuc dé qui don
gidn. Bing cach cho k=0,1,2,.. lién ti€p trong phudng trinh (7-66), cic phuong
trinh sau c6 k&t qua :

K=0: x(T)=f (T)x(0)+q(T)h(0)

K=1: x(2T) =f (2T) =f (T)x(T) +q(T)h(T)

K=2: x(3T) =f (3T) =f (T)x(2T) +q(T)h(2T)

k=n-1: x(nT) =f (T)x[(n- DT] +q(T)h[(n- DT]
Thay phuong trinh trén vao phuong trinh dudi , ctt nhu vy chiing ta dat dugc
nghi€m sau cho phuong trinh (7-66) :
n-1 .
x(nT) =f "(T)x(0) + & f ""*(T)q(T)h(iT) (7-69)
i=0
Trong d6 f "(T) =[f (T)]" =f (nT)
Phuong trinh (7-69) dugc goi 1a phuong trinh chuyén trang thai rdi rac cia hé
thong dit liéu rdi rac.
V6i nT duge xem nhu thdi diém bit ddu, trong d6 n 1a s duong bat ki, phudng
trinh chuyén trang thdi 12 :
N-1
X (n+N)T]=f N (T)x(nT) + @ f " (T)a(Mh(n+i)T]
i=0
Ngo ra ctia hé tai thdi di€m 14y miu la dat duge biing cach thay t=nT va phuong
trinh (7-69) vao (7-63b), dat dugc
y(nT) = Cx(nT) + Dh(nT)

=Cf (nT)x(0) + Cglf [(n-i-DT]g(T)N[(@)T + Dh(nT)

i=0
Mot tinh chdt quan trong clia phudng phdp bi€n trang thai trén phuong phdp bién
ddi z 12 né c6 th€ hiéu chinh dé dang d€ mo ta trang thii va ngd ra giita khdang
14y mAu. Trong (7-64), néu ching ta cho t=(n+D)T, trong d6 O0<DE£1, va

to=nT, chiing ta c6 :
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(n+D)T
{(n+D)T]=f (DT)x(nT)+ §[(n+D)T - t ]Bath(nT)
nT
=f (DT)x(nT) +q(DT)h(nT)
Biing cich thay ddi D giita O va 1, thong tin trén bi€n trang thi giita khodng 14y
mAu 12 hoan toan dudec mo ta bdi phuong trinh trén.

Khi hé thong tuyén tinh chi ¢6 dit liéu rdi rac qua hé, phuong trinh dong
hoc ¢6 thé dugc bi€u dién bdi hé phuong trinh trang thai r&i rac sau :
x[(k +1)T] = AX(KT) + Br(KT)  (7-70)
va phuong trinh ngo ra
y(KT) =Cx(KT) + Dr(kT)  (7-71)
trong d6 A,B,C,D 13 ma trin hé s& vdi chiéu phi hgp.
Phuong trinh (7-70) va (7-66) ¢ ban gidng nhau. Piém khac nhau § hai tinh huéng
la di€m bit ddu hé. Trong trudng hgp (7-66), di€m bit dau 1a phuong trinh trang
thdi hé lién tuc. ®(T) va 6(T) dudc xac dinh tir ma trin A va B, va phdi théa mén
diéu kién va tinh chit cda ma tran chuyén trang thdi. Trong trudng hgp (7-70),
phuong trinh ty né th€ hién mo ta ding cda hé thong rdi rac va khong c6 gi6i han
niao vé ma tran A va B. Nghiém clia phuong trinh (7-70) theo tryc ti€p tir (7-66) 1a
n-1
X(nT) = A"x(0) + § A™"'Br(iT) (7-72)
i=0
trong d6 An=AAAA.. A
«—>

n

7.5.3.Bién ddi z ctia phuong trinh trang thai roi rac :
Xét phuong trinh trang thai :
X (k +1)T] = AX(KT) + Br(kT) (7-73)
LAy bi€n d8i z hai v€ phuong trinh trén ta dugc :
zX(z)-zx(0)=AX(z)+BR(z) (7-74)
Giai tim nghiém X(z) tir phuong trinh (7-74) ta dugc :
X(2)=(z2 - A'zx(0)+(2d - AJ*BR(z) (7-75)
LAy bién ddi z ngugc hai vé€ phuong trinh (7-75) ta dugc
x(nT)=ZY (2 - A)*Zx(0) + 2" *[(2 - A)"BR(2)] (7-76)
D€ thuc hién bi€n ddi z ngudc , ta vi€t bi€n ddiz cia An & dang :
Z(A") :5 AZ"=1+Az "+ ANz%+... (7-77)
n=0
Nhan hai v& (7-77) v6i Az' va trir k&t qua tir phuong trinh cudi ta dugc :
(I- AZHZ(A") =1 (7-78)
Nhu vay gidi cho Z(A") tit phuong trinh cudi dat dugc
Z(AY=(1 - AzY =(d - Az (7-79)
hay
A" =72 - A (7-80)
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Phuong trinh (7-80) thé hién cach tinh A" dung phudng phdp bi€n d6i z. Tuong tu,
ching ta chitng minh riing
Z'd - A'BR(2)] = nél A"IBr(iT) (7-81)
i=0

Bay gi0 ta thay (7-80) va (7-81) vao (7-76), x(nT) trd thanh :
x(nT) = A"x(0) + %{ A"IBr(iT)  (7-81)

i=0
cong thifc nay hoan toan gidng (7-72).
7.5.4.Ma tran ham truyén va phuong trinh dic tinh :
Khi hé r&i rac dugc mo hinh hod b3i phuong trinh trang thai
i X{(k+)T]= AX(KT) +Br(kT)  (7- 82)
1 Y(KT)=Cx(KT)+Dr(kT)  (7- 83
thi quan ham truyén clia hé c6 thé dudc bi€u dién theo ma tran hé s6. Biing cdch
dat x(0)=0. Phuong trinh (7-75) tr§ thanh
X(2)=(d - AJ*BR(2) (7-84)
Trir phuong trinh (13) vao dang bién ddi z ctia (7-83), ta ¢
Y(2) =[C(z - A)'B+D]R(2) =G(2)R(2) (7-85)
trong d6 ma tran ham truyén cia hé dugc dinh nghia nhu sau
G(2)=C(2 - AJ*'B+D
Cladj(zl - A)B+|z - AD]

- A
Phuong trinh dic tinh cia dugc dinh nghia 1a
2 - A=0 (7-87)

Téng quat hé thong diéu khién rdi rac tuy&€n tinh bat bi€n theo thdi gian cé
thé dugc biéu dién bing phuong trinh sai phan v6i hé s hing.
M(k+n)T]+a,  yi(k+n- DT]+...+a yY{(k +DT]+a,y(KT) (7-88)
=b, r[(k+m)T]+b, ,rf[(k+m-DT]+...+br[(k+2D)T]+b,r(kT)
v6i n>m
LAy bi€n d6i z hai v& phuong trinh (7-88) va cho diéu kién diu 1a 0, ham truyén
cda hé dugc vi€t nhu sau

b,z"+b_,z""+..+bz+Db

G(Z) - Y(Z) —_m m-1 - bl 0
R(z) z"+a, ,z"" +..+az+a,

hay G(2) = (7-86)

vGi n>m (7-89)

Phuong trinh ddc tinh dat dugc bing cdch cho phuong trinh da thitc mdu sé
ciia ham truyén bdng 0.
Z2"+a, 2" +..+a2z+a,=0 (7-90)
Thi du 7.13: Cho hé thdng rdi rac dugc md ta bdi phuong trinh sai phan sau :
y(k+2)+5y(k+1) +3y(k) =r(k+D)+2r(k) (7-91)
Ham truyén cla hé 1a
G(2) = Y(z) _ z+2
R(z) z*+5z+3
Phuong trinh déc tinh 1a :
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7 +5z+3=0 (7-92)
Bién trang thdi cda hé dudc dinh nghia nhu sau
% (k) = y(k)

X, (K) =%, (k+1)- r(k)

Thay hai phudng trinh nay vao (7-91) ta c6 hai phudng trinh trang thdi nhu sau
X (k+1) =%, (k) +r(K) 793

X, (K+1) =-3x,(K) - 5%, (k) - 3r(k)

tir d6 ta c6 ma trdin A va B :

e0 1u e lu

€3 50" 3l

Phuong trinh dic tinh (7-92) ¢6 thé dat dugc bing cach dung |zI-Al=0

d 06 0 1 % z - 1J:z(z+5)— 3 1)=0
gO 1Q, g— 3 -5 3 z+

U z2+5z+3=0

A_

Thi du 7.14: Cho hé lién tuc cé phudng trinh trang thai nhu sau :
o O 0y 4 1y
dt & -1 & -14

y= él 1UX+e1 1u
& 1§ & o
Tim phudng trinh tang théirdirac.
¢ 1 g
_léSOu 1eS+1Ou§S u
(8-~ =¢ 0 “gorn g=é 1 1 U
& s+ly  s(s+DE1 si g L a
és(s+l) (s+Dg

1(t) 0 u

Fity=e™ =L [(Sl- A ] e(1 en.At) e U(t)u

é 1 Ou
ASFM=g L ol
é 10 ér T u
B, = ¢F (t =& 7
OC“gL & (T+2e7 - 2

Thi du 7.15: Ldy mau hé lién tuc véi ham truyén : G (s) = ) dung mach giit

S(s+1
béac khong ZOH va T=0,1sec.
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r_,_,-/’_!h

| Gpls)

Vi€t phuong trinh trang thdi rdi rac.
Khi vi€t phuong trinh trang thdi rdi rac, ta khong ding khau ZOH. Hé lién tuc :

U(t) y(©)
— > GP(S) —»
Thém bi€n trung gian X(s):
Y(s) _  X(g)
U(s) s(s+1).X(s)
Y=1X
U=¢".X+ sX
bit bién trang thdi : X=x,
SX=X2
1k =X,
Taco:%f(ZZ—X2+u
y=X
&—ﬂlg—iﬂ 1ux+iﬂgu
Hy: o By O -1 &l
y=[1 o}x
€@ 1lu €0u
A=A ) :AQ
O -1 &y
l & 1y
L, 6 -1u 1 é&+1 W_S% ss+nY
(8-A" =g (0 = ey w=e Y
O s+l S(s+DEO0 s & a
g (s+D)y
é 1-e'l é 1-eTu él 0,09y
FO=¢ . aP A=F(M=¢e (18 ool
& e g d e g 90
T T4 SN O T 4 St TR
€l 1- e'uéou é-e'u, €r-1+e'u
B, =G=F MBdt=¢k. ~ . tet=¢p . wt=s .
1 =S7g B e ' TR P
éou
" o

Vay hé phuong trinh trang thdirdiracla :
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0,09¢
x(K +1) = ; ﬂ (k)+§ﬂ (K)

y(k) =1 0 x(k)
éx (k+Du éx, (k)u
R T WM OB
*Thanh 1ap phuong trinh trang thai hé roi rac tir phuong trinh trang thai hé
lién tuc

Phuong phdp nay chi 4p dung dugc cho hé théng diéu khién rdi rac vong
kin nhu sau

R +~e(t) >$_Q(¢k1; ZOH [ u(®) | Gp(s) y(®)

T G(s)

Hinh 7.15 : H¢ théng diéu khién roi rac vong kin

1/Lap phuong trinh trang thdi ciia hé lién tuc

u(t) | GP(s) Ly,

ax(t) _
e AL TR
y(t) = Cx(t)

2/Tim ma trdn qua d6 cda hé lién tuc

ft)y=Lf(9)]f (9 =(s - AT (7-95)

3/Rd&i rac héa phuong trinh trang thdi § buéc 1, ta dugc :
1 X{(k +)T] = A X(KT) + B,u(KT)

% Y(KT) = C, x(KT) (7-96) va (7-97)

trong do :

i An =f(T)

J|[ = 6 (t )Bat (7-98)
} C0 =C

4/Hé phuong trinh bi€n trang thdi rdi rac vdi tin hiéu vao r(kT) 1a
1k +3T]=[A, - B,C,Jx(KT) + B,r (kT)
Y(KT) = C,x(KT)

v6i e(kT)=r(kT)-y(kT)= r(kT)-Cax(kT)

(7-99) va (7-100)

—_—
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Thi du 7.16: Tim phuong trinh trang th4i rdi rac cia hé théng sau:

R(t) +~ e(t) >§/ e(kTy| ZOH | u(®) | Gp(s) y(®

T G(s)
Hinh 7.16
Chu Ki &y miu T=0,5 sec. G (8) = > :G,. (s) = 1 e’™
y - © b S(S+2)’ ZOH S

Giai :

7.5.5.8¢ d6 trang thai ciia hé thong roi rac

Khi hé dugc md ta biing phuong trinh sai phadn hay phuong trinh trang thai
rdi rac thi sd dd trang théi r&i rac c6 thé duge xay dung cho hé. Mot s& hoat dong
clia mdy tinh s& 1a nhan vdi hiing s8, cong mdt s6 bi€n va tri hodn thdi gian hay
dich. So d6 trang thdi rdi rac c¢6 th€ ding d€ xac dinh ham truyén ciing nhu hién
thuc s6 ctia hé théng. M6 t todan hoc clia nhitng tinh todn s& cd ban va biéu thic
bién ddi z tuong Gng nhu sau :
1. Nhan bdi mot hiing s6
X,(KT) = ax, (KT) (7-101)

X,(2) =aX,(2) (7-102)
2.Cong :

X,(KT) = x (KT) + x,(KT)  (7-103)
X,(0=X,@+X,(  (1-104)
3.Dich hay tri hodn thdi gian

% (KT) =% (KT) +x,(KT) (7-105)

X,(2) = 2X,(2) - 2¢,(0)
X1(2) =27 X, (2 +%,0)  (7.106)

Sd db trang thai thé hién cdc phép toin dugc minh hoa & hinh 7.17

X1(z) a X2(z)

X,(2) =aX,(2)
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X0(2)
X2(z)
X1
X,(2) = Xo(2) + X,(2)
x1(0)
X2(z) 7' 1(2)

X.(2) =2 X,(2) + %,(0)

Hinh 7.17 : Cdc phdn tit co bdn ciia so do trang thdi roi rac.

