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Loi noi dau

Ly thuyét va ky thudt diéu khién tu déng cdc qud trinh sdn
xudt, cdc qui trinh céng ngheé, cdc déi tuong cong nghiép, qudc
phong, y té... trong nhitng nam gén ddy da cé nhitng buéc nhdy
vot nho sy phdt trién manh mé cia kj thudt mdy tinh va céng
nghé théng tin. Ly thuyét diéu khién tu dong kinh dién khong hé
thay déi gid tri cia minh, ma nguoc lai, ¢c6 y nghia ddc thu riéng.
Néu nhu truée day, doi tuong khdo sdt cia diéu khién tu dong vé
co bdn la cdc hé tuyén tinh tién dinh, diéu khién tdp trung, thi
hién nay la cdc hé théng phdn tin cé doi thoai véi nhau lién két
thanh mang. Thiét ké sian phdm duoc hé tro cia mdy tinh téi
miic t61 da v6i cdc thu vién, cdc chuong trinh thiét ké ddc chiing
c6 thiét bi ngoai vi manh.

Boé sdch “DIEU KHIEN TU DPONG” gom hai quyén: Ly thuyét
diéu khién tw déng va Bai tap diéu khién tu dong.

LY THUYET DIEU KHIEN TU DPONG gém bon phdn chin
chuong:

Phan mo dau:

Chuong 1: Pai cuong vé hé théng diéu khién tu dong

Phdan mét: Hé diéu khién tu dong tuyén tinh lién tuc

Chuong 2: Mé td todn hoc
Chuong 3: Dgc tinh dong hoc
Chuong 4: Khdo sat tinh 6n dinh ciia hé théng
Chuong 5: Pdnh gid chdt luong hé théng diéu khién
Chuong 6: Hiéu chinh va thiét ké heé théng
Phén hai: Hé thong diéu khién tu déng roi rac
Chuong 7: M6 td todn hoc hé théng diéu khién roi rac
Chuong 8: Phén tich va thiét ké hé thong diéu khién roi rac

Phan cuéi:

Chuong 9: Heé théng diéu khién tu dong phi tuyén

D6i v6i mén Co sé diéu khién tw dong thi chuong 9 la phdn
tham khdo, khong bdt bujc. Cudn sdch LY THUYET DIEU
KHIEN TU PONG duoc phén céng bién sogn nhu sau:

Chuong 1,4, 5,9: TS Nguyén Thi Phuong Ha bién soan

Chuong 2, 3, 6, 7, 8: ThS Huynh Thdi Hoang bién soan



BAI TAP PIEU KHIEN TU DPONG duoc bién soan theo nji
dung va b6 cuc ciia quyén LY THUYET PIEU KHIEN TU PONG
nhdm néng cao kién thiuc, khd ndng phén tich va thiét ké heé
théng cho sinh vién. Noi dung gom ba phén:

Phan mét: Bai tdp cia cdc chuong sau:

Chuong 1: Vi du vé hé diéu khién tu dong
Chuong 2: He diéu khién tu déng lién tuc
Chuong 3: He diéu khién tu dong roi rac
Chuong 4: Hé phi tuyén

Chuong 5: Thiét ké he théng

Phén hai: Cdc bai gidi mdu va ddp dp chon loc

Phén ba: Pé thi va ddp dp

Phdn mém Matlab la mot cong cu manh dé khdo sdt va thiét
ké hé théng duoc gidi thiéu cho sinh vién qua mét sé bai & Phédn
mét va cdc bai thi nghi¢m diéu khién ty dong.

Quyén BAI TAP PIEU KHIEN TU DONG do Nha xudt bdn
Dai hoc Qudc gia Thanh phé Hé6 Chi Minh xudt bdn, ra mdt ban
doc lan dau tién vao nam 2002.

Hy vong b6 sdch PIEU KHIEN TU DPONG sé giip ich cho
sinh vién trong qud trinh hoc tdp moén hoc Co sé diéu khién ty
dong va Ly thuyét diéu khién tv dong.

Mdc du da cé gdng suu tdm thém nhiéu tai liéu cia cdc
truong trén thé gici, song noi dung cuén sdch khé tranh khoi
nhiing thiéu sét va han ché.

Tdc gid chdn thanh cdm on nhiing y kién déng gép cia cdc
ban dong nghiép va ban doc xa gdn dé quyén sdch ngay cang
hoan thién hon.

Tdc gid xin chan thanh cdm on cdc thdy gido, cé gido thudc
B6 mén Piéu khién tu déng Khoa Dién - Dién tii va Ban Céng tdc
Gido trinh, Truong Pai hoc Bdch khoa - Dai hoc Qudc gia
TPHCM, Nha xudt ban Pai hoc Quéc gia TPHCM déa tgo diéu
kién va giip do nhiét tinh dé hoan thanh quyén sdch nay.

Thu gép y xin gui vé: B0 mon Piéu khién tu dong Khoa Dién
- Piéen tit, Truong Pai hoc Bdch khoa - Pai hoc Quéc gia TPHCM
- 268 Ly Thuong Ki¢t, Q.10 - PT: 8.654.357.

Cac tac gia



Chuong 1

PAI CUONG VE HE THONG

N

PIEU KHIEN

1.1 KHAI NIEM DIEU KHIEN

1.1.2 Piéu khién la gi?

Mot cau héi kha phd bién véi nhitng ngudi méi lam quen véi
ly thuyét diéu khién l1a “Diéu khién 1a gi?”. P& c6 khdi niém vé
diéu khién ching ta xét vi du sau. Gid s ching ta dang 14i xe
trén dudng, ching ta muén xe chay vdi toc do c6 dinh 40km/h. D&
dat dugc diéu nay mat ching ta phai quan sat dong hd do téc do
dé biét dugc toc do cua xe dang chay. Néu toc do xe du6i 40km/h
thi ta ting ga, néu toc do xe trén 40km/h thi ta gidm ga. Két qua
cia qud trinh trén la xe sé chay vé6i toc do “gan” bing téc do
mong mudn. Qud trinh 14i xe nhu vay chinh 14 qua trinh diéu
khién. Trong qué trinh diéu khién ching ta can thu thap théng
tin vé doi tuong can diéu khién (quan siat dong ho do toc do dé
thu thap thong tin vé téc do xe), tuy theo théng tin thu thap dugc
va muc dich diéu khién ma ching ta c6 cdch xti ly thich hgp
(quyét dinh ting hay giam ga), cudi cung ta phai tdc dong vao doi
tuong (tdc dong vao tay ga) dé hoat dong ctia doi tuong theo ding
yéu cau mong mudn.

Dinh nghia: Diéu khién la qud trinh thu thdp thong tin, xu
ly thong tin va tdc dong lén hé thong dé dap ung cia hé thong
“sdn” v6i muc dich dinh truéc. Diéu khién tu déong la qud trinh
diéu khién khong cdn su tdc dong cia con nguoi.

Cau hoéi tht hai ciing thudng giap d6i v6i nhitng ngudi mdéi
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lam quen véi ly thuyét diéu khién la “Tai sao cdn phdi diéu
khién?”. Cau tra 16i tuy thudc vao ting trudng hop cu thé, tuy
nhién c¢6 hai 1y do chinh la con nguoi khéng théa méan véi dap
ting cua hé thong hay mudén hé théng hoat dong ting do chinh
xdc, ting ning suit, tdng hiéu qua kinh té&. Vi du trong linh vuc
dan dung, ching ta cadn diéu chinh nhiét do va do 4m cho céc can
ho va cdc cao 6c tao ra su tién nghi trong cudc séng. Trong van
tdi cAn diéu khién cdc xe hay mdy bay ti noi nay dén noi khéc
mot cach an toan va chinh xac. Trong cong nghiép, cdc qua trinh
san xuat bao gdm v6 s6 muc tiéu sdn xudt théa man cdc doi héi
vé su an toan, do chinh xdc va hiéu qua kinh té.

Trong nhitng ndm gin day, cdc hé thong diéu khién (HTDK)
cang c6 vai tro quan trong trong viéc phat trién va su tién bo cia
ky thuat cong nghé va vin minh hién dai. Thuc t&€ mbi khia canh
cia hoat dong hing ngay déu bi chi phdi béi mot vai loai hé
théng diéu khién. Dé dang tim thdy hé thong diéu khién mdy
cong cu, k§ thuat khong gian va hé théng vii khi, diéu khién m4y
tinh, cdc hé thong giao théng, hé théng ning lugng, robot,...
Ngay cd cdc van dé nhu kiém todn va hé thong kinh t& xa hoi
cling 4p dung tir ly thuyét diéu khién tu dong.

Khai niém diéu khién that su 12 mot khai niém rat rong, nodi
dung quyén sich nay chi dé cap dén ly thuyét diéu khién cdc hé
thong ky thuat.

1.1.2 Cac thanh phan co ban cia hé thong diéu khién

. . u(t) . c
B6 diéu khién - DPo6i tugng

—
—
=

Y

Cam bién

A

Chu thich céc ky hiéu viét tat:
- r(t) (reference input): tin hiéu vao, tin hiéu chuén
- ¢(t) (controlled output): tin hiéu ra
- Cni(1): tin hiéu hoi ti€p
- e(t) (error): sai s6
- u(t) : tin hiéu diéu khién.

Hinh 1.1 So dé khéi hé théng didu khién
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D€ thuc hién dugc qud trinh diéu khién nhu dinh nghia &
trén, mot hé thong diéu khién bat budc gdm cé ba thanh phan co
ban 1a thiét bi do luong (cdm bién), bdo diéu khién va doi tugng
diéu khién. Thiét bi do ludng cé chiic ning thu thap thong tin, bd
diéu khién thuc hién chic ning xi ly théng tin, ra quyét dinh
diéu khién va do6i tugng diéu khién chiu su tdc dong cia tin hiéu
diéu khién. Hé thong diéu khién trong thuc t& rat da dang, so do
kh6i 6 hinh 1.1 14 cdu hinh cia hé thong diéu khién thudng gip
nhAit.

Tré lai vi du 14i xe da trinh bay & trén ta thay d6i tugng diéu
khién chinh 1a chiéc xe, thiét bi do luong 1a déng hd do toc do va
doi mat ctia ngudi 14i xe, bo diéu khién 1a bd ndo ngudi ldi xe, co
cau chdp hanh 1a tay nguoi l4i xe. Tin hiéu vao r(t) 1a toc do xe
mong mudén (40km/h), tin hiéu ra c(t) 1a téc d0 xe hién tai cta xe,
tin hiéu hoi ti€p cj(t) 1a vi tri kim trén dong hé do toc do, sai sd
e(t) 1a sai léch gitta t6c d0 mong muén va téc do hién tai, tin hiéu
diéu khién u(t) 1a géc quay cia tay ga.

Mot vi du khdc nhu hé thong
diéu khién muc chdt 16ng & hinh
1.2 du rat don gidn nhung ciing cé
ddy da ba thanh phan co ban ké l|
trén. Thiét bi do ludng chinh la /
cai phao, vi tri cia phao cho biét — (g
muc chdt 16ng trong bon. Bo diéu —— - — - =
khién chinh 1a cdnh tay don mé
van tuy theo vi tri hién tai caa
phao, sai léch cang 16n thi géc mé
van cang l6n. D6i tuong diéu khién 1a bon chda, tin hiéu ra c(?) 1a
muc chit 16ng trong bon, tin hiéu vao r(#) 1a muc chat 16ng mong
mudn. Mudn thay déi muc chat 16ng mong muén ta thay déi do
dai ctia doan néi tir phao dén cdnh tay don.

Hinh 1.2 Hé¢ théng diéu
khién muc chdt léng

Muc 1.5 sé& trinh bay chi tié€t hon vé mot s6 phan ti va hé
thong diéu khién thuong gip, qua d6 sé lam néi bat vai tro cia
cdc phan ti co ban trong hé thong diéu khién.
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1.1.3 Cac bai toan co ban trong linh vuc diéu khién tu dong

Trong linh vuc diéu khién tu dong c6 rat nhiéu bai todn cian
gidi quyét, tuy nhién cdc bai todn diéu khién trong thuc t& c6 thé
quy vao ba bai todn co ban sau:

Phan tich hé thoéng: Cho hé théng tu dong da biét cdu tric
va thong s6. Bai toan dit ra 1 trén co s6 nhitng thong tin da biét
tim d4p Gng cta hé thong va danh gia chat luong cia hé. Bai toan
nay ludén giai dugc.

Thiét k& hé thong: Biét c4du tric va thong s6 cia doi tugng
diéu khién. Bai todn dit ra 1a thiét k& bo diéu khién dé dugc hé
thong théa méan cédc yéu cau vé chat lugng. Bai todn néi chung la
giai dugc.

Nhan dang hé théng: Chua biét c4u tric va thong s cia hé
thong. Van dé dit ra la xdc dinh cdu tridc va thong sd cia hé
thong. Bai toan nay khong phai lic nao ciing gidi dugec.

Quyén siach nay chi dé c4p dén bai toan phan tich hé thong
va thiét k& hé thong. Bai todn nhan dang hé thong sé duoc
nghién ctu trong mén hoc khac.

1.2 CAC NGUYEN TAC DIEU KHIEN

Céc nguyén tdc diéu khién c6 thé xem la kim chi nam dé
thiét k& hé thong diéu khién dat chat lugng cao va c6 hiéu qua
kinh t& nhat.

Nguyén tdc 1: Nguyén tic thong tin phdn hoi

Muén qud trinh diéu khién dat chat lugng cao, trong hé
thong phai ton tai hai dong thong tin: mot tir bd diéu khién dén
doi tugng va mot tu déi tugng nguoc vé bo diéu khién (dong
thong tin ngudc goi 1a hoi ti€p). Piéu khién khong hoi tiép (diéu
khién vong hé) khéong thé dat chat lugng cao, nhat 1a khi cé
nhiéu.

Céc so db diéu khién dua trén nguyén tac thong tin phan héi la:

Diéu khién bu nhiéu (H.1.3): 1a so d6 diéu khién theo nguyén
tdc bu nhiéu dé dat ddu ra c(t) mong mudn ma khong can quan
sdt tin hiéu ra c(t). Vé nguyén tic, doi v6i hé phiic tap thi diéu
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khién bu nhiéu khong thé cho ch4t lugng tot.
n(t)

\
r(t) u(t) c(t)

—| B0 diéu khién > Péi tugng —

Hinh 1.3 So do6 khoi hé théng diéu khién bu nhiéu
Diéu khién san bdng sai léech (H.1.4): Bo diéu khién quan sat
tin hiéu ra c(¢), so sdnh vé6i tin hiéu vao mong muén r(¢) dé tinh
toan tin hiéu diéu khién u(¢t). Nguyén tic diéu khién nay diéu
chinh linh hoat, loai sai léch, thi nghiém va sita sai. Pay la
nguyén tic co ban trong diéu khién.

r(t e(t . u(t y c
® ® Bo diéu khién ( ): Dé6i tugng

Cry(t)

o~
—
=

\ /

Cam bién -

Hinh 1.4 So do6 khoi hé théng diéu khién san bdng sai léch
Diéu khién phéi hop: Céc hé thong diéu khién chat lugng cao
thuong phoi hop so dé diéu khién bu nhiéu va diéu khién san
bing sai léch nhu hinh 1.5.
n(t)

\ \

t t - u(t) "
r(t) X 20yl 55 gigu knién »|  D6ituong

‘[cht(t)
Cam bién -

V2

Hinh 1.5 So d6 khoéi hé théng diéu khién phéi hop

Nguyén tdc 2: Nguyén tic da dang tuong xing

Muén qué trinh diéu khién c6 chat lugng thi su da dang cta
bo diéu khién phai tuong xing véi su da dang clia d6i tugng. Tinh
da dang ctia bo diéu khién thé hién & kha ning thu thap thong
tin, luu trit thong tin, truyén tin, phan tich xd& 1y, chon quyét
dinh,... Y nghia cda nguyén tic nay 1a cAn thiét k& bo didu khién
phtt hop véi d6i tugng. Hay so sanh yéu cau chdt lugng diéu
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khién va bo diéu khién st dung trong cdc hé thong sau:

- Diéu khién nhiét d9 ban Gi (chdp nhan sai s§ 16n) véi diéu
khién nhiét do 1o say (khong chdp nhén sai sé 16n).

- biéu khién muc nué6c trong bén chia ctia khach san (chi can
ddm bdo luén c6 nudc trong bon) véi diéu khién muc chat 16ng
trong cdc day chuyén san xuat (muc chat 1dng can giit khong do1i).

Nguyén tdc 3: Nguyén tic bd sung ngoai

Mot hé théng ludn ton tai va hoat dong trong moi trudng cu
thé va c6 tac dong qua lai chit ché véi méi truong d6. Nguyén
tdc bd sung ngoai thita nhan c6 mot doi tugng chua biét (hop den)
tdc dong vao hé théng va ta phai diéu khién cd hé thong 14n hop
den. Y nghia cia nguyén tic nay la khi thiét k& hé théong tu
dong, muén hé théong cé chat lugng cao thi khong thé bd qua
nhiéu cua moéi trudng tdc dong vao hé thong.

Nguyén tdc 4: Nguyén tic du trie

Vi nguyén téc 3 ludn coi thong tin chua ddy dia phai dé phong
cdc bat tridc xdy ra va khéng dudgc dung toan bo luc lugng trong
diéu kién binh thudng. Von du trit khong st dung, nhung can dé
ddm bdo cho hé thong van hanh an toan.

Nguyén tdc 5: Nguyén tic phan cap

Do6i véi mot hé thong diéu khién phic tap can xay dung
nhiéu 16p diéu khién bd sung cho trung tdm. C4u tridc phan cap
thuong st dung 1a cdu tric hinh cay, vi du nhu hé théng diéu
khién giao thong d6 thi hién dai, hé thong diéu khién day chuyén
sdn xuit.

O OO OO0

Hinh 1.6 So dé diéu khién phdan cdp

Nguyén tdc 6: Nguyén tic can bang noi
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Mb6i hé thong can xdy dung co ché can biang noi dé cé kha
ning tu gidi quyét nhiing bién dong xay ra.

1.3 PHAN LOAI BIEU KHIEN

Cé6 nhiéu cdach phan loai hé théng diéu khién tuy theo muc
dich cta su phan loai. Vi du néu cin ci vao phuong phdp phan
tich va thiét k& c6 thé phan hé thong diéu khién thanh cdc loai
tuyén tinh va phi tuyén, bién déi theo thoi gian va bat bién theo
thoi gian; néu cin cd vao dang tin hiéu trong hé théng ta c6 hé
thong lién tuc va hé théng roi rac; néu cin cd vao muc dich diéu
khién ta c6 hé thong diéu khién 6n dinh héa, diéu khién theo
chuong, diéu khién theo déi,...

1.3.1 Phan loai theo phuong phap phan tich va thiét k&

1- Hé théong tuyén tinh - He thong phi tuyén

Hé thong tuyén tinh khong ton tai trong thuc té&, vi tat ci
cac hé thong vat 1y déu la phi tuyén. Hé thong diéu khién tuyén
tinh 12 mé hinh ly tuéng d€ don gidn héa qué trinh phan tich va
thiét k& hé thong. Khi gid tri cia tin hiéu nhap vao hé théng con
nim trong gi6i han ma cdc phan ti con hoat dong tuyén tinh (4p
dung duoc nguyén ly x&p chong), thi hé thong con 1a tuyén tinh.
Nhung khi gia tri cta tin hiéu vao vugt ra ngoai vang hoat dong
tuyén tinh cda cdc phan ti va hé thong, thi khong thé xem hé
thong 1a tuyén tinh dugc. T4t cd cac hé thong thuc t& déu cé dac
tinh phi tuyén, vi du bo khuéch dai thudng c6 dic tinh bao hoa
khi tin hiéu vao tré nén qud 16n, tu truong cia dong co cing cé
dac tinh bao hoa. Trong truyén dong co khi dic tinh phi tuyén
thudng giap phai la khe hd va vang chét gitta cdc banh ring, dic
tinh ma sat, dan hoi phi tuyén... Cdc didc tinh phi tuyén thuong
dugc dua vao HTPK nhim cii thién chat lugng hay tidng hiéu qui
diéu khién. Vi du nhu dé dat thoi gian diéu khién 1a t&i thiéu
trong cdc hé thong tén lia hay diéu khién phi tuyén ngudi ta s
dung b diéu khién on-off (bang-bang hay relay). Cdc 6ng phan
luc dugc dit canh dong co d€ tao ra mémen phan luc diéu khién.
Céc 6ng nay thuong dugc diéu khién theo kiéu full on - full off,
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nghia 12 mot lugng khi nap vao mét 6ng dinh truc trong khodng
thoi gian xdc dinh, d€ diéu khién tu thé& cta phi tuyén.

Trong quyén sach nay, hé thong tuyén tinh dudc dua ra phan
tich va thiét k& chinh yé&u c6 thé 4p dung cdc k§ thuat phan tich
va dd hoa. Céc hé phi tuyén khé xi ly theo todn hoc va ciing
chua c6 mot phuong phdp chung nao dé gidi quyét cho cd mot 16p
hé phi tuyén. Trong thiét k& hé thong, thuc t& ban diu thiét ké&
bod diéu khién dua trén mé hinh hé tuyén tinh bang cach loai bé
cac dic tinh phi tuyén. Bo diéu khién da thiét k& dugc ap dung
vao mo6 hinh hé phi tuyén dé ddnh gid hodc tdi thiét k& bang
phuong phap mo6 phdong.

2- Hé théong bdt bién - hé thong bién doi theo thoi gian

Khi cac thong s6 cia HTPK khong d6i trong suét thoi gian
hoat dong cia hé thong, thi hé thong dugc goi 1a hé thong bat
bién theo thoi gian. Thuc t&, hau hét cac hé thong vat ly déu cé
cdc phan ti tréi hay bién ddi theo thoi gian. Vi du nhu dién tré
day qudn dong co bi thay d6i khi méi bi kich hay nhiét do ting.
Mot vi du khdc vé HTDK bién d6i theo thoi gian 1a hé diéu khién
tén lta, trong d6 khoi lugng cia tén lia bi gidm trong qua trinh
bay. Méc du hé théng bién déi theo thoi gian khong cé dic tinh
phi tuyén, vin duogc coi 1a hé tuyén tinh, nhung viéc phan tich va
thiét ké& loai hé thong nay phiic tap hon nhiéu so véi hé tuyén
tinh bat bién theo thoi gian.

1.3.2 Phan loai theo loai tin hiéu trong hé théng

1- He¢ thong lién tuc

Hé thong lién tuc 1a hé thong ma tin hiéu & bat ky phan nao
cia hé ciing 12 ham lién tuc theo thoi gian. Trong tat cd cdc
HTDBK lién tuc, tin hiéu dugc phadn thanh AC hay DC. Khdi niém
AC va DC khong giong trong ky thuat dién ma mang y nghia
chuyén mon trong thuat ngit HTPK. HTPK AC c6 nghia 1a tat ca
cdc tin hiéu trong hé thong déu dugc diéu ché bang vai dang so
dé diéu ché. HTPK DC dugc hiéu don gidn 1a hé c6 cac tin hiéu
khong dugce diéu ché&, nhung van c6 tin hiéu xoay chiéu. Hinh 1.7
1a so d6 mot HTPK DC kin va dang séng dap tng qud do cha hé.
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Cac thanh phan cia HTPK DC la bién tré, khuéch dai DC, dong
co DC, tachometer DC...
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Hinh 1.8 So dé HTPK AC vong kin

Hinh 1.8 1a so d6 mét HTDPK AC cé cung chic nidng nhu
HTPK 6 hinh 1.7. Trong truéng hgp nay, tin hiéu trong hé
déu dugc diéu ché, nghia la thong tin dugc truyén di nhd méot
séng mang AC. Chi y ridng bién diéu khién dau ra cta d6i
tugng van giéng nhu 6 HTPK DC. HTPK AC ducc si dung
rong rai trong hé théng diéu khién mdy bay va tén lda, 6 dé
nhiéu va tin hiéu la 12 vdn dé phdi quan tdm. Véi tan sé
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sé6ng mang tu 400 Hz tré 1én, HTPK AC loai b dugc phan
I6n
cdc nhiéu tin sé thdp. Cac thanh phin cia HTPK AC la thiét bi
déng bo, khuéch dai AC, dong co AC, con quay hdi chuyén, may
do gia toc...

Thuc t&, mot hé thong c6 thé lién két cac thanh phan AC va
DC, st dung céc bo diéu ché& va cdc bo gidi diéu ché thich tng véi
tin hiéu tai cdc diém khédc nhau trong hé thong.

2- Hé théng roi rac

Khéc v6i HTDK lién tuc, HTPK roi rac ¢6 tin hiéu ¢ mot hay
nhiéu diém trong hé thong 1a dang chudi xung hay ma s6. Thong
thuong HTDK roi rac duge phan lam hai loai: HTPK 14y mau di
liéu va HTPK s6. HTPK 14y mau dit liéu 6 dang dir liéu xung.
HTDK s6 lién quan dén st dung may tinh sé hay bd diéu khién
s6 vi vay tin hiéu trong hé dugc ma s6 héa, ma s6 nhi phan
chang han.

N6i chung, mot HTDPK 14y mAu di liéu chi nhan dit liéu hay
thong tin trong mét khoang thoi gian xac dinh. Vi dy, tin hiéu
sai léch cia HTDK chi c¢6 thé dugc cung cap dudi dang xung va
trong khoang thoi gian gitta hai xung lién ti€p HTDK sé& khong
nhan dugc théng tin vé tin hiéu sai léech. HTDK 14y méau di liéu
c6 thé xem 14 mot HTPK AC vi tin hiéu trong hé thong duge diéu
ché xung.

Hinh 1.9 minh hoa hoat d9ng clia mot hé thong 14y mau di
liéu. Tin hiéu lién tuc r(#) duoc dua vao hé thong, tin hiéu sai
léch e(t) duge 14y mau béi thiét bi 14y mau, ngd ra cha thiét bi
1dy mau 1a chudi xung tuan tu. Téc do6 14y mau c6 thé thong nhat
hodc khong. Mot trong nhiing uu diém quan trong cta thao tac
14y mau 14 cdc thiét bi dit tién trong hé cé6 thé chia sé thoi gian
dé dung chung trén nhiéu kénh diéu khién. Mot 1gi diém khac 1a
nhiéu it hon.