Thi du 7.17: Cho hé thdng rdi rac dugc md ta bdi phuong trinh sai phan sau :
y(k+2) +5y(k +1) + 3y(k) = r(k +1) + 2r (k) (7-107)
XAy dung so db trang théi rdi rac.

Mot cdch xAy dung so dd trang thai rdi rac cho hé 13 dung phuong trinh
trang thai. Trong trudng hgp nay, phuong trinh trang thii da dugc dinh nghia trong
(7-93) . Bing cdch ding nguyén li giéng nhau nhu so d6 trang thai cho hé lién
tuc, so d6 trang thai rdi rac cho (7-93) minh hoa & hinh 7.18. Pon vi tri hodn thdi
gian dugc dung lién hé x1(k+1) t6i x2(k). Bi€n trang th4i dugc dinh nghia nhu 12
ngd ra clia don vi tri hodn trong so d6 trang thdi.

Hinh 7.18: So do trang thdi roi rac cho hé mé td béi phuong trinh sai phéan (7-107)
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Phuong trinh chuyén trang thdi ciia hé c6 thé dat dugc truc ti€p tir so dd trang
thdi dung cong thitc d6 1¢i SFG. Bing cdch xem X1(z) va X2(z) la nit ngd ra va
x1(0), x2(0) va R(z) 1a niit ngd vao trong hinh, phuong trinh chuyén trang thdi
dugc viét 1a

éX, (20 1é4+5z* z'uéx(Ou 1éz'(1+5z*% -3z72U

é ' U= ~é 1 Gé gt —é N LUR(2)(7-108)
EX,(24 Dg-3z% 13%Of Dg -3z - 3z72Y

trong dé

D=1+5z"'+3z2 (7-109)
7.5.6.8¢ do trang thai cho hé 14y miu di liéu
Cho hé 1dy mau dit liéu sau :

e(®) X, e*ts| ZOH 1h®) | Gy(9) —>y(®)

T
Hinh 7.19: H¢ 14y mdu dit liéu
Xét ngd vao khau ZOH la e*(t) 1a mot chudi xung, ngd ra khau ZOH 1a h(t). Vi
ZOH chi git bién do xung vao tai khodng 18y mau cho ti khi c¢6 xung k€ ti€p nén
tin hiéu h(t) 1a chudi cic budc. Quan hé vao ra § mién Laplace 1a
1_ e- Ts

q

trong mién thdi gian, quan hé 1a
h()=e(kT*) (7-111)
trong khoang kT<t<(k+1)T
Trong ki hiéu so dd trang thdi chiing ta can quan hé giita H(s) va e(kT*) . Ta ldy
bién ddi Laplace hai v& cda (7-111) &€ c6
E(KT™)
Q

Thé hién sd @6 trang thai ctia khau ZOH dugc cho & hinh 7.20.

H(s) = E*(s) (7-110)

H(s) =

v6i kT<t<(k+1)T

tn |~

e(kT") H(s)

Hinh 7.20: Thé hié¢n so do trang thdi ciia khdu ZOH.
Thi du 7.18: Cho hé 14y mAu dit liéu sau

e( X, e*s) ZOH 1h®) | 5g-1 |y©

s+1 '

T
Hinh 7.21: H¢ 14y mdu dit liéu
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Xay dung so db trang thdi clia hé.

Trudc tién bién ddi Laplace clia ngd ra hé thong dugc vi€t dudi dang ngd vao

khau ZOH

1-e™ 1
s s+1

LAy bién ddi z hai v& phuong trinh trén ta dugc

Y(2) = 1- e’

Y(s) = E (9

—E(2) (7-112)

Hinh vé& 7.22 cho thiy so d trang thai cia (7-112).

x1(0)

!

1
l-e! xik+D)T z2*
e(kTh x1(kT)
Xi(z)

-T
-€

Hinh 7.22: So dé trang thdi roi rac ciia hé trong hinh 7.21
Phuong trinh ddng rdi rac cda hé thdng dudc viét truc tiép tir so do trang théi.
X[(K+DT]=-e "x(KT)+(1- e ")e(KT™") (7-113)
y(KT) = x (KT) (7-114)

7.6. Pap ng thdi gian cia HTPKRR
DPap wng qua do cia hé roirac
Cho sd @b kh&ihé thong diéu khién ri rac sau:

R A (Y
\v ............. >
T Y*(s)
R+ e(0) X, ¥t ZOH | Gp(s) y(®)
R(s) T-E(s)  E*(s) Y(s)
T G(s)
H(s)

Hinh 7.23: H¢ théng diéu khién roi rac vong kin
Ham truyén hé hé: G(2) = G, G, (2) = Z{G,oy (5)G, (s)}
Ham truyén clia hé thong kin 1a:

G (= B __ 6@ ;s
“ R(zZ) 1+GH(2)
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trong d6 GH(z) 1a ham truyén z ctia G(s)H(s). Vi ngd vao r(t)=1(t) ngd ra l1a h(t) :
ddp tng qua do (ddp dng ham nac don vi).
Vi R(z) dudc cho R(z)=z/(z-1), ngd ra y(kT) c6 th€ dugc xdc dinh bing hai cich
sau:
1. LAy bién ddi z ngugc clia Y(z) stt dung bang bién ddi z.
2. M4 rong Y(z) thanh chudi liy thira cia z™*.
Bié&n d6i z clia ngd ra duge dinh nghia:
¥
Y(2) =4 y(kT)z* (7-116)
k=0
Thi du 7.19: Xét hé thong diéu khién rdi rac & hinh , ¢ ham truyén ddi tugng 1a:
G, (9= 220 \GiK=145
s(s+3612)
Ham truyén nhanh thing clia hé rdirac la:
1.-€G (s)u
GZOHGp(Z) = Z[GZOHGp(S)] =(1-z l)zépTl;I
e u
véi chu ki 1dy miu T=0,001 sec ham truyén z hé hé 1a:
0,029z + 0,0257
G,01G,(2) = Z[G,5,G,(8)] = —- .
ZOH p( ) [ ZOH p( )] 22 _ :L697Z+O,697
Ham truyén hé théng vong kin 1a:
G.(2) = Y(2) _ GwonG,(2) _  0,029z+0,0257
“ R(z) 1+G,,G,(2) z*-1668z+0,7226
trong Y(z) va R(z) 1a bi€n d6i z cda ngd ra va ngd vao. Vi R(z)=z/(z-1). Ham
truyén ngd ra Y(z) tr§ thanh:
Y(2) = z(0,029z + 0,0257)
(z- 1)(2* - 1,668z +0,7226)
Chudi ngd ra y(kT) c6 thé x4c dinh bing cich chia da thifc tif s6 clia Y(z)
cho da thiic miu s6 d€ dat dugc chudi liy thira theo z'. Vdi K=14,5, ddp ting nic
cia hé rdi rac nhu hinh vé. Véi chu ki 14y mAu nhé dip ng ngd ra cia hé rdi rac
va hé lién tuc 12 gidng nhau. Gid tri cuc dai cda y(kT) l1a 1,0731 hay phﬁn tram
vot 16 cuc dai la 7,31%.

7.7. On dinh ctia hé théng roirac
7.7.1.0n dinh BIBO:
Cho u(kT), y(kT) va g(kT) 12 ngd vao, ngd ra va chudi xung ctia hé thong diéu
khién 1di rac tuyén tinh bat bi€n thsi gian . Vdi diéu kién diu zero, hé théng dudc
goi 1a 8n dinh BIBO hay 6n dinh né€u chudi ngd ra y(kT) bi chin tdi ngd vao bi
chan u(kT). Hé thong 1a n dinh BIBO khi diéu kién sau phdi théa min:
¥
a lo(kT)| <¥ (7-117)
k=0
7.7.2.0n dinh ngo vao zero:
D4i v6i 6n dinh ngd vao zero, chudi ngd ra clia hé phai théa min diéu kién sau:
L |y(kKT) EM <¥ (7-118)
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2. ng\y(kT)\ =0 (7-119)

6n dinh ngé vao zero con dudc goi 1a 8n dinh tiém can.
7.7.3.Ki€m tra dn dinh ctia hé roirac:
Viéc ki€m tra 6n dinh ctia hé thong diéu khién rdi rac tuyén tinh 13 bai todn co
bin ki€m tra xem tit cd nghiém cla phuong trinh dic trung c6 nim bén trong
vong tron don vi lzl=1 hay khong. Tiéu chuén Nyquist, quy dao nghiém s, biéu
dd Bode, ngudn gdc ap dung cho hé lién tuc, c6 thé md rong d€ xét 6n dinh hé ri
rac. Ngoai trif tiéu chuin Routh-Hurwitz, ngudn goc gi6i han chi trén truc 4o clia
mit phing s nhu 13 bién giGi 6n dinh, chi 4p dung cho hé lién tuc.
Phuong phap chuyén ddi song tuyén:
Chiing ta c6 thé ap dung tiéu chuin Routh-Hurwitz cho hé rdi rac néu ta tim ra
phép bi€n d6i ma chuyén vong tron don vi trong mit phing z vao thanh truc 4o
clia mit phitc khdc. Ta khong thé diing quan hé bi&n ddi z: z=exp(Ts) hay s=(In
z)/T vi n6 bi€n d8i phuong trinh dai s6 trong z thanh phuong trinh phi tuyén trongs,
va tiéu chuidn Routh khong thé 4p dung. C6 nhiéu dang bi€n d6i song tuyén:
2=3*0 5100

cr+d
trong d6 a, b, c, d 12 hiing s6 thuc va r 12 bi€n phitc, s& chuyén vong tron don vi
trong mit phing z thinh dudng thing clia mit phing r. Mot chuyén ddi nhu vay
chuyén bén trong vong tron don vi § mit phing z thanh nita trdi cia mit phing r
la:
= 1+r

1-r
dugc goi 1a bién ddir.
Vi phuong trinh dic tinh trong z dugc chuyén sang mién r diing (7-121), nén tiéu
chuin Routh-Hurwitz ciing c6 thé€ 4p dung cho phudng trinh trong r.
Dang (7-121) 13 don gidn nhit cho chuyén d6i bing tay phuong trinh F(z) vao
phuong trinh trong r. Mot bi€n ddi khac hay dung trong thi€t k& hé thong diu rdi
rac trong mién tan sd 14 bi€n d6i :

(7-121)

z:w (7-122)
2/T)-w
2z-1
hay w=——- 7-123
i Tz+1 ( )

va dugc goi la bi€n d6i w. Chd y 1a bi€n ddi w thanh bién ddi r khi T=2. Thuan lgi
clia bi€n d6i w so vdi bi€n d6i r 1a truc 4o cda mit phing w gidng nhu trong mit
phing s.
Chitng minh: ta thay
z=eVT =cosvT+jsnvT  (7-124)
vao phuong trinh (7-123) va ta dugc:
W:gcowTﬂ.s!an—l (7-125)
TcosvT+ jsinvT+1
ti 16 héa phuong trinh cudi va rit gon, ta c6:
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w=jv = jgtan\i (7-126)
T 2
Nhu vay vong tron don vi trong mit phing z dugc anh xa thanh truc 4o W= jv w
trong mit phing w. Quan hé giita ®w va o, tn so thyc, 1a:
Vo, :Etan\i:&tan& (7-127)

T 2 p v
trong d6 o, 12 tin s6 14y miu (rad/sec). Tuong quan giifa o, vd ® la ching cling
ti€n tir 0 ra oo & cling thdi diém.. P&i vé6i tiéu chuén Routh-Hurwitz, bi€n ddi w
khé st dung hon, dic biét khi chu ki 1y mAu T xué't hién trong (7-123). Tuy nhién
chuong trinh mdy tinh c¢6 thé diing cho bi€n ddi w, khé khin dugc khic phuc va
khong ddng k€.

Xét 6n dinh diing tiéu chudn Routh-Hurwitz véi bi€n ddi r:

Thi du 7.20: Xem xét phuong trinh dic tinh ctia hé thdng diéu khién rdi rac:
2’ +5947° +7,7z- 0,368=0 (7-128)

Thay (7-121) vao phuong trinh cudi va don gidn, ta c6:

3128r°- 11,74r? +2,344r +14,27 =0 (7-129)

Lap bdng Routh clia phuong trinh cudi:

S

R3 3,128 2,344
béi diu
R2 -11,74 14,27
béi diu
R1 6,146 0
RO 14,27

C6 hai 1an ddi diu & coat dau tién Bang Routh , phuong trinh (7-129) c6 hai
nghiém nim & nta phdi mit phing r. Tuong Gng phuong trinh (7-128) c¢6 hai
nghiém nim ngoai vong tron don vi. Nhu vay hé khong &n dinh.
K&t qué ki€m tra : z=-2; z=-3,984;z=0,0461 trong mit phing z.
R=3;r=1,67;r=-0,9117 trong mit phing r.
Ki€m tra dn dinh tryc tiép:
Tiéu chuéin Jury

C6 nhitng ki€m tra 6n dinh 4p dung truc ti€p vao phuong trinh dic tinh
trong z vdi tham chi€u vong tron don vi trong mit phing z. Mot phuong phip dau
tién cho diéu kién cin va di d€ nghiém phuong trinh dic tinh nim trong vong
tron don vi 1a tiéu chudn Schur-Cohn. Mgt phuong phap don gidn hon dudc din ra
bdi Jury va Blanchard va dudc goi 1a tiéu chudn &n dinh Jury. R. H. Raible dua ra
mot dang thay th€ clia ki€m tra 6n dinh Jury. That khéng may, cdc ki€m tra gidi
tich tt cd tr§ nén rit phic tap véi phuong trinh ¢6 bic cao hon 2, dic biét khi
phuong trinh ¢6 tham s& chua biét. Vi vay khong c6 1i do gi sit dung bat ki ki€m tra
niy néu cic hé s6 clia phuong trinh 12 dd bi€t, vi ching ta c6 thé ding chuong
trinh tim nghiém trén mdy tinh. Khi phuong trinh dic tinh c¢6 it nhdt mdt tham s&
chua biét thi phuong phdp chuyén ddi song tuyén 1a phuong phip bing tay tot
nhit € xdc dinh 6n dinh clia hé thong diéu khién rdi rac tuyén tinh. Tuy nhién
cling rat c¢6 ich gidi thiéu diéu kién cin 8n dinh c6 thé kiém tra bing diéu tra.
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Xét phuong trinh dic tinh clia hé i rac tuy€n tinh ba't bi€n theo thdi gian:
F(2)=a,z"+a,,2"" +..+az+a,=0 (7-130)
trong d6" cdc hé s6 1a thuc. Trong tit cd diéu kién dugc cung cip trong ki€m tra
Jury, diéu kién cAn sau day phai dugc thda min d€ F(z) khong ¢c6 nghiém nim
trén hay bén ngoai vong tron don vi.

F(1)>0

F(-1)>0 n€u n=s6 chin

F(-1)<0 n€u n 1a s6 1& (7-131)

3| <a,
Né&u phuong trinh & dang (7-131) vi pham mdt trong cdc diéu kién nay, thi khong
phai tdt cd nghiém 13 nim bén trong vong tron don vi va hé thdng khong 8n dinh.
R6 rang diéu kién cin c6 thé kiém tra d& dang bing diéu tra.
Thi du 7.21: Xét phuong trinh
F(2)=2z°+2*+05z+0,25=0
Ap dung diéu kién (7-131), ta ¢6
F(1)=2,75>0 va F(-1)=-0,25<0 v6i n=3 s6 1&
a,|=0,25<a, =1
Nhu vay céac diéu kién trong (7-131) déu thda min, nhung khong thé néi gi vé 6n
dinh clia hé thong.
Thi du 7.22: Xét phuong trinh
F(2)=2°+2*+05z+125=0
biéu kién 1a
F(1)=3,75>0 va F(-1)=0,75>0 vdin=3 sd 1&
) =125>a, =1
Vi v6i n 1€ F(-1) phdi &m nén phuong trinh dic tinh c6 it nhat mdt nghiém nim
ngoai vong tron don vi. Piéu kién v€ tri tuyét ddi ciia a0 khong thda.
Hé bac hai:
Piéu kién (7-131) trd thanh diéu kién cAn va ddi khi hé 13 bic hai. Nghia 1a diéu
kién can va di cho phuong trinh bac hai

F(2=a,2 +a,z+a,=0 (7-132)

khong ¢6 nghiém nim trén hay bén ngoai vong tron don vi la
F(1)>0
F(-1)>0 n€u n=s6 chin (7-133)
ag| <a,

Thi du 7.23: Xét phuong trinh

F(z)=2"+2+0,25=0

Ap dung diéu kién (7-133), ta ¢6

F(1)=2,2550 F(-1)=0,25>0 v6i n=2 chin

a,|=0,25<a, =1

Nhu vay diéu kién trong phuong trinh (7-133) thda man. C6 hai nghiém clia
phuong trinh dic trung nim bén trong vong tron don vi va hé théng dn dinh.
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7.8. Quy dao nghiém s&

K§ thuit quy dao nghiém s6 c¢6 thé 4p dung cho hé rdi rac ma khong cé su
phtic tap nio. V4i ham truyén bi€n ddi z, quy da nghiém cho hé rdi rac dudc vé
trong mit phing z thay cho mit phing s. Ching ta hiy xem hé théng diéu khién
r0irac & hinh

. YEO
........... X >
T Y*(s)
RO+~ e(0) X, e*1) G(s) y(©)
R(s) 4-E(s)  E*(s) Y0s)
T
H(9)

Hinh 7.24 : H¢ théng diéu khién roi rac vong kin
Nghiém phuong trinh dic tinh cia hé théa man phuong trinh sau:

1+GH' () =0 (7-134)
trong mit phing s, hay
1+GH(2) =0 (7-135)
1+k N@ _ )
D(2)

< N(2)
bit G,(z) = K—=

it Gy(2) D(2)

trong mit phing z.

Bai todn qu§ dao nghiém cho hé rdi rac la don gidn néu quy dao nghiém
dugc xy dung trong mit phang z ding phuong trinh (7-135). Vi (7-135) 12 ham ti 1&
theo z véi hé s6 hing, cdc cuc va zero 1a hitu han s8 lugng, va s6 nhdanh quy dao
nghiém I hitu han. Thi tuc xay dung gidng nhau cho hé lién tuc dudc 4p dung
tric ti€p cho hé thdng rdi rac trong mit phing z. Thi du sau minh hoa xay dung
quy dao nghiém cho hé thong diéu khién 1di rac trong mit phing z.

Sau day 1a 11 quy tic v& quy dao nghiém s6 clia hé thdng c6 phuong trinh
dac tinh cé dang (4-13):
Quy tdc 1: SO nhdnh clia quj dao nghiém s6 = sd bac clia phuong trinh  dic tinh
=s0 bac ctia GO(z)=n.
Quy tdc 2: Khi K=0: cdc nhdnh ctia quj dao nghiém s6 xudt phdt ti cdc cuc cla
GO(z).
Khi K ti€n dé&n +o0: m nhdnh cla quj dao nghiém s6 ti€n dén m zero clia GO(z), n-
m nhdnh con lai tién d€n oo theo c4c tiém cin xéc dinh bdi quy tic 5 va 6.
Quy tic 3: Quy dao nghiém s6 d6i xitng qua truc thuc.
Quy tic 4: mot diém trén truc thyc thude vé quy dao nghiém sd néu téng s6 cuc va
zero clia GO(z) bén phai né la mot s6 18.
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Quy tic 5: Géc tao bsi dudng tiém cin cla quy dao nghiém s6 vdi truc thuc x4c

dinh bdi:
2 +7 :
a=@*P 0140,
n-m
Quy tic 6: Giao diém giita cdc tiém can vdi truc thuc 12 diém A c6 toa d6 x4c dinh
bdi
dn-4z
o o] , - .
op-@cuc-azero G an
n-m n-m

pi va zi la cédc cuc va zero ciia GO(z).
Quy tic 7: Piém tidch nhap (n€u cb) clia quy dao nghiém s& niim trén truc thyc va

la nghiém cta phuong trinh: (ZK =0
V4

Quy tic 8: Giao di€ém clia quy dao nghiém s6 véi truc 4o c6 thé xdc dinh bing
mdt trong hai cich sau day.
-Ap dung tiéu chuan Routh-Hurwitz mé rong.
-Thay z=a+jb (diéu kién a® +b? =1) vao phuong trinh dic tinh (¥), can bing phan
thyc va phan 4o sé tim dugc giao di€m véi dudng tron don vi va gid tri Kgn.
Quy tdc 9: Géc xuat phat clia quy dao nghiém sd tai cyc phic pj dude xdc dinh bdi
m n
q; =180° +Q arg(p; - 2)- @ ay(p; - P)
i=1 :1=lJ
Dang hinh hoc ctia cong thic trén la:
0j=180°+(S gbc tir c4c zero dén cuc pj)-( Sgobc tir cdc cuc con lai d€n cuc pj).
Quy tic 10: Téng cic nghiém 12 hiing s& khi K thay ddi tir 0-->+oo.
Quy tic 11: Hé s6 khuéch dai doc theo quy dao nghiém s6 c6 thé xdc dinh tir diéu
kién bién do

K N(29)| _
D(2)
Thi du 7.24: Xéthé thong diéu khién rdi rac & hinh c6 ham truyén vong hd trong
mién z 1a
GH(2) = 0,632Kz

(z- D(z- 0,368)

Quy dao nghiém cda phuong trinh dic trung vong kin dugc xay dung dua trén ciu
tric cuc —zero cia GH(z) nhu hinh vé. Chd y 1a khi K vugt qué 4,32 thi mdt trong
hai nghiém s& di chuyén ra ngoai vong tron don vi va hé théng tré nén khong 6n
dinh. Pudng hé s§ suy gidm hiing s6 c6 thé suy luan trén quy dao nghiém dé xéc
dinh gi4 tri K cho ti 1& suy gidm cu thé. Trong hinh vé dudng ti s& suy gidm hiing
s6 cho £=0,5 dudc vé ra va phan giao véi qu§ dao nghiém cho gid tri mong mudn
K=1.
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Jlmz &

Z-plane

/

>
| Rez

Unit /

circle

Hinh 7.25: Quy dao nghiém ciia hé théng diéu khién roi rac khong cé khdu ZOH.
G(9H(8) =T =1sec
S(s+1)
Véi cing hé thong nhu vay, né€u ting chu ki 14y miu 1én 2 sec thi ham truyén
vong hd trd thanh
GH(2) = 0,865Kz
(z- D(z- 0135)
Quy dao nghiém trong trudng hgp nay dugc cho & hinh vé 7.26

Ly thuy&t Piéu khién tv dong-© Huynh Minh Ngoc

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com

242

JjImz A

Unit z-plane

circle \

Hinh 7.26: Quy dao nghiém ciia hé théng diéu khién roi rac khong cé khau ZOH.
G(H(9) =~ T = 2sec
s(s+1)

K& ti€p ching ta xét khau ZOH dugc chén vao gitta bo 14y miu va doi
tugng G(s) trong hinh 7.24. Him truyén vong hé cia hé véi khau ZOH 1a
K[(T-1+e")z-Te " +1- €]

(z-)(z-€T)
Quy dao nghiém ctia hé c¢6 khau ZOH cho T=1 sec va 2 sec dugc minh hoa & hinh
7.27 (a) va (b) tuong Ung.

GH(2) =
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L

JImz 4

(a)T=1 sec

-~

{a) Root loci for T= 1 second

jImz &

K:OO

z-plane

z-plane

= —

1 0524 0

(b) Root loct for T= 2 seconds
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Hinh 7.27: Quy dao nghiém ciia hé cd khdu ZOH cho T=1 sec va 2 sec dugc minh
hoa & hinh (a) va (b) tuong ving.
Thi du: 25.Cho hé r8irac c6 s dd :

Qe ©
r»Oe T—» 204 - c
Ham truyén d6i wong 6= <. G, (=28
’ e s(s+5)° " s
a)Cho chu ki 1y miu T=0,1 sec . V& quy dao nghi¢m s5 va tinh K.

Giai :

7.9. Phan tich sai sd xdc lap ctia hé thong diéu khién dif liéu roi rac.
Cho hé théng rdi rac sau

R A0V

.......... \v >

T Y*(s)
&L)iogi))@_eim; ZOH > Gp(s) y(®)
R(s) 1 -E(s) E*(s) Y(s)

T G(s)

Hé héi ti€p Am don vi , cho H(s)=1
Trong d6 r(t) 12 ngd vao, y(t) 1a ngd ra. Tin hiéu sai s6 dugc thé hién bdi e*(t) hay
e(kT).
E(t)=r(t)-y(t)
e =r-ym

hay
e(KT) =r(kT) - y(kT)
E(z) = R@

1+ Gzthp (Z)

Sai s& x4c 1ap tai thdi di€ém 1dy miu 1a

€, =lime = ime(kn)

Diing dinh 1i gi4 tri cudi clia bi€n ddi z, sai s& xdc 1ap la:
. 1 _ -1

e, =lime(kT) =lim(1- 27)E(2)

Thé thi

e, = lime(KT) =lim@- z")E(2) =lim(1- z'l)&

k® ¥ ®1 ®1 1+GZOHGp(Z)
z

véingd vao ham nic r(t)=1(t) , suy ra R(2) =
z
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. 1
m =
Z®11+GZOHGp(Z) 1+|Zi®rTGZOHGp(Z)

exI

Hing s6 sai s6 nic (step-error constant) hay hé sd vi tri dugc dinh nghia 12
Ky = |Zi(g} GonG,(2)

va sai s6 xdc lap 1a

* 1
exI = *
1+K,
fr s 1 - Tz
vdingd vao ham déc r(t)=t.1(t) , suy ra R(z) = (z- 1)
Z_

¢ =i T — 1
X -
@1 (z- DA+ GZOHGP(Z)) |i®llllz_|__1GZOHGp(Z)

Hing s6 sai s6 ddc (ramp-error constant) hay hé s6 van toc dugc dinh nghia Ia
. 1.
K; = 2lim[(z- DG,0,G, (2]
T ze1

va sai s6 xdc lap 1a
* — 1
exI - K*

\

Thi du 7.25: Cho hé thong diéu khién r&i rac c¢6 s dd khdi nhu hinh 7.28

r(t) + ~e(t) >§/Q(_k_T_)> ZOH |u(® | Gp(s) c(t)

T G(s)
Hinh 7.28
K 1- e ®
T I Gy(8) = iGou(9) =
Chu ki lay mau T=0,1 sec. (st+a)(s+b) S

(K=10,a=2b=3)
1.Tim ham truyén kin Gi(2).
2.Tim d4p tng clia hé d6i véi tin hiéu vao 12 ham nic don vi, do vot 16, sai sd xac
lap.
Giai :
1. G.(2) = 20,0422 + 0,036
Z°-1518z+0,643

2.c(k)={0 0,042 ;0,106 ;0,212 ;0,332 ;0,446 ;0,542 ;0,614 ;...
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0,662 ;0,706 ;0,743 ;0,772 ;0,94 ;0,809 ;0,819 ;0,825 ;...
0,828 ;0,828 ;0,827 ;0,825 ;...}
cx1=0,624
POT=32,69%
Ex1=0,376
7.10. Phéan tich mién tin sé ciia hé thong diéu khién di liéu réi rac :
Cho sd @b kh&ihé thong diéu khién rdi rac sau :

PR A (9)
........... \V >
T Y*(s)
R+ e(t) >$ e*(t)y| ZOH »| Gp(s) y(®)
R(s) T -E(s) E*(s) Y(s)

T G(s)

Hinh 7.29: H¢ théng diéu khién roi rac vong kin
Ham truyén hé hé: G(2) = G, G, (2) = Z{G,q, ()G, (5)}
Ham truyén ctia hé thong kin 1a:
Y(z G(z -
G,.(2) = (2 __G(®  (7-136)
R(z) 1+G(2)

trong d6 G(z) 12 ham truyén z ctia G(s).