Do mady tinh cung cdp nhiéu tién ich va mém déo, diéu khién
bang mAdy tinh ngay cang phd bién. Nhiéu hé théng van tai hang
khong sit dung hang ngan cdc linh kién roi rac chi chiém mot
khodng khong khong 16n hon quyén sdch nay. Hinh 1.10 trinh
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bay cdc thanh phan co ban cia bo phan tu ldi trong diéu khién
tén lda.

r(t) e(t) e*(t) | Khau giti o ®
—@Q—"—| duieu »-| Qua trinh -
X diéu khién
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Hinh 1.9 So do khéi HTDK ldy méu da liéu

t/h
S L, Az thra
vao s6
May Flnh - D/A - Bé ph?ng -
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A/D < Cam bién |

Hinh 1.10 So d6 khéi HTPK tén lia

1.3.3 Phan loai theo muc tiéu diéu khién

1- Diéu khién 6n dinh héa

Muc tiéu diéu khién 1a ké&t qua tin hiéu ra biang tin hiéu vao
chuén r(t) vé6i sai léch cho phép e,; (sai s6 ¢ ché do x4c lap).

le@)] = |r¢)-cC)l < ey

Khi tin hiéu vao r(¢) khong d6i theo thi gian ta c6 hé thong
diéu khién 6n dinh héa hay hé thong diéu chinh, vi du nhu hé
théng 6n dinh nhiét do, dién 4p, 4p suat, nong do, toc do,...

2- Diéu khién theo chuong trinh

Néu r(#) 1a mot ham dinh truéc theo thoi gian, yéu ciu ddp
ting ra cua hé thong sao chép lai cac gid tri cda tin hiéu vao r(t)
thi ta c6 hé thong diéu khién theo chuong trinh.

Vi du hé thong diéu khién may cong cu CNC, diéu khién tu
dong nha mdy xi ming Hoang Thach, hé théng thu nhap va
truyén so liéu hé thong dién, quan ly vat tu § nha may...

3- Piéu khién theo déi
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Néu tin hiéu tdc dong vao hé thong r() la moét ham khong
biét trugc theo thoi gian, yéu cdu diéu khién d4p dng ra c(?) luon
bam sat dugc r(t), ta c6 hé théng theo déi. Piéu khién theo déi
duoc st dung rong rai trong cac HTPK vii khi, hé thong 14i tau,
may bay...

4- Diéu khién thich nghi

Tin hiéu v(#) chinh dinh lai tham s6 diéu khién sao cho hé
thich nghi véi moi bién dong ctia moi trudng ngoai.

YYVY n(t)

\/

\

Diéu khién » D&i tugng >
> u(t)

Hinh 1.11 Nguyén tdc tu chinh dinh
5- Diéu khién toi vu - ham muc tiéu dat cuc tri

Vi du cédc bai toan qui hoach, van tru trong kinh té&, ky thuat
déu 1a cac phuong phép diéu khién tdi uu.

1.4 LICH SU PHAT TRIEN LY THUYET DIEU KHIEN

1.4.1 Piéu khién kinh d@ién (classical control)

Ly thuyét diéu khién kinh dién (truéc 1960) mo td hé thong
trong mién tdn sé (phép bién d6i Fourier) va mit phing s (phép
bién d6i Laplace). Do dua trén cdc phép bién ddi nay, ly thuyét
diéu khién kinh dién chd yéu 4p dung cho hé tuyén tinh b4t bién
theo thoi gian, mét diu c6 mot vai mé rong d€ ap dung cho hé phi
tuyén, thi du phuong phdp ham mé td. Ly thuyét diéu khién kinh
dién thich hgp d€ thiét k& hé théng mot ngd vao - mot ngd ra
(SISO: single-input/single-output), rdt khé 4ap dung cho cdc hé
thong nhiéu ngé vao - nhiéu ngd ra (MIMO: multi-input/multi-
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output) va cdc hé thong bién déi theo thoi gian.

Cé4c phuong phdap phan tich va thiét k& hé théng trong ly
thuyét diéu khién kinh dién géom c6 phuong phap Nyquist, Bode,
va phuong phdp quy dao nghiém s6. D€ thiét k& hé thong dung
phuong phdp Nyquist va Bode can mo6 td hé thong dudi dang dap
ing tan s (dap ung bién do va dap ung pha), day 1a mét thudn
loi vi d4p tng tan s6 c6 thé do duge bang thuc nghiém. M6 td hé
thong can dé thiét k& dung phuong phdp quy dao nghiém sé 1a
ham truyén, ham truyén ciing c6 thé tinh dugc tir ddp Gng tan sé.
Ham truyén ctia cdc hé thong phiic tap dugc tinh bing cdch si
dung so d6 khoi hay so d6 dong tin hiéu. Mo td chinh xdc dic
tinh déng hoc bén trong hé thong 1a khong can thiét doi véi cac
phuong phdp thiét k& kinh dién, chi ¢6 quan hé gitta ngd vao va
ngo ra la quan trong.

Cac khau hiéu chinh don gidn nhu hiéu chinh vi tich phan ti
1&¢ PID (Proportional Integral Derivative), hiéu chinh sém tré pha,...
thudng dugc st dung trong cdc hé thong diéu khién kinh dién.
Anh huéng cia cde khau hiéu chinh nay dén bidu dd Nyquist,
biéu d6 Bode va quy dao nghiém s6 c6 thé thdy dugc dé dang,
nho d6 c6 thé dé dang lua chon duge khau hiéu chinh thich hop.

1.4.2 Piéu khién hién dai (modern control)
(tw khodng nam 1960 dén nay)

Ky thuat thiét k& hé théong diéu khién hién dai dua trén
mién thoi gian. M6 ta todn hoc dung dé phan tich va thiét k& hé
théng 1a phuong trinh trang thdi. M6 hinh khéng gian trang th4i
c6 uu diém 14 md td duge dic tinh dong hoc bén trong hé thong
(cdc bién trang thai) va c6 thé dé dang 4p dung cho hé MIMO va
hé thong bién déi theo thoi gian. Ly thuyét diéu khién hién dai
ban dau dugc ph4t trién chi y&u cho hé tuyén tinh, sau d6 duoc
mé rong cho hé phi tuyén bing cidch st dung 1y thuyét cta
Lyapunov.

Bo diéu khién duge st dung chd yé&u trong thiét k& hé thong
diéu khién hién dai la bo diéu khién hoi ti€p trang thdi. Tuy
theo cach tinh vector héi ti€p trang thdi ma ta cé phuong phép
phéan bé cuc, diéu khién t6i uu, diéu khién bén viing...
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V6i su phat trién cta ly thuyét diéu khién s6 va hé thong roi
rac, 1y thuyét diéu khién hién dai rat thich hop dé thiét ké& cac
bo diéu khién 1a cdc chuong trinh phan mém chay trén vi xt ly
va may tinh s6. Piéu nay cho phép thuc thi dugc cdc bo diéu
khién c6 dac tinh dong phiic tap hon ciing nhu hiéu qud hon so
v6i cdc bo diéu khién don gidn nhu PID hay s6m tré pha trong 1y
thuyét kinh dién.

1.4.3 Piéu khién théng minh (intelligent control)

Diéu khién kinh dién va diéu khién hién dai, goi chung la
diéu khién thong thudng (conventional control) c6 khuyé&t diém la
dé thiét k& dugc hé thong diéu khién can phdi biét moé hinh todn
hoc clia d6i tugng. Trong khi d6é thuc t& c6 nhitng d6i tugng diéu
khién rat phic tap, rat khé hodc khong thé xdc dinh dugc mo
hinh todn. C4c phuong phdp diéu khién théng minh nhu diéu
khién mo, mang than kinh nhan tao, thuiat todn di truyén mo
phdéng/bit chuée cdc hé thong thong minh sinh hoc, vé nguyén
tdc khong cAn dung mé hinh toan hoc dé thiét k& hé thong, do d6
c6 kha nang tng dung thuc t& rat 16n. Khuyét diém cta diéu
khién mo 1a qud trinh thiét k& mang tinh th{ sai, dua vao kinh
nghiém cta chuyén gia. Nho ké&t hop logic md v6i mang than
kinh nhan tao hay thuat todn di truyén ma thoéng sé bo diéu
khién mo& c6 thé thay d6i thong qua qud trinh hoc hay qué trinh
tién héa, vi vay khéc phuc duge khuyét diém thi sai. Hién nay
cac bo diéu khién thong thudng két hop véi cdc k§ thuat diéu
khién théong minh tao nén cdc bo diéu khién lai diéu khién cac
hé thong phic tap v6i chat lugng rat tot.

1.5 MOT SO Vi DU VE CAC PHAN TU VA HE THONG TU DONG

1.5.1 Cac phan td tu dong

Nhu da dé cap 6 muc 1.1.2, mot HTPK gom cdc phan ti co
ban sau:

* Phan ti cdm bién, thiét bi do luong

* Poi tugng hay qué trinh diéu khién
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* Thiét bi diéu khién, cdc bo diéu khién thu dong va tich cuc
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Muc dich clia phan nay la trinh bay mot cdch té6m lugc mot
vai phan ti thuong dung trong cic HTPK va phan tich ching qua
cdc vi du minh hoa, tinh todn cu thé sé& dugc dé cap 6 chuong 2.

1- Céc loai cam bién, thiét bi do luong

Bién tré tuyén tinh, bién tré géc quay dung dé chuyén déi su
dich chuyén thanh dién 4p. Ngoai ra con c6 thé chuyén déi kiéu
dién cdm va dién dung... Nguyén téc chung dé do cdc dai lugng
khong dién nhu nhiét do, quang thong, luc, ing suit, kich thudc,
di chuyén, toc do... bang phuong phap dién la bién ddi ching
thanh tin hiéu dién. C4u tric thiét bi do gom ba thanh phan: bd
phan chuyén d6i hay cAm bién, co cdu do dién va cdc so dé6 mach
trung gian hay mach gia cong tin hiéu vi du nhu mach khuéch
dai, chinh luu, 6n dinh. Cdm bién xenxin lam phan ti do ludng
trong céc hé bam sat géc quay, truyén chi thi géc quay 6 cu ly xa
ma khéng thuc hién dugc biing co khi. Bién 4p xoay hay con goi
1a bién 4p quay dung dé bién d6i dién 4p clia cudn so cap hodc
géc quay clia cudn so cAp thanh tin hiéu ra tuong Ung véi ching.
Bién 4p xoay sin, cos dé do géc quay cua roto, trén diat cudon so
cap, thanh dién 4p ti 1&é thuan véi sin hay cos ctia géc quay do.
Bién 4p xoay tuyén tinh bién d6i do léch géc quay ciia roto thanh
dién 4p ti 1& tuyén tinh. Con quay 3 bac tu do va con quay 2 bac
tu do duoc st dung lam cdc bd cam bién do sai léch géc va do toc
do géc tuyét doi trong cdc hé théng én dinh dudng ngdm cla céc
dung cu quan sat va ngdm ban.

C4m bién téc do - bd6 ma héa quang hoc 1a dia ma trén cé
khic vach ma dnh sing c6 thé di qua dugc. Phia sau dia ma dit
phototransistor chiu tdc dung cla mot ngudén sdng. Pong co va
dia ma dugc gin dong truc, khi quay anh sang chiéu dén
phototransistor lic bi ngan lai, lic khong bi ngén lai lam cho tin
hiéu & cuc colecto 1a mot chudi xung. Trén dia ma c6 khic hai
vong vach, ngoai A trong B c6 cung s6 vach, nhung léch 90° (vach
A truéc B 1a 90°). Néu dia ma quay theo chiéu kim dong hé thi
chudi xung B s& nhanh hon chudi xung A 1a 1/2 chu ky va ngudc
lai.

Thiét bi do téc d6 nhu DC Tachometer, AC Tachometer,
Optical Tachometer.
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C4m bién nhiét do nhu Pt 56Q, Pt 100Q, Thermocouple...
2- Déi tuong diéu khién

Doi tuong diéu khién cé thé 1a thiét bi k§ thuat, diy chuyén
sdn xudt, qui trinh cong nghé... 12 muc tiéu diéu khién chia con
ngudi trong cac linh vuc khac nhau.

Céac phan t& chdp hanh thuong diung trong DKTD la cac loai
dong co bude, dong co DC, servomotor, dong co AC, dong co thay
luc khi nén... Pong co budc dugc dung dé dinh vi chinh xac do c6
cau truc roto va stato khd dac biét. Roto thong thuong 1a cdc nam
cham vinh cttu ¢6 canh dugc xé ranh ring cua sudét chu vi cha
roto, dé tap trung dudong sidc tir tai cdc mii rang. Tuong tu, stato
dugc ché tao thong dung c6 bon bdi day quan xen ké theo céc tur
cuc. Khi ¢6 dong dién chay qua mot cudn day stato, roto sé quay
mot géc dén vi tri cAn biang tir thong 14 giao diém cta hai rang
stato va roto. Thay d6i thi tu cdc cudn day 1, 2, 3, 4 roto sé léch
mot géc 1a 90°. C6 ba cach diéu khién dong co bu6e: diéu khién
hanh trinh n#éng lugng thip, diéu khién thudng, diéu khién 1/2
budec. Vi cupn day stato c6 dién tré thuan rat nhé khoang 0,2Q do
vay thuong diéu khién biang cic ngudn dong thong dung nhat 1a
transistor, Fet...

Mot loai do ludng diéu khién khdc ciing thudng gip trong
cong nghiép 1a hé thong nhiét, vi du nhu 10 nung trong day
chuyén san xuat gach men, 10 say trong day chuyén ché& bién thuc
phdm, hé thoéng lam lanh trong cdc day chuyén ché& bién thiy
sdn. Yéu cau diéu khién d6i véi hé théng nhiét thuong la diéu
khién 6n dinh hoa ho#c diéu khién theo chuong trinh.

M6 hinh todn cia dong co DC va 1o nhiét sé dugc trinh bay &
muc 2.2.2.

3- Ky thudt giao tiép may tinh

Thiét bi diéu khién rat da dang, c6 thé la moét mach RC,
mach khuéch dai thuat todn, mach xi ly hay mdy tinh PC. Trudc
day cac by diéu khién nhu PID, sé6m tré pha thudong dugc thuc
hién bing cdc mach rdi (xem muc 2.2.2.2). Gan day do su phat
trién cta ly thuyét diéu khién roi rac va ky thuat vi xt 1y céc bd
diéu khién trén da dugc thuc thi bang cdc chuong trinh phan
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mém chay trén vi x Iy hay mdy tinh. Hién nay mdy tinh da
khing dinh la thiét bi diéu khién da ning va tin cdy. Phan dudi
day sé trinh bay mot s6 van dé lién quan dén ky thuat giao tiép
may tinh.

B6 chuyén déi ADC va DAC

Hinh 1.12 1a so d6 Card A/D va D/A 8 bit. Trong cdc Ung
dung can do chinh xac cao hon c6 thé st dung card A/D va D/A 12
bit.

Card chuyén d6i A/D va D/A 12 bit PCL-711B c¢6 dac diém:

- Chuyén d6i A/D c6 d6 phan giai 12 bit.

- Cho phép 8 ngd vao tuong tu don.

- TAm ngd vao tuong tu cé thé lap trinh dugc +5V, +2,5V,
+1,25V, +0,625V, +0,3125V.

- Mic IRQ (ngit) c6 thé lap trinh dugc dung cho viéc truyén
di lieu A/D.

- Mot kénh D/A 12 bit v6i tam dién ap 0+5V hay 0+10V.

- Ngo ra s6 D/O 16 bit, ngd vao s6 D/I 16 bit.

- Khéi dong phan mém, trigo tdn s6 lap trinh dugc va bd
trigo bén ngoai.

- Chuong trinh diéu khién giao dién than thién véi nguoi si
dung.

Card giao ti€p véi may tinh

Vi du Card giao ti€p st dung IC8255 gén trén slot mé rong
cua Main Board may tinh (H.1.13).

Cac loai giao thic truyén tin

RS232C serial Interface, chdu noi 25 chan dung dé truyén dit
liéu ndi tié€p véi toc do nhé hon 20.000 bits/second (nam 1969).

Khoang 1975 dén 1977 4p dung RS-422, RS-423, RS-449. RS-
449 ch4u ndi 37 chan, téc dd truyén c6 thé nhanh gadp ndm lan so
v6i RS-232C.

Vao nam 1970-1975 phat trién Bus dif liéu song song véi
IEEE-488.

Niam 1978 - IEEE - 583 c6 slots cho 25 moduls, néi truc tiép
v6i Bus I/0 ctia may tinh, néi song song téi 7 CRATES.

Mang cuc b6 - Local Area Networks (LAN)
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Hé don kénh IEEE - 802.4 Single - Channel Systems
Toéc do di liéu 5+10 megabits/second, tan s6 (MHz) d6i véi
binary 1 1a 5+10 MHz, binary 0 tidng gdp hai lan 10+20MHz.
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Mang gidi rong IEEE - 802.4 Broadband Networks c6 kha
ning cung cap cho nhiéu mang LAN.

Giao dién hé théng mé (The Open Systems Interface) nim
1979; Ethernet nam 1980.

Mang dién rong - Wide Area Network (WAN)

St dung giao thic truyén tin Transport Control
Protocol/Internet Protocol (TCP/IP).

1.5.2 Cac Wng dung cta hé thong diéu khién tu dong

1- Hinh 1.14 minh hoa moét hé thoéng diéu khién muc chdt
léng trong bé.

T6c do dong chdy ngd ra qua van V; la bién déi, hé thong c6
thé duy tri mdc chat 16ng A = const v6i sai s6 cho phép kha chinh
xdc. N&u mic chat 16ng trong bé khong ding, méot dién 4p sai
lech dugc tao ra qua khuéch dai dua vao bd diéu khién dong co
diéu chinh van V, dé khoi phuc lai mic chdt 16ng mong mudn
bang cach diéu chinh téc do dong chdy ngd vao.

Trong trudng hgp dong chdy vao c6 téc do hing s6, phao c6
hai cap ti€p diém thuong déng, thuong mé dé diéu khién déng
mé dong co dién AC. D& tranh dong co bi déng ngit khong dit
khoat, tao hai muc tuong ing vung tré Trigger Schmidt Ah.

V2
T
7 — X
| \J | +V
NN
s 7
A
-V Khuéch dai _ | Diéu khién
h ¢ong sudt | dongco

Hinh 1.14 Hé¢ théng diéu khién tu dong miic chdt Iéng trong bé

2- Hinh 1.15 minh hoa mét hé théng dinh vi dung cho bé
phdng tén lua.

Hé thong hoi ti€p nay dugc thiét k& dinh vi bé phéng kha
chinh xdc dua trén cdc lénh ti bi€n tré R; la tin hiéu vao dugc

diat 6 xa hé thong. Bién tré R, cho tin hiéu hoi ti€p trd vé bo
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khuéch dai vi sai, hoat dong nhu mot bo phat hién sai léch. Néu
c6 sai léch, dugc khuéch dai dua dén dong co, diéu chinh vi tri
truc ngd ra tuong Gng vé6i vi tri truc ngd vao va sai léch bing 0.

r——=—=—/1

1 |

1+ Vo T

1 L1 Tin hie

1 R 3 ! ! + - -

I Ry $a-———B0 khuéch dai Sai | BO khuéch dai ponacd L oo

: : biéu kh"T vi sai léch | cong sudt o T

v I R

1 L] 1

o 1 1 =é R2

bat ¢ xa Vong hoi tiép vi tri I

-V

Hinh 1.15 Mot hé théng tu déng dinh vi tri dung cho
bé phéng tén lia

3- Mot phién bdn vé diéu khién tu dong vdn téc cia mot
dong co mot chiéu (diéu khién bdng truong) duoc minh hoa &
hinh 1.16.

Hé thong hoi ti€p nay c6 kha ning duy tri van téc ngd ra
khéng d6i mot cach tuong doi mic du c6 thé xudt hién mémen can.

Tachometer 1a thanh phin hoéi ti€p, bién d6i van tdc sang
dién 4p ti 16 dua vé bo khuéch dai vi sai. Néu van téc ngd ra
khdc véi van téc mong mudn, bod khuéch dai vi sai tao ra tin hiéu
sai léch diéu chinh 1a dong, thay d6i truong trong dong co dé
khoi phuc lai van téc ngd ra mong mudn.

+VI Tin hieu Mﬁg‘e"
diéu khién gan Van t6c
= 7|80 khugch dai| Sailéch | BongcoDC T ngo ra
N »| (dugc diéu khién y >
> Vi sai bing trudng) Momen (LuGi cua Y
quay
-V Vong hdi tiép van toc
- Tachometer |-

Hinh 1.16 Diéu khién tu dong vdn téc cho mét dong co DC duoc diéu
khién bang truong

4- Hinh 1.17 la so db khéi HTDK van toc dong co DC bang SCR.
Bo diéu khién vi tich phan ti 18 PID, diéu khién géc kich o
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bo chinh luu SCR, thay d6i van toc sao cho W=y, . Muc tiéu
diéu khién dat sai s6 xdc lap bang 0. Nguyén tic kich SCR
thuong dugc st dung 1a tuyén tinh géc a, phuong phdp cosin va
phuong phdp xung - s6. Pic tinh co ban cia dong co DC trong
vong diéu khién héi ti€p duge cdi thién, gitt duge toc do 6n dinh
khi phu tai thay d6i. Ki hiéu w; - van téc dit mong muén, M, -
moémen can tdc dong 1én dong co.

LI "

Hiau chinh Us. RA chinh lim DAna oo [0)
Higu chinh DK 80 chinh luu Bgng co

S
PID SCR DC
f.

Héi tigp

\

Hinh 1.17 So d6 khéi HTPK vdn téc déong co DC bing SCR

5- So dé khéi HTDK dinh vi bidng mdy tinh duoc trinh bay &
hinh 1.18.

Piéu khién R
. bong co
mach logic 0c

va cong sudt
L Mach d&ém - Bd ma hda

Méy tinh Card
PC giao tiép

Hinh 1.18 HTDK dinh vi bing mdy tinh

Card giao tiép IC 8255, b6 ma héa Encoder loai cdm bién
1000 xung khi dong co quay hé&t mot vong. Tang do chinh xdc
bang cdch hdi ti€p vi tri va thay d6i van téc dong co dé ding
ddng vi tri mong muén.

6- Robot la mot linh vuc rdt quan trong trong ung dung cdc
HTDK.

Vao thap nién 1960, ngudi ta bat ddu nhan ra Robot 14 mot
cong cu quan trong dé trg gitip cong viéc ché tao, tir d6 cdc Ung
dung cta ching trong nhiéu hé thong ché tao khac nhau da dugc
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phat trién nhanh chéng. Ly thuyét diéu khién tu dong, nguyén
tdc diéu khién thich nghi, cdc ham Lyapunov.. dugc 4p dung dé c6
dugc Robot cii dong theo ¥ mudn hay luc can thiét. Linh vuc cta
Robotics ciing tuy thudc vao cdch st dung cdc cdm bién quan sat
va cidc mdy tinh dé 14p trinh cho Robot hoan thanh cong viéc
theo yéu cau.

Robot da dugc sdng tao ra dé thuc hién nhiéu cong viéc khac
nhau, lam c4u néi gitta cac linh vuc ché tao, cdc nhiém vu van
chuyén khong gian va chiam séc y t6. Ung dung chii y&u ciia Robot
1a tu dong héa qud trinh san xuit. Robot dugc st dung trong day
chuyén sdn xuit xe hoi, 12 mot thanh phin trong tau con thoi
khong gian caa NASA, 1a ban gidp viéc cho con nguoi .. Robot trg
giip trong cdc bénh vién, thuc hién cdc cong viéc cua y td cham
sé6¢c bénh nhan. Cac Robot nay st dung cdc cadm bién quan sait,
siéu Am va hdéng ngoai .. diéu khién thang mdy, tranh cédc vat cdn
doc theo dudng di, mang cac khay thic 4n theo yéu cau, 14y thudc
hay cdc vat miu cia phong thi nghiém, ghi lai tinh trang sic
khée cia ngusi bénh, bdo cdo cong viéc quan ly ...

7- SCADA (Supervisory Control and Data Acquisition) gidm
sdt, diéu khién va thu thdp dit liéu.

Motorola SCADA dugc minh hoa ¢ hinh 1.19.

Nguén
cung cap

Médun
don xu ly

Trung tdm

Cac
modun vao/ra
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Hinh 1.19 Motorola SCADA

8- Trong diéu khién on-off cdc d6i tugng khac nhau nhu thang
may, hé diéu hanh phan phdi dién, cdc day chuyén san xuat, hé
thong phan cap, diéu khién cdc qud trinh cong nghé .. thuong s
dung bd logic 1ap trinh dugec PLC — Programmable logic Control.
PLC 12 mot mdy tinh sé cong nghiép bao gdm bo xi 1y, bo nhé,
bo diéu khién va thiét bi vao — ra.

9- Hinh 1.20 la so dé hé théng diéu khién qud trinh phdn
phoi DCS c6 st dung PLC & cdc nhdnh.

Operator
interface

Hé théng
ky thuat Thong tin lién lac

Céc ham chuc
n&ng diéu khién

B diéu khién
1ap trinh logic

Hinh 1.20 Hé théng diéu khién phdn phdéi DCS

Tong quat, mdot hé thong diéu khién phan phdi clia mot day
chuyén san xuét c6 thé bao gdm nhiéu hé théng diéu khién may
cong cu CNC, DNC (Direct Numerical Control), cac Robot cong
nghiép cho ting cong doan, cdc bo PLC lap trinh mém déo, céc
moduls thu thap va xi ly dit liéu, bo diéu khién trung tam...

Xu hudng cta cdc sdn phadm tu dong héa trén thé& gi6i l1a mic
do thong minh ctia ching ngay cang cao. Cac hé thong diéu khién
tap trung sé chuyén dan sang cdc hé théng phan tdc c6 hoi thoai
v6i nhau lién ké&t thanh mang. Thiét k& san phdm, sé& dugc hd trg
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cia mdy tinh t6i muc t6i da véi cdc thu vién, cdc chuong trinh
thiét k& dic ching c6 thiét bi ngoai vi manh.