Thay z = &7 ta dugc bi€u dd mién tin s6 ctia G(z) va o thay ddi tir 0.

Biéu d6 Bode véi bién doi w:

Bién d6i w c6 thé dugc diing d€ phan tich va thi€t k€ mién tan s6. Bi€n d6i w 12

z:w (7-137)
2/T)- w

trong mién tin sd ta ding
: 2. VvT

W= v, =]=-tan— 7-138
IV w JT 5 ( )

Thay vao G(z) ta dugc G(jv ) va xay dung bi€u dd Bode.
Thi du 7.26: Xét hé thong rdi rac & hinh 7.29. V& bi€u dd bode cho hé. Cho ham
truyén doi tugng lién tuc 1a

_ 157
Gy (9) = s(s+1)

Tan s6 14y miu laws 4 rad/sec hay T=1,57 sec..
Xét hé thong khong c6 khau ZOH do d6

i B 1,243z
G(2) =G,,G,(2) = (z- 1)(s- 0,208)

Xét hé thong ¢6 khau ZOH do d6
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G(2) = GhoGp(Z) _ 12215z +0,7306
(z- D(s- 0,208)
Pip tng tin s6 clia hé G(z)=Gn,G,(z) dat dugc biing cich thay z = "
Biéu dé Bode vdi bién déi w:
Biéu db Bode ctia ham truyén nhanh hd c6 thé vé ding bién d6i w & (7-137). Psi
v6i hé c6 khau ZOH, ham truyénh nh4dnh hé trong mién w 1a

G(W) =Gy, G, (W) = 1,57(1+0,504w)(1- 1,0913w)

w(1+1197w)
Véi hé khdong c6 khau ZOH
: 1- 0,6163w?
GwW) =G G, (jw) = ———— "
w(l+1,978w)

Thay w=joy va vé& bi€u dd bode trong mién w v6i wy trong (7-138).

K&t luan : khi z dugc thay bdi ¢/®" trong ham truyén mién z hay n€u bién ddi w
dugc st dung thi tit cA k§ thudt phan tich mién tin s6 ding cho hé lién tuc ¢6
thé 4p dung cho hé théng diéu khién rdi rac.

7.11.Thié't k& hé théng diéu khién roi rac
7.11.1.Gigi thiéu:

Thi€'t k& hé thong diéu khi€n rdi rac vé nguyén tic giong vdi thi€t k& hé
thong diéu khién lién tuc. Muc tiéu thi€t k& 13 cd ban xdc dinh bo diéu khién dé
ma hé thdng sé& thuc hién tuong dng vé6i chi tiéu mong mudn. So db khdi hé théng
diéu khién rdi rac nhu sau

r(t) + —e(t), ext| D(s) ZOH Gp(s) y(t)

>(O

- T T

_/e*(t)

A
y

D(z)

Hinh 7.30
Mot sd d6 diéu khién khac ciing dugc st dung 1a diéu khién hdi ti€p trang thai:
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r(kT) + u(kT)| ZOH u(t) boi x(k)
- tugng
Gp(s)
K

Hinh 7.31 : H¢ théng diéu khién s6 véi hoi tiép trang thdi

7.11.2.Hién thyc s ctia by diéu khién analog:

Bai todn thdo luin trong phan nay c6 hai mit: thit nhat lam th& nao céc bd
diéu khién PID, sém pha, tré pha vi sém tré pha c6 thé dugc xap xi biing bo diéu
khién s6. Thi hai, bai todn hién thyc bo diéu khi€n s6 bing bo vi x{t 1i s6.

7.11.3. Hién thuc s6 bo diéu khién PID (PID roi rac): PID so
1/Khau ti 1€ : Ge(z)=Kp (7-139)
2/Khau vi phén:

e(b—» Vi ——u(t)

phan

delt)
dt

Khau vi phan bac 1 lién tuc:
Khau vi phan béc 1 rdi rac:

€., - €
-Sai phan tdi: % (7-140)
e - €
“Sai phan lni: 2 (7-141)

e. - €
-Sai phén gitta; <1 %1 (7-142
p g oT ( )

Né€u ey, dung dudc, sai phan giita (cudi cung) cho xap xi t6t nhat. Sai phan bac
hai d€ x4p xi & c6 thé thyc hién nhu la sai phan bac 1 clia sai phan bac 1.

2" 2ek+l +
2

Sai phan bac 2: S (sai phan i)  (7-143)

-2 +
G e_F-Zl S (sai phan lui)
e.,-2e te C A
kel TZk *1 (sai phan giita)

X4p xi cudi cling ¢6 thé din ra nhu sau:
[(ek+l - ek)/T] +[(ek - ek-l)/T]
T
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X4p xi ding luat sai phan lui: ding phd bi€n nhat
Pao ham clia ham f(t) tai t=kT c6 thé xap xi s6 biing cach s dung gid tri f(t) tai
t=kT va t=(k-1)T, nghia la

df (t) 1
—= == (f(kT)- f[(k-DT

at | 7 (T(KT) - Tltk- DT
LAy bién ddi z hai v&:

By =1 2 F@=" R

dt t= kTﬂ 1z
Vay ham truyén z khau vi phan:
Go(2) = Yo =Ko 2 (7149
E(2) Tz

3/Khéu tich phan:

e(0—f Tich + pu(y

phan

t

Khau tich phan béc 1 lién te: u(t) = K, cg(t)dt
0

Khau tich phan rdi rac:

kT (k-1)T kT
ukT) =K, of Ddt =K, f @dt+K, f @)t
0 0 (k-DT

kT
b u(kT) =ul(k- DTI+K, Of (t)dt
(k-1T
kT

Xéttich phan  f (t)dt : c6 3 cdch tinh

(k-1T
-Tich phan hinh thang:
KT
o ftdt» T(f[(k- DT]+ f(kT)) (7-145)
(k-1T 2

u(kT) = (k- DT] +£{ F(KT) + F[(k - DT])

Ham truyén z khau tich phan:
U(z T(z+1
G, (2) =K, ():KI (z+1)
F(2) 2(z-1
-Tich phén hinh chit nhat t6i:
KT
Of (t)dt » Tf (KT)  (7-147)
(k-DT

U(KT) =u[(k - DT] +Tf (KT)
Ham truyén z khau tich phan:

(7-146)
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U(z) _ K Tz
'F@ z-1
-Tich phén hinh chit nhat lui:
Tich phan ctia ham f(t) c6 thé xap xi bing viing dién tich dudi cung chit nhat. Xap
xi ndy tuong duong hoat dong 14y mAiu va giit (ZOH). Hinh sau thé hién so do

G (2)= (7-148)

khdi tich phan chit nhat.
£(t)
@)
f(k)
J//\
0 T. (kDT kT t

a)

f(t) nﬁ ZOH » 1 u(t)
S
T
b)

Tir hinh b) ham truyén z cda khau tich phan s6 1a
U@ _, é-e™ 10_KT

- KI é u-
F(2) S

G (2= .
@ & s s§ z-1

KT
oOf dt » Tf[(k - DT] (7-149)
(k-DT
U(KT) =u[(k- DT]+Tf[(k - DT]
Ham truyén z khau tich phan:
KT
G )=k LA KT 55,
F(2g z-1
Thuong st dung phudng phép hinh thang:

G () =k L@ TC*D 55,
F(2) 2(z-1)
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4/Piéu khién PID:

PID lien tue: S =K+ 4K, s (7-152)
E(s) S

PID r&i rac :

, . re T
$6 h6a: Gup = K, + K, X Tek-l K, e Zek] (7-153)

U(z)_K +Ksz+1 Ky z-

Ha = +.—2 == (tich phan hinh thang, sai phan lui cho vi
"Bz " 2 z-1 T z ( P & P
phén).
Tich phan hinh thang:
U(2) K, z-1
—T =K, + +K,.
E@ 7 2z-1 " 712
Tz+1 (7-154)
KT Ko KT 2K, . K,
R e
- 2 T T
z(z-1)
Tich phan hinh chi¥ nhat téi:
K -
7U(Z):KP+ '+KD.—Z 1
E(2) z-1 Tz
TZK oKy, K, 1)
Z2[Kp +K T+22]- 4K, + =0 ]+-22
_ [Ke +K, T] 7K, ] T
z(z-1))
Tich phan hinh chi¥ nhat lui :
K -
7U(Z):KP+ '+KD.—Z 1
E(2) z-1 Tz
T
(7-156)
K 2K K
Z°[K,+-2]+74K T-K,- ——B]+-L
[Ke T] 7K, PTT ] T

z(z-1)

=

Khi KI=0, ham truyén ctia khau PD s6 [a: Gy (2) =K, + K. %r
z

K
K.+--bj. b
U@ _ Al
E(2 z
SJ d6 khdi cda hién thyc chuong trinh s8 clia bo diéu khié€n PID:

(7-157)
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Kp
21
f(kT) Ko s \O—»@ u(kT)
T /I- +
TK | __}O 2t Q.

2 1\+ |+

7.11.4.Hién thyc b diéu khién sém pha va tré pha:

V& nguyén If, bit ki bo didu khi€n lién tuc c6 thé lam thanh bo didu khién
rdi rac bing cach thém khau 18y maiu va giit ZOH vao ngd vao va ngd ra cla bod
diéu khi€n va chon lya tin s6 14y miu cang nhé cang tot. Hinh vé minh hoa sd db
cd ban v&i Ge(s), ham truyén ctia b diéu khién lién tuc, va Ge(z) 1a bd diéu khién
s6 tuong duong. Chu ki 14y miu T phai di nhé d€ dic tinh dong clia bo diéu khién
lién tuc khdong mat mat thong qua s6 héa. Cau hinh hé théng & hinh that sy dé
Xud't ring vdi bo diéu khi€n lién tuc cho trudc Ge(s), thi bd diéu khién s6 Ge(z)
tuong duong c6 thé dat dugc bing sip x&p sau. Mit khic, bo diéu khién s6 Ge(z)
cho trudc, ta c¢6 thé thyc hién né bing cich ding bd diéu khién analog Ge(s) va
bd ZOH nhu hinh 7.32.

Gc(9)

Ry, —=ap| “OH L Lag ), wie| 201 LaipT

Ge(z)
Hinh 7.32: Hién thuc bo diéu khién sé bang bo diéu khién analog va khdu ldy mdu
va giit ZOH
Thi du 7.27: Cho b diéu khién lién tuc & hinh dugc thé hién bing ham truyén :
s+1

G (9) =

s+161
Tir hinh , ham truyén cda bo diéu khién s§ dugc vi€t nhu sau :

U(z 1€ s+l U
6.@=2P =@ 71zg St 4

F(2) és(s+161)(
_z- (0,62e°" +0,38)
- 7- g Lo

7.12. B diéu khién so:
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B6 diéu khi€n s6 c6 thé dugc hién thyc dé dang bdi mang s6, mdy tinh
s6, vi xtt 1i va vi diéu khién, hay vi xi¥ 1i tin hiéu s6. Mot thuan 1gi rd rang clia bd
diéu khién s dudc thuc hién bdi vi diéu khién hay vi x{ i tin hiéu s& 12 gidi thuat
diéu khién c6 thé thay ddi dé dang bing cich thay ddi chuong trinh. Thay d6i
thanh phan clia bo diéu khién dit liéu lién tuc 13 khé hon nhiéu vi bd diéu khién
da dugc xay dung.

7.12.1. Hién thyc vat Ii cia b diéu khién so.
Ham truyén ctia bo diéu khi€n s6 c6 thé dugc bi€u dién béi:
GC (Z) _ Ez(z) - bo +b12__ll+...+ me__m 1)
E(2) a +az'+..+a,z"

trong d6 n va m 13 s& duong. Ham truyén Ge(z) dude goi 1a hién thuc dugc vé vat
i né€u ngd ra clia né6 khong di truSc ngd vao. Piéu nay nhia 12 chudi mé rong
cia Gc(z) khong c6 liy thia dudng trong z. Trong thuit ngt Gc(z) cho bdi
phuong trinh (1), néu b0 thi as20. N&u GC(z) dugc bi€u dién nhu sau

E,(2 _b,z"+b, 2" +..+bz+b
GC(Z): 2( ): m m-1 bl 0

n n-1 (2)
E(2 a,z'+a, 2" +..+az+a,

thi yéu cau hién thuc vé€ vatli la n>m.

K§ thuat phan rd c6 thé dudc 4p dung d€ hién thyc ham truyén bo diéu khién s&
b&i moat chuong trinh s6. Ching ta xem xét ring chuong trinh s6 c¢6 khd niing
thuc hién phép todn s6 hoc cong, trlr, nhan bdi hing s6 va dich. Ba phuong phap
co bdn phan rd cho lap trinh s§ dudc trinh bay sau nay.

a/Chuong trinh s6 bing phan ra truyc tiép:

Ap dung phén ri truc ti€p vao phuong trinh (1), chling ta ¢6 phuong trinh sau:

E,(2)= 2 (b, +bz ! +..+b_z™)X(2)
a,

L L (3)va(4)
x(2) = a E,(2- —(a,z'+..+a,2")X(2

Hinh sau minh hoa sd d5 dong tin hiéu ctia chuong trinh s6 truc ti€p. z' thé hién
tré thoi gian hay dich moat chu ki 18y mau.

b/Chudng trinh sé biing phin ra néi tiép

Ham truyén Ge(z) ¢6 thé dudc vi€t nhu 13 tich cia ham truyén bac nhit va bac
hai, mdi ham truyén nay c6 thé€ hién thuc bing chuong trinh s& don gidn. Chuong
trinh s8 cia ham truyén tdng cdng dugc thé hién bing cic chuong trinh s§ don
gidn ndi lai ndi ti€p nhau. Phuong trinh (1) dugc vi€t lai & dang

G (2) =Gy (2)Ge,(2).- G (2) (5)

trong d6 tirng thira s§ c6 thé dugc bi€u dién nhu sau:

cuc va zero thuc:

1+cz*t
G.(2)=K ———— 6
CI() I1+diz—l ()
Cuc phtc lién hgp (khdng c6 zero):
K.
G. (9= : (7)

1+d,z*+d,z?
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Cuc phtc lién hgp v6i moat zero:
1+c¢z*
i -1I -2 (8)
1+d,z" +d,z

va cic dang khd tao nén hé bac hai.

Gy(9=K

¢/Chuong trinh s6 bing phan ra song song:
Ham truyén trong (1) c6 thé dugc md rong thanh tdng clia cic thanh phan bic
nhat va bic hai bing md rong phan s tiing phan. Nhitng thanh phan nay c6 thé
hién thyc bing chuong trinh s6 ndi lai song song.
Thi du: Xem xét ham truyén sau ctia bd diéu khi€n s6:
-1

Ge(2) = ?8 ) (1-129)210-’55 2;1) ®

) ,
Vi céc hé s6 ciia da thic tif s6 v miu s6 trong z”' déu 12 hiing s&, ham truyén c6
thé€ hién thuc vé vatli. Him truyén Ge(z) ¢6 thé hién thuc theo ba cich thdo luin
§ trén.
Chuong trinh so tryc ti€p:
Phuong trinh (9) dugc viét lai
G.(2) = E,(2) _ 10(1+052")X(2)

¢ E(2 (@-zHA-02zY)X(2)
M4 rong tif s6 va miu sd clia phuong trinh cudi ta ¢6:
E,(2) = (10+52")X(2) (11)
X(2) =E,(2)+122'X(2)- 0,22°X(2) (12)
Hai phuong trinh cudi (11) va (12) dudc hién thuc bdi chuong trinh s6 & hinh sau.
Chuong trinh so noi ti€p
V& phai clia phuong trinh (9) dugc chia thanh hai thira s6 trong moat céch sau:

-1
G, (2) = E,(2) _ 1+ 0’5.21 . 10 . (13)
E.(2) 1- 2z 1- 0,2z

Hinh sau minh hoa so d6 dong tin hiéu clia chuong trinh s§ ndi ti€p clia bo diéu
khién.
Chuong trinh so song song:
V& phai clia (9) dudc md rong bing phin sd titng phan thanh hai thanh phan tdch
bi€t sau:

G.(29=

(10)

E,(9 _1875 875
E,(2 1-z' 1-02z*
Hinh sau minh hoa so dd dong tin hiéu clia chuong trinh s& song song cla bo dicu
khién.

(14)

7.13. Thiét k& dit cuc véi hoi ti€p trang thai (Pole-placement Design with
state feedback)

Giéng nhu & hé lién tuc, thi€t k& dit cyc thong qua hdi ti€p trang thdi c6
thé€ 4p dung cho hé rJi rac. Xét hé thong diéu khién rdi rac dugc mo ta bdi phuong
trinh trang thai la
X(k +1T] = AX(KT) + Bu(kT) (7-161)
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trong d6 x(kT) 1a vecto trang thai nx1, u(kT) 1a tin hiéu diéu khié€n. Piéu khién héi
ti€p trang thdi la

U(KT) =- Kx(KT) +r (KT) (7-162)

trong d6 K 12 ma trin hdi ti€p 1xn v6i cdc phin t& dod 1gi hiing s6 . Bing cdch
thay (7-162) vao (7-161), hé vong kin dugc thé hién biing phuong trinh trang thai:
X(k +DT] = (A- BK)X(KT) (7-163)

Chiing ta chitng minh riing néu cip [A,B] diéu khién dudc hoan toan, ma tran K
ton tai ma cho mdt tdp hop duy nhat gid tri riéng clia (A-BK); nghia 1a n nghiém
cia phuong trinh dic tinh

2 - A+BK|=0 (7-164)

c6 thé dugc tim. Thi du sau minh hoa thi€t k&€ hé thong diéu khi€n vdi hdi ti€p
trang thai va dit cuc.
Thi du 7.28: Cho hé théng diéu khién s6 sau:
X(k+1)T] = AX(KT) + Bu(KT)
trong dé

eO 1 u _€0u

778

x(kT) 12 vecto trang thdi nx1, u(kT) 1a tin hiéu diéu khi€n. Piéu khién hdi ti€p
trang thai la
u(KT) = - Kx(KT) trong d6 K =[k, k,]. Tim gia tri ctia kI va k2 d€ nghiém ctia
phuong trinh dic tinh cia hé vong kin 1a 0,5 va 0,7.

Giai:
7.14. Thi€t k& hé thdng diéu khi€n rdi rac trong mién tin sé va mit phing z.
. ° \ 2/T)+w .
Bi€n d6i w dugc gidi thiéu trong phan 7.10 ,Z:%,cé thé dugc
(2/T)-w

ding dé€ thuc hién thi€t k& hé thong diéu khi€n dif liéu r5i rac trong mién tin sé.
Mot khi ham truyén clia qué trinh bi diéu khién dudc chuyén sang mién w, thi tat
ca céc ky thuat thi€t k& cho hé thong diéu khién dir liéu lién tuc c6 thé dugc ap
dung vao thi€t k&€ hé thong dit liéu rdi rac. Ching ta xét thi du sau.

B6 diéu khi€n sém pha va tré pha trong mién w:

Giong nhu trong mién s, bd diéu khi€n sém pha va tré pha don tin trong mién w
c6 thé duge bi€u dién nhu sau

G()—l atw()

trong d6 a>1 tuong ng v6i sém pha va a<l tuong @ng v4i tré pha. Khi w dugc thay
bdi jow, bi€u dd Bode ctia (1) dugc thyc hién gidng & chuong 6 vdi a>1 va a<l.
Sauk hi bo didu khién dudc thi€t k& trong mién w, bo diéu khién mién z dat dugc
bing cich thay quan hé chuyén d8i w nhu sau:

_2z-1

T z+1 @)
Thi du: Xét hé thong diéu khién r&i rac vong kin hdi ti€p am don vi , c¢6 khau
ZOH & ham truyén nhinh thing, chu ki 1dy miu la T=0,01 sec. Haim truyén hé 12

Ly thuyé&t Piéu khién ty dong-© Huynh Minh Ngoc

PDF created with pdfFactory Pro trial version www.pdffactory.com


http://www.pdffactory.com

256

2500
Gp (S) =_ """
s(s+ 25)
Ham truyén z hé nhanh thing (vong hd( bao gdm khau ZOH Ia
@ 2500 ©
e ion s 4
s°(s+25) g
Thuc hién bi€n d8i z phuong trinh cudi v6i T=0,01 sec, ta dudc:
01152z + 0,106
Gon Gy (2) = )
(z- Y(z- 0,7788)
Ham truyén vong kin clia hé thong rdi rac l1a:
G.(2)= 2@ _ GonG,p(2) _ 01152z+0106
“ Q.(2) 1+G,,G,(2) z°-16636z+08848
Chiing ta hay thyc hién thi€t k& trong mién tin s6 st dung bién d6i w:
7= (2/T)+w
2/T)- w
thay vao phuong trinh (5), ching ta cé
100(1- 0,005w)(1+ 0,000208w)
G Gy (W) =X X
w(1+ 0,0402w)
Biéu d6 Bode clia phuong trinh cudi (7) dugc minh hoa & hinh sau. D6 dy trit bién
va db duy trit pha 1a 6,39dB va 14,77° tuong ng.
Thi&t k& bo diéu khi€n tré pha trong mién tin so:
PAu tién chiing ta thi€t k& hé thdng ding bo diéu khi€n sém pha véi ham truyén
dudc cho bdi phuong trinh (1) véi a<l. Ching ta yéu cau ring d6 du trit pha clia
hé théng it nha't 1a 50°.
Tir bi€u dd Bode, do du trit pha 1a 50° c¢6 th€ hién thuc néu tin s6 cit bién 1a
v, =128 va d6 1¢i cha dudng cong bién d6 G,nGp(jow) 1a 16,7 dB.
Nhu vay chiing ta can -16,7 dB d€ mang dudng cong bién d6 xudng d€ ma né6 cit
truc 0 dB tai tin s6 v , =12,8. Ching ta dit
20log,, a =-16,7dB (8)
ma tr dé ta c6 a=0,1462. K€ ti€p chiing ta cho 1/at bing it nhit moat decade
thap hon diém tin s& cit bién tai v , =12,8. Chiing ta dit
1

3)

GonG,(29) = (- 74z

(6)

(7

—=1 9
at ©)
Nhu vay,

1

O =a=01462 (10)

B6 diéu khi€n tré pha trong mién w la:

1+atw 1+w
G.(w) = = 11
cW) 1+tw  1+6,84w (1D

’ 2. 2 A N < R X
Thay quan hé bi€n doi z-w, W= — , vao phuong trinh (11), bo di€u khi€n tré

Tz+1
pha trong mién z dat dugc 1a:
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Z -
G.(2) = 01468 2~ 9%
z- 0,9985
Biéu d6 Bode ciia ham truyén nhanh thing vé&i bo diéu khién tré pha cia (11)
dugc minh hoa & hinh 1 . P6 dy trit pha cGia hé dugc b 1a cii thién lean 55°. Pép

tng nic don vi cia hé bu tré pha dugc minh hoa & hinh 2.
|

Unzompensated
< o
L e
Wby prhases - Jewad
L oeritmeslle
= With phuasa lng
& A semimaller

s AN DT

/ F= T sz
|
v i1 4 i Hiy

Sunnber ol s aripling prrisls

Hinh 7.14_1: P4p ¢ng nic don vi cla thi du.
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:Z' I \ "\\!/ controller
E -2 H N i <
s I N i
= I Y
< [ I)T : "N
I ™ Uncompensated
=4 | With phase-lag — | = N { system
I | controller 51 oy
| [l
L]
—60 I }
|
|
A
—80 .
10° 10t 12.8 10% 10? 10* 10°
Wy,
z T
|
|1
Il
|1
With phase-lead
contreller
‘—-—--...'—“-——E—_..LL | Uncompensated
i "--.+ LT system
| Bk |~ il \\\\
7 i PM =535 %
B isg LTI N
T PM = 50" ™ \?M:SO.83\
= Wl N N
—180 T N
With phase-lag \\ N =
—200 controller \ \ ’/%
e /’:'/
N \-._d_.«-;/'
\‘\.,_ T
-250
-300
10° 10! 10 10* 10* 10°
[

Hinh 7.14_2: Biéu d6 Bode ctia hé rdi rac thdi gian trong thi du.
Thi&t k& bo diéu khién sém pha trong mién tin sé:
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7.15. Thiét ké& hé roi rac dung phuong phap quy dao nghiém so.

Mot k§ thuat thi€t k& khdc 1a phuong phdp quy dao nghiém s&. Quy dao
nghiém s6 cho moat hé thng 1a vé& nghiém cda phuong trinh dic tinh khi do 1¢i
thay d8i. Pic di€m cda dip Gng qud d6 hé thdng dugc nhan thiy ro tif quy dao
nghiém s8. Trinh tu thi€t k&€ 1a thém nghiém cyc va zero vao bd loc s6 d€ dich
nghiém cta phuong trinh dic trung nhim dat dugc nhitng nghiém thich hgp hon
trong mit phing z.