C4c hé thong CAD/CAM c6 do linh hoat cao dap dng cdc nhu
cAu thay d6i m4u ma sén pham nhanh phu hgp véi thi hiéu ngudi
tiéu dung.

May tinh va Robot sé lam cudc cach mang cong nghiép thi
hai trén thé gigi. C4c day chuyén cong nghé sé dugc mang may
tinh diéu khién (CIM) ddm bdo sdn phdm cé chat lugng cao va
gia thanh ré.

Nganh van chuyén bang dudng ray va dudng khong da dat
duoc nhitng tién bo vi dai: hé thong xe ltta dién tu & Nhat,
Berlin, My véi toc do siéu cao, budng l4i tién tién ctia McDonnell
Douglas v6i hé thong tu 14i. C4c hé thong quan su: mdy bay, tau
ngam chay bing ning lugng hat nhan, tau hiéu Gng bé mit, tau
canh ngam. C4c hé thong diéu khién cdc bo phan trong y khoa:
cdc bdo phan nhan tao trong co thé, diéu khién tim ctGa con
nguoi...

Hé thong diéu khién s6 mdy cong cu theo chuong trinh
(CNC) tao ra cac phuong phap gia cong mdi c6 tinh vé sinh moi
truong cao nhu phuong phédp gia cong bang lazer, dién héa, siéu
am.

10- Ty dong héa khép kin — hé sinh thdi cong nghiép loai bé

cdc phé thdi lam 6 nhiém méi truong.

Céc phé thai ¢ mdi khau dugc nghién cidu d& dung nhu dang
nguyén liéu cho khau ké tiép cia mot nganh sdn xuat khéc.

Nha mday tu dong héa - phan hé sinh thai cong nghiép: Tu
dong héa theo bé rong va bé siau theo chu trinh khép kin: thiét
k& - chudn bi sdn xudt - sdn xudt va xi ly phé thdi - lip rap
- thit nghiém - thiét ké...

Heé tu dong héa quan ly sdn xudt mic do tich hop cao; hé tu
dong hoéa thiét k& va quan ly ti lap ké hoach lich tdc nghiép,
diéu hanh, quan ly téc nghiép qud trinh sidn xuit va diéu khién
thiét bi.
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Chuong 2

MO TA TOAN HOC HE THONG
PIEU KHIEN LIEN TUC

2.1 KHAI NIEM

Doi tugng nghién cidu cia ly thuyét diéu khién rat da dang
va c6 ban chat vat ly khdc nhau nhu hé théng diéu khién dong
co, 10 nhiét, may bay, phan tng héa hoc... Do d6, can c6 co s& dé
phan tich, thiét k& cdc hé thong diéu khién c6 ban chat vat ly
khédc nhau, co s§ d6 chinh 1a todn hoc. Tdng qudt quan hé giita
tin hiéu vao va tin hiéu ra cia hé thong tuyén tinh cé thé biéu
dién bing phuong trinh vi phan bac cao. Viéc khdo sat hé thong
dua vao phuong trinh vi phan bac cao thudng gip nhiéu khé
khin. C6 hai phuong phdp mdé ta todn hoc hé thong tu dong giup
cho viéc khdo s4t hé thong dé dang hon, d6 1a phuong phdp ham
truyén dat va phuong phdp khéng gian trang thdi. Phuong phap
ham truyén dat chuyén quan hé phuong trinh vi phan thanh quan
hé phan thiic dai s6 nho phép bién d6i Laplace, trong khi d6
phuong phdp khéng gian trang thdi bién d6i phuong trinh vi
phan bac cao thanh hé phuong trinh vi phan bac nhat bing ciach
dat cdc bién phu (bién trang th4i). Mdi phuong phdp mo td hé
thong déu c6 nhitng uu diém riéng. Trong quyén sdach nay ching
ta sé md ta hé thong bang ca hai phuong phép.
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2.2 HAM TRUYEN PAT VA DAI SO SO DO KHOI

2.2.1 Phép bién dd6i Laplace

1- Dinh nghia

Cho £f(t) 12 ham xéc dinh v6i moi ¢ > 0, bién déi Laplace cta

ft) la:
F(s)=2{f@)} = j f(t).etdt (2.1)
0

trong d6: s - 1a bién phic (bién Laplace) s=0+ jw
% -1a toan ti bién déi Laplace
F(s) - 1a anh cGa ham f(¢) qua phép bién d6i Laplace.
Bién ddi Laplace ton tai khi tich phan & biéu thic dinh nghia
(2.1) hai tu.

2- Tinh chdt cua phép bién déi Laplace

Tinh tuyé&n tinh
Né&u ham fi(t) c6 bién ddi Laplace 1a Z{fi(t)} =F(s) va ham
f2(t) ¢6 bign ddi Laplace 1a Z{f;(¢)} = Fy(s) thi:

Z{afi(t) + asfo(8)} = a1 Fi(s) + ag. Fy(s) (2.2)

Anh cia dao ham

Né&u ham f(t) c6 bién ddi Laplace 1a Z{f(¢)} = F(s) thi:

2’{%} =sF(s)-f(0") (2.3)

trong d6 f (0") 1a diéu kién dau.
Néu diéu kién d4u bang 0 thi:

2’{%} =sF(s) (2.4)

Anh cia tich phan
Né&u ham f(¢) ¢6 bién ddi Laplace 1a Z{f(t)} = F(s) thi:
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t
sz{ [ f(r)dr} _F@) 2.5)
0 S

Pinh 1y cham tré
(1)

I~
VaAY

I<T—>|

Hinh 2.1 Lam tré ham f(t) mét thoi gian la T
Néu f(t) duoc lam tré mot khoang thoi gian T, ta ¢6 ham
f(t-T). Khi do:
Z{fe -1} =e = 2{f@t)} =e " .F(s) (2.6)

Dinh ly gi4 tri cudi

Né&u ham f(t) c6 bién ddi Laplace 1a Z{f(¢)} = F(s) thi:
lim £(£) =lim sF{(s) (2.7)
(] S -

3- Bién déi Laplace cia mét sé6 ham co ban

Khi khdo sat hé thong tu dong ngudi ta thuong dit tin hiéu
vao la céc tin hiéu co ban. Vi du nhu d& khdo sit hé théng diéu
khién 6n dinh héa tin hiéu vao dugc chon 1la ham néc, dé khdo
sat hé thong diéu khién theo doi tin hiéu vao dugc chon 1a ham
ham déc, nhiéu tdc dong vao hé thong c6 thé mo td bing ham
dirac. Tin hiéu ra ctia hé théng tu dong ciing c6 dang 1a t6 hop
ctiia cac tin hiéu co bdn nhu ham néc, ham mi, ham sin, .. Do d6
trong muc nay ching ta xét bién déi Laplace clia cdc ham co ban
dé sit dung trong viéc phan tich va thiét k& hé théng & nhiing
chuong sau.

Ham xung don vi (ham dirac) (H.2.2a)

Ham xung don vi thuong dugc st dung dé moé td nhidu téc
dong vao hé thong.
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3(t) 4 u(t) Af(Y)

Hinh 2.2 Cdc ham co ban

a) Ham xung don vi; b) Haom ndc don vi; c¢) Ham déc don vi
d) Ham parabol; e) Hom mu; f) Ham sin
0 néut#0 i
¢) ={ new thoa [ &)dt =1 (2.8)
© néut=0 .
Theo dinh nghia:
+00 0+ 0+
Z{&t) = j 5(t).e'dt = j 5(t).eSdt = j 5(t)eldt=1 (2.9)
0 0 0
= {1} =1

Ham nic don vi (H.2.2b)

Trong cdc hé théng diéu khién 6n dinh héa, tin hiéu vao cé
dang ham néc don vi.

1 néut=0
u(t) = ) (2.10)
®) {0 néut<0

Theo dinh nghia phép bién déi Laplace ta cé:

_+°° -S _+°° -8 — e_St "~ — e—oo e—O
g{u(t)}—.([u(t).e tdt—.([e tdt = — 7 __[T_T}

= Z{u@)}=

®»n | =
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Ham déc don vi (ham RAMP) (H.2.2¢)
Ham déc don vi thuong duge st dung lam tin hiéu vao dé
khdo sat hé thong diéu khién theo doi.
t néut=0

r(t) = tu(t) ={ (2.12)

0 néut<o0

Theo dinh nghia

+o00
te st e st:|
S
S Jo

Z{f)} = f f(t).e™stdt = jw t.e_Stdt={
0 0

= Z{tu) = (2.13)

1
&2
Ciing c6 thé dung tinh chat dnh cha tich phan dé tim dugc
bién d6i Laplace ctia ham déc don vi nhu sau:
t
Dé ¥ ring:  r(t)=tu(t)= j u(1)dt
0

Mat khde: Z{u(t)} -1 (bién d6i Laplace ciia ham ndc don vi).
S

Nén theo tinh chat anh cia tich phan ta cé:
p Z{u@)} 1

Z{r(t) = 3{ j u(T)dr} == =
0 s
Dung tinh chat anh cla tich phan c6 thé dé& dang ching minh
duoc:

n!

9,’{t”u(t)} = U (2.14)
Truong hgp n = 2 ta ¢6 ham parabol (H.2.2d).
t 1
S’{E u(t)} = 3_3
Ham mid
£(t) = e u(t) = {e_at néu tz0 (2.15)
0 néu t<0



MO TA TOAN HOC HE THONG PIEU KHIEN LIEN TUC 41

Theo dinh nghia ta cé:

+00 +00 —(s+a)t +oo
z{e_‘“.u(t)} = [e e dt= [ e dt = {— ¢ }
0

0 0 sta
- 1
= Zie u(t)y = 2.16
{e u(e) — (2.16)
. in ot éut=0
Ham sin: f(t)=(smwt)u(t)={sm neu (2.17)
0 néu t<0
0 . e/ — g
bé y cong thic Euler: sinwt = ¥
J
Theo dinh nghia ta cé:
+o00 j(.x)t_ —j(.\)t
2’{(sinwt)u(t)}=J‘Le_Stdt=i.[ 1 1 ]
0 2] 2jls—jw s+ jw
= Z{sinwuE)}=—5— (2.18)
s2 +w?

Phan trén vira trinh bay bién déi Laplace ctia cdc ham co
ban. Bién déi Laplace cia cac ham khéc c6 thé tra bdng bién do6i
Laplace 6 phu luc A.

2.2.2 Ham truyén dat
1- Dinh nghia

r(t) c(t)

 — Hé théng |—
Tin hiéu vao Tin hiéu ra

Hinh 2.3 Tin hiéu vao va tin hiéu ra ciia hé théng tu dong
Quan hé gitta tin hiéu vao va tin hiéu ra ctia moi hé thong
tuyén tinh bat bién lién tuc déu c6 thé md td bdi phuong trinh vi
phan hé s6 hing:
n n-1
d"c(t) ray d"c(t) beta, de(t)
dt" de" !
m m-1
d"r(t) b d"r(t) bkl dr(t)
de™ dr™ dt

a,

0 +a,c(t) =

=0

o

+b,r(t)  (2.19)
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trong d6 cdc hé s a(i =0,n) va b;(Jj =0,m) la thong s6 cia hé
thong (a, 20, b, 20); n 1a bac cia hé théng. Hé théng duge goi
1a hop thic (proper) néu n = m, hé théng dugc goi 1a khong hop
thitc néu n < m. Chi ¢6 cac hé théng hop thitc méi ton tai trong thuc
té.

Khio sat hé thong dua vao phuong trinh vi phan (2.19) rat
khé khin. Mot vi du don gidn 1a gia st ta biét t4t cd cdc thong
s6 cta hé théng va biét tin hiéu vao, muén tim ddp dng cta hé
théng ta phai gidi phuong trinh vi phan cdp n, mot cong viéc
khéng dé dang chit nao. Do d6 ta cAn mot biéu dién todn hoc
khac gidp cho viéc nghién ctu hé thong tu dong dé dang hon.
Nho phép bién d8i Laplace, ta c6 thé thuc hién dugc diéu nay.

Gia st diéu kién ddu bdang 0, bién d6i Laplace hai v& phuong
trinh (2.19) ta dugc:

(aos” +a;s" e ta, s+ an)C(s) = (bosm +bys™ 4. 4b _s+h, )R(s)

C(s) _bys™ +bys™ "+ +b, 45 +b,
R(s) a,s" +a;s"™
C(s) _bys" +bys™ '+ 4B, s+,

R(s) a,s" +a;s"t

+...+an_ls+an

Dat: G(s)= (2.20)

+...+an_18+an

G(s) goi la ham truyén cia hé thong.

Dinh nghia: Ham truyén ciia mét hé thong la ti sé gitta bién
doi Laplace cia tin hiéu ra va bién déi Laplace ciia tin hiéu vao
khi diéu kién ddu bdng 0.

Can nhidn manh ring méc du ham truyén dugc dinh nghia 1a
ti s gitta bién d6i Laplace cia tin hiéu ra va bién d6i Laplace cla
tin hiéu vao nhung ham truyén khéng phu thudc vao tin hiéu ra
va tin hiéu vao ma chi phu thudc vao bac va thong sé cua hé
thong (dé y v& phai ctia biéu thic (2.20)), do d6 ta c6 thé dung
ham truyén dé moé td hé thong. N6i cdch khac dua vao ham
truyén ta c6 thé danh gia dugc dic tinh cta hé thong tu dong.
Viéc mé td hé thong tu dong bing phuong trinh vi phan (2.19)
hay ham truyén (2.20) 1a hoan toan tuong duong, tuy nhién khdo
sdt hé thong dua vao ham truyén dé dang hon nhiéu do ham
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truyén 12 moét phan thic dai s6 khong c6 phép tinh tich phan
cling nhu vi phan.

Sau day ching ta xét ham truyén cta mot s6 khau hiéu chinh
va cdc doi tugng diéu khién thudng gip.

2- Ham truyén dat ctia cac khau hiéu chinh

Trong hé thong tu dong cdc khau hiéu chinh chinh 1a cdc bo
diéu khién don gidn duge st dung dé bién d6i ham truyén dat cia
hé thong nhim muc dich tang tinh 6n dinh, cdi thién ddp tng va
gidm thiéu dnh huéng cia nhiéu lén ch4dt lugng cia hé thong.
Thuong khau hiéu chinh la cdc mach dién. C6 hai dang mach
hiéu chinh 1a mach hiéu chinh thu déng va mach hiéu chinh tich
cuc. Mach hiéu chinh thu dong khong cé cdc bo khuéch dai, do loi
cia cdc mach nay thudng nhé hon hay bang 1. Ngugc lai mach
hiéu chinh tich cuc c¢6 cdc khau khuéch dai, 9 19i clia cdc mach
nay thudong 16n hon 1. Phan nay trinh bay ham truyén mot sé
khau hiéu chinh thudng dugc st dung trong thiét k& hé thong.
Pac tinh cta cdc khau hiéu chinh nay sé dugc phan tich & céac
chuong sau.

Khau hiéu chinh thu déng

— . —
\ c \ R
vi(t) = v v (1) ml 3 vo®
i(t) O\ AN Ny ’ <
a) b)

> 1z
vi(t) . $ e (@ R | v
< J-
c) d)
Hinh 2.4 Cdc khdu hiéu chinh thu dong
a) Khdu tich phdn bdc mot; b) Khdu vi phdn bdc mot
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¢) Khdu sém pha;

d) Khéu tré pha
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Ll Khdu tich phdn bdc mét (H.2.4a)
Quan hé gitta dong dién va dién ap trén tu C cho ta:

l(t) =C dUC(t) =C dvo(t)
dt dt
Theo dinh luat Kirchoff ta c6:

vR(t) +uc(t) =v;(?)

= Ri(t)+vp(t)=uv(t) = Rc%wo(t) =u(8) (2.21)
Biéu thic (2.21) chinh 1a phuong trinh vi phan mé td khau
tich phan bac mot. Gid st diéu kién ddu bang 0, bién d6i Laplace
hai v& biéu thic (2.21), ta dugc:
Vo(s) _ 1
Vi(s) RCs+1

bat T=RC, ham truyén cia khau tich phan bac nhat dugc

. 1
iét lai: G(s) = 2.22
viét lai (s) Tot1 ( )

Bing cdch tuong tu nhu trén ta c6 thé dé dang rut ra ham
truyén cia cdc khau hiéu chinh sau:

U Khdu vi phdn bdc mot (H.2.4b)
G(s) = Ts
Ts+1
U Khdu sé6m pha (H.2.4c)

als+1
G(s)= K, Tot1

Ry, | T = RyR,C
R +R,’ R, +R,
_R tRy

R,

RCsV (s)+V (s)=Vi(s) = G(s)=

(T=RC) (2.23)

(2.24)

trong d6: K. =

aT =R,C; (a>1)

|| Khéu tré pha (H.2.4d)
aTs+1
G(s)=K
(s)=Kc¢ Ts+1
trong d6: Ky =1; T=(R,+R,)C
Ry
R, +Ry

(2.25)

oaT =R,C; a= (a<1)
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Dé y ring dang ham truyén ctia khau sém pha va khau tré
pha giéng nhau, chi khédc 1a d6i véi khau sém pha thi a>1, dsi
v6i khau tré pha thi a<l. O chuong 6 ta s& thay do didu kién
rang budc d6i v6i hé s6 a la khdc nhau nén déc tinh cua khau
s6m pha va khau tré pha hoan toan trai ngugc nhau.

Khaiu hiéu chinh tich cuec

R Ro C,
A~ R, Ml 1
R
Vi o Vi —o
+ Vo + Vo
N 1 b) =
a) = =
R2 R2 Co
- wi—i|
Ry

Hinh 2.5 Cdc khdu hiéu chinh tich cuc
a) Khdu ti le; b) Khdu tich phdn ti lé PI
¢) Khdu vi phdn ti lé; d) Khdu vi tich phdn ti lé PID
U Khdu ti lé P (Proportional) (H.2.5.a)

R
trong d6:  Kp=-12
rong do P )

Khau ti 1é c6 dic diém tin hiéu ra ti 1& véi tin hiéu vao.
LI Khdu tich phdn ti lé PI (Proportional Integral) (H.2.5b)

Ham truyén cta khau PI

G(s)=Kp +=L (2.27)

trong d6: Kp=—=; Ki=———
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Quan hé trong mién thoi gian gitta tin hiéu ra va tin hiéu vao
t
cua khau PI la: v,(8) = Kpy;(t) + Kljvi(r)dr (2.28)
0
Biéu thiic (2.28) cho thdy khau tich phan ti 1& PI c6 dic diém
tin hiéu ra ti 1é v6i tin hiéu vao va tich phan ciaa tin hiéu vao.
Ll Khdu vi phdn ti [é PD (Proportional Derivative) (H.2.5¢)
Ham truyén ctia khau PD:

G(s)=Kp +Kps (2.29)

trong dé: Kp =—%; Ky =-R,C
Quan hé gitta tin hiéu ra va tin hiéu vao cia khau PD trong
mién thoi gian la: v, (t) = K pu; (t) +KD% (2.30)

Khau vi phan ti 1& PD cé ddc diém tin hiéu ra ti 1& véi tin
hiéu vao va vi phén cua tin hiéu vao.
LI Khdu vi tich phén ti lé PID (Proportional Integral Derivative)
(H.2.5d)
Ham truyén cta khau PID:

G(S)zKP +&+KDS (231)
S
R.C, + R,C 1
t do: Kp=-211_"222. g -—_ - . K =-R,C
rong do P R,C, I R.C, D 2L1

Quan hé trong mién thoi gian gitta tin hiéu ra va tin hiéu vao
cua khau PID la:
dv;(?)

2.32
o (2.32)

t
0,(t) = Kpui () + K; [vi(Ddt+ K
0

Biéu thic (2.32) cho thdy khau vi tich phan ti 18 PID c6 dic
diém tin hiéu ra ti 1é v6i tin hiéu vao, tich phan cta tin hiéu vao
va vi phin caa tin hiéu vao.

3- Ham truyén dat cia mét sé doi tuong diéu khién

Doi tugng diéu khién rat da dang va khdc nhau vé ban chat
vat 1y. Nguyén tic dé rit ra duge ham truyén dat cia cdc doi
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tuong diéu khién la dua vao cdc dinh luat vat 1y chi phdi hoat
dong cta doi tugng nhu dinh luat Kirchoff, dinh luat Newton, .. d&
x4y dung phuong trinh vi phdn moé td quan hé gitia tin hiéu vao
va tin hiéu ra ctia d6i tuong, sau dé suy ra ham truyén biang céch
4p dung phép bién d6i Laplace. D6i v6i nhitng hé théng phic tap,
mot phuong phdp rat hiéu quid dé tim ham truyén néi riéng va
mo hinh todn hoc néi chung 1a phuong phdp nhan dang hé théng.

Pé minh hoa muc nay chi didn ra ham truyén cta hai d6i
tuong diéu khién thong dung la dong co mot chiéu va 1o nhiét. Cé
thé néi hai déi tuong nay cé méit trong hdu hét cdc day chuyén
san xult.

Pong co mot chiéu kich tir doc lap

Pong co mot chiéu duge st dung kha phd bién trong cac hé
diéu khién nh¢ dic tinh co 1a tuyén tinh, tdim diéu chinh vén téc
rong, kha ning mang tdi 16n & viung van téc nhé. So dé nguyén
ly ctia dong co mét chiéu duge trinh bay & hinh 2.2.

+ —_

KT

Uu‘
L, - dién cam phan Ung w- t6c do dong ca
R, - dién trd phan Gng M;- mémen tai
U, - dién ap phan tng B - hé sé ma sat
E, - stic phan dién dong J- mdmen quan tinh

Hinh 2.6 So dé nguyén ly déong co mét chiéu kich ti doc lap
Theo dinh luat Kirchoff ta c6 phuong trinh cdn bing dién ap
¢ mach dién phan tng:

U, (8)=i,(t)R, +L,

di,(t)
+E (¢ (2.33)
0t « ()
trong d6: E, () = K®w(t) - 1a sdc phan dién phan Gng (2.34)
K -1a hé s6; @ - 1a tir thong kich tur.
Ap dung dinh luat Newton cho chuyén dong quay, ta cé
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phuong trinh can bing mémen trén truc dong co:
Md(t)=Mt(t)+Bw(t)+J% (2.35)

trong d6: M4(t) - 1a moémen cia dong co: M;(¢) = KPi (1) (2.36)
Bién déi Laplace (2.33), (2.34), (2.35) va (2.36) ta dugc:

U,(s)=1,(s).R, +L,sI,(s)+E,(s) (2.37)
E,(s) = Kdus) (2.38)
M ,(s) = M,(s) + BuXs) + Jsos) (2.39)
M 4(s) = K®i (s) (2.40)

L 3 z . . . ~ 2 A
bat: T, =R—” la hang s6 thoi gian dién tu cta dong co
u

J ~ Y A N, . A 2 A
b =§ la hang s6 thoi gian dién co cta dong co.

Ta c6 thé viét lai (2.37) va (2.39) nhu sau:
2.37) = U,(s)-E,(s)=R,(1+T,s)L(s)
U,(s) - E,(s)

=  IL(s)= R (1+T.5) (2.41)
(2.77) = My(s)- M,(s) = B(1 + T.s)w(s)
L sy = Mal) = Mi(s) (2.42)

B(1+T,s)
T céc biéu thic (2.38), (2.40), (2.41) va (2.42) ta c6 so do cau
tric ciia dong co mot chiéu nhu trinh bay & hinh 2.7. Muc 2.2.3 sé

trinh bay céch tinh ham truyén tuong duong ctia hé thong ti so
doé khoi.

My(s)
Uy(s) 1/R, O I LD @ 1/B ofs)
1+sT, o 1+ 8T, o

| Eu(s)

KO |-

Hinh 2.7 So dé cdu tric déng co mot chiéu
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Lo nhiét

Ham truyén cta 10 nhiét dugc xdc dinh biang phuong phdp
thuc nghiém. C4p nhiét t6i da cho 10 (cong sudt vao P = 100%),
nhiét do 10 tidng din. Sau mot thoi gian nhiét do 1o dat dén gia
tri bao hoa. Péc tinh nhiét do theo thoi gian c6 thé biéu dién nhu
hinh 2.9a. Do déc tinh chinh xdc¢ caa 10 nhiét kha phic tap nén
ta x4p xi bang ddp dng gdn ding nhu ¢ hinh 2.9b.

Céng sudt P = 100% Nhiét do
—_———] Lonhiet f———

Hinh 2.8 Thi nghiém xdc dinh ham truyén 1o nhiét
‘CA ‘cA

L /

t(sec) t(sec)
| o | o
a) | - |‘T’ b) |

Hinh 2.9 Ddgc tinh cia lo nhiét
a) Pdc tinh chinh xdc; b) Pdc tinh gan ding

Ta x4c dinh ham truyén gian ddng cha 1o nhiét dung dinh nghia:
C(s)

G =

(s) R(s)

Do tin hiéu vao la ham néc don vi (P = 100%) nén: R(s) -1
s

Tin hiéu ra gin ding (H.2.9b) chinh 1a ham:
ct)=f(t-T,) trong dé: f(t)=K(1-e ')

Tra bang bién d6i Laplace ta dugc: F(s) =L
s(1+Tys)
X Ke™lis
Do vay, ap dung dinh 1y chdm tré ta dugc: C(s) =————
s(1+Tys)
R . Ke™his
Suy ra ham truyén cta 1o nhiét la: G(s) = (2.43)

1+T28
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2.2.3 Pai s6 so d6 khoi
1- So do khéi

o) muc 2.2.2 ching ta d8 din ra dugc ham truyén cla céc
phan ti co badn trong hé thong diéu khién. Trong thuc t& cac hé
thong thudong gém nhiéu phan ti co bdn ké&t néi véi nhau. Mot
cdch don gidn nhung rat hiéu qud trong viéc biéu dién cac hé
thong phuc tap 1a dung so dé khoi.

So d6 khoi cia mot hé thong 1a hinh vé mo td chic ning ctia
cdc phan ti va su tdc dong qua lai gitta cdc phan ti trong hé
thong. So d6 khoi gom c6 ba thanh phan la khdi chic ning, bo
téng va diém ré nhanh.

' Khéi chiic ndng: Tin hiéu ra cha khoi chic ning bing tich tin
hiéu vao va ham truyén

I Diém ré nhdnh: Tai diém ré nhanh moi tin hiéu déu bang
nhau.

|| Bé téng: Tin hiéu ra cia bd téng bing téng dai s cla céc
tin hiéu vao.