Xét hé thdng hinh 7.15-1 sau

R(s) + E(s) E*(s) C(s)
50O e Do Lyl b GO

- T <

7OH

Hinh 7.15_1
a_ -Ts A
G(2)=Z 2 G, (9%
9

Phuong trinh dic trung la:
1+KD(2)G(2) =0 (1)

v6i K 12 d6 1¢i thay d8i d€ sinh ra quy dao nghiém s&. Za 12 mot di€m trén quy
dao nghiém s6 khi thoa (1) hoic

_ 1
““beew) @

PD(z,)G(z,) =+180° (3)
Vi K bi€n d6i tir 0&wo, ludn tdn tai mot gid tri K d€ théa (2). Nén diéu kién dé€ za
& trén qu§ dao nghiém sd don gidn chi 1a (3).
Né&u ham truyén H(s) khong biing 1 thi G(z) § trén thay bdi GH(z).
Thi du: Thi€t k&€ khdu sém pha. Cho hé & hinh 7.15-1, ham truyén hé 1a:
G, (9=
s(s+1)
Vi hiing s6 thdi gian 1a 1 gidy(sec) tai cyc s=-1 nén ta chon T=0,1 giay.
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A-e™ 6_z-1_ K 0
G(9=2 G,(9)x=— 26 T
s g Z s (s+) g

_ 0,004837K (z+0,9672)

(z- D(z- 0,9048)
Quy dao nghiém s6 cia G(z) dudc minh hoa & hinh 7.15_1.
Chd y 1a K bing 0,244 ng véi trudng hgp gidi han khong dao dong ¢6 hai nghiém
thuc bing nhau tai z=0,952. Ching ta chon bd diéu khién sém pha véi zero tai
0,9048 d€ khir mot nghiém cuc ciia hé (ddi tugng). Ching ta s& dit nghiém cuc
clia bd diéu khién tai z=0,7 d€ ting tdc dd dap ng.
D(2) = 315(z- 0,9048)

(z- 0,7)

Quy dao nghiém s6 clia hé dugc bu ciing dugc chi ra & hinh 7.15_1. Gi4 tri
K=0,814 tng véi trudng hgp hé thong ché do gidi han khong dao dong vdi hai
nghiém thuc bing nhau tai z=0,844. Ching ta chon ch€ do gidi han khong dao
dong tit dan nhu mot tiéu chudn thi€t k&. Mot cuc trong mit phing s 1a s=-a c6
hiing s thdi gian 1a t =1/a va tuong duong mot nghiém trong mit phing z 1a
e ® =¢e "' . Nén trong trudng hop téi han tit din khong bt hodc t =2,03 gidy.
Trong trudng hgp tdi han tit dan c6 bu € ®" =0,844 hoict =0,59. Pap tng clia
hé thdng c6 bu nhanh hon nhiéu. P4p ng nac dudc vé cho ca trudng hgp hé thdng
khéng bu va c¢6 bu xem hinh 7.15_2.
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Phu luc:Mb t3 hé roi rac dung Matlab
-Tao ra hé thdng mo ta bdi ham truyén: 1énh tf
Cu phap: G=tf(TS,MS,T)
Thi du:
-Don gidn ham truyén: 1énh minreal
-Tinh ham truyén hé thdng noi ti€p: 1énh series
-Tinh ham truyén hé thdng song song: 1énh parallel.
-Tinh ham truyén hé thdng hoi ti€p:1énh feedback
Cit phép : feedback(G,H) tinh ham truyén hé thong hdi ti€p am.
Gk=G/(1+G*H)
Gk=feedback(G,H,+1) tinh ham truyén hé théng hdi ti€p duong.
Gk=G/(1-G*H).
-Tao ra hé th6ng mo tA bing phuong trinh trang thdi: 1€nh ss.
Ci phap: PTTT=ss(A,B,C,D,T)
-Bi€n d8i mo ta todn hoc tir phuong trinh trang thai vé dang ham truyén.

G=tf(PTTT)
-Bi€n d8i mo ta todn hoc tir dang ham truyén vé phuong trinh trang thdi.
PTTT=ss(G)

-bdp tng nic : ham dstep.
-bédp tng xung: ham dimpulse.
-Biéu db bode: dbode.

-Biéu db Nyquist: dnyquist.

Diing Matlab d& bi&n d6i rdi rac :
Bié&n d6i tir tuong ty sang rdi rac va ngudc lai :

Thidy 1: Cho hé : G,(s) = Tim Gu(2)

s(s+1)
Ham vd2_14a.m:
numcl=[1];
dencl=[1 1 O];
T=1;
[numz,demz]=c2dm(numcl,dencl,T,’”ZOH") ;
printsys(numz,denz,'z")
>>vd2_14a

num/den =

0.36788 z + 0.26424

z"2 - 1.368 z+ 0.3679
G(2) = 0,369z + 0,2642

z* - 1,368z + 0,3679
Thi du 2: P&i tir r&i rac sang lién tuc ,G(z) sang G(s)
Ham vd2 _14.m:
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numz=[0.369 0.2642];

denz=[ 1 -1.368 0.3679];

T=1;
[numcl,dencl]=d2cm(numz,denz, T, zoh');
printsys(numcl,dencl)

>>vd2_14

num/den =

0.00078371 s + 1.0017

s"2 +0.99994 s - 0.00015819
G(9)=—
s(s+1)
Thi du 3: V& diic tinh tin cla hé lién tuc va rdirac
W(s) = 45(0,79s+1)
S(10s+1)(0,25s +1)
num=[ 0 0 35.5 45];
den=[0.25 10.025 1 O];
[numz,denz]=c2dm(num,den,0.1,'zoh') % numz=[0 0.2807 -0.1589 -0.0779],
T=0,1 sec
%denz=[1.0000 -2.0084 1.0265 -0.0181]
w=logspace(1,pi);
[magz,phasez]=dbode(numz,denz,0.1,w);
figure
loglog(magz)
figure
semilogx(w,phasez)
hold
[mag,phase]=bode(num,den,w);
figure
loglog(w,mag)
figure
semilogx(w,phase)
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Bai tap chuong 7
1.Tim bi€n d&i z cda ham sau:
a) f (k) = ke * b)f(k)=ksin2k
o f(k)=e*sn3k d) f(k) =k
2.Thyc hién phan sd tirng phan clia cic ham sau. Néu c¢6 thé 4p dung va tim bién
ddi z diing bang bi€n ddi z.

_ 1 _ 1
DFO= e D FO= e

_ 10 __ 5
VROt VFO= oy

3.Tim bi€n d6i z ngugc f(k) cia ham sau. Ap dung m& rong phan s& tirng phan tdi
F(z) va dung bang bién ddi z.

a)F(Z):(z—l)l(Ozz—O,Z)
b F@= 1)(z§+z+1)
o) F(z):(z_l)(;o’ss)
0RO e o

4. Cho Z[f(k)]=F(z), tim gid tri f(k) khi k ti€n ra v6 cing ma khong diing bién ddi z
ngugc cia F(z). St dung dinh i gid tri cudi clia bién ddi z néu c6 thé.

2 F(2) = 03682
(z- D(z° - 1,364z +0,732)
_ 10z
b F(2)= (z- D(z+1)

5. Gidi phuong trinh sai phan ding bi€n d6i z

a)x (k+2)-x(k-+1)+0, 1 x(k)=ug(k) x(0)=x(1)=0

b)x(k+2)-x(k)=0 x(0)=1, x(1)=0

6. Thuc hién md rong phan s tirng phan tdi cic ham truyén z sau:

_ 5z
D F@= L e o0
b) F(2) = 10z(z- 0,2)

(z- D(z- 0,5)(z- 0,8

7. Hé thong diéu khién rdi rac tuyén tinh bit bi€n theo thdi gian c6 ngd ra dudc
md td bsi ham

y(kD)=1-e*T  k=0,1,2...
khi ngd vao hé l1a ham nic don vi r(kT)=1 véi tit cd >0. Tim ham truyén
G(2)=Y(2)/R(z).
8.Tim ham truyén Y(z)/R(z) ctia hé thdng diéu khién rdi rac sau. Chu ki 14y miu
1a 0,5 sec.
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a) S1
R X 1) 1 y(0)
s(s+2) T *
T
b) S1
R(t) >$ r*(t) 1 h(t) .| 10 y(t)
>
s+1 s+2
T
) S1
R(1) r¥(t) 11— Y y(t)
>$ s+1 s+2 >
T T

d) Cho hé théng diéu khién rdi rac ¢6 so dd khdi nhu hinh vé

ax@® X —ri1y| ZOH |u(t) ot
>$ » Gp(s) Q)
T G(s)
Chu Ki 16y mu T=0,5 sec. G () = > G, (s) = 1 e’™
y VY . p S(S+ 2) 1 ZOH S

Tim ham truyén kin G(z)=C(z)/R(z).

e) Cho hé théng diéu khién rdi rac ¢6 so dd khdi nhu hinh vé

r(t) + ~e(t) >$Q(_k_"l“_)> ZOH |u(t) . 5 o(t) -

s(s+2)
T G(s)
Tim ham truyén kin G(z)=C(z)/R(z).
D 5
r(t) + ~e(t) >§/e(kl | ZOH  [u(t), m c(®,
T G(sly
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Tim ham truyén kin G(z)=C(z)/R(z).
Hinh 7B.8

9. SO d6 khoi hé thdng 1dy miu dif liéu dugc cho & hinh sau. Phuong trinh trang
thdi clia doi tugng 13 :

ax (t) _
0 -0
dxdt(t) S2x,(t) - 3%, (1) +ut)

trong d6 h(t) 1a ngd ra b 14y miu va gitt, u(t) 1a hing sd trong sudt chu ki 14y miu
T.
Cho sd @b kh&ihé thong diéu khién ri rac sau:

S A 09)
— \» ............. >
x :
u(u) >§/ u*(t) ZOH h(t) T
> k=Ax+Bh ] YU
T
Hinh 7B.9

a)Tim phuong trinh trang thai rdi rac.

{(k+DT] = (T)x(KT) +q(T)u(kT)

b)Tim x(NT) nhu 1a ham cua x(0) va u(kT) v6i k=0,1,2,..

10. Lap lai bai tp 9 v6i hé thong 14y mau dit liéu tuyén tinh v6i phuong trinh
trang thai sau :

ax, (t) _
e

dx, (t) _
praial V)

Chu ki 18y miu 1a 0,001 sec.
11. a)Tim ham truyén X(z)/U(z) cia hé mo ta & bai tap 9.
b)Tim phuong trinh dic tinh ciia hé moé ta § bai tip 9.
12.Vé sd db trang thdi cho hé thdng diéu khié€n s6 dugc thé hién bdi phuong trinh
trang thai rdi rac sau :
x(k +1) = Ax(k) + Bu(k)
y(k) =x(k)
€ 1 11] é0u
véi A=0 1 24B=}
65 3 1EI e
Tim phuong trinh dic tinh cda hé thong.
13.S0 dd khdi clia hé thong 14y miu dif liéu cho & hinh 7B.13. Vi€t phuong trinh
trang thdi rdi rac clia hé thdng. V& so do trang thdi cia hé.

N

>
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i) + ~e(® X, kT ZOH o1 ot) -

T G(s)

Chu ki 14y miu T=1 sec.
Hinh 7B.13
14.b) Cho hé théng diéu khién rdi rac c6 sd d6 khdi nhu hinh vé

o X | ZOH |u® ot
& Gp(s) Q)
T G(s)
Chu Ki 16y mu T=0,5 sec. G (S) = — > G, (s) = 1 e’™
y ) . p S(S+ 2) ] ZOH S

Vi€t phuong trinh trang thdi rdi rac.

¢) Cho hé théng diéu khién r8i rac c6 sd @6 khdi nhu hinh vé

r(t) + ~e(t) >§/E_(_|§_T_)> ZOH |u(® 5 c(t)

s(s+2) -
T G(s)
T=0,5 sec.
Vi€t phuong trinh trang thdi rdi rac.
Hinh 7B. 14

15. Ap dung bi€n d6i w tdi cic phuong trinh dic tinh clia hé thdng diéu khién rdi
rac va xdc dinh diéu kién &n dinh (6n dinh tiém cin, bién gidi 6n dinh, khong 6n
dinh) st ding tiéu chuin Routh-Hurwitz

a)z?+15z-1=0

b) 22+72°+32+0,2=0

c) 2°-127%-2z+3=0

d) z22- z?-2z+05=0
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Kiém tra ddp s6 bing gidi tim nghiém cliap phuong trinh st dung chuong trinh
mdy tinh tim nghi€m.

16. Hé thong diéu khién s6 dugc md ta bdi phuong trinh trang thii sau
x(k+1)=(0,368-0,632K)x (k)+Kr(k)

trong d6 r(k) 12 ngd vao, x(k) 1 bién trang thdi. X4c dinh gi4 tri cia K d€ hé théng
dn dinh tiém can.

17. Phuong trinh dic tinh clia hé thdng diéu khi€n s6 1a

Z2°+7°+15Kz- (K +0,5) =0

Xdc dinh gid tri ctia K d€ hé théng dn dinh tiém cén.

18. Sd @6 khai hé thong dif liéu rdi rac nhu hinh sau :

r(t) + ~e(t) &ﬁct.g ZOH |h(t) K yy)

S(s+15)
T G(s)
Hinh 7B.18
a)Cho T=0,1 sec, tim gid tri clia K d€ hé thdng &n dinh tiém can tai khdang 14t

mau.

b)Lip lai phan a) khi chu ki 14y miu 12 T=0,5 sec.
c)Lip lai phin a) khi chu ki 14y miu Ia T=1 sec.

19. So db khdi hé théng 14y miu dit liéu nhu hinh sau :

R(s) +0) Egs!>§/ —E*(g)| ZOH H(s) 5 Y(s)
- s(s+2) -
T G(s)
Hinh 7B.19

a)Tim ham truyén kin vong hd Gn(z)=GnoGp(z) va vong kin Gk(z)=Y(z)/R(z). Chu
ki 1ay miula 0,1 sec.

b)Tinh dap ng ham néc don vi y(kT) véi k=0a100.

c)Lip lai phidn a) va b) véi T=0,05 sec.

20.Sd @6 khdi hé thong diéu khién 14y miu dif liéu dugc cho & hinh 7B.20
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E(s + U(s) U*(s Y(s)
Ro—2O— 10 1 50X —5| M, 1 S SN
- -T S S

Kt e |
Hinh 7B.20

a)Tim hiing s0 sai s6 ndc K, hé s6 van tdc K, va hé sO gia toc K.

b)Tim ham truyén vong hd Gi(2)=GnoGp(z)=Y(z)/E(z) va vong kin
Gi(2)=Y(2)/R(2).