X y X + z
X y o d
— G >
z L v
e
a)  y-xG b) x=y=z ©  zox-y

Hinh 2.10 Cdc thanh phdn co bdn ctia so dé khoi
a) Khéi chic ndng; b) Diém ré nhdnh; c¢) Bj tong
2- Ham truyén dat cua hé théng biéu dién bang so do khoi

Hé théng néi tiép

———1 Gy(s) o e P ] e S
1Ry(s) Ci(s) Rn(s) Cy(s) |
Hinh 2.11 Hé théng ndi tiép
Ham truyén tuong duong ctia hé thong noi tiép:

G(S) — C(S) - Cn(s) - Cl(s)Cn(s) — GI(S). Cn (8) — Gl(S). C2(8)Cn (S)

R(s) Ri(s) R(s)Cy(s) Ry(s) Ry(s).Ca(s)
C,(s
= Gy(5).Gy(5) ) = . = 6, (5).G, (5)..G, 6)

Rs(s)
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= G(s) = ﬁ Gi(s) (2.44)
=1

R(s)

Hinh 2.12 Hé théng song song
Ham truyén tuong duong ctia hé thong song song:
_C(s) _ Ci()+ Cy(s) - Cols) _ Ci(s) , Cols) ., Cul)

)= Res) R(s) Ri(s) Ry(s)  R,(s)
= G(s)=Zn:Gi(s) (2.45)

Cht y ring trong cong thic trén téng 1a téng dai 6.
Hé héi ti€p mot vong
I Héi tiép dm (H.2.13a)

Cls) R(s) | E
*@ﬂ’ G(s)

b) ]
Hinh 2.13 Hé théng hoi tiép

a) Héi tiép am;  b) Hoi tiép duong

C(s)

R(s)

Ham truyén hé thong hoi ti€p am: G,(s) =
Tacé:  C(s)=E(s).G(s)
R(s) = E(s) + Cp(s) (do  E(s)=R(s)~Cp(s))
=E(s)+C()H(S)  (do Cy,(s)=C(s).H(s))
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= E(s) + E(s).G(s).H(s) (do

C(s) = E(s).G(s))
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Lap ti s6 gitta C(s) va R(s) ta dugc:
G(s)
1+G(s).H(s)
Truong hop dic biét khi H(s) = 1 ta c6 hé thong hoi tiép dm
don vi. Trong truong hgp nay céong thic (2.46) tré thanh:
G(s)
1+G(s)
| Héi tiép duong (H.2.13b)
Tuong tu nhu trudng hop hoi ti€p am, dé dang ching minh
dugc:

G, (s) = (2.46)

G, (s) = (2.47)

G(s)
1-G(s).H(s)

Hé hoi ti€p nhiéu vong

G, (s) = (2.48)

D6i véi cdc hé thong phic tap gdm nhiéu vong hdi tiép, ta
thuc hién céc phép bién ddi tuong duong véi so dé khoi dé lam
xuét hién cdc dang két noi don gidn (n6i tiép, song song, hdi tiép
mot vong) va tinh ham truyén tuong duong theo thi tu ti trong
ra ngoai.

Hai so d6 khoi dugce goi 1a tuong duong néu hai so d6 khoi dé
¢6 quan hé gitta cdc tin hiéu vao va tin hiéu ra nhu nhau. Cac
phép bién d6i tuong duong so dé khoi thudsng dung la:

U Chuyén diém ré nhdnh tw phia trudc ra phia sau mot khoi

X3
» G(s) F——

X3

>

X4

x
N

X3 = X;G; X5 = X3 =Xx,G
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|| Chuyén bo téng tu phia trude ra phia sau mét khéi

| 1 | 1
1 1 1 1
X : : X4 X : : X4
1 1
— — <> — —_—
1 1
i 1 1 1 i T T i
1 1 1 1
Xp X3 X3 Xp
X4 = (Xy = Xp) + Xg Xg = (Xq + Xg) = X,

| Tdch mot tong thanh hai bé téng

X i X X X
TR & R
{Xz {Xg
X4 = X4 = X+ X3 Xg = (X4 = Xp) + X3

Chi y: Hai cdch bién déi so dd khéi dugi day rdt hay bi
nhidm 14n 14 bién d6i tuong duong.
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|| Chuyén vi tri diém ré nhdnh va bé téng

X3 X3

R T VYT

1 1 1 1

1 1 1 1

1 I 1 1
Xy i X X, ! LoXy
——

1 ) ! 1 . !

i 1 i / | - i

i t i i t i

[P D [P .

Xo Xo

X4 =Xq = Xp; Xg=Xg=Xq—Xp X4 =Xy — X5 X3 =X

|| Chuyén vi tri hai by téng khi gita hai bé toéng dé cé diém
ré nhdnh

1 1 1
| : i :
1 1 : I
X4 i ! Xs Xy | Xg
i i i :
I | : I
o . L d |-
Xp Xg Xg Xp
X4 = Xy = Xp; X5 = (Xg = Xp) + X3 X4 = Xq + Xg; X5 = (Xq + X3) — X,

3- Mét s6 vi du tinh ham truyén tuong duong cua hé théng

Vi du 2.1. Tinh ham truyén tuong duong ctia hé théng cé so do
kh6i nhu sau:

R(s) P’ - C(s)

*— Gy(s) =

Giai: Bién d6i tuong duong so d6 khéi nhu sau:

« Chuyén vi tri hai bo téng @ va @, dit Ga(s) = [Gs(s)//G(s)],
ta dugc so d6 khoi tuong duong:
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Gi(s)
R(s) Oain D P C(s)
£ + Ga(s) -
Ga(S) |
« Gg(s) = [G4(s) // ham truyén don vi],
Gc(s) = vong hoi ti€p [Ga(s), Gals)]:
R(s) C(s)

— Gyl Ge(s) fp———>

\

Ta c6:  Ga(s) =G3(s) —Gy(s)
Gp(s) =1+Gy(s)

G, (S)= GZ(S) — GZ(S)
146Gy (5).Ga(5) T 1+ Gy(5).[G(5) ~ Gy (s)]

Ham truyén tuong duong ctia hé thong:
G4(s) =Gg(s).Ge(s)

[1+Gy(3))-Go(s)
1+ Gy (5).[Ga(s) - Gy (5)]

Vi du 2.2. Tinh ham truyén tuong duong ctia hé thong cé so do khoi:

r Hi(s)
R(s) @)~ @ —~ O~ ® 1; ® @
—>(§§)_> Gy(s) _>(%§).(%_§).|®> Ga(s) T@)_» Gals)

| Hy(s) |l

= G(s)= u

9)
e

\ [P

Ha(s) |-

Giai: Bién ddi tuong duong so d6 khdi nhu sau:
Chuyén vi tri hai by tong @ va®

Chuyén diém ré nhanh @ ra sau G(s)
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R(s) D~ ® O~ #C(s)
—>®—> Giy(s) @» Gs(s) >
A ‘ t
LD | Hys) |
Gg(s) = vong hdi ti€p [Gy(s), Ha(s)]
Gc(s) = [Ga(s)/ ham truyén don vi]
R(s) @) @ @ cs)
e G1(s) Gg(s) »| Gg(s) »| Gj(s) >
} 1— Hy(s) |
Gp(s) = [Gg(s) noi ti€p Ge(s) noi tiep Gs(s)]
@ cs)

R(s) @) ®
—_— Gy(s) _>® > Gos) NG
T— Hy(s) |-

Gg(s) = vong hoi tiép [Gp(s), Hs(s)]

R(s) @, @ C

— Gy(s) Ge(s)

Yo

\

Trong cédc phép bién d6i so d6 khoi trén, cdc ham truyén

dugc tinh nhu sau:
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H
G =71
A Gz
B 1+GyH,
GC —1+GA =1+H1 :G2 +H1
2 G2
Gp =GpGp.Gy =| — 2 || G2t | = GG * Gl
1+GoH, | Gy 1+G,H,
GoGs + GsHy
B 1+GpH, 14 GG ¥ G3Hy 1+ GyH, +GyGaHy + Gy H Hy
1+G,H, °

Vay ham truyén tuong duong ctia hé thong la:
G GyGs + GsH,
_ GGy _ V1+G,H, +GyG3H; +GyH, Hy
1+GiGg 1, G,. GyGs + GgH,
1+ GyH, + GoG3H, + GyH,Hs
_ G1GyG3 + G G3H
"1+ G,H, + GyGsH, + GoH Hy + G1GoGs + G, G5 H,

= G [ ]

Vi du 2.3. Tinh ham truyén tuong duong ctia hé thong biéu dién
bing so do khoi:

> Gy(s)
R(s) D\ @ —~ Q) ~ ® ® l @ Cls)
— Gy(9) »@ o] Gus) 2] Gys) _.@__.
= = @
A A
' Hy(s) |l
Hy(s) |-

Ggi y: Bién d6i tuong duong so d6 khoi nhu sau:
Chuyén bo téng ® ra truéc Gi(s), sau d6 d6i vi tri hai bo
tong @ va @; chuyén diém ré nhanh @ ra sau Gy(s)
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Sau khi thuc hién phép bién déi nhu trén ta dugc so dé khdi
tuong duong kha don gidn. Poc gid ti€p tuc bién d6i dé di dén két
quéa cudi cung. [

Nhdn xét: Phuong phéap bién déi so do6 khoi 14 mot phuong
phédp don gidn va truc quan dung dé tim ham truyén tuong duong
cia hé thong. Khuyét diém ctia phuong phap bién ddi so dé khéi
la khéong mang tinh hé théng, mdi so d6 cu thé cé thé c6 nhiéu
cach bién d6i khac nhau, tuy theo truc gidc cla nguoi gidi bai
todn. Ngoai ra, khi tinh ham truyén tuong duong ta phdi thuc
hién nhiéu phép tinh trén cidc phan thic dai s6, d6i v6i cac hé
thong phic tap cdc phép tinh nay hay bi nhdm 1adn. Do 46,
phuong phép bién déi tuong duong so do6 khoi chi thich hop dé
tim ham truyén tuong duong ctia cdc hé thong don gidn. Péi véi
cac hé thong phtc tap ta c6 mot phuong phdap hiéu qua hon, d6 la
phuong phdp so dé dong tin hiéu sé& dugc dé cap dén & muc tiép
theo.

2.3 SO DO DONG TiN HIEU

2.3.1 So do dong tin hiéu va cong thic Mason

1- Dinh nghia

Dé biéu dién hé théng tu dong, ngoai phuong phép st dung
so d6 khoi, ta con c6 thé si dung phuong phdp so d6 dong tin
hiéu. Hay so sanh hai hinh vé dudi day, hinh 2.14b 1a so d6 dong
tin hiéu ctia hé thong c6 so d6 khoi nhu hinh 2.14a.
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R(s) C(s) R(s) 1 E(s) Gf(s) 1 C(s)
—_— G(s) - o—»—@—»—o
| —H(s)
a) H(s) | b)

Hinh 2.14 Biéu dién hé théng bdng so dé dong tin hiéu
a) So dé khéi; b) So dé dong tin hiéu

Dinh nghia

So d6 dong tin hiéu 14 mot mang gdém céc nit va nhanh.

- Nit: mot diém bi€u dién mot bién hay tin hiéu trong hé
théng.

- Nhanh: dudng noi truc ti€p hai nit, trén moéi nhdnh c6 mii
tén chi chiéu truyén cda tin hiéu va c6 ghi ham truyén cho biét
mdi quan hé gitta tin hiéu ¢ hai nit.

- Niit nguén: nit chi ¢6 cdc nhanh huéng ra.

- Nt dich: nat chi ¢6 cdc nhanh huéng vao.

- Nit hén hgp: nit ¢6 ca cdc nhanh ra va cac nhanh vao.

Tai nat hén hop, tdt cid cdc tin hiéu ra déu bang nhau va
bang téng dai s6 cta cdc tin hiéu vao.

- Pudng ti€n: dudong gom cdc nhdnh lién tiép c6 cung hudng
tin hiéu di tif nat ngudén dén nat dich va chi qua méi nat mot 1an.

- Do 1¢i ciia mot dudng ti€n: tich cla cdc ham truyén cia cac
nhdnh trén duong tién dé.

- Vong kin: duong khép kin gom cdc nhdnh lién ti€p c6 cung
huéng tin hiéu va chi qua mbi nat mot 1an.

- D6 1¢i ctia mot vong kin: tich cia cdc ham truyén cia cdc
nhanh trén vong kin d6.

2- Cong thicc Mason

Ham truyén tuong duong cia hé théng tu dong biéu dién
biéng so d6 dong tin hiéu cé thé tinh theo cong thiec:

1
G==) AP, 2.49
A; P, (2.49)
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trong d6: « P,- dd loi cia duong tién tha &
« A - dinh thic cta so d6 dong tin hiéu:
A=1->"L;+Y LL; = > LLL, +-- (2.50)
i i ijm

. z L - téng do 1¢i vong cta cdc vong kin ¢6 trong so do
i

dong tin hiéu.
. Z LL; - tong cac tich do 1gi vong cia hai vong khéng
i
dinh nhau.
. Z:LiLj L.- tong cdc tich d§ lgi vong cua ba vong
I, J,m
khéng
dinh nhau.
« N, - dinh thic con cia so d6 dong tin hiéu. A, dugc suy
ra ti A bang cich bd di cdc vong kin c6 dinh té6i
duong tién P,.
Chu y: [O“khéng dinh” = khong c6 nat nao chung.

O“dinh” = c6 it nhA4t nat chung.

2.3.2 Mot s6 vi du tinh ham truyén tuong duong dung
cong thuc Mason

Vi du 2.4. Tinh ham truyén tuong duong ctia hé thong mo ta béi
so do dong tin hiéu nhu sau:

Giai:
- D6 1gi ctia cdc duong tién:
P =G1GyG3G4Gs; By =G1GeGyG5;  P3 =G1GeGy

- B6 10i caa cac vong kin:
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L, =-G,H;; Ly =-GyG;Hy; L3 =-GsG4GsHy; Ly =-GoGsG4G5Hy
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- Pinh thic ctia so d6 dong tin hiéu:
A=1-(L+L,+L+L,)+LL,
- Cac dinh thic con:
N =1, DAp=1; N3=1-L1;
Ham truyén tuong duong ctia hé théng la:
G :%(PlAl + Py + PyAg)

- G1GG3G4 G5 + G1GeGy G5 + G1GoG7 (1 + G, H,y) -
1+ G, H, + GGy Hy + GgGy G Hy + GyG3G4 G Hy + Gy H, G, H,

Trong trudng hop hé thong dugc cho dudi dang so do khoi,
mudn 4p dung cdng thic Mason, truéc tién ta phai chuyén so do
khéi sang dang so d6 dong tin hiéu. Khi chuyén tir so d6 khoi
sang sd d6 dong tin hiéu can cha y:

- C6 thé gop hai bo téng lién nhau thanh mot nit.

- C6 thé gop mot by téng va mot diém ré nhénh lién sau né
thanh mot nut.

- Khong thé gop mot diém ré nhdnh va mot bo tong lién sau
né thanh mot nut.

Vi du 2.5. Tim ham truyén tuong duong cia hé théng c6 so do

khéi nhu sau:
Hy(s)
@)~ r ® l ®
®J®> Ga(9) Gyls)

Ho(s)

S)
Q
©

\ P

>
>
Al

Ha(s) |-

Giai: Ching ta da tim ham truyén tuong duong ctia hé thong cé
s0 do khoi nhu trén ¢ vi du 2.2. D€ so sanh trong vi du nay ching
ta tim ham truyén cia hé théng bang cach dp dung cong thic
Mason. So d6 dong tin hiéu tuong duong ctia hé théng nhu sau:
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- b6 1oi ctia cdc dudng tién:
P =GiGyGy; B =G H Gy
- b6 1gi caa cac vong kin:
Ly =-GoHy; Ly =-GyG3Hj; L3 =-G1GoGy; Ly =-G3H Hy; Ly =-GiGgH,

- Pinh thic cia so d6 dong tin hiéu:
A=1-(Ly + Ly + L3+ Ly + Ls)
- Cac dinh thic con:
A =1; B, =1
Ham truyén tuong duong ctia hé thong la:
G =%(P1A1 + BAy)
G = G1GoGs + G1G3H,y
1+ GyH, + GyGsHs + G,GyGs + GyH, Hy + GyGoH,

Vi du 2.6. Tim ham truyén tuong duong ctia hé thong cé so db

khoi nhu sau:
:l G, i

® @

R(s) ® l C(s)
—&% R~ R~
1o
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Giai. So dd6 dong tin hiéu tuong duong:

4

R(s) K D G ® 1 m N 1 C)
e\ J T ® 3 T Jo
® ~H, ©)

——
_H1

®O

-1
- D6 1gi ctia cdc duong tién:
P =GGoGs; Py =Gy
- B6 10i caa cac vong Kkin:
Ly =-GyHy; Ly = -G GoHy; Ly = -GyGoGs; Ly =-GoGaHy; Ly = -Gy

- Pinh thic cia so d6 dong tin hiéu:

A=1-(Ly + Ly + L3+ Ly +Ls)+(LnLy + LyLs + LoLis + Ly Lis) = Ly Ly L
- Cac dinh thic con:
Ay =15 Dy =1-(Ly +Ly +Ly)+(LyLy)
Ham truyén tuong duong ctia hé a:
G = (Pidy + Poo) =2
V6i: TS = G,GoGs + Gy (1+GyH, +GyGoH,y +GoGsHy + G H,GyGsHy)
MS = 1+GHy + GiGyH, + G1GyG3 + GoG3H3 + Gy + GGyGsHyHg
+ GG H; + G1GyGyH, + GGGy Hy + G GGGy HyHy

2.4 PHUGNG PHAP KHONG GIAN TRANG THAI

2.4.1 Khai niém

Nhu da trinh bay ¢ dau chuong nay, quan hé giita ngd vao va
ngd ra cia hé thong lién tuc bat ky c6 thé mo td bing phuong
trinh vi phan bac n. Nghién cttu hé théng dua trén phuong trinh



MO TA TOAN HOC HE THONG PIEU KHIEN LIEN TUC 67

vi phan bac n rat khé khin, do d6 cAn mé td toan hoc khéc gidp
cho viéc nghién cttu hé théng dé dang hon. Phuong phdp ham
truyén chuyén quan hé phuong trinh vi phan cdp n thanh phan
thiic dai s6 nhd phép bién d6i Laplace. Nghién ciu hé thong mo
td bang ham truyén thuan lgi hon bing phuong trinh vi phan, tuy
nhién ham truyén c6 mot sé khuyét diém sau:

- Chi 4p dung dugc khi diéu kién d4au bang 0.

- Chi 4p dung dugc cho hé théng tuyén tinh bAat bién, khong
thé 4p dung dé mo td hé phi tuyén hay hé bién d6i theo thoi
gian.

- Nghién cttu hé théng trong mién tan sé.

Mot phuong phap khéc dugc st dung d& khio sat hé thong tu
dong 1a phuong phap khong trang thdi. Phuong phap khong gian
trang thai chuyén phuong trinh vi phan bac n thanh n phuong
trinh vi phan bac nhat bing cdch dit n bién trang thdi. Phuong
phédp khong gian trang thai khic phuc dugc cdc khuyét diém cia
phuong phdp ham truyén.

2.4.2 Trang thai cia hé thong, h¢ phuong trinh bi€n trang thai
Trang thai

Trang thai cia mot hé thong 1a tap hop nhé nhit cdc bién
(goi 12 bién trang thdi) ma néu biét gid tri cua cac bién nay tai
thoi diém ¢, va biét cdc tin hiéu vao ¢ thoi diém ¢t > ¢,, ta hoan
toan c6 thé xdc dinh dugc ddp Gng ctia hé thong tai moi thoi
diém ¢ = ¢,.

Hé thong bac n c6 n bién trang thdi. C4c bién trang thai cé
thé chon 1a bién vat ly ho#dc khong phdi la bién vat ly. Vi du
dong co DC 1a hé bac hai, c6 hai bién trang thdi c6 thé chon la
toc d0 dong co va dong dién phan dng (bién vat 1y). Tuy nhién ta
cling c¢6 thé chon hai bién trang thai khéc.

Phuong phdp mo td hé théng bing cdch st dung cdc bién
trang thai goi la phuong phdap khong gian trang thai.

Vécto trang thai

n bién trang thdi hop thanh vécto cot goi 1a vecto trang th4i,
ky hiéu:
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x:[xl Xy ... xn]T (2.51)

Bing cach st dung cac bién trang thdi, ta c6 thé chuyén
phuong trinh vi phan bac n mo6 td hé thong thanh hé n phuong
trinh vi phan bac nhat viét duéi dang ma tran nhu sau:

x(t) = Ax(t) + Br(¢) (2.52)
o(t) = Cx(t) + Dr(t) '
trong d6:
a’ll alz e a]_n bl
b
A= a?l a;22 a?n B= 2 C=[er ¢ .. ¢,] D=d,
anl an2 “ee ann bn

Phuong trinh (2.52) dugce goi 1a phuong trinh trang thdi cua
hé théng. Néu A 1a ma tran thudng, ta goi (2.52) 1a hé phuong
trinh trang thdi ¢ dang thudng; néu A 12 ma tran chéo, ta goi
(2.52) 1a hé phuong trinh trang thdi ¢ dang chinh tic.

D6i v6i cdc hé thong hop thic chiat (bac ti s6 ham truyén
nhé hon bac mau s6) thi D = 0.

Heé théng mo td bdi hé phuong trinh trang thai (2.52) c¢6 thé
biéu dién duéi dang so d6 trang thdi nhu sau:

»| D

R @
|| Y

Hinh 2.15: So dé trang thdi ctia hé thong

Sau day ching ta sé xét cdc phuong phap thanh 14p hé
phuong trinh trang thdi clia hé théng tir cdc dang mo td todn hoc
khdc nhu phuong trinh vi phan hay ham truyén.
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2.4.3 Thanh lap hé phuong trinh trang thai ti phuong

trinh vi phan

1- V& phdi cua phuong trinh vi phan mé ta hé théng khong
¢c6 chita dao ham cua tin hiéu vao

Cho hé théng moé ta bdi phuong trinh vi phan:

d"c(t) d" Le(t) de(?)

+a; =
dt" de"

bé y rang trong bi€u thic (2.53) hé s6 a,=1. Néu aq, #1ta

chia hai v& phuong trinh vi phan cho a, dé dugc dang (2.53).

+...+q

+a,c(t)=b,r(t) (2.53)

n-1

Qui tdc ddt bién trang thai
- Bién dau tién bang tin hiéu ra:
x1 () = c(2)
- Bién trang thai tha i (i=2,n) dit theo qui tdc: bién sau
bang dao ham cta bién trudc:
x; () = %1 (¢)
Phuong phap dit bién trang thdi nhu trén (bién sau bang
dao ham cla bién trudc) goi 1a phuong phdp toa dé pha.
Ap dung cach dat bién trang thdi nhu mé td § trén, ta c6:
x1(£) = c(2)
xg(8) = %1 (t) = xp(t) = ¢(?)
x3(8) = %5(2) = x3(t) =¢(?)

d"Le(t) o de(?)
de" nlf) = dt"
Thay cac bién trang thai vao phuong trinh (2.53) ta dugec:

X (t) +agx, (£) +--- +a, 1 %5(¢) + 0,2, (¢) = b,r(t)

xn(t) = xn—l(t) = Xn (t) =

Két hop phuong trinh trén véi quan hé gitta cdc bién trang
thai ta dugc hé phuong trinh sau:
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%1 (t) = x5(2)
xg(t) = x3(2)
(2.54)
X1 (2) = 2, (¢)
xn(t) = _anxl(t) - a’n—le(t) T a’an—l(t) - a’lxn(t) + bor(t)
Viét lai (2.54) du6i dang ma tran:
@) ] [ O 1 0 01 &) ] [0
: =l : : : : : 2| r(t)
%,-1(t) 0 0 0 1 ||x,1(2) 0
L xn(t) i __an Ap1 TAu2 _a’l__ xn(t) i _bo
D4p tng cua hé thong:
2 (2) |
xg(2)
c(t)=x,(t)=[1 0 0 0]
xn—l(t)
EAON
Vay hé phuong trinh trang thdi mé t4 hé thong la:
c(£) = +
x(t) = Ax(¢) + Br(t) (2.55)
c(t) = Cx(t)
xq(t) | 0 1 0 0 ] (0]
x9(t) 0 0 1 0 0
vei:  x(t) = : A=| : : | B=|:
x,-1(t) 0 0 0 1 0
L xn(t) | | 7A@y Q1 0y —aq | _bO_
c=[1 0 0 0

Vi du 2.7. Cho hé théng diéu khién c6 quan hé tin hiéu vao - tin
hiéu ra mo td bang phuong trinh vi phan sau:

2(t) + 5é(t) + 66(t) +10c(t) = r(t)
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Giai. Chia hai vé& phuong trinh vi phan cho 2, ta dugc:
¢(t)+2.5¢(t) +3¢(t)+5c(t)=0.5r(t)
Dit cdce bién trang thdi nhu sau:
x () =c(t);  x(@)=21(2);  x3(¢) = %xa(t)
Ap dung cong thidc (2.55), ta ¢c6 hé phuong trinh trang thai
md ta hé thong nhu sau:

{x(t) = Ax(t) + Br(¢)

c(t) =Cx(t)

x1 ()

vii: x(t) =| x9(2)
x3(£)

0 1 0 0 1 0
A=l 0 0 1 (=0 O 1
—Qg3 ~Qg9 ~q -5 -3 -2.5

0] [0
B=|0|=| 0

B |05
c=[1 0 0] n

2- Vé phai cua phuong trinh vi phan moé ta hé théng cé
chiva dao ham ctia tin hiéu vao

Xét bai toan xay dung hé phuong trinh trang thai cho hé thong:

d"e(t) , d" Le(t) de(?) _
a +...ta,_ +a,c(t) =
dtn 1 dtn_l n-1 dt ( )
m m-1
s dd’"(t) bld A d;(t)+b rt)  (2.56)
™

Dé c6 thé ap dung cdc cong thic dusi day, m phdi théa diéu
kién m = n —1 (cdc hé s b,, bi,... c6 thé bing 0).
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Qui tdc ddt bién trang thai

|| Bién dAu tién bang tin hiéu ra: x,(¢) = c(¢)

|l Bién trang théi tha i (i =2,n) dit theo qui t4c:
x; () = 2,1 (¢) = Bi—17(2) -

V6i cdch dit bién trang thai nhu trén, hé phuong trinh bién
trang thdi moé ta hé thong la:

{XU):Ax@)+BrU)

c(t) =Cx(t)
trong do:
[0 1 0 | By |
0 1 .. 0 By
A=| i : 5 | B=| i | €=[1 0 ... 0 0
0 0 o .. 1 B,-1
|—a, —a,; —Q, 5 ... —Qp| | B. |
Bl = bo
B2 =by — a1y

V01 (B3 =by — a1y —agPy

Br =bp-1 —aiBp-1 —-- @By

Sau day ta sé& chitng minh két qua trén cho hé bac ba, truong
hop téng quat hé bac n c6 thé suy ra tuong tu.

Xét hé bac ba ¢6 quan hé gitta tin hiéu vao va tin hiéu ra qua
phuong trinh vi phéan:

3 2 2
ddzgt) +a ddigt) +ay d(ci(tt) +asc(t) = b, ddr;gt) +by d;(tt) cbr(t)  (2.57)
bat cdc bién trang thdi nhu sau:
x1(8) = c(?) (2.58)
%g(8) = %1 () = Byr(¢) = €(¢) = Byr(2) (2.59)
x3(8) = %o (¢) = Bor(¢) = €(2) = By7(¢) — Bor(t) (2.60)

Vé6i cach dat bién trang thdi nhu trén, ta cé:
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(2.59) = &(t) = ay(t) +Byr(t) (2.61)
(2.60) <  &(t)=xg(t) + By(t) + Bor(t) (2.62)
o E(t) = qg(t) + Pyi(t) + Bor(t) (2.63)

Thay (2.58), (2.61), (2.62) va (2.63) vao phuong trinh (2.57) ta dugc:
[3(2) + Baii(8) + Bor() | + an [ (2) + Buri(2) + Bor() | +
+ag [ x5 () + Byr() | + agx; (£) = byii(t) + by (t) + byr(2)
o X3(8) = By 7(¢) = Bor(¢) — arx3(8) — ayBy7(2) — ay Bor(?)
—agx(t) — agr(¢) — agxy (¢) + b,7(¢) + by 7(¢) + byr(2)
< %3(8) = —azxy (¢) —agxy () — ayxz(¢) + (by — By )7 (?)
+(by = Bg —a1B1 )7 (8) + (b — a1By — agfy )r(t) (2.64)

Chon By, B2 sao cho dao ham cta tin hiéu vao trong biéu thic
(2.64) bi triét tiéu:

{bo‘|31=0 2{31 =by
by =By~ =0 By =b; —a,fy
bat: B3 = by — 1By —agP
Thay vao (2.64) ta dugc:

x3(8) = —agxy (¢) — agxy (¢) — ayx3(t) + Par(t) (2.65)
Két hop (2.59), (2.60) va (2.65) ta dugc hé phuong trinh:

x1(8) = x(2) + Byr(t)

{502(75) = x3(t) +Bor(?)

x3(8) = —azx; (t) = agx, (£) — ayx3(2) + P3r(?)
Viét lai dudi dang ma tran:

% (¢) 0 1 0 ||x@))| B
xp(¢)|=| 0 0 L || xa(2) | +| B2 |r(2)
—a3 —ay —ap || x3(¢)| [Bs

x3(¢)
1= bo

trong dé: {[32 =b — a3

Bs = by —a;By —asfBy
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x1(t)
Dép dng cia hé théng: c(t)=x(t)=[1 0 0] xy(2)
x3(¢)

Trén day via chitng minh cdch din ra hé phuong trinh trang
thdi cho hé bac ba trong trudng hop vé phai cia phuong trinh vi
phén c6 chita dao ham cua tin hiéu vao. Sau ddy 1la mot vi du 4p
dung.

Vi du 2.8. Thanh 1lap hé phuong trinh trang thd4i mo td hé thong
c¢6 quan hé gita tin hiéu vao va tin hiéu ra qua phuong trinh vi
phén:
¢(¢) +5E(t) + 6¢(t) +10c(t) = 107(¢) + 20r(¢)
Giai. Pat cdc bién trang thdi nhu sau:
x1(2) = c(t)
%g(8) = %1 (¢) = By7(2)
x3(t) = &9 () = Bor(?)
Hé phuong trinh trang thdi mé t4 hé thong la:
% (2) 0 1 0 |x@)| B
X() =1 0 0 1 |lxa(t) [+]| B2 |7(2)

x3(t) | |—ag —ay —ap|x3()| [Bs
Bl = bo =0
trong dé B2=b1—a1[31=10—5><0=10

[33 :bz _ale _azB]_ =20-5x10-6x0=-30
Thay thong s cia hé vao phuong trinh trang thdi, ta dugc:
%, (2) 0 1 0| x( 0
()= 0 0 1 |[x9(2)|+]| 10 |r(2)
x5(2) -10 -6 -5 x3(¢) -30

D4p tng cua hé thong:

x1(2)
c®)=x(£)=[1 0 0]|xy(2) ]
x3(t)
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2.4.4 Thanh lap phuong trinh trang thai ti ham truyén
va so do khoi

1- Bién doéi ham truyén thanh phuong trinh vi phan

Néu hé thong duge cho dudi dang ham truyén, ta c6 thé dung
phép bién déi Laplace ngugc dé chuyén quan hé ham truyén
thanh phuong trinh vi phin, sau dé 4p dung phuong phap thanh
lap hé phuong trinh bién trang thdi da trinh bay ¢ muc 2.4.3.
Sau day la mot vi du:
Vi du 2.9. Hay thanh l4p hé phuong trinh trang thai mé ta hé
théng c6 so d6 khéi nhu sau

R(s) 10 C(s)
=® > s(s +3) >

T

Giai: Ham truyén ctia hé thong kin:

A

10
_ G(s) _ s(s+3) _ 10(s +2)
G (8) = T G Hs) [+ 10 T Tgs+3)(s+2)+10
s(s+3) (s+2)
C(s) _ 10(s +2) _ 10(s +2)

R(s) s(s+3)(s+2)+10 *+5s5> +65+10
= (s® +5s% +65+10)C(s) =10(s + 2)R(s)
= ¢(t) +5é(¢t) +6¢(t) + 10c(t) =107(¢) + 20r(2)
Xem tiép 10i gidi da trinh bay & vi du 2.8. [
2- Phuong phap toa dé pha
Mot phuong phap khdc cing thuong dugc dp dung dé xay
dung hé phuong trinh trang théi ti ham truyén 14 phuong phdp
toa do pha. Xét hé thong bac n ¢c6 ham truyén la:
C(s) _bys" +bys™ '+ 4B, 15+,

n n-1
R(s) §"+a;s" +--+a,5+aq,

(2.66)
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Dé thuan lgi cho viéc xdy dung hé phuong trinh bién trang
thai, trong bi€u thic (2.66) hé s6 a, =1(néu a, #1, ta chia ti s6
va mau s6 cho a,) va m=n-1 (cdc hé s6 b,, b1,... c6 thé bang 0).

bat bién phu Y(s) sao cho:

C(s) = (b,s™ +bys™ L+ +b, s +b )Y (s) (2.67)
R(s)=(s" +ays" 1+ +a, s +a,)Y(s) (2.68)
Dé thay rang, bang cich diat Y(s) nhu trén, biéu thic (2.66)

van dugc théa man. Bién d6i Laplace ngugc hai vé& (2.67) va
(2.68) ta dugc:

m m-1
o(t)=b, 2 y(t)+b1d D v, DO L p ) (2.69)
dt™ dt
_ d”y(t) d"” 1y(t) dy(t)
r(t)= @ = T a4y (D) (2.70)

Xét phUGng trinh vi phan (2.70), ta dit cdc bién trang thai
nhu sau:
x1(t) = y(2)
xo(£) = %1 (2) = y(¢)

t) =x9(t) = y(t
(1) = ()= (0 271
d" " y(t)
dtn—l

Ap dung k&t qua da trinh bay ¢ muc 2.4.2.1, tit phuong trinh

vi phan (2.70) ta suy ra hé phuong trinh trang thai:

xn(t) = xn—l(t) =

x(t) = Ax(t) + Br(t) (2.72)
trong d6:
IEAGH [0 1 0 .. 0] 0]
%o (2) 0 0 1 .. 0 0
x(t) = : A=| : : : B=|:| (2.73)
x,_1(t) 0 0 0 .. 1 0
x,(2) | 7@ TOp-1 TQpp ... 7O | 1]

Mit khdc thay céc bién trang thdi ¢ bi€u thic (2.71) vao
phuong trinh vi phan (2.69) ta dugc:
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(8) = b,x, (8) + by, 1 () ++ - + by X9 (2) + b1 (£)
Viét du6i dang vécto:
c(t) = Cx(t) (2.74)
Vi C=[b, bpi ... b b (2.75)
Tém lai, bang cdch dit bién trang thdi theo phuong phép toa
do pha, hé phuong trinh bién trang mo ta hé théng la:
x(t) = Ax(¢) + Br(t)
{c(t) =Cux(t)
v6i cdc ma tran trang théi xdc dinh bang biéu thic (2.73) va (2.75).

Vi du 2.10. Hay thanh 14p hé phuong trinh trang thdai mo6 ta hé
thong c6 so d6 khoi dusi day biang phuong phap toa dd pha.

R(s) 10 C(s)
=® > s(s + 3) >

Q

-+

»
A

Giai: Ham truyén ctia hé thong 1a (xem lai vi du 2.9):
C(s) _ 10s +20
R(s) s®+5s2+6s+10
Dit bién phu Y(s) théa:
C(s) = (10s + 20)Y (s)
R(s) =(s® +5s% + 65 +10)Y(s)
Suy ra: c(t) =0y(¢) +10y(¢) + 20y(¢)
r(t) = y(t) +5y(¢) + 63(¢) + 10y(¢)
Dit cdc bién trang thdi:
x(2) = ¥(2)
xo(8) = %1 (¢) = ¥(t)
x3(t) = x9(2) = §(¢)
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Ap dung cdc cong thic tix (2.72) dén (2.75), ta rut ra duge hé
phuong trinh trang thdi mé t4 hé théng la:

{X(t) = Ax(t) + Br(t)

c(t) =Cx(t)
0 1 0 0 1 0 0
trong d6: A=| 0 0 1 |={ 0 0 1| B=|0
—Qg —Qg9 —Oq -10 -6 -5 1
C=[b, b b,]=[20 10 0] u

Nhdgn xét: Mic du hé thong cho bédi s¢ @6 khoi & vi du 2.9 va
2.10 la nhu nhau nhung hé phuong trinh trang thai thanh lap
dugc ¢ hai vi du trén lai khdc nhau. Piéu nay khong cé gi vo ly vi
ban chat cdc bién trang thdi 1a cdc bién phu dugc dit ra nhim
chuyén phuong trinh vi phan bac n thanh hé gém n phuong trinh
vi phan bac nhat, do cdch dit cdc bién trang thdi ¢ hai vi du trén
la khac nhau nén két qua hé phuong trinh bién trang thai bat
budc phai khdac nhau.

3- Phuong phap dit bién trang thai truc tiép trén so do khoi

Néu hé thong dudc cho dudi dang so d6 khdoi ta c6 thé dat
bién trang thdi truc ti€p trén so dé khoi. Sau day 1a mot s6 vi du.
Vi du 2.11. Hay thanh 14p hé phuong trinh trang thdi mé ta hé
thong c6 so dd6 khoi nhu sau:

R(s) 10 C(s)
’ Qg) ’ s(s+ 1)(s+3) >

A

Giai. Vé lai so d6 khoi ciia hé thong trén vé6i cdc bién trang thai
dugc dédt nhu sau:

Aes) @ 1 | 1 x| 10 [xie C®
s ] s+ 1) | (s+3) o




MO TA TOAN HOC HE THONG PIEU KHIEN LIEN TUC 79

Vé6i cach dit bién trang thai nhu hinh vé, ta ¢6 cdc quan hé sau:

X,(5) = = Xy()

= sX;(s)+3X,(s) =10X,(s)

— &y (t) = -3, (£) + 102, (£) (2.76)
Xy(s) = — = Xs(6)

= sXy(s) + Xp(s) = Xs(s)

= dy(t) = 2y (£) + 2x5(t) (2.77)

X,(s) = %(R(s) -C(s))

= sX3(s)=R(s) — Xy(s)

= iy(t) = —x() + 1(0) (2.78)

K&t hop (2.76), (2.77) va (2.78) ta dugc hé phuong trinh trang thai:

w@®] -3 10 0)[x@®)] [0
B0)]=] 0 -1 1| x(®)|+0|r(e) (279
D4p tng cia hé thong:
x1(2)
c(t)=x(6)=[1 0 0]|xy(¢) n
x3(?)

Nhdn xét: Dé thay ring tuy theo cdch dit bién trang thai
trén so d6 khoi ma ta c6 thé din ra dugc cdc hé phuong trinh
trang thdi hoan toan khdc nhau. Piéu nay mot lan nita khang
dinh mot hé thong c6 thé dugc mo td bing nhiéu hé phuong trinh
trang thai.

Vi du 2.12. Hay thanh 14p hé phuong trinh trang thdi mé ta hé
thong véi cdc bién trang thai dugc xac dinh trén so d6 khoi nhu sau:

R(s) E(s) 3 | X9 s+2 | X(s) C©
s+4 1 s+5 o

| Xs(s) s+ 1
s+6
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Giai: V6i cdc bién trang thai nhu trén so do6 khéi, ta c6 cdc quan
hé sau:

s+2
s+5
= sX(s) =-5X (s) +2X5(s) +sXy(s) (2.80)

Xi(s)=

Xo(s)

Xﬂ@=;§ZE®F§§ZDﬂ@—Xd$]

= sX5(s) =—4X5(s)—3X3(s) +3R(s) (2.81)
Xy(s)= 2 Xy ()
= sX3(s) =X (s) —6X5(s) +sX;(s) (2.82)

Thay sX,(s) ¢ biéu thic (2.81) vao biéu thic (2.80) ta dugc:
sX,(s) = —5X,(5) + 2X,(5) — 4X,5(s) - 3X5(s) + 3R(s)
= sX,(s) = —5X,(s) - 2X,(s) - 3X5(s) + 3R(s) (2.83)
Thay sX;(s) & bi€u thic (2.83) vao biéu thic (2.82) ta dugc:
sX3(s) = X1(s) —6X3(s) ~5X;(s) ~2X,(s) - 3X3(s) + 3R(s)
- X4 (s) = ~4X,(s) - 2X5(s) - 9X5(s) + 3R(s) (2.84)
Ti cac biéu thic (2.82), (2.81) va (2.84) ta suy ra hé phuong
trinh:
%1 (£) = =5 (¢) — 2xx9(¢) — 3x3(¢) + 3r(t)
xg(t) = —4xy(t) — 3x3(2) + 3r(t)
x3(2) = —4xy (¢) = 229 (¢) — 9x3(¢) + 3r(t)
Viét lai duéi dang ma tran:
(t) = Ax(¢) + Br(?)

x1(t) -5 -2 -3 3
trong do: x(t)=|x9(t)] A=|0 -4 -3| B=|3
x5(t) -4 -2 -9 3

Pap tng cia hé:  c(¢) = x;(t) = Cx(¢)
v§i: Cc=[1 0 0 u
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2.4.5 Thanh lap hé phuong trinh bién trang thai & dang
chinh tic
Dé thanh 14p hé phuong trinh bién trang thdi dang chinh
tdc, ta thuc hién theo cdc budc sau day:
1- Thanh 14p hé phuong trinh bién trang thdi ¢ dang thudng:
x(t) = Ax(¢) + Br(t)
{c(t) =Cx(t)
2- Thuc hién phép d6i bién trang thai:
x(¢) = My(t)
Thay vao phuong trinh (2.85) ta dugc:

My(t) = AMy(t) + Br(t)
c(t) = CMy(t)

(2.85)

_ §(¢) = M *AMy(t) + M"'Br(¢)
c(t) = CMy(t)

- (2.86)
c(t) = Cy(t)

trong d6: A=M1AM B=M'B C=CM

Hé phuong trinh trang thai (2.86) tuong duong véi hé phuong

trinh (2.85). D& (2.86) c6 dang chinh téc, phdi chon M sao cho ma

tran M'AM chi c¢6 dudong chéo khac 0. Theo ly thuyét dai s6

tuyén tinh, ma tran chuyén déi M dugc chon nhu sau:

{y'(t) = Ay(¢t) + Br(t)

101 1 .. 1]
A Ay A3 .. A,

M= A A2 A2 A2 (2.87)
)\il_l )\121—1 }\g—l )\n—l

trong dé6 A, (i=1,_n) la cdc tri riéng cida ma trdn A, tic la
nghiém cua phuong trinh: detpI -A)=0.
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Vi du 2.13. Cho hé théng c6 ham truyén:
_C(s) . 3s+1
" R(s) s2+3s+2

Hay thanh lap hé phuong trinh trang théi dang chinh tic mé
td hé thong.
Giai. Ap dung phuong phdp toa do pha d& dang suy ra hé phuong
trinh trang thdi mé ta hé thong la:

{x(t) = Ax(t) + Br(t)

G(s)

c(t) = Cx(t)
trong d6: A= [_02 _13} B= [ﬂ C-= [1 3]

Tri riéng cia ma trdn A 1la nghiém cta phuong trinh:
detpI -A)=0

s S5 3]}
ol [} 1)

o A +32+2=0
)\1 = _1
)\2 =-2
Thuc hién phép d6i bién: x(¢) = My(t) véi ma tran M la:
1 1 1 1
M = =
}\1 }\2 _1 _2
-2 -1 2 1
= M= 1 =
1x(-2)-(-1)x1| 1 1 -1 -1

Vé6i céach d6i bién trén, ta dugc hé phuong trinh bién trang
thai c6 dang:

8

8

{y'(t) = Ay(t) + Br(t)
e(t) = Cy(1)
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. - 1 2 1]0 1]1 1 -1 0
trong d6: A=M"AM = =
-1 -1||-2 -3|-1 -2 0 -2

- 1 2 110 1
B=M'B= =
-1 -1§|1 -1
Vay hé phuong trinh bién trang thdi chinh tic mo td hé

thong la:
Lol T
Ya(t) 0 -2y [1

o=t 30 .

2.4.6 Tinh ham truyén ti hé phuong trinh trang thai

Cho hé théng mo ta bdi hé phuong trinh bién trang thai:
x(t) = Ax(¢) + Br(t)
{c(t) =Cx(t)
Bién d6i Laplace hai v& phuong trinh trén (gid si diéu kién
dau bang 0), ta duoc:
sX(s) = AX(s) + BR(s) (2.88)
C(s) = CX(s) (2.89)

(2.88) =  (sI-A)X(s)=BR(s)
- X(s) = (sI - A)" BR(s)
- CX(s)=C(sI - A)" BR(s)
K&t hgp vdi bi€u thic (2.89) ta duge:
C(s)=C(sI - A)" BR(s)

C(s) _

-1
RG) C(sI-A)"B (2.90)

= G(s) =
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Cong thic (2.90) cho phép ta tinh duge ham truyén khi bi&t
hé phuong trinh trang thdi moé ta hé thong.
Vi du 2.14. Cho hé théng c6 hé phuong trinh bién trang thai la:

w0]_[ 0 1][=],[0],
.X'z(t) -2 -3 .')C2(t) 1

_ x1(2)

c(t) =[1 3]L€2(t)}

Tinh ham truyén cia hé thong.

Giai. Ham truyén ctia hé thong la:

G(s)=C(sI-A)'B

. 1 0 0 1 s -1
Tacé: (sI-A)=s - =
01 -2 -3 2 s+3
s -17" 1 s+3 1
(sI—A)_1= = -
2 s+3 s2+3s+2| 2 s

S —_ - Y— " Y
s2+33+2 -2 s||1 s2+33+2 S

-1 1 1 3s+1
C(sI-A) B=—|1 3 =
( ) 32+33+2[ ]L} s?+3s+2
3s+1
Vay: G(s)=——— [
s2+3s+2

2.4.7 Nghiém cua hé phuong trinh trang thai

Cho hé thong c6 phuong trinh trang thai nhu sau:
£(t) = Ax(£) + Br(t) (2.91)
o(t) = Cx(t) (2.92)
Muén tinh duge d4p tng ctia hé thong khi biét tin hiéu vao
r(t), truée tién ta phai tinh dugc nghiém x(¢) chia phuong trinh
(2.91).
Bién déi Laplace hai vé& phuong trinh (2.91), ta dugc:
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sX(s)—x(0%) = AX(s) + BR(s)
= (sI - A)X(s) =x(0%) + BR(s)

= X(s)=(sT - A) ' x(0%) +(sI - A) ™" BR(s) (2.93)

Dit: d(s)=(sT-A) ", thay vao biéu thic (2.93) ta duge:

X(s) = D(s)x(0") + ®(s)BR(s) (2.94)
Bién déi Laplace ngugc hai v& biéu thic (2.94) ta dugc:
t
x(t) = d(t)x(0") + j ®(¢t - 1)BR(1)d1 (2.95)
0
trong d6: d(t) = ¢ Hd(s)] = £ Y(sI - A) 7Y (2.96)

Ma tran ®(¢) dugc goi 1a ma trdn qud dé cha hé thong. Tinh
®(¢) theo cong thic (2.96) tuong d6i kh6 khin, nhat 1a doéi véi cdc
hé théng tu bac ba tré 1én, do trudc tién phdi tinh ma tran
nghich ddo, sau d6 thuc hién phép bién d6i Laplace nguge. Cong
thic s& dan ra dudi day gidp cho viéc tinh ®(¢) dé dang hon.

Dua vao biéu thic (2.95) ta thdy khi r(¢) = 0 thi:

x(t) = D(t)x(0") (2.97)
Mat khac khi r(¢) = 0 phuong trinh (2.91) tré thanh:

x(t) = Ax(¢) (2.98)
Nghiém cta (2.98) 1a:  x(¢) =e'x(0") (2.99)
So sanh (2.97) va (2.99) suy ra:

P(t) = e (2.100)

Theo dinh 1y Caley - Hamilton, ta cé6:
o(t) = et =C, 1+ C [A]+ Co[A]” +...+C,, [A]" (2.101)
Thay A=A, v6i A la cdc tri riéng cda ma tran A (tdc la

nghiém c@a phuong trinh det(\] - A)=0) vao biéu thic (2.101), ta
sé tinh dugc cac hé s6 C;, (i=0,n-1).

Tom lai
U DPé tinh nghiém ctia hé phuong trinh bién trang thdi ta
thuc hién cdc buéc sau day:
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1- Tinh ma trdn qud do P(¢) theo cong thic (2.96) hoic
(2.101).

2- Tinh nghiém ctia phuong trinh bién trang thdi theo cong
thic (2.95). Néu diéu kién diu bang 0 thi:

t
x(t) = j ®(¢ - 1)BR(1)dt
0

. Néu mudén tim ddp dng ctia hé théng bing phuong phép
bién trang thai, truc tién tim nghiém cta hé phuong trinh bién
trang thai, sau d6 tinh: c(t) = Cx(t)

Vi du 2.15. Cho hé théng c6 ham truyén la:

s
) s +3s+2
1- Thanh lap hé phuong trinh bién trang thdi moé td hé
thong
trén.

2- Tinh ma tran qua do.

3- Tim ddp tng ctia hé théng khi tin hiéu vao 1a ham néc don
vi (gid st diéu kién dau biang 0).
Giai: 1- Thanh 14p hé phuong trinh bién trang thai:

Theo dé bai ta co: Cls) _ 5 5
R(s) s“+3s+2

=N (s? +3s +2)C(s) = sR(s)

= E(£) + 3¢(t) + 2¢(t) = #(t)

Dit cdce bién trang thdi nhu sau:
x1(8) = c(t)

xg(2) = %1 (£) = Byr(?)

Hé phuong trinh bién trang thdi mo6 ta hé thong la:
() = Ax(t) + Br(t)
{c(t) = Dx(t)

trong d6: A=[ 0 1}={ 0 1} B={B1}=[ 1}
-ay —a -2 -3 By -3
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do B =0, =1
B2 =0 —af; =0-3x1=-3
=[1 0]
2- Tinh ma tran qua do:

Cdch 1: @)= d(s)] =¥ (sl -A) 7Y

Ta co: [sI—A]:s[l OHO 1H ‘1}
0 1] |-2 -3] [2 s+3

O O By p— — [“3 1}:—1 {“3 1}

s2+3s+2| 2 s

(s+1)(s+2) S
s+3 1
O(¢) = Y’_l{q)(s)} gl (s+1)(s+2) (s+1)(s+2)

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

e R e
(8+1)(S+2) - s+ 1)(s+2)
[//_1

}(’fl{—s |
(s+1)(s+2) s+ 1)(s+2)

() e
(s+1) (s+2) (s+1) (s+2)

g1

AP
(8+1) (8+2) (s +1) (s+2)

~t _ o2 -t _ -9t
- o(f) = (2e ) (e e )
_(—2e_t + 2e_2t) (-e7" + 2e_2t)

Cdch 2: D6i véi hé bac hai, cong thic (2.101) tré thanh:
®(t) = e =C,I +Cy[A] (2.102)

Cac tri riéng cua A la nghiém cta phuong trinh: detq7-A)=0

- fft 2

= A +3\+2=0
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Thay A =A\; vao cong thic (2.102), ta dugc:
{e)‘lt =C, +Cy\y

e =C, +Cih,

_ { et=C,-C,

e =0, -20,
C, = 2¢7t -2
=
Cl — e—t _e—Zt

Thay C,, C; vao cong thic (2.102), ta dugc:

D(t) = (27" - e_2t)[(1) ﬂ (e - e‘m)[_g _:ﬂ

N q)(t) =|: (2e—t _e—2t) (e—t _e—2t) :|

(—2e7" + 2e_2t) (-e7" + 2e_2t)

Ta thdy ma tran qua do6 tinh theo hai cdch déu cho két qua
nhu nhau.