¢)Cho chu ki 14y miu T=0,1 sec, tim gid tri ciia K d€ hé 6n dinh.

d)Tinh ddp tng nac don vi (d4p dng qui do) y(kT) c6i k=0a50, cho T=0,1 sec
vaKt=5.

e)Lip lai phand) véi T=0,1 sec va Kt=1.

21. So d@6 khoi hé thong diéu khién 14y miu dif liéu nhu hinh 7B.21 :

R(s) +n E(s)&_Ei(g ZOH H(s) K Y(s)

s(s+5)

T G(s)

Hinh 7B.21

a)Xay dung quy dao nghiém s6 trong mit phing z cho hé théng véi K>0, khong
c6 bo 14y miu, khi T=0,5 sec va sau d6 vdi T=0,1 sec. Tim gid tri Kgh d€ hé 6n
dinh.
b)Lip lai phin a) khi hé ¢6 khau ZOH trong hinh 7B.21.
22. Ham truyén vong hé cia hé théng diéu khién rdi rac hdi ti€p Am don vi véi
khau ZOH la
GG, (2) = 0,0952z

(z- D(z- 0,905)
Chu ki 18y miu T=0,1 sec.
a)Vé bi€u d6 Bode clia hé G,xGy(z) va xéc dinh tinh &n dinh cda hé.
b)Ap dung bi€n d6i w vio G,onGp(z) va vé biéu dd Bode clia G,onGp(w). Tim GM
va PM cia hé.
23. B6 diéu khién lién tuc vdi khau ZOH nhu hinh vé 7B.23. Chu ki 14y miu la
0,1 sec. Tim ham truyén cda bd diéu khi€n s6 tuwong duong. V& so dd hién thyc
chuong trinh s& cho bo diéu khi€n s6. Tinh todn phan tich cho bd diéu khién lién
tuc sau.

10
a) G, () = <42
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+
b) Gy(9 = )
<+10
s
c) G.(s) =
) G.(s) S+155
Q) G, (=%
1+0,01s
82, y*®
............ R N, >
Sl T
) X ZOH |h( | p&i | y(®)
>
fione
T
Hinh 7B.23
24.Cho hé thong diéu khién rdi rac sau :
o)
rm—ﬁ@f‘g/T_’ ZOH G(9) *
Hinh 7B.24
1_ e— sT

Ham truyén ddi tugng G(s) = L G, (5) =
Ts+1

a)Anh hudng cia khau ZOH 1én sy 6n dinh hé thong.

b)Anh hudng clia chu ki 14y miu T 1én sy 8n dinh ctia hé thdng.

¢)Tim Kgh ctia ddi tugng lién tuc dé Izl<1 (hé &n dinh.

25.Cho hé 1di rac c6 so do6 :

n

§)
sPet” o e —
Hinh 7B.25
Ham truyén doi wong G(9 =< G0 (=18
y ing STs+1)” Ok -

a)Cho chu ki 14y miu T=0,1 sec va sau d6 T=1 sec ,T|=2. V& quy dao nghiém s
va tinh Kgh. Xét 4nh hudng ctia T 1én tinh 6n dinh.

b)Cho T=0,005 sec, T1=0,2. Tim ham truyén vong hd Gn(z)=Gn,G(z) vd vong kin
Gi(z)=C(z)/R(z). Tim Kgh.

26. Cho hé thdng rdirac sau :
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A0
........... X, o>

T  Y*(s)

RO+~ e() X, e ZO0H o Gps) y(0)

R(s) 4-E(s) E*(s) %)

T G(s)
Hinh 7B.26
Chu Ki 1dy miu T=0,5 sec. G (8) = > :G,. ()= -~ & ™
T ss+) s

Dung bi€n d8i w d€ vé bi€u dd Bode ham truyén vong hd G(z).
27.Cho vi du vé hé thong diéu khién tu dong rdi rac
28.Khau gitt dif liéu ZOH(Zero oder-hold) 1 gi ? Vi€t ra ham truyén ctia hé nay

29.Cho hé 1di rac c6 so do :

(D Qo™ — e G > <O
Hinh 7B.29
G(s)= K
S(s+ a)

K=40; a=6; T=0,1 sec; e *'= 0,5488
1. Tinh va vé& ddp tng ra C(nT); n=0..7 véi r(t)=1(t), diéu kién ban diu bing
khdéng.
2. Xdc dinh d6 vot 16, hé s6 tit, tan s& dao dong tw nhién va thdi gian qua do
theo tiéu chuin 2%.
30.Mot hé thong diéu khién nhiét d6 c6 s dd nhu hinh vé :

O ety N N , C®
Volts His |,
Hinh 7B.30
G(s)= 10 : H(s)=0,05; T=2 sec; tim do max 100 °C
10S+1

1. D(Z)=1. Tinh ham truyén dat G(z) cho hé hd.
2. D(z)= K. Tim K tir diéu kién sai s& xac 1ap 1a 4%.
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3. Tinh thdng s6 cic khau hiéu chinh D(z) d€ hé dat sai s6 xdc lap bing
khéng va c6 x=0,5 va w,=2.
31. Cho hé r8i rac c6 sd dd :

Hinh 7B.31
G(s)=Ke™ ;T=0,1 sec
1+ T1s
T:=1,5 sec

K=10;e " =0,94; ™ =7

1. Xéton dinh va tinh X va W, cho hé rdi rac

2. r(t)=t.1(t). V&€ c¢(nT) va e(t); n=0..10

3. Tinh K, cho hé 1ién tuc va roi rac

Biét ring ¢ mién tin so thip e™" @I - jwT
32.Cho khau hiéu chinh PD
G.(9= 29 =k, +Kp s

E(s)

Tim bi€n d6i PD rdi rac diing phuong phap hinh chif nhat lii.
33.Cho khau hiéu chinh PI

G(9= D =K, +

E(s) © s

Tim bi€n d6i PI 1di rac diing phuong phap hinh thang (song tuy&n tinh).
34.Cho khau hiéu chinh PID

G.(s) = LIJEE:; = KP(1+T|1.S +T,.5) =K, +KSI +Kp.S

Tim bi&n d6i PID rdi rac ding

-phucng phdp hinh chit nhét t6i

-phucng phap hinh chit nhét lui

-phucng phap hinh thang.

35. Thi€t k€ bo hiéu chinh PID s6 va phuong phap Ziegler-Nichols.

PID lién tuc
U(s) 1 K,
G.(s) = =K, l+—+T,8) =K, +—+K_.s
c() E(S) P( T| s D ) P s D

Tim thuat todn PID s6?
36. Ham truyén clia d6i tugng ctia hé thong diéu khién kiém ké dugc mo ta & bai
tp 6.7 Ia:

_ 4
Gp (S) - Siz
Sd db khoi hé thong vdibd diéu khién PD va 14y miu va giit nhu hinh 7B.36
Tim ham truyén cia b diéu khi€n PD s6 st dung phuong trinh sau:
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Z[KP + KD] - KD
G,(2) = T
Z.
(0 + e, ex(t| Go) | ex ZOH 4 y(©)
> L — g2
- T T
T G6w

Hinh 7.36

Chon chu ki 1y miu T d€ d6 vot 16 cuc dai cda y(kT) nhd hon 1%.
37. Cho hé thong diéu khién s& sau:
X(k+1)T] = AX(KT) + Bu(KT)
trong d6

_60 1y,

&1 -1 &l

x(kT) 1a vectd trang thdi nx1, u(kT) I tin hiéu diéu khi€n. Piéu khién hdi ti€p
trang thai la
u(KT) = - Kx(KT) trong d6 K =[k, k,]. Tim gia tri ctia k1 va k2 d€ nghiém ctia
phuong trinh dic tinh cia hé vong kin 1a 0,5 va 0,7.
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CHUONG 8 : HE THONG PIEU KHIEN PHI TUYEN
(Nonlinear Control Systems)
8.1. Kh4i niém vé doi tugng phi tuyén :
Thidu : Xét hé sau

X—»( —>| G1) [mewp| N Nawps| G2(s)

v
<

Hinh 8.1
G1(s), G2(s) 1a khau tuyén tinh.
N 12 khau phi tuyén.

Ham truyén hé kin :
G, (9= 229 16i Go(s)=G1(s).G2(s)
Gy(s) +1

Phuong trinh dic trung: 1+ GO(s)=0
Thudng ngd vao hé phi tuyé€n M(W)=M.sinwt
Ngo ra hé phi tuyé&n N(W)=N1.sin(Wt+f 1)+ N2.sin(2wt+f 2)+ N3.sin(3wt+f 3)+..
Tinh chét va ddc diém riéng ciia hé phi tuyén:
-Nguyén 1i x&€p chong khong dp dung cho hé phi tuyén.
-Sy 6n dinh ctia hé phi tuyén lai phu thudc diéu kién va ban chat cia tin hiéu vao
nhu céc thong s6 hé.
-D3i v6i hé tuyén tinh hodn chuyén hai phan tif trong mot tAng khdng dnh hudng
dén hoat dong. Pi€u nay khong ding néu mot phan ti 12 phi tuyén.
Cdc ddc diém riéng ciia hé phi tuyén:
-Céc chu trinh gidi han.
-Dao dong tu kich.
-Nhay cong hudng.
-Phdt sinh hai phu.
Cdc phuong phdp nghién ciiu hé phi tuyén
-Phuong phdp mit phing pha.
-Phuong phép can bing dicu hoa.
-Tiéu chuén 6n dinh Liapunov.
-Tiéu chuén 6n dinh tuyét ddi Popov.
8.2 Cac phuong phap nghién cifu hé phi tuyén
8.2.1. Phuong phap mit phiang pha
Mit phéng pha va tinh chat ctia né

Xét hé phi tuyén bac hai (n=2) dugc md td & dang hai phuong trinh vi
phan bac nhat v6i cdc bi€n trang thdi x; va x; :

. d
X1 :dixl = fl(Xl’XZ)

d)t( (8.1)
X2 :ditz fz(Xlixz)
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Hoac dugc md ta dudi dang mot phuong trinh
% - f, (% %,)
dx,  fi(x.%;)

v6i cdc diéu kién dau x;(0) va x»(0).

DPiém cin bing x. thda:

(8.2)

d

X1 :T?_ fi(x,%;) =0
dx

Xe == 5= F(x%,) =0

Phuong phdp mit phing pha 1a phuong phdp d6 hoa d€ tim dap ng qui do clia hé

bac nhit hay bic 2 t6i di€u kién dau hay ngd vao don gidn. BAt chdp cdc rang

budc nay, né hitu ich bdi vi tinh truc quan phudng phdp nay cung cip va bdi vi

nhiéu hé thdng xap xi ddp ng bac 2. Xét phuong trinh phi tuyén

&+ g(x, )k+h(x,)x=0

Thay th€ vao
vy WY

A=y d=y= dxﬂ_ Y dx

Sau d6 phuong trinh gidm thanh phuong trinh bic nhat:

y(jy>+ g(x )y +h(x, y)x =0
X

Sip x€p lai ta ¢6 phuong trinh mat phing pha

dy _ - g(x,y)y- h(x y)x

dx y

Mit phéng pha 14 d6 thi clia y theo x nhu hinh v&. Tai mdi diém (x,y), dy/dx 12 mit
ti€p tuyén clia quy dao pha thong qua di€m dé.

Pudng Isocline 13 dudng thing quy dao hing s6. Phuong trinh isocline cho

dy/dx=m la
WL CRYE
g(x,y) +m

Thi du: Xét phuong trinh
®+2xv k+v ’x=0

, - (v y+V Ix
Phuong trinh miat phang pha: 3)/ SR AL R
X y

-v 2x
XV, +m
Pudng isocline 14 cdc dudng thing qua gdc toa dd, minh hoa & hinh vé vé6i nhiéu
gid tri cia m.

Phuong trinh isocline: y =

8.2.2. Phuong phap tuyé&n tinh héa diéu hoa:
8.2.2.1. Khai niém

Phuong phédp tuyén tinh héa diéu hoa hay con dugec goi 1a phuong phap
ham mo ta da xuit hién dong thdi trong vong mot thang clia nim 1948 & nhicu
nuéc Nga, My , Anh,..
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Viéc diing hAm mé ta 12 mot c6 ging d€ md rong gan ding ham truyén dat

rat dic luc cla hé tuyén tinh sang hé phi tuyén. Phuong phdp tuyén tinh héa diéu
hoa 1 phuong phap khao sit trong mién tin s di dugc @ng dung cho cic hé phi
tuy€n bac cao (n>2) do d& thyc hién va tuong ddi gidng tiéu chan Nyquist.
Y tudng co ban : Him md t4 hay con goi 12 hé s6 khuéch dai phic cta khau phi
tuyé&n dugc dinh nghia 1 tf s§ clia thanh phin cd ban cia ddp tng dau ra mot dung
cu phi tuy&n ddi véi bién do tin hiéu sin cla tin hiéu vao. N6i chung ham mo td
phu thudc vao bién dd va tin sd clia tin hiéu vao va phic tap bdi vi dich pha c6
thé x4y ra giita ddu vao v6i thanh phin co bin § dau ra. Ta sé nghién cttu phuong
phdp phan tich hAm mo t va so sanh né v4i khdi niém ham truyén ddi véi hé
tuyén tinh.