3- Pap tng ctia hé théng:

Trudc tién ta tim nghiém ctia hé phuong trinh bién trang
thdi. V6i diéu kién ddu bing 0, nghiém cda phuong trinh trang
thai la:

t
x(t) = j ®(¢ - 1)BR(1)dt
0

(2e—(t—T) _e—2(t—1’)) (e—(t—T) _e—2(t—‘l’)) 1 d_[
(_2e—(t—‘[) +2e—2(t—1’)) (_e—(t—‘[) +2e—2(t—1’)) -3

t
J‘(e—(t—'l') _ 48—2(t—‘[) )d.[.
0
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N (t) = x(t) | _ el -2
P )] T met e

D4p tng cia hé thong la:

ot ol

} =x(1)=e’ - L]

2.5 TOM TAT

Chuong nay da trinh bay hai phuong phdp moé ta todn hoc hé
thong tu dong la phuong phdp ham truyén dat va phuong phép
khong gian trang thdi (H.2.15). Tuy theo hé thong va bai toan
diéu khién cin gidi quyét ma ching ta chon phuong phdp mo ta
todn hoc phtt hgp. Néu bai todn 1a bai todn phan tich, néu hé
théng c6 mot ngd vao, mot ngd ra va néu quan hé gilta ngd vao
va ngd ra c6 thé bi€u dién bing mot phuong trinh vi phan hé s
hing thi c6 thé chon phuong phdp ham truyén dat hay phuong
phap khong gian trang thdi déu dugc. Néu hé thong khio sat 1a
hé bién déi theo thoi gian hay hé phi tuyén, hé da bién thi
phuong phdp khong gian trang thdi nén dugc st dung. Né&u bai
todn 1a bai todn thiét k& hé thong diéu khién t6i uu thi bat ké hé
thong thudc loai gi ta phdi chon phuong phdp khong gian trang
thdi. Vi quyén sach nay la tai liéu gidng day nén cd hai phuong
phédp mod ta todn hoc hé théng sé dugc sit dung song song.

Phuaong trinh vi phan

Muc 2.4.4
Ham truyén ) _ (
Muc 2.4.6

Phuong trinh
trang thai

Hinh 2.16 Quan hé gitia cdc cdch mé td todn hoc hé théng tu dong
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Phu luc: MO TA HE THONG TU PONG
DUNG MATLAB

Control Toolbox cia Matlab 1a mét bo cong cu cho phép phan
tich, thi€t k& va mé phdng cdc hé thong tu dong. Trong phu luc
nay ching ta xét moé td todn hoc hé thong tu dong dung Control
Toolbox chay trén nén Matlab 5.3. Ching t6i chi giéi thiéu cac
lénh mot cdch so lugt di dé minh hoa cho phan ly thuyét diéu
khién tu dong trinh bay trong quyén sach nay. P& c6 thé khai
thdc tdt cd cdc diém manh ctia Control Toolbox trong viéc phan
tich va thiét k& hé théng tu dong, doc gid can tham khdo thém
tai liéu huéng dan ctia Matlab.

Sau khi kich hoat phidn mém Matlab, ctta s6 Command
Window hién 1én cho phép ching ta nhap 1énh vao. Cin cha y
mot s6 diém sau:

* Matlab phan biét ky tu thuong va ky tu hoa (case
sensitive).

* Matlab hién thi két qua thuc hién phép tinh néu cudi clu
lénh khong c6 ddu chdAm ph4y “;” va khong hién thi két qua néu
cudi cdu lénh c6 dau «”.

* Dau “%” duge st dung dé chd thich, tdt cd cdc ky tu nidm
sau dau “%” khong dugce xi 1y.

* Néu mudn biét chiic ning va ci phdp cia mot 1énh, nhap
vao dong lénh c6 dang: >> help lenh_can_biet

Vi du:

>> help feedback
>> help bode

1- Cac lénh co ban

» Biéu dién ma tran, vécto, da thdc:
>> x=[1 4 6 -2 8] %x la vécto hang, cac cot cach nhau boi khoang trang
X =
1 4 6 -2 8
>> y=[1; 4; 6; -2] %y la vécto cot, cac hang cach nhau boi dau “;"
y =

oA

>>A=[123;0-14;57 6] % A lamatran vuong cap 3
A:

1 2 8

0o -1 4
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5 7 6
 Da thiic dugc biéu dién bing vécto hang vdi cac phan ti 1a céc
hé s6 sip theo thi tu s6 mii gidm dan.
>> A=[1 3 5] %A la da thuc s"2 +3s + 5

A=

1 3 5
>> B=[2 4 -7 3] %B la da thuc 253 + 4872 -7s + 3
B=

2 4 -7 3

e Nhan da thic: dung 1énh conv (convolution — tich chap)
>> C=conv(A,B) % da thuc C=A.B=2s"5 + 10s"4 +15s"3 +2s"2 —26s +15
C =

2 10 15 2 -26 15
>> D=conv(conv([2 0],[1 3]),[1 4]) %D=2s(s+3)(s+4)=2s"3 + 14s"2 +24s
D =

2 14 24 0
2- Mot s6 1énh mé ta toan hoc hé thong tu dong
+ Tao ra hé thong moé td bdi ham truyén: lénh tf (transfer
function).

Cit phdp: G=tf(TS,MS) tao ra hé théng mé ta bdi ham truyén

G c6 tir s6 1a da thic TS va miu s6 1a da thic MS.
Vi du:
>> TS=1; MS=[1 1];
>> G1=tf(TS,MS) %G1=TS/MS
Transfer function:

s+ 1
>> G2=tf([1 4],conv([1 2],[1 3])) %G2=(s+4)/(s+2)(s+3)
Transfer function:

S+4

sN2+5s+6

» Don gidn ham truyén: 1énh minreal.

Ci phdp: G=minreal(G) triét tiéu cac thanh phan giong
nhau ¢ t s6 va mau sé dé dugc dang ham truyén toi gidn.

Vi du:
>> TS=[1 2]; MS=conv([1 2],[1 3]);
>> G=tf(TS,MS) % ham truyen co tu so la (s+2) va mau so la (s+2)(s+3)
Transfer function:
s+2
s"2+55+6
>> G=minreal(G) % triet tieu thanh phan (s+2) o tu so va mau so
Transfer function:
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s+3

« Tinh ham truyén cia hé théng noi tiép: 1énh series.
Cu phap: G=series(G1,G2) ham truyén G = G1*G2

Vi du:

>> G=series(G1,G2)

Transfer function:
s+4

SM3+65M2+11s+6

Cé thé dung todn ti “*” thay cho lénh series. Chi y ring lénh
series chi c6 thé tinh ham truyén ctia hai hé théng néi tiép
trong khi st dung todn ti “*” ta c6 thé tinh ham truyén tuong
duong ctia bao nhiéu hé théng ghép ndi tiép tuy y.

Vi du:

>> G=G1*G2

Transfer function:
s+4

s"3+6s"2+11s+6

>> G3=tf(2,[1 0]) %G3=2/s
Transfer function:
2

s

>> G=G1*G2*G3

Transfer function:
2s+8

M +6s"3+11s8"2+6s

« Tinh ham truyén cia hé thong song song: lénh parallel.
Cu phédp: G=parallel (G1,G2) ham truyén G = G1+G2

Vi du:

>> G=parallel(G1,G2)

Transfer function:
2s"2+10s+ 10

"3+682+115+6

Cé6 thé dung todn ti “+” thay cho lénh parallel. Chi y rang 1énh
parallel chi c6 thé tinh ham truyén ctia hai hé théng song song
trong khi st dung todn ti “+” ta c6 thé tinh ham truyén tuong
duong ctia nhiéu hé thong ghép song song.

Vi du:

>> G=G1+G2+G3
Transfer function:



94 CHUONG 2

48"3+228"2+32s+ 12

"M +6s"3+11s"2+6s
. Tinh ham truyén cda hé thong hoi ti€p: 1énh feedback.
Cu phap:
Gk= feedback (G,H) tinh ham truyén hé théng héi ti€p Am
Gk = G/(1+G*H)
Gk= feedback (G,H,+1) tinh ham truyén hé thong hoi tiép duong
Gk = G/(1-G*H)

Vi du:

>> G=tf([1 1],[1 3 2])

Transfer function:
s+ 1

sN2+3s+2

>> H=tf(1,[1 5])

Transfer function:

s+5
>> Gk=feedback(G,H) % ham truyen kin he hoi tiep am
Transfer function:

s"2+6s+5
s"3+8sM2+18s + 11
>> feedback(G,H,+1) % ham truyen kin he hoi tiep duong
Transfer function:

s"2+6s+5
s"\3+8s"2+16s+9
>> feedback(G,1) % ham truyen kin he hoi tiep am don vi
Transfer function:

s+ 1
s"2+4s+3
>> feedback(G,1,+1) % ham truyen kin he hoi tiep duong don vi
Transfer function:

s+ 1

sN2+2s+ 1
. Tao ra hé théng mé td bang phuong trinh trang thdi: 1énh ss
(state space).

Cu phap: PTTT=ss(A,B,C,D) tao ra hé thong mo ta bsi phuong
trinh trang thai PTTT c6 cac ma tran trang thaila A, B, C, D

Vi du:
>> A=[0 1; -3 -2]; B=[0;1]; C=[1 0]; D=0;
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>> PTTT=ss(A,B,C,D)
a=

x1 x2
x1 0 1
x2 -3 -2
b=
ui
x1 0
x2 1
C=
x1 x2
y1 1 0
d=
ui
Al 0

Continuous-time model.
. Bién d6i mo td todn hoc ti dang phuong trinh trang thdi vé
dang ham truyén: 1énh tf (transfer function).

Ca phéap: G=tf(PTTT) bién d6i phuong trinh trang thai
PTTT vé dang ham truyén G.
Vi du:

>> G=tf(PTTT)
Transfer function:

sN2+2s5+3
/ Bién d6i mo t4 toan hoc tiu dang ham truyén vé dang phuong
trinh trang thai: 1énh ss.

Ci phdp: PTTT=ss(G) bién ham truyén G déi vé dang
phuong trinh trang thai PTTT.

Vi du:
>> PTTT=ss(G)
a=
x1 x2
x1 -2 -1.5
x2 2 0
b=
ui
x1 0.5
x2 0
c=
x1 x2
y1 0 1
d=
ui
y1 0

Continuous-time model.
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Chuong 3

PAC TiNH DPONG HOC CUA HE THONG

3.1 KHAI NIEM VE DAC TiNH DONG HOQC

Dic tinh dong cta hé théng mé td su thay ddi tin hiéu ¢ dau
ra ctia hé thong theo thoi gian khi c6 tdc dong é dau vao. Trong
thuc t& cdc hé thong diéu khién rat da dang, tuy nhién nhiing hé
théng dugc mé td bang moé hinh toan hoc c6 dang nhu nhau sé cé
diac tinh dong hoc nhu nhau. P& khdo sdt dic tinh dong ctia hé
théng tin hiéu vao thudng dugc chon 1a tin hiéu co ban nhu ham
xung don vi, ham néc don vi hay ham diéu hoa. Tuy theo dang
cua tin hiéu vao thid ma déic tinh dong thu dugce la dac tinh thoi
gian hay dic tinh tin s6.

3.1.1 Dac tinh thoi gian

Ddc tinh thoi gian cia hé théng mé td su thay déi tin hiéu 6
ddu ra ciia hé thoéng khi tin hiéu vao la ham xung don vi hay
ham ndc don vi.

r(t) c(t)
Hé théng |———
R(s) C(s)

\

Hinh 3.1 Tin hiéu vao va tin hiéu ra ctia hé théng
Néu tin hiéu vao 12 ham xung don vi r(¢) = &(¢) thi d4dp Ung
ctia hé théng 1a:  C(s) = R(s).G(s) = G(s) (do R(s) = 1)
= oty =2 H{Cs) =2 H{G(s) = g() (3.1)

g(t) dugc goi la dap dang dap dng xung hay con goi la ham trong
lugng ciia hé thong.
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Vay ddp ung xung la ddp ung cia hé thong khi tin hiéu vao
la ham xung don vi. Theo biéu thic (3.1) d4p Ung xung chinh 1a
bién d6i Laplace ngugc cia ham truyén.

Néu tin hiéu vao 1a ham néc don vi r(¢) = 1(¢) thi d4p dng cla
hé thong la:

C(s) = R(s).G(s) = @ (doR(s) = % )

G t
= qny=2 o) =2 {ﬂ} = [ g(yr (3.2)
S
0

Biéu thic (3.2) c6 dugc do 4p dung tinh chdt dnh cda tich
phan cia phép bién déi Laplace. Dit:

t
h(t) = [ g(t)dt (3.3)
0

h(t) dugc goi la dap Ung nidc hay con goi 12 ham qua dd cha hé
thong.

Vay ddp ung ndc la ddp ung cia hé théng khi tin hiéu vao la
ham ndc don vi. Theo biéu thic (3.3) d4p ting nac chinh 1a tich
phén cia ddp dng xung.

Vi du 3.1. Cho hé théng c¢6 ham truyén la:
s+1
s(s +5)

X4c dinh ham trong lugng va ham qua do cia hé thong.

G(s) =

Giai. Ham trong lugng:

o o1 s+l | a1 4
gt)=2{G)} =< {s(s+5)}_g— {§+5(s+5)}

1 4 _
= g(t)=g+ge o

Ham qua do:
t t t
Cdch 1: h(t)= Ig(r)dT = J(l +£e‘5T de = FT —ie_a}
0 0 5 5
1. 4 5 4

h(t)=—t-——e +—
5 25 25
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Cdch 2: h(t)= gl{G(s)} -l {23;1}1
§ s(s+5)
Thuc hién phép bién d6i Laplace nguge ta duge két qué nhu
trén. -

Nhén xét: O chuong 2 ta da biét c6 ba cdch mé td toan hoc
hé thong tuyén tinh lién tuc 12 dung phuong trinh vi phan, ham
truyén va hé phuong trinh trang thai. Do quan hé gitta ham trong
lugng va ham qud do v6i ham truyén cho bdi biéu thic (3.1) va
(3.3) ta thdy rang c6 thé dung ham trong lugng hay ham qua dé
dé moé td toan hoc hé théng tu dong. Khi da biét ham trong
lugng hay ham qud do thi sé suy ra dugc ham truyén dé dang
bang cac cong thic sau day:

G(s) = 2{g()} (3.4)
m@=z¥%?} (3.5)

Vi du 3.2. Cho hé théng c6 ddp tng nac don vi la:
h(t)=1-3e2 +2¢7%
X4c dinh ham truyén ctia hé théng.
Giai. Theo dé bai, ta cé:

G(S)=g{—dh(t)}=3{6e_2t—6e_3t}= 6 __6 . 6
dt s+2 s+3 (s+2)(s+3)

3.1.2 Pic tinh tan s6

Ddc tinh tédn sé cia hé théng tuyén tinh lién tuc mé td quan
hé giita tin hiéu ra va tin hiéu vao cia hé théng & trang thdi xdc
lap khi thay déi tdn sé cia tin hiéu dao dong diéu hoa tdc déng &
ddu vao ciia hé thong.

Xét hé tuyén tinh lién tuc c6 ham truyén la G(s), gid st tin
hiéu vao la tin hiéu hinh sin:

_wR,
s2 + o’

r(t)=R,,sinwt < R(s)=
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Tin hiéu ra ctia hé théng la:

C(s) = R(s)G(s) = [S;nfz)z JG(S)

Gid st G(s) c6 n cuc p; phan biét théa p, #+jw, ta c6 thé
phén tich C(s) dudi dang:
= n
Cs)=—2+— L 3 b

stjw s—Jjw I STp;

Bién doi Laplace ngugc biéu thic trén, ta dugc:

n
c(t) = ae /¥ +ae/™ + ZBiepit
i=1
Néu hé thong 6n dinh thi tat cd cédc cuc p; déu c6 phan thuc
am (kh4i niém 6n dinh s& néi rd hon trong chuong 4). Khi d6:
n

lim > B;eP =0

_ +oo 4
t ® =1

Do dé: ¢ (2) = ae ™/ + e/ (3.6)

Néu G(s) c6 cuc boi thi ta ciing ¢6 thé ching minh dugc dap
ting xdc 14p ctia hé théng c6 dang (3.6). Cdc hé s6 o va @ xdc
dinh bdi cong thic:

a=G(s)-Lm (54 joy  =-LnGEID) (3.7)
S +w2 s=—jw 2J
a =G(s) ;*’Rm (s-joy) =TwGUO (3.8)
s®+ o s=jw 2j
Thay (3.7) va (3.8) vao (3.6), rit gon biéu thic ta dugc:
c(t) = R, |G(jw)[sin (@t + OG (jw)) (3.9)

Biéu thic (3.9) cho thay & trang thdi xdc l4p tin hiéu ra cla
hé thong 1a tin hiéu hinh sin, cing tadn sé véi tin hiéu vao, bién
do ti 1& v6i bién do tin hiéu vao (hé s6 ti 1& 1a |G(jw)|) va léch

pha so véi tin hiéu vao (46 léch pha la 0OG(j«)).
Pinh nghia: Ddc tinh tin s6 cia hé théng la ti sé giita tin
hiéu ra ¢ trang thdi xdc ldp va tin hiéu vao hinh sin.

< 0
Ddctinhtan sé6 = C(J )
R(jw)

(3.10)
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Tit dinh nghia (3.10) va biéu thdc (3.9) ta rut ra:

Ddc tinh tén s6 = G(s)|3:jw = G(jw) (3.11)
Vi du 3.3. N&u hé théng c6 ham truyén 1a G(s) =% thi dac
S(S
tinh tan s6 cha hé thong 1a G(jw) =M ]
Ju(jw+1)

Téng quat dic tinh tdn s6 G(jw 1a mot ham phic nén cé thé
biéu dién dudi dang dai s6 hodc dang cuc:
G(jw) = P(w) + jQ(w) = M(w).e/*® (3.12)
trong dé6: P(w 1a phan thuc; Q(w la phin do cia dic tinh tan sé
M(w la dap tng bién d9; ¢(w la ddp dng pha.
Quan hé gitta hai cach biéu dién G(jw) nhu sau:

M (@) =|G(jw)| = VP () + Q*(w) (3.13)

d(w) = OG(jw) = tg ™ {%} (3.14)
P(w) = M(w)cos| ¢ @) (3.15)
Q(w) = M(w)sin[ ¢ ()] (3.16)

Dé biéu dién d#c tinh tdn s6 mot cach truc quan, ta c6 thé
dung d6 thi. Cé hai dang d6 thi thuong st dung:

1- Biéu dé Bode 13 hinh vé gém hai thanh phan:

e Biéu d6 Bode bién d¢: d6 thi biéu dién moi quan hé giita
logarith cta d4p Ung bién do L(w) theo tin s6 w.

L(w) = 201g M(0) (3.17)

L(w - la dap dng bién dé tinh theo don vi dB (decibel).

» Biéu d6 Bode pha: d6 thi bi€u dién moi quan hé gita dap
ting pha ¢« theo tan s6 w

C4 hai d6 thi trén déu dugc vé trong hé toa d6 vudng géc vdi
truc hoanh @ chia theo thang logarith co s6 10 (H.3.2a). Khodng
cach gitta hai tdn s6 hon kém nhau 10 1an goi 12 mot decade.

2- Biéu dé Nyquist: (duong cong Nyquist) 1a d6 thi bi€u dién
dac tinh tdn sd G(jw) trong hé toa do cuc khi w thay déi tu
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0. N6i cach khdc duong cong Nyquist chinh 1a t4p hop tat ca
cac diém ngon cia vécto biéu dién sé phic G(jw (bién do vécto
la M(w), géc cua vécto 1a @) khi w thay déi ti 0 - (H.3.2b).

Msic du biéu dién duéi hai dang d6 thi khdc nhau nhung
thong tin c6 dugc vé hé théng ti biéu dé6 Bode va biéu dé6 Nyquist
12 nhu nhau. Tu biéu d6 Bode ta c6 thé suy ra dugc biéu dob
Nyquist va ngugc lai.

L(®)  dB
40 1 D6 du trii bién
L .
20 + P
- 0 N O 2 Igo
0 1 } . } -
0.1 1 0 10 i\\t\wo o
=7 RN
(o) | b
~1 0 T el 2 igo
0 } } t ® }
10 P 100 ©
—90 1 i i
i
—180 F--mmmmmmmmmmmmmm e oD XN dm o
a) -270+------------Bodutlpha =
D6 du trif bién
P

Hinh 3.2: Biéu dién ddc tinh tan sé dung do thi
a) Biéu dé Bode; b) Biéu dé Nyquist
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Déc tinh tdn s6 clia hé thong c6 cdc théong sé quan trong
sau day:

Dinh céng huwong (M,): dinh cdng hudng la giad tri cuc dai
cua M(w).

Tdn s6 cong huong (¢y): 1a tan s6 tai d6 ¢6 dinh cong hudng.

Tén sé cdt bién (w): 12 tin s6 tai d6 bién do cua dic tinh tan
s6 bang 1 (hay bang 0dB).

M(w,)=1 (3.18)

hay L(w,)=0 (3.19)

Tan sé cdt pha (w.): 1a tan s6 tai d6 pha cta dic tinh tan so
bang -1t (hay -180°)

d(w_;) = -180° (3.20)
Do du triw biéen (GM - Gain Margin)
-_1 (3.21)
M(w_r)
hay GM =-L(w_,;) [dB] (3.22)

Cong thic tinh theo don vi dB dugc st dung nhiéu hon
Do du trit pha (@M - Phase Margin)
®M =180° + P(w,) (3.23)

Do du trit bién va do du trit pha ctia hé thong cho biét hé
théng c6 6n dinh hay khong. Chuong 4 sé& dé cap chi tiét vé van
dé nay.

3.2 CAC KHAU DONG HOC DIEN HiNH

O tréen ching ta vira dé cap dén khdi niém dic tinh déng hoc
cia hé théong tu dong. Trong muc nay, ching ta sé& xét dic tinh
dong hoc cia mot s6 khau co ban nhu khau ti 1&, vi phan, tich
phén, qudan tinh bic mét, dao dong bac hai, .. Trén co sé dic tinh
dong hoc ctua cdc khau co ban, muc 3.3 sé& trinh bay cdach xay
dung dic tinh dong hoc cia hé thong tu dong.
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3.2.1 Khau tilé (khdu khuéch dai)

Ham truyén: G(s)=K (K>0) (3.24)
| Pac tinh thoi gian:  C(s) = G(s)R(s) = KR(s)
c(t) = Kr(t) (3.25)

Vay tin hiéu ra cia khau ti 1é bing tin hiéu vao khuéch dai
lén K 1an. Hinh 3.3 mé td ham trong lugng va ham qua d6 cla
khau ti 1é.

a) b)

Hinh 3.3 Ddgc tinh thoi gian ctia khdu ti [é
a) Ham trong luong; b) Ham qud do

L(w) A [dB]

A Qo)
~ —20dB/dec
20
[e]0)
(0]
P(o)
0 o —=- 0 T
o(o) A [do]
+90° T I\
1 0 ! 9o
I T |l
10" 10° 10 o ©=0
-90° b)
a)

Hinh 3.4: Ddc tinh tén sé cia khéu ti lé
a) Biéu dé Bode; b) Biéu dé Nyquist
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| Péc tinh tan s6: G(jw) =K
Bién do: M(w)=K = L(w)=20lg K
Pha: d(w)=0

Céc biéu thic trén cho thdy dac tinh tan sé ctia khau ti 1é 1a

hing s6 v6i moi w do d6 bi€u dé6 Bode vé bién do 1a mot duong
song song vdi truc hoanh, cach truc hoanh 201gK; biéu dé Bode vé

pha

1A mot dudng nidm ngang trung v6i truc hoanh; biéu do

Nyquist 14 mot diém do véctd G(jw) khéng d6i véi moi w Xem
hinh 3.4.

3.2.2 Khau tich phan ly tuéng

Ham truyén: G(s) =§ (3.26)
| Péac tinh thoi gian:  C(s) = R(s).G(s) =@

Ham trong lugng: g(t) =2 {G(s)} =2 {%} =1(¢) (3.27)
Ham qua do: h(t) =2 {@} =1 {siz} =t1(¢) (3.28)

Vay ham trong lugng va ham qud 49 cda khau tich phan ly

tuéng tuong Ung 14 ham ndc don vi va ham déc don vi (H.3.5).

Mot
tich

a)

diac diém quan trong cdn quan tdm 1a ham qua d cta khau
phan ly tuéng ting dén vo clung.

Aot AP

vy~
Yy~

RGN PR

0 b) O

Hinh 3.5: Ddc tinh thoi gian cia khdu tich phdn ly tudéng
a) Ham trong luong; b) Ham qud do
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|| Péc tinh tdn s6: G(jw) =,i = —jl (3.29)
Jjw )

Bien do:  M(w) =é (3.30)

= L(w)=201g M(w) =20Ig (lj =-20Ilgw (3.31)
W

Pha: o(w) = -90° (3.32)

Néu vé L(w trong hé toa do vudng géc thong thuong thi @b
thi L(w) 1a dudng cong. Tuy nhién do truc hoanh cta biéu dé Bode
dugc chia theo thang logarith co s6 10 nén dé dang thay ring
biéu d6 Bode vé bién do cua khau tich phan ly tuéng la duong
thdng c6 d6 doc —20dB/dec. Biéu d6 Bode vé pha cta khau tich
phan 1y tuéng 1a dudng nim ngang do ¢(w)=-90° véi moi w. Biéu
dé Nyquist 1a nia duéi cta truc tung do G(jw) c6 phan thuc biang

0, phan 4o luén luén am (H.3.6).

L(w) 4 [dB]
A Qo)
. —-20dB/dec
20
Igo
o
—20 P(w
®» - 0 o
o(0) A [d0]
+90° T I\
1 0 1 g0
10" 10° 10 o ©=0
-90° b)
a)
Hinh 3.6: Ddc tinh tdn sé ciia khdu tich phdn ly tuéng
a) Biéu dé Bode; b) Biéu dé Nyquist
3.2.3 Khau vi phan ly tuéng
Ham truyén: G(s)=s (3.33)

Ll Pac tinh thoi gian: C(s) = R(s).G(s) =sR(s)
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Yy~

Hinh 3.1: Ham qud dé cia
khdu vi phdn ly tudng

Ham qua do:
()= {@} = 9;"1{1} =) (3.34)
S
Ham trong luong:

d :
=2 1= 3.35
g(t) dth(t) &(t) ( )

Ham qud d6 cua khau vi phéan
ly tuéng ham xung don vi (H.3.7),
ham trong lugng la dao ham cua
ham qua do, chi c6 thé mo td biang
biéu thic todn hoc (H.3.8), khong
biéu dién bang d6 thi dugc.

L Pidc tinh tan s6: G(jw) = jw (3.36)
Bién d¢: M) =w (3.37)
= L(w)=20lgM(w)=20Ilgw (3.38)

Pha: d(w) =+90° (3.39)

Di#c tinh tdn s6 cda khau vi phan 1y tuéng hoan toan trai
ngugce so véi khau tich phan ly tuéng. Biéu dé6 Bode vé bién do
cia khau vi phan ly tuéng la dudng thing c6 do déc +20dB/dec,
biéu d6 Bode vé pha la dudng nidm ngang ¢(w)=+90°. Biéu do

Nyquist 1a nta trén cla truc tung do G(ja) c6 phan thuc bang 0,
phan 40 luén ludn duong (H.3.8).

L(o) [dB]
+20dB/dec

20 T~ ~TTTTT777 \_\ _____ X
» o / - A Qo)
| P

“(0 — 0

10 10 10 o
—20
P
0(0) ) [do] ©=0 g
+90°
- 0 1 Igo
1 1 Lol
107" 10° 10 o b)
~90°T
a)

Hinh 3.8: Ddc tinh tén sé ciia khdu vi phdn ly tudng

a) Biéu dé Bode;

b) Biéu db Nyquist
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3.2.4 Khau quan tinh bac nhat

. 1

Ham truyén: G(s) = 3.40

am truyén (s) Torl ( )
| Péc tinh thoi gian:  C(s) = R(s).G(s) = )
Ts+1

Ham trong lugng: g(¢) =<2 1 :le_%l(t) (3.41)

ong lugng: g 1l TT .

1 _t

H3 i do: ht) =L ————1=(1-e T)1(¢ 3.42

am qua do (t) {S(TS+1)} (1-e THY1(t) ( )

Ham trong lugng ciia khau qudn tinh b4ac nh4t 1a ham mi
suy gidm vé 0, ham qud do ting theo qui ludt ham ma dén gid tri
xdc 1ap bang 1. Téc do bién thién cia ham trong lugng va ham
qua do ti 1é v6i T nén T dugc goi la thoi hang cia khau quin
tinh bac nhat. T cang nhé thi ddp dng cang nhanh, T cang 16n
thi dap dng cang chdm. Hinh 3.9 minh hoa dac tinh thoi gian
cia hai khau qudn tinh bac nh4t cé thoi hing tuong tung la T; va
Ty, trong d6 T < T.

Thay ¢ = T vao biéu thic 3.42 ta duge A(T)=0,63, do d6 thoi
hing cia khau qudn tinh bac nhat chinh 1a thgi gian cidn thiét dé
ham qua do tidng lén biang 63% gia tri xdc lap (gia tri xdc lap clha
h(t) = 1). Mot cach khdc dé x4c dinh thoi hing T 1a vé ti€p tuyén
v6i ham qud do tai goc toa do, khodng cach tir giao diém cla tiép
tuyén nay v6i dudng ndm ngang cé tung do bang 1 chinh 1a 7.

1T,

1/T, &

a)

| =

Hinh 3.9: Ddc tinh thoi gian ctia khdu qudn tinh bdc nhdt
a) Ham trong luong; b) Ham qud do
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1 _1-Tjw
Tiw+1l 1+T2%0°

|| Péc tinh tdn s6: G(jw) = (3.43)

. 1
Phan thue: P(0w)=———
J () T2 TPk
. -Tw
Phén éOZ w=———-
Q) =—

Bién d0: M(w)=+P?*(w) + Q*(w)

2 2
_ \/(;j ' ( Tw j -1 (3.44)
1+ T2 1+7%2 ) 1+7%2

- L(w)=201g M(w) = -201g 1+ T2’ (3.45)
Pha:  ¢(w)=tg™* [M} = ~tg Y (Tw) (3.46)
P(w)

Biéu thic (3.45) cho thay biéu dé Bode bién do 1a mot dudong
cong. C6 thé vé gan ding biéu dé Bode bién do bing cic dudng
tiém can nhu sau:

- Néu w<1/T = wl<1: L(w)=-20lg~1=0, do d6 ta c6 thé
vé gan dang bang dudng thing nim trén truc hoanh (d6 doc bang
0).

“N6u w>1/T o oT>1: L{w)=-20lgVe?T? =-201g T, do d6
ta vé gin ding bing dusng thang c6 do doc —20dB/dec.

Nhu phan tich & trén, ta thay tai tan s6 1/T d6 doc cta céc
dudng tiém can thay ddi, bi€u dé6 Bode la mot dudng gdp khic
nén tan s6 1/T goi 1a tdn s6 gay cia khau quén tinh bac nhat.

Thay gid tri wvao biéu thic (3.46) ta vé dugc biéu dé Bode vé
pha. P€ y mot s6 diém dic biét nhu sau:

w-0: (I)((.O) -0
w=1/T: ¢(w) =-45°
W - 00: (I)((.O) - =90°

Hinh 3.10a minh hoa biéu d6 Bode ctia khau quén tinh béac
nhit. Pudng cong dit nét ¢ biéu dé Bode bién dé chinh 1a dudng
L(w) vé chinh xac. Sai 1éch cuc dai gitta duong cong vé chinh xdc
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va cdc dudng tiém c4n xudt hién tai tdn s6 gdy, tai tdn s6 nay
gia tri chinh xdc cua L(w la —20Ig\/_=—3dB, trong khi gia tri
gin ding l1a 0dB, sai léch nay kha bé c6 thé bd qua duge. Do d6
khi phan tich va thiét k& hé thong tu dong trong mién tan so ta
c6 thé dung biéu dé6 Bode bién d9 vé bing cdc dudng tiém can
thay cho biéu d6 Bode bién d9 vé chinh xéc.
Pé& vé biéu d6 Nyquist ta c6 nhan xét sau:
2 2 2
1 i 1 1 ~wT
Pw-=| +@Q*(w)=| ——-=| +|———
[ © 2} v [1+Q>2T2 2} [1+w2T2}
2
| 1-?T7? +[ ~T T _1-20T? + T 40PT? 1
2(1+ w?T?) 1+ T2 4(1 + T?)? 4(1+u?T?? 4
Piéu nay ching té bi€u d6 Nyquist cia khau quan tinh béac

nhit nim trén dudng tron tam (%,0), ban kinh é Do pha cua
G(w luon am khi w thay d6i tir 0 dén +« (xem biéu thic 3.46)
nén biéu dé6 Nyquist 12 nia duéi cia dudng tron (H.3.10b).

L(w) A [dB]

20 T
A iQ(o)

O — O 1

G(jo)

Hinh 3.10: Ddc tinh tdn sé cia khdu qudn tinh bdc nhdt
a) Biéu dé Bode; b) Biéu dbé Nyquist
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3.2.5 Khau vi phan bac nhat

Ham truyén: G(s)=Ts+1 (3.47)
Ll Pac tinh thoi gian: C(s)=R(s).G(s)=R(s)(Ts +1)
Ham qud dé: W)= {M} =T +1(t)  (3.48)
s

Ham trong lugng: g(¢) = h(t) = T8(t) + &(¢) (3.49)
Ham quda d0 cua khau vi bt

phan bac nhit 1a t6 hop tuyén I

tinh cia ham xung don vi va T

ham nic don vi (H.3.11). Ta 1

thdy rdng khau vi phan ly
tuéng va vi phan bac nhat cé
dac diém chung la gid tri ham  gy,p 3.17: Ham qud do cia khdu
qua do vo cung lén tai £=0.

Ry

vi phdn bdc nhdt
Ham trong luong la dao ham

cia ham qud d6, chi c6 thé mé t3d bing biéu thic todn hoc (3.49),
khong biéu dién bing d6 thi dugc.

I Pic tinh tan s6: G(jw)=Tjw+1 (3.50)
Phan thuc: P(w)=1 (3.51)
Phan 3o: QW) =Tw (3.52)
Bién do: M(w) = P2(w) + Q2(w) =12 + (Tw)?
= L(w)=20lg M(w)=20lgv1+T?w*  (3.53)
Pha: d(w) =tg ™" {M} =tg 1 (Tw) (3.54)
P(w)

So sanh biéu thic (3.53) va (3.54) véi (3.45) va (3.46) ta rut
ra dugc ké&t luadn: biéu d6 Bode cia khau vi phan bac nhadt va
khau quén tinh bac nhit d6i xiing nhau qua truc hoanh (H.3.12a).

Do G(jw) c6 phan thuc P(w) ludn luén bing 1, phin do Q(w
c6 gid tri duong ting din tir 0 dén +w khi thay d6i tir 0 dén +o
nén biéu dé6 Nyquist ctia khau vi phan bac nhat la nda dudng
thdng qua diém c6 hoanh dd bang 1 va song song véi truc tung
nhu hinh 3.12b.



PAC TINH DPONG HOC CUA HE THONG 111
L(o), dB
ol +20 dBidy Qo)
0 —_.1// 0 _/ Igo o
107" 10° 4T 10 ®
-20r | Gio)
o(0), 46 E o= 01 P(o)
+90°F - oo demmmeeocgaeco:
L :
0l ( : ‘ lgo b)
10” 10° 1T 10 ®
a)
Hinh 3.12: DPdc tinh tin sé cia khdu vi phdn bdc nhdt
a) Biéu dé Bode; b) Biéu dé Nyquist
3.2.6 Khau dao dong bac hai
Ham truyén:
G(s) == 1 (0<E<1) (3.55)
T°s" +28Ts+1
hay G(s) = w’zt (Vv6i w —i) (3.56)
2+ 28w,s + w%t T '
I Pac tinh thoi gian:
Cls) = R(3) Gls) =~ R
2 4 28w,s + (,fl
Ham trong lugng:
gt)=<" G,
s + 28w, s +
~ ()= ‘7_ sm[((on\/l £ )t} (3.57)
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_o1)1 W
h(t)—g_ {3-824-2200713-'—0")21}

= h(t):1—j%sin[(wn«/l—22)t+e} (3.58)

trong d6 do léch pha 8 xdc dinh béi 6=cos 1 &.

Biéu thic (3.57) va (3.58) cho thay dic tinh thoi gian cta
khiu dao dong bac hai ¢6 dang dao dong suy gidm, ham trong
lugng 1a dao dong suy gidm vé 0, ham qud d6 la dao dong suy
giam dén gia tri xdc lap la 1 (H.3.13).

- Néu £=0: A(t)=1-sin(w,t+90°), ddp Ung cia hé la dao
dong khong suy gidm véi tan s6 w, do d6 w, goi la tdn sd dao
dong tu nhién cua khiu dao déng bac hai.

- Néu 0<&<1: ddp dng ctia hé 1a dao dong v6i bién do gidm
dan, ¢ cang 16n dao dong suy gidm cang nhanh, do d6 & goi 1a hé
s6 tat (hay hé s6 suy gidm).

%) Ao
/\ 1j-- Av/_}\_,_.__
o \ /AN ! /
% / t
a) b) 0 >

Hinh 3.13: Ddgc tinh thoi gian ctia khdu dao ddéng bdc hai
a) Ham trong luong; b) Ham qud do
1

I Pic tinh tan s6: G(jw) = (3.59)
() ~T%0? + 28 Tjw+1
Bién do: M(w) =|G(jw) = 1 (3.60)

JA-T2%R2)? + 482722
= L(w)=201g M(w) = -201g /(1 - T2w?)? + 482T 203 (3.61)




DAC TINH PONG HOC CUA HE THONG 113

(3.62)

Pha: d(w) = 0G(jw) = ~tg ™! ( 2¢Tw j

1- T

Biéu thic (3.61) cho thay biéu d6 Bode bién d9 cia khau dao
dong bac hai 12 mot dudng cong. Tuong tu nhu da lam déi véi
khau qudn tinh bac nhat, ta c6 thé vé gan ding biéu d6 Bode
bién d6 bing cdc dudng tiém cin nhu sau:

- Néu «<1/T « «T <1 thi L(w)=-201g~/1=0, do d6 ta c6
thé vé gan ding biang duong thidng nim trén truc hoanh (do déc
bang 0).

-N6u w>1/T = wl'>1 thi L(w)=-201gy(-w*T?)? =-40Ig T,
do dé6 ta vé gin ding bing duong thing c6 d6 doc —40dB/dec.

Ta thdy rang tai tdn sé 1/T do doc cia cdc dudng tiém can
thay d6i nén tan s& 1/T goi la tan s6 giy cua khau dao dong bac hai.

Biéu d6 Bode vé pha ctia khau dao dong bac hai 14 mét dudng
cong, dé y biéu thic (3.62) ta thdy biéu d6 Bode vé pha cé diém
dac biét sau day:

w-0: ¢(w) - 0

ooz%: d(w) =-90°

W o: ¢(w) - —180°

Hinh 3.14a minh hoa biéu dé Bode ctia khau dao dong béac
hai. Cdc dudng cong & biéu dd Bode bién d6 chinh la dudng L(w)
vé chinh xdc. Biéu d6 Bode bién do chinh x4c c6 dinh cong hudng
M, =1/(28/1-£%) tai tin s6 w, =w,y1-2E%, do d6 d& thdy ring
néu & cang nhd thi dinh cong hudng cang cao. Khi & - 0 thi tan
s0 cong hudng ti€n dén tan s6 dao dong tu nhiénw, - w, =1/T.

Biéu d6 Nyquist cia khau dao dong bac hai c6 dang duong
cong nhu minh hoa ¢ hinh 3.14b. Khi w =0 thi G(jw c6 bién do
bang 1, pha bing 0; khi w — o thi G(jw) c6 bién d¢ bing 0, pha
bang —180°. Giao diém ctia dudng cong Nyquist vdi truc tung cé
OG(jw)=-90°, do d6 tuong Ung véi tdn s6 w=1/T, thay
w=1/Tvao biéu thic (3.60) ta suy ra bién do tai giao diém véi
truc tung la 1/2¢.
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L(), dB
-9 0o/ 1 lgo
\ : \ ' ® Qo)
\ AT
A 1
20 + AN |
AN E \1’0d3/dec ® —> © 1 P(o)
\\I /(\ =0
40 fF--mmma-a N

1/2¢ ( Z(jm)

©=1/T

b)

Hinh 3.14: Ddc tinh tdn s6 ciia khdu dao dong bdc hai
a) Biéu dé Bode; b) Biéu dé Nyquist

3.2.7 Khau tri hoan (khéu tré)

Ham truyén:
1/ Pac tinh thoi gian:

Ham trong lugng:

Ham qua do:

G(s)=eT* (3.63)
C(s) = R(s).G(s) = R(s)e”**

gty=2 e} =8t - 1) (3.64)
h(t)=2 " {e_STS } =1(t-T) (3.65)

D#c diém cda khau tré 1a tin hiéu ra tré hon tin hiéu vao

mot khodng thoi gian 1a 7.
Ag(®)

a) T

|

b) T

Hinh 3.15 Ddc tinh thoi gian ciia khdu tré
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a) Ham trong luong; b) Ham qud dé

|l Pic tinh tin s6: G(jw)=e @ (3.66)
Bién do: M(w) =|G(jw) =1

= L(w)=20lg M(w)=-20Ig1=0 (3.67)
Pha: 0(w) = 0G(jw) = -Tw (3.68)

Biéu d6 Bode bién d6 cia khau tri hoan 14 dudng thing nam
ngang trung véi truc hoanh do L(w) = 0 v6i moi w. P& ¥ rang biéu
thic (3.68) 1a phuong trinh ctia mdt dudng thang néu truc hoanh
w chia theo thang tuyén tinh. Tuy nhién do truc hoanh cia biéu
dé Bode lai chia theo thang logarith nén biéu dé Bode vé pha cta
khau tri hoan la dudng cong dang ham mi, xem hinh 3.16a.

Do G(jaw) c6 bién dd6 bing 1 v6i moi w va c6 pha gidm tir 0
dén - nén biéu d6 Nyquist ctia khau tré 1a dudng tron don vi c6
mii tén chi chiéu ting cia wnhu hinh 3.16b.

L(o), dB

0|-1 0 1 Igo
-1 0 1 ® i
10 10 10 Qo)

\, 1 P(o)
J(

G(jo)

Hinh 3.16: Ddc tinh tdn sé cia khdu tri hodn
a) Biéu dé Bode; b) Biéu doé Nyquist
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3.3 DAC TiNH DONG HQC CUA HE THONG TUY PONG

3.3.1 Dic tinh thoi gian ctia hé thong

Xét hé théng c6 ham truyén:

m nrl
Gs) =2 this ot bpas thy (3.69)
a,s" +a; 8"+ +a, sta,
Bién déi Laplace cia ham qud do la:
m m-1,
H(s)= G L[ B *ous *o#bpaS*hy | 79
s s @y +tas"T ++a,  sta,

Tuy theo dic diém ctia hé thong ma dic tinh thoi gian ctia hé
thong c6 thé c6 cac dang khdc nhau. Tuy vay ching ta cé thé rat
ra mot s6 két ludn quan trong sau day:

. N&u G(s) khong c6 khau tich phan, vi phan ly tuéng thi
ham trong luong suy gidm vé 0, ham qua d§ cé gid tri xdc lap
khac 0.

m m-1
g() =lim sG(s) =lim s[b"s *bis — totbystby, J =0
s-0 50

n n
a,s" tays” ~+--ta,sta,

h(e) =lim sH(s) =lim s Zm %0

50

s a,s" +aps" 1+~~+an_ls+an

1 bys™ +bys" '+ 48, 45+b, |_by,
an
| N&u G(s) ¢6 khau tich phan ly tuéng (a, =0) thi ham trong
lugng c6 gia tri xdc 1ap khdc 0, ham qud do ting dén vo cung.
™+ st +-~+bm_ls+bmj b

-0

1
Ap

a,s" +a;s" +-+a, s
m- l
h(eo) =lim sH (s) —Ilm{l bys™ + by bm—13+bmJ:
ols a8 +as"t+---+a,s
| Néu G(s) ¢6 khau vi phan ly tuéng (b,, =0) thi ham qua do

g(%0) =lim sG(s) =lim s{bos
s-0 s-0

suy gidm vé 0.

1 bs"+bs™ 4. +b, s
(oo)—Ilm sH(s) =lim s| = — m-l”_ 1=
520 (s a,s" +a;s" +-+a, 1sta,
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| N&u G(s) 1a hé théng hop thite (m<n) thi £(0)=0.

1 bys™ +bys™ ! +---+bm_1s+bmJ ~0
. 1 -

A(0) = lim H(s) = lim _
§ =+ soto( s g s" +as"T +e-ta, sta,
I Né&u G(s) 1a hé thong hop thic chiat (m<n) thi g(0)=0.

b,s™ +b18m—1 +...+bm_ls+bmJ ~0

1

S - +00

2(0) = lim G(s) = lim _
§ - ¥oo a,s" +a; 8"+ +a, sta,
I Néu G(s) khong c6 khau tich phan, vi phan ly tudng va cé

n cuc phan biét, H(s) c6 thé phan tich du6i dang:

n
H(s) =E+z L (3.71)
S =SSR
Bién d6i Laplace nguge biéu thic (3.71) ta duge ham qua do
cia hé thong la:

n
h(t)=h, + Y heP! (3.72)
i=1

Do d6 ham qué d6 1a t6 hop tuyén tinh clda cdc ham mi co s6
tu nhién. N&u tdt cd cédc cuc p; déu la cuc thuc thi ham qua do
khéng c6 dao dong; ngugc lai néu cé it nhat mot cip cuc phic thi
ham qua do c6 dao dong.

Trén day vira trinh bay mot vai nhan xét vé dac tinh thoi
gian ctia hé thong tu dong. Thong qua dic tinh thoi gian ching ta
c6 thé biét dugc hé thong cé khau tich phan, vi phan ly tudng
hay khong? Hé thong chi gom toan cuc thuc hay cé cuc phic? ..
Nhitng nhan xét nay gidp ching ta c6 dugc hinh dung ban dau vé
nhitng dic diém co ban nhat cia hé thong, tir d6 ching ta c6 thé
chon dugc phuong phdap phan tich, thiét k& hé thong phu hogp.

3.3.2 Piic tinh tan s6 cta hé thong
Xét hé thong tu dong c6 ham truyén G(s). Gid st G(S) c6 thé

phan tich thanh tich cia cdc ham truyén co bdn nhu sau:

l
G(s) = |_| G;(s) (3.73)
=1
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DPic tinh tan s6 ctia hé thong la:

l
G(jw) =[] G;(jw) (3.74)
=1
Bién do:
l l
UMW) =[G =[] Gi(jw) = [1G:(jw)
=1 =1
= M(w)= |I_J M; (w) (3.75)

l l
L L(w)=201g M(w)=20lIg |_|Mi(w)=2OZIg M;(w)
=1 i=1

= L= ZI: L (w) (3.76)
i=1

Biéu thic (3.76) cho thay biéu doé Bode bién dé cia hé théng
bdng téng cdc biéu dé Bode bién dé ciia cdc khdu co bdn thanh
phdn.

l l
Pha: d(w) = O0G(jw) = arg{n G, (jw)} = 0G, (jw)
=1 i=1

l
= d() =D ¢:() (3.77)
i=1
Biéu thic (3.77) ching té6 biéu dé6 Bode pha cia hé théng
bang téng cic biéu do6 Bode pha clia cdc khau co ban thanh phan.
Tir hai nhdn xét trén ta thdy ring dé vé dugc biéu dé Bode
cia hé thong, ta vé biéu d6 Bode cia cdc khau thanh phan, sau
d6 cong doé thi lai. Dua trén nguyén tic cong do thi, ta c6 phuong
phdp vé biéu d6 Bode bién do gdn ding ctia hé thong bing céc
duong tiém cdn nhu sau:

Phuong phap vé biéu dé Bode bién d6 bing cdc dudng tiém can

Gia st ham truyén ctia hé thong c6 dang:

G(s) = K [] Gi(s)
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z : g 2 z A ~ ~ 1 N < "~
Budc 1: Xac dinh tat cd cdc tan s6 gay w =?, va sap xép
i

theo thu tu tdng dan: w; <w, <w;...
Buéc 2: N&u tdt cd cdc tdn s6 @ 21 thi bi€u d6 Bode gan

ding phdi qua diém A c6 toa do:

w=1
{L(w) =20lg K
Budc 3: Qua diém A, vé dudng thang cé do déc:
1 (- 20 dB/dec x a) néu G(s) c6 a khau tich phan ly tudng
U (+ 20 dB/dec x o) néu G(s) c6 o khau vi phan 1y tuéng
Pudng thang nay kéo dai d&n tan s6 gay ké tiép

. A ~ ~ 1 A ~ Rl N A A
Budc 4: Tai tan sd gay :F’ do doc cua duong tiém can

i
dugc cong thém:

[/ (= 20 dB/dec x B) néu w; la tan s6 gdy cua khau qudn tinh
bac mot.

|/ (+ 20 dB/dec x B) néu w, la tan s6 gdy clia khau vi phan
bac mot.

|| (=40 dB/dec x B) néu «y la tan sé gdy cua khau dao dong
béac hai.

|| (+40 dB/dec x B) néu ) la tan sé gdy cha khau vi phan
bac hai, (T%s® +28Ts +1).

(B 1a s6 nghiém boi tai w;)

Pudng thing nay kéo dai dén tan s6 gay ké tiép.

Buéc 5: Lip lai buéc 4 cho dén khi vé xong dudng tiém can
tai tdn s6 gdy cudi cung.
Vi du 3.4. V& biéu d6 Bode bién do gan ding cia hé thong c6 ham
truyén: G(s) = 100(0.1s +1)
s(0,01s +1)

Dua vao biéu dé Bode gan ding, hay xac dinh tan s§ cit bién
cta hé théng.
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Giai. Céc tdn so gay:

:i :i =10 (rad/sec)
T, 0,
002 = Ti2 :ﬁ =100 (rad/sec)

Biéu @6 Bode qua diém A cé toa do:
w=1
L(w) = 201g K =201g100 = 40dB

Biéu d6 Bode bién d0 gan ding c6 dang nhu hinh 3.17. Theo
hinh vé, tan sé cit bién cia hé théng 1a 10° rad/sec.

40

— 20dB/dec

o0l----- - - -t 0dB/dec

Hinh 3.17: Biéu dé Bode bién do ciia hé thong 6 vidu 3.4 1
Vi du 3.5. Hay xdc dinh ham truyén cia hé thong, biét rang biéu
d6 Bode bién do gan ding cta hé thong c6 dang nhu hinh 3.18.

A L(0), dB
E
B :
__[B !
34 —20dB/dec +40dB/dec E
-1 \ 2 / E Igoi
[ AN C Y >
o4 o o o

Hinh 3.18: Biéu dé Bode bién do ciia hé thong ¢ vi du 3.5
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Giai: Hé thong c6 bon tan s6 giy wy, Wy, W, wy. Dua vao su thay d6i
do doc cha biéu d6 Bode, ta thdy ham truyén cta hé thong phai c6
dang:

G(s) = K(Tys +1)(Tys + 12)2
(Tys +1)(Tys +1)
Van dé con lai 1a xac dinh thong s6 cia hé thong. Theo hinh vé:
1 20IgK =34 —~ K =50
Ulgoy =-1 = w=01 = T;=10

| P6 déc doan BC la —20dB/dec, ma ti diém B dén diém C
bién do ctia biéu do Bode gidm 40dB (tir 34dB gidm xudéng —6dB),
do d6 tu B dén C tan s6 phai thay d6i la 2 decade. Suy ra:

Ulgwy =lgwy +2=1= w=10 = 7,=0,1

Ulgwy =2 = w =100 = 73=0,01

| P6 doc doan DE la +40dB/dec, ma tir diém D dén diém E
bién do cia biéu d6 Bode ting 60dB (tir —6dB tang lén +54dB), do
dé tir D dén E tan sé phdi thay d6i 1a 1.5 decade. Suy ra:

lgw, =lgw; +1,5=3,5 = w, =3162 = T, =0,0003

Do d6 ham truyén ctia hé thong la:

_ 50(0,1s +1)(0,01s +1)*
(10s +1)(0,003s +1)

G(s)

3.4 TOM TAT

Chuong nay trinh bay khdi niém dac tinh dong hoc cua hé
thong tu dong, bao gom dac tinh thoi gian va dac tinh tan s6.
Pac tinh dong hoc cua cdc khau co ban duge khdo sat va cach xay
dung dic tinh dong hoc cta hé thong da dugc dé cap dén. Ky su
diéu khién phdi ndm vitng dic tinh dong hoc cta cac khau co ban
va cach xay dung dic tinh dong hoc clia hé thong méi c6 thé giai
quyét tot bai todn thiét k& hé thong tu dong sé trinh bay trong
cac chuong sau.
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Phu luc: KHAO SAT PAC TINH PONG HOC
CUA HE THONG DUNG MATLAB

Control Toolbox 5.0 hd tro day dd cac 1énh khdo sat didc tinh
dong ctia hé thong, ci phdp cdc 1énh rat ggi nhé nén rat dé su
dung.