N&u dau vao phan tir phi tuyé&n 12 tin hiéu hinh sin, phép phan tich hAm mo
td gid st 12 ddu ra ciing I3 tin hiéu tuan hoan c6 cing chu ki ¢ bdn nhu ciia tin
hiéu ngd nhap. Vi vay viéc phan tich chi lién quan dé€n cic thanh phan cd ban clia
dang séng ngd ra. TAt cd cdc hai phu va thanh phan mot chiéu déu béd qua. Sy thira
nhan trén 12 ¢6 i, bdi vi cdc thanh phan hai thudng rat nhé so vdi thanh phan
chinh. Hon nita, hé hoi ti€p thudng lam suy gidm cdc thanh phin hai do tic dung
loc von ¢6 clia né. Nhi€u phan t phi tuyén khong tao ra cdc thanh phin mot chi€u
do tinh ddi xdng va ciing khong tao ra bat ki hai phu nao. Vi vay trong nhiéu
trudng hgp(khong phai 12 tit cd) thanh phin cd bin 1a nhitng thanh phin c6 y
nghia & diu ra & dung cu phi tuyén.

N&u mot hé chita nhi€u hon mot phi tuyén, ta phdi gop tat ci lai v6i nhau
va dugc motham md ta td hop.

CAn ki€m tra sy chinh x4c clia phuong phdp him m6 ta vi d6 1a mot phuong
phdp gin ding. Tuy nhién phuong phap nay dua ra cic k€t qua hgp i va c6 lgi 1a
c6 thé diing cho cdc hé thdng bac bat ki ndo va 4p dung kha don gidn. K&t qua
nhin dugc phai thim tra bing cac k¥ thuat khdc hay md phdng trén mdy tinh.

Mic dit ¢6 nhuge di€m, k§ thuat ham mo ta 1a cong cu c6 ich d€ phan tich
va thi€t k&€ cdc hé phi tuyén. Him m6 ti nhu mot dang ham truyén téng quét héa
cho hé phi tuyén.

D€ rit ra bi€u thifc todn hoc cho him mod ta ta hiy xét mot hé phi tuyé&n
t6ng quat mo ta & hinh 8.2 . Theo dinh nghia v& ham mo ta, ta gid si dau vao doi
véi phan tif phi tuyén N(M,w) dugc cho bdi:

m(wt)=Msin wt (1)
Téng quat , ddu ra trang thdi xdc 1ap cda dung cu phi tuyén dugc bi€u dién bing
chudi:

nivt)=N,sinvt+F )+ N,sn(2/t+F,)+N,sin(37t+F,)+..(2)

rjo)—( —>] 910 lmwe| N |newy| G20) > c(jo)

Hinh 8.2
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Bing dinh nghia, ham mo ta c¢6 dang
N
NMy)=—te™ (3
(M.v) M 3)

Chd y 12 ham md t4 phu thudc vao bién do va tin sd cda tin hiéu vio. Do dé phan
tl phi tuyén dugc dé cip c6 do 1gi va dich pha thay ddi theo bién dd va tin sd tin
hi€u vao.

8.2.2.2.HAm mo ta cda cac phi tuyén théng dung:

Trong phian nay , din ra cdc hAim mo ta d&i vdi cac phi tuyén thong dung. Thi tuc
dugc st dung phS bi€n nhat 13 chudi Fourier clia dang séng ngd ra dung cu phi
tuyé&n va chi xét thanh phan co ban. Ta hdy xét thanh phan phi tuyén N(M,»)
trong mot hé hdi ti€p t6 hgp trinh bay & hinh 8.2. Gia st ddu vao m(w,t) dudc cung
cAp bdi tin hiéu sin

m(wt)=Msin wt 4)
Ta biéu dién dang séng ngd ra bing chudi Fourier cho bdi bi€u thitc
¥ ¥
n(v t) :i+é Akcoskvt+é B,sinkvt (5)
2 k=1 k=1
trong dé
2 T/2
A = T O t)coskv td(vt) ; k=0,1,2,..  (6)
-T/2
2 T/2
B, = T oWwt)snkvtd(vt); k=0,1.2,..  (7)
-T/2

Téng quét, n€u n(ot)=-n(-ot), I3 ham 18 &Ak=0. Néu n(ot)=n(-mt), 12 haim chin
aBk=0.
Vi chiing ta chi lién hé vé6i thanh phin ra co ban tng vé6i tin s6 o nén chi can xac

dinh A1 va B1. V6i m(wt)=Msin ot haAm mo t3 c6 thé c6 dugc tir biéu thic
a1/2

2 ﬁzu -1ﬁ
) +(M)H Btan™ o (8)

1

NMy )=y A8
M M M

a)Ham mé td cvia ving chét (Dead zone)

Hinh 8.3 md t3 dic tinh cda viing cheat, m&i lién hé giita vao va ra dugc bi€u dién

bing cdc phuong trinh:

nlvt) =0 khi —D<m<D 9)

nlvt) =kM(sinvt- sinvt,) khi m>D (10)

nivt) =kM(sinvt+snvt,) khi m<-D (11)

Hinh 8.4 minh hoa dang séng vao ra tiéu bi€u. Chd y ddu ra 1a ham 1é va vi vay

Ak=0. B6i xttng qua bon phin tu chu ki cho phép ta xac dinh bi€u thitc clia hé s&

Fourier B1 bing cdch 14y b&n 1an tich phan trén mot phan tu chu ki:
p/2

B, :s oWwt)sinvtd(vt) (12)

Thay phuong trinh (9) va (10) vao (12) ta dugc
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Vi p/2
B, :a[ gO)sinvtdvt) + KM (sinvt- sinvt)sinvtd{vt) (13)
0 Vi

. .., D . D
trong d6 vt, =sin l(ﬁ) hay sinvt, = IVE
DPédnh gid phuong trinh (13) din ra biéu thic:

2K.M p D
B, :Tl(—— Y cosvt -vt) (14)
Tur (14) vi haAm mo t4 1a ti s& clia bién d6 thanh phan co ban clia dau vao B1 ddi
v6i M, c6 thé bi€u dién nhu sau:

N (M) = :ZpKl(";- o cosyt, - vE) (15)

M
BB 2k, p D_,. ,D. . ,D
hay N, M)=—=2="2(E. Zcoggint—)-sin*—
ydz()Mp(ZMS( M) M)
n(wt)
-D ( AD m(mt)
K1

Hinh 8.3. Pic tinh phi tuyén cda ving chét.
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Hinh 8.4. Dang séng vao va ra tif dung cu phi tuyén c6 dic tinh viing cheat & hinh
8.3.

b)Khdu bao hoa(Saturation)

Hinh 8.5 minh hoa dic di€m phi tuy&n bdo hoa. Sy lién hé giita vao va ra clia phi
tuyé&n nay c6 thé bi€u dién bing cic phuong trinh sau:

nlvt) =k,M sinvt khi —-S<+m<S  (16)

nivt) =k,S khi m(o,t)>S (17)

nivt) = - k,S khi m(o,t)<-S

n(wt)

Hinh 8.5. Pic tinh phi tuyén ctia khdu bio hoa.
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Hinh 8.6. PAu vao va dang tong quit clia dang séng ngd ra tir dung cu phi tuyén
¢6 dic tinh biao hoa.

Dang s6ng ngd ra ham 1é nén Ak=0. Pdi xitng qua bon phin tu chu ki cho phép ta
xdc dinh bi€u thiic ctia hé s6 Fourier B1 biing cich 14y bon Ian tich phan trén mot

phan tu chu ki:
p/2

B, :s v Hsnvidyt)  (18)

Thay phuong trinh (16) va (17) vao (18) ta dudc
A% p/2
B, :ﬂ[ gKMsnvt)sinvidvt) + KM sinvt)sinvtd(vt)(19)
P o

A%
. S . S
trong d6 vt, =sin"*(—>) hay sinvt, = —
g 1 (M) y 1 M
Giai (19) dan ra biu thdc

2K.M
! (I\jcow t, +vt,) (20)

B, =

Tur (20) vi haAm mo t4 1a ti s& clia bién d6 thanh phan cd ban clia dau vao B1 ddi
v6i M, c6 thé bi€u dién nhu sau:

B, 2K,,S
Nsat(M):ﬁl: pl(ﬁcowtﬁvtl)(zl)

B, 2K,,S . S . S
hay N, (M)=-—2=""2("cos(sn™* ) +sn'
ay sat()M IO(MS( M) M)
c¢)ham mé td cia khdu khe hé (Blacklash)
vt :sin'l(ZD—l) hay sinvt =204

1 M y 1T M .
2D ,2D
== (2. 2M
A pM(M )
1 2D
Bl:p(g—vtl— (M - Dcosvt)M

Npaasn (M) = Mlx/ A12 + Blthan-l(Ail B)

d)Ham md t& cda phan tif on/off c6 tir tré.

e)Khdu Role 3 vi tri co tré
2K . 2K . .
=——N_(cosa, +cosa,)- j—— —"—(sdna, - Sna,)
pA(D + h) pA(D +h)

. . D M
sina, :%A‘;sma2 = AT O
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x(t)=Msin(wt), M>D+h.
Khdu so sdnh co tré.
Trigger Schmitt khong ddo.

ViV ..
N = 2™ (cosa - jsina)
PAV,,

. _ ..M _ M
sina —%,A—D—VH

Bai tap
Chuong 8 : Hé thong diéu khién ty dong phi tuyén
1. Pic di€m va tinh chi't cda hé phi tuyén. Cho thi du vé hé phi tuyén.
Trinh bay phuong phip mit phing pha.
Trinh bay phuong phap tuyé&n tinh héa diéu hoa (ham md t3).
Tiéu chuin 6n dinh Liapunov
Mot hé PKTP gém mdt khau phi tuy&n bao hoa va mot khau tuyén tinh c6
han truyén G(s)

A

r(t')EQP_ﬁ(I) >[N u(t) a9 > c(b)

Hinh 8B.5

v

E(t)=Msinwt

G(s)= K T1=0,1 sec va T,=10sec
S(Tys+1)(Tas+1)

a.Chitng minh ring hAm mo t4 ctia khau bdo hoa cé dang

_ 2Ky e .

N carcs n(R) + b cos(arcsin(D/M ))9, Pbiéu kién M >=D.
e M~ M o

Véi sinvt, = b
M
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b.Cho D=1, Ky=5. Tim diéu kién ctia K d€ hé phi tuyén 6n dinh & trang thai
can bing.
6. Cho hé thdng c6 so dd khdi trén hinh 8B.6 G(S) = K

SZ

@) Fx) > t
L@—}A f—» N X G(S) > C( )
4 F(x)
Z.|
» X
'Za
Hinh 8B.6

Xét 6n dinh tai trang thdi cin biing (r(t)=0) theo phuong phap quy dao pha.
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PHU LUC A

BANG BIEN POI LAPLACE

STT | Anh laplace F(s) Ham thoi gian f(t)
1 1 Ham Dirac d(t)
2 1 Ham néc don vi uy(t)=1(t)
s
3 1 Ham ddc (haAm RAMP)= t.1(t)
SZ
4 n!l t"(n= s6 nguyén duong)
Sn+
5 1 e-at
s+a
6 1 t.e®
(s+a)’
7 n t".e®, n=s6 nguyén duong
(S+a)n+1
8 1 1 (e-at - e bt) (a]_ b)
(s+a)(s+b) (b-a)
9 1 1(1_ e-at)
s(s+a) a
10 1 1 -at -at
— —[1-e* - ate
s(s+a)? a’ ( )
11 1 1 -at
e —(at-1+e
s?(s+a) a’ ( )
12 1 1. 1 2 .
s SIt- S+t e
s’(s+a)? az[ a ( a) ]
13 s (1-at)e™
(s+a)’
14 W, SInW,t
s? +w?
15 S COSW,t
s® +w?
16 w? 1- cosw,t
s(s” +w?)
17 wa(s+a) wya? +w?sin(w,t+q) vdi g = tan *(w, /a)
s® +w?
18 W, W, -at . .-
e” + sn(w t+q), vO1
(s+a)(s® +w?) a’+w’ a’+w? (Wit +a)
q=tan*(w, /a)
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S(s” + 2w, s+w?)

19 Wr? Wn SXW ot 2
e dnw ,/1- x°1 (x<1)
s? + 2w, s+w? 1- x 2 "
20 w?

w . .
- \/Lze'xwﬂtsn(wnqll—xz.Hq), véi
1-x

g =cos*x (x<1)

=

s?(s® + 2w, s+w?)

21 S/VZ - W2 - t - 2 2,0 -1
n 1_e " sin(w,1- x“t- véi g =cos X
s* + 2w, S+W? 1- x2 ( e a
(x<1)
22 w,(s+a) aZ-2axw_ +w? ..
n n N Wt 2 W
% + W, S+W? w, 1 x? e an(w,4/1- x“t+q) vdi
W +/1- x?
qg=tant """ x (x<1)
a - xw,
2
23 Wi t- X +;.e'antsin(wnw/1— x2t+q), véi

W, w2 1- x?

q=cos'(x?-1 (x<1)
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284

Bi&n ddi Laplace Ham thoigian | Bién ddiz
1 Xung dirac d(t) 1
1 Ham nic don vi ugt)| Z
< (hay 1(t)) 2-1
1 d. (1) = 8 d(t- nT) z
1-e™ T ol z-1
1 t Tz
= (z- 1)?
1 t? T?z(z+1)
s’ 2 2(z- 1)°
. t D" e z o
n+l Im I
s nl a0 nl fa" 8z- e?TY
1 gt z
s+a 2. @Al
1 t e Tze 37
(s+a)? (z- %)
a 1- e (1- €M)z
s(s+a) (z- D(z- €°7)
w sinwt zsinvT
s? +w? 2°- 2zcosv T +1
w e snwt ze?snvT
(s+a)”+w? 2°- 22 cosvT +e 2"
S coswt z(z- cosv T)
s? +w? z°- 2zcosvT +1
s+a e?' coswt z?- e cosv T
(s+a)® +w? 22- 226 cosv T +e 27
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