LI V& dap ing xung: l1énh impulse
|| V& d4p ung nédc: lénh step
I V& biéu d6 Bode: léenh bode

'] Vé biéu @6 Nyquist: 1énh nyquist
Cé thé nhap chudét vao mot diém bat ky trén dic tinh dong
hoc ma Matlab vé dugc dé biét gid tri cu thé cta tung d6, hoanh
do tai diém d6.
Vi du: Khao sat dic tinh thoi gian va dac tinh tin sé cha hé
30

théng sau: G(s)=———
s% +4s + 30

Ta lan Iugt g vao cac Iénh sau:
>> TS=30; MS=[1 4 30]; G=tf{(TS,MS)
Transfer function:
30
s"2 +4s+ 30
>> impulse(G)
>> step(G)
>> bode(G)
>> nyquist(G)

<) Figure No. 1 M= B3 <) Figure No. 1 [_[olx]

Fie Edit Wiew lnset Took Mfindow Help Eile Edit View Insat Tools Window Help

IoEsr&axA s pon lnsgalvars @2

Impulse Response Step Response

Ampiliture
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+) Figure No. 1 M= B3 <) Figure No. 1 [_[Cl=]
File Edit Wiew Inset Took ‘window Help Fie Edt Wiew Inset Tools Window Help
losmaas(vass ppo == =N N -

Bode Disgram Hyquist Diagram
T

Magniude (c8)

Imaginary Axis

Phase (deg)

2 S e A S e A e e
Real Axiz

10 10’ 10
Frequency (radfsse)

.| D& tao su tién ich cho nguoi diung, Control Toolbox 5.0 hd
tr¢g giao dién khdo sat diac tinh dong hoc LTIViewer (Iénh
Itiview). LTIViewer cho phép khao sat dédc tinh dong hoc cua
nhiéu hé thong tuyén tinh bat bién cung lic, va d6i v6i mbdi hé
thong c6 thé vé dugc tdt cd cdc dang didc tinh dong hoc. Hinh
dué6i day la dic tinh dong hoc cua hé thong da xét ¢ vi du trén
dugc vé trong cia sé LTIViewer. Do c6 thé vé dugc tat ca cédc dic
tinh doéng hoc trén cung mot clia s6, ngudi st dung c6 thé dé
dang nhan thiy dugc méi lién hé gitta cdc dang dic tinh dong
hoc: ddp Ung xung 1a dao ham cua ddp ung néc, dinh cong huéng
trén biéu d6 Bode bién do cang cao thi do vot 16 trén d4p Ung néc
cang cao, su lién hé gitta biéu d6 Bode va biéu d6 Nyquist, ..
Huéng dan chi tiét cach st dung lénh ltiview ndm ngoai ndi
dung cia quyén sdch nay, doc gid quan tdm cé thé tham khio tai
liéu huéng dan ciia Matlab.

<} LTI Viewer =] E3
Fle Edt 'window Help

Step Response Impulse Response

w - t=os - i

= =

= -

g o0s 2

<L =L

u] 2
o 1 2 3 o 1 2 3
Time (zec) Time (sec)
o
E Bode Diagram Myguist Diagram
L 100
=
’Q 0 ] @
3
2 m =
i
=]

g g
4 ambl : :
£ 10 10 10 -1 05 o 05 1

Freguency (racizec) Real Axis

Riight-click on the plot areas for more options.
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Chuong 4

KHAO SAT TiNH ON DINH
CUA HE THONG

4.1 KHAI NIEM VE ON DINH

4.1.1 Dinh nghia

Heé thong dudc goi 1a & trang thai 6n dinh, néu vé6i tin hiéu
vao bi chén thi ddp dng cida hé cing bi chan (Bounded Input
Bounded Output = BIBO)

Yéu cau dau tién doi véi mot hé thong PKTD 1a hé thong
phdi gitt dugce trang thdi 6n dinh khi chiu tdc dong cia tin hiéu
vao va chiu 4nh hudng cia nhiéu 1én hé thong.

Hé phi tuyén c6 thé 6n dinh trong pham vi hep khi do léch
ban dau la nhé va khong 6n dinh trong pham vi rong néu do léch
ban dau la 16n.

Déi v6i hé tuyén tinh dic tinh ciia qud trinh qua do6 khong
phu thudc vao gia tri tdc dong kich thich. Tinh 6n dinh cta hé
tuyén tinh khong phu thudc vao thé loai va gia tri cha tin hiéu
vao va trong hé tuyén tinh chi ton tai mot trang thdi can bang.

Phan biét ba trang thai cdn bing: Bién giéi 6n dinh, n dinh
va khong 6n dinh. Trén hinh 4.1 néu thay d6i nhé trang th4i can
bing clia qua cau, chdng han cho né mét van tdc ban ddu da bé
thi qud cAu sé tié€n t6i mot trang thdi can bang méi (Hinh 4.1a),
ho#dc sé dao dong quanh vi tri cAn biang (Hinh 4.1b va d), hoéc sé
khong tré vé trang thdi ban dau (Hinh 4.1c). Trong trudng hop
d4u, ta c6 vi tri can bing & bién gi6i 6n dinh, trudng hop sau la
on dinh va trudng hop thd ba 1a khong 6n dinh. Ciing 6 vi tri b
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va d trén hinh 4.1, néu qua ciu v6i d6 léch ban diu la 16n thi
cling sé& khong tré vé trang thai cdn bang ban diu dugc - Hai
trang thai b va d cia qua cau chi 6n dinh trong pham vi hep ma
khong 6n dinh trong pham vi rong.

C

Hinh 4.1

Trong truong hop nay viéc khdo sat tinh 6n dinh dugc gidi
han cho cdc hé tuyén tinh bat bién theo thoi gian. P6 1a nhiing
hé thong dugec mo td biang phuong trinh vi phan tuyén tinh hé so
hing va c6 thé 4p dung dugc nguyén ly xé&p chdng.

4.1.2 On dinh cta hé tuyén tinh

Mot hé thong PKTDP duge biéu dién bang mot phuong trinh
vi phan dang téng quat:

n n-1
Ldie),  de()

d"'r()
a ' ar? 1

b dtm_l

+...+ b,,r(t)

+...+ ac(t) = b,

m
d 7;(lt)+

(4.1)

Phuong trinh (4.1) tng v6i tin hiéu vao hé théng 1a r(¢) va tin

hiéu ra c(t). Ham truyén dat ctia hé théng dugc mo ta bing (4.1)
c6 dang:

_C(s) _ b,s"+bs" " +....+b,  B(s)

G(s) = = = (4.2)
R(s)  a,s"+a;s" M+ +a, Als)
Nghiém cta (4.1) gbm hai thanh phan:
c(t) = co(t) + cqalt) (4.3)

trong dé6: c,(t) - 1a nghiém riéng cta (4.1) c6 v& phdi, dic trung cho qua
trinh xdc lap
cqa(t) - 1a nghiém téng qudt cia (4.1) khong c¢6 vé& phdi, dic
trung cho qué trinh qua do.
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Dang nghiém t6ng qudt dic trung cho qué trinh qud do trong

n .
hé thong:  coa(t) = > AeP" (4.4)
i=1
trong d6 p; 1a nghiém cia phuong trinh déc tinh:
Als) = ays" +ays" M+, +a,=0 (4.5)
pi ¢6 thé 1a nghiém thuc cling c6 thé 1a nghiém phic lién hop
va dugc goi 1a nghiém cuc cia hé thong. Pa thic miu s6 ham
truyén dat 1a A(s) bac n do d6 hé théng c6 n nghiém cuc p; (Pole),
i=1,2,..,n
Zero 1a nghiém cta phuong trinh B(s) = 0. Td s6 ham truyén
dat G(s) 1a da thic bac m (m< n) nén hé thong c6 m nghiém zero
-zjvéij=1,2,...,m
Hé thong 6n dinh néu:
lim cqa(t) =0 (4.6)

t o0
Hé thong khong 6n dinh néu:
im coalt) = (4.7)

t o0
Trong phuong trinh (4.4) hé s6 A; 1a hiing s6 phu thudc vao

thong s6 cia hé va trang thai ban dau.

Nghiém cuc p; dugc viét dudi dang p; = a; + jB; (4.8)
Onéua; <0 Hé 6n dinh
. oMYt cos@;t +¢; Jnéu p; 1a nghiém phdc
liﬂ )‘ieplt = |: Ainéua;=0 néu p; 1a nghiém thuc
(Hé & bién gi6i 6n dinh)
o néu a;> 0 Hé khong 6n dinh

Phan biét ba truong hgp phan bd cuc trén mit phing phic
s6 (H.4.2):

1- Phan thuc cta nghiém cuc duong a; > 0

2- Phan thuc cia nghiém cuc bing khéng a;= 0

3- Phan thuc ctia nghiém cuc 4m o; < 0

On dinh ctia hé théng chi phu thudc vao nghiém cuc ma
khéng phu thudc vao nghiém zero, do d6 miu s6 ham truyén dat
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la A(s) = 0 dugc goi la phuong trinh dédc tinh hay phuong trinh
dic trung cua hé thong.

Im
Mat phang s
X X
Da
O
x X

Hinh 4.2: Phén b6 cuc trén mdt phdng S
Két luan:
1- Hé thong 6n dinh néu tidt cd nghiém cia phuong trinh déc
tinh déu c6 phan thuc 4m: Re{p;} < 0, a; < 0 cdc nghiém ndm bén
trdi méat phang phuc:

1

A(s) = a,s" +ays" T+l +a,= (4.9)

2- Hé thong khong 6n dinh néu c6 du chi la mot nghiém
phuong trinh dic tinh (4.9) c6 phan thuc duong (mot nghiém
phai) con lai 1a cdc nghiém déu c6 phan thuc Am (nghiém trai)

3- Hé thong & bién gidi 6n dinh néu c¢6 du chi 1a mot nghiém
c6 phan thuc bang khong con lai 1a cdc nghiém cé phan thuc Am
(mdt nghiém hodc mot cip nghiém phic lién hgp nidm trén truc do).

Vung 6n dinh cia hé théng 1 nia trai mit phing phic s6 S.
Dap ting qua do c6 thé dao dong hoic khong dao dong tuong Ung
v6i nghiém cua phuong trinh déc tinh 1la nghiém phic hay
nghiém thuc.

T4t cd cac phuong phdp khdo sit 6n dinh déu xét d€n phuong
trinh d#c tinh (4.9) theo mot cdch nao dé. Téng quat, ba cach
danh gid sau day thudng duge dung dé xét én dinh:

1- Tiéu chudn 6n dinh dai s6 Routh - Hurwitz

2- Tiéu chudn 6n dinh tan s6 Mikhailov - Nyquist - Bode

3- Phuong phép chia mién 6n dinh va phuong phédp quy dao
nghiém sé.
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4.2 TIEU CHUAN ON DINH DAI SO

4.2.1 Piéu kién can

Diéu kién can dé hé thong 6n dinh la tdt cd cdc hé s6 cia
phuong trinh ddc trung phdi khdc 0 va cung ddu.
Vi du: Hé théng c6 phuong trinh dic trung:

U s®+8s2-25+1=0 khong 6n dinh
1 s*+2s%2 +55+3=0 khong én dinh
st +4s +5s2+25+1=0 chua két luan dugc |

4.2.2 Tiéu chuin 6n dinh Routh

Cho hé théng c6 phuong trinh dic trung

n n-1
a,s + as

+...ta,15+a, =0

Muén xét tinh én dinh cia hé théng theo tiéu chudn Routh,
truge tién ta thanh lap bdng Routh theo qui tic:

- Bang Routh ¢6 n+1 hang.

- Hang 1 ctia bdng Routh gém cdc hé sé c6 chi sé chén.

- Hang 2 ctia bang Routh gém cac hé sé c6 chi so 18.

- Phan ti 6 hang i cotj ciia bang Routh (i = 3) dugc tinh theo
cong thiec:

Cij =Ci—gj+1 ~ 0 L& 1 j41

C;_
4 _ti-21
Vi1 a, =——
Ci-11
n —_ —_ —_ —_
S C11 =0, C12 = Qg C13 =04 C14 = Qg
n-1 — — - —
S Co1 =01 Cog = Q3 C23 =05 Co4 = Q7
n-2 - - - -
oy =91 S C31 = €1 ~03Cgg| C32 =C13 ~U3Ca3| C33 =C1q ~U3Ca4| €34 =C15 ~U3C25 -
Co1
n-3 — = - = - = -
a, =2 s C41 = Cgp ~04C39 Cqp =Cg3 U 4C33| C43 =Cgq ~U4C34| Cyq =Co5 ~U4C35 -
C31
0 -
_Cp-21 S Ch1 =Cp—22~
a, === :
Cn-11
ancn—l,Z
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Phat biéu tiéu chudn Routh

Diéu kién cédn va du dé tdt cd cdc nghiém cia phuong trinh
ddc trung ndm bén trdi mdt phdng phiuc la tdt cd cdc phdn ti
ndm & cét 1 ciia bang Routh déu dwong. S6 ldn déi ddu cia cdc
phdn ti & cot 1 cia bdng Routh bding sé nghiém ndm bén phdi
mdt phdng phic.

Vi du 4.1. Hay xét tinh 6n dinh ctia hé théng c6 phuong trinh dic

trung la st+4s3 +5s2+25+1=0
Giai
Bdng Routh
st 1 5 1
$3 4 2 0
2
Og :l S 5—1_2 :g 1
4 4 2
1
=t | 8| 2810 0
9 9 9
0
a5 =§ s 1
20

Vi t4t cd cdc phan ti 6 cot 1 bang Routh déu duong nén tat
cd cic nghiém cia phuong trinh d#c tinh déu nim bén trdi mit
phing phic, do d6 hé thdng 6n dinh. n

Vi du 4.2. Hiay xét tinh 6n dinh cia hé théng tu dong c6 so do
khoi nhu sau

R(s) C(s)

Hinh 4.3

_ 50 _ 1
Gls) s(s +3)(s® +s+5) Als) s+2
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Giai. Phuong trinh dic trung ciia hé thong la
1+G(s)[H(s)=0
50 1
2 E -
s(s+3)(s” +s+5) (s+2)
o s(s+3)(s®+s+5)(s+2)+50=0
= ®+6s* +16s3 +31s2 +30s+50=0

o 1+

Bdng Routh
e 1 16 30
84 6 31 50
3
4=t s 16-131=10,83 30-1m0=21,67 0
6 6 6
2
4, =0 s 31-—8 x21,67=18,99 %0
10,83 10,83
1
a5 =283 st | 9167-2083,50- 6,84 0
18,99 18,99
§0 50

Vi cdc phan ti 6 cot 1 badng Routh déi ddu hai 14n nén
phuong trinh dic tinh déu c6 hai nghiém nim bén phai mit
phing phic, do d6 hé théng khéng 6n dinh.

Vi du 4.3. Cho hé théng c6 so d6 khoi nhu sau

R(s) A W C(s)

K
G(s) =
(%) s(s2 +s+1)(s+2)

Hinh 4.4
Xéc dinh diéu kién clia K dé hé thong 6n dinh.
Giai. Phuong trinh dac tinh
1+G(s)=0
K _
s(s2 +s+1)(s+2) B

o s*+3s2+3s2+2s+K =0

- 1+
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Bdng Routh
ot 1 3 K
$3 3 2 0
0y =1 s? 3157 K
3 3
Oy =g sl 2_2U{ 0
7 7
s° K
Diéu kién @& hé théng 6n dinh
2 —gK >0 14
7 - 0<K <? [ ]

K>0
Cac truong hop dic biét
| Truong hop 1: néu c6 hé s6 ¢ cot 1 ctia hang nao dé bing
0, c4dc hé s6 con lai ctia hang d6 khdc 0 thi ta thay hé s6 bang 0 &
cot 1 béi s6 ¢ duong, nhé tuy y, sau d6 qud trinh tinh todn dugc
tiép tuc.

Vi du 4.4. Xét tinh 6n dinh ctia hé thong c6 phuong trinh dic

trung: st +2s3 +45%2 +8s+3=0
Giai
Bdng Routh
r 1 4 3
3 2 8 0
2
oy =< s 4-Lm=o 8
2 2
= $2 £>0 3
1
Oy -2 § 8—2[3<0 0
€ €
s° 3

Vi cac hé s6 6 cot 1 bdng Routh d6i d4u hai 1an nén phuong
trinh dac tinh cta hé thong c6 hai nghiém nim bén phdi mit
phing phic, do d6 hé théng khéng 6n dinh. n
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| Truong hop 2: néu tit cd cac hé sé cia hang nao d6 bang 0

- Thanh lap da thic phu tif cdc hé s6 clia hang truéc hang cé
t4t cd cdc hé sd biang 0, goi da thic d6 1a A,(s).

- Thay hang c6 t4t cd cdc hé s6 biang 0 béi mot hang khéc c6

¢ z N z N ~ 2 S 7z z ~ z
cdc hé so chinh 1a cac hé s6 cta dL' Sau d6 qud trinh tinh
s

toan tié€p tuc.

Chtu y: Nghiém cta da thuc phu A,(s) ciing chinh la nghiém
cua phuong trinh déc trung.
Vi du 4.5. Xét tinh 6n dinh cia hé théng c6 phuong trinh dic
trung: $O+4s* +853 +8s% +Ts+4=0

X4c dinh s6 nghiém ciia phuong trinh dic tinh nam bén trdi,
bén phai hay trén truc 4o ciia miat phang phc.

Giai
Bdng Routh
&P 1 8 7
o 4 8 4
3
QS:l S 8—1)(8:6 7—1)(4:6 0
4 4 4
2
a4=é s S—éXG=4 4
6 6
1
a5 =8 s 6-8x4=0 0
4 4
= sl 8 0
0
ag =4 s 4-2x0=4
8 8
P 2 dAp(S)
Da thac phu A, (s)=4s"+4 = ——=8s+0
S

Nghiém cta da thdc phu (cing chinh la nghiém cia phuong
trinh dac trung)

A (s)=4s>+4=0 = s=%j
Két ludn

- Cdc hé s6 cot 1 bang Routh khong d6i ddu nén phuong
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trinh dic trung khong c6 nghiém nim bén phdi mat phing phec.
- Phuong trinh déc tinh c6 hai nghiém nim trén truc do.
- S6 nghiém n3m bén trai mat phing phicla 5 - 2 = 3.

?

= Hé thong ¢ bién gi6i 6n dinh. |
4.2.3 Tiéu chuin 6n dinh Hurwitz

Cho hé théng c6 phuong trinh dic trung

n-1 +

n —
a,s” +as ..ta,1s+a, =0

Muén xét tinh 6n dinh ctia hé thong theo tiéu chudn Hurwitz,
trudc tién ta thanh lap ma trdn Hurwitz theo qui tac:

- Ma tran Hurwitz 12 ma tran vuéng cidp nxn.

- Puong chéo cia ma tran Hurwitz 1a cdc hé s6 tu a; dén a,.

- Hang 1é cia ma tran Hurwitz gom cdc hé sé c6 chi s6 1é
theo thi tu tdng dan néu ¢ bén phai dudng chéo va gidm dan néu
G bén trai dudng chéo.

- Hang chdn cia ma tran Hurwitz gom cdc hé sé c6 chi s6
chdn theo thid tu ting ddn néu & bén phadi duong chéo va gidm
dan néu ¢ bén trai duong chéo.

a; a3 as ag 0
a, Qo Q4 ag 0
0 a; ag Gap 0
0 a, ay a4 0

| 0 a, |

Phat biéu tiéu chudn Hurwitz
Diéu kién can va du dé hé théng on dinh la tdt cd cdc dinh
thiic con chita duong chéo ciia ma trin Hurwitz déu duong
Vi du 4.6. Cho hé thong tu dong c6 phuong trinh dic trung la
s +4s% +3s+2=0
Hoi hé théng c6 6n dinh khong?

Gidi. Ma tran Hurwitz
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a; as 0 4 2 0
a, ag 0 (=1 3 O
0 a aj 0 4 2
Céc dinh thic
A1=a1=1
a; ag 4 2
Dy = = =4x3-1x2=10
a, as| |1 3
a; ag 0
4 2
Dy =la, ay O|=ag| ™ a3=2x‘ ‘=2x10=20
Qy Qg 3

0 a; ag

Vi tdt cd cdc dinh thic con chia dudng chéo cia ma tran
Hurwitz déu duong nén hé thong 6n dinh. |

4.3 PHUONG PHAP QUY PAO NGHIEM SO

4.3.1 Khai niém
- Xét hé thong c6 phuong trinh dic tinh
s +45+K =0 (4.10)

- Nghiém cta phuong trinh déc tinh Gng véi cac gia tri khac
nhau caa K

K=0: s =0, Sg =—4

K=1: sy =-0,268, 89 =-3,732
K=2: sy =—0,586, Sy =—3,414

K =3: s =-1, Sg =3

K=4: s =-2, Sg =2

K =5: s =-2+], Sg=—2-7j
K=6: s =-2+ 71,414, Sy =—2- 71,414
K="17: sp =—2+ 71,732, Sy =—2- 71,732
K =8: sy =-2+j2, Sg =—2— j2



KHAO SAT TINH ON BINH CUA HE THONG 135

Alms
A —— + 2j
®
¥--------1 +1j
Re
> 3 >
4 3 -2 1 0
£ i
g
- - 2j

Hinh 4.5: Quy dao nghiém sé
Vé cac nghiém cida phuong trinh (4.10) tuong Gng vdi cac gia
tri ctia K 1én mét phing phic. N&u cho K thay déi lién tuc tir 0
dén +o, tap hop tdt cd cdc nghiém cta phuong trinh (4.10) tao
thanh duong ddm nét nhu trén hinh vé. Puong ddm nét trén
hinh vé dugc goi 1a quy dao nghiém sé.

Dinh nghia

Quy dao nghiém sé la tdp hop tdt cd cdc nghiém cia phuong
trinh ddc tinh ctia hé théng khi c6 mot théng sé nao dé trong hé
thay doi tu 0 — oo

4.3.2 Qui tic vé quy dao nghiém s

R(s)

Hinh 4.6
Xét hé thong diéu khién cé so d6 khoi 6 hinh 4.6.
Phuong trinh déc tinh cta hé
1+G(s)H(s) =0 (4.11)
Muén 4p dung cdc qui tic vé quy dao nghiém s, truge tién ta
phai bién doéi tuong duong phuong trinh dic tinh vé dang
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1+ g N6 - (4.12)
D(s)
trong d6 K 1a thong s6 thay doi.
Pat G (s) = kK N
D(s)

Goi n 1a s6 cuc cia Gy(s), m 1a s6 zero cia G,(s)
(4.12) = 1+G,(s)=0
|G, () =1 Piéu kién bien do
{DGO (s)=(2l+ 1)1 Diéu kién pha

Sau day la 11 qui tic vé quy dao nghiém s& cia hé thong cé
phuong trinh dac tinh c6 dang (4.12):

Qui tdc 1: S6 nhdnh ctia quy dao nghiém sé = bac cia phuong
trinh dic tinh = s6 cuc cua Gy(s) = n.

Qui tdc 2: Khi K = 0: cdc nhanh cta quy dao nghiém s6 xuit
phét ti cac cuc caa G,(s).

Khi K tién dén + : m nhdnh cia quj dao nghiém s6 tién
dén m zero cia G,(s), n-m nhdnh con lai tién dén « theo cac tiém
can xéc dinh béi qui tdc 5 va 6.

Qui tdc 3: Quy dao nghiém s6 ddi xiing qua truc thuc.

Qui tdc 4: Mot diém trén truc thuc thuoc vé quy dao nghiém
s6 néu téng so cuc va zero clia G,(s) bén phdi né 1a mot so 18.

Qui tdc 5: Goéc tao béi cdc duong tiém cidn cta quy dao
nghiém s6 v6i truc thuc xdc dinh bdi

q= 2L+ (1
n-m

=0,£1,+2,...) (4.13)

Qui tdc 6: Giao diém gilta cdc tiém can vdi truc thuc 1a diém
A ¢6 toa do xdc dinh badi

m

n
OA = Zc@c—Zzero _ ;pi _l.
n-m

n—m

2
=1

(4.14)

(p; va z; la cac cuc va cac zero cua G,(s)).

Qui tdc 7: Piém tdch nhap (néu cé) cia quy dao nghiém so
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nim trén truc thuc va la nghiém cda phuong trinh: O;Z—K =0
s

Qui tdc 8: Giao diém cta quj dao nghiém s& véi truc 4o cé
thé x4c dinh bing mot trong hai cich sau day

- Ap dung tiéu chuén Routh-Hurwitz.

- Thay s=jw vao phuong trinh d#ic tinh (4.12), can bing
phan thuc va phan 4o sé tim dugc giao diém vdi truc do va gia tri
K.

Qui tdc 9: Géc xudt phdt cia quy dao nghiém s6 tai cuc phic
p; dugc xac dinh bdi

9J-=180°+Zarg(pj—zi )_Z arg@J _pi ) (4.15)
=1 =1
i)

Dang hinh hoc ctia cong thic trén la
B; = 180° + (Xgbc tir cdc zero dén cuc p; )
— (Zgbc tir cde cuc con lai dén cuc p;)
Qui tdc 10: Tong cac nghiém 1a hing s6 khi K thay déi tu
0 - 4o
Qui tdc 11: Hé s6 khuéch dai doc theo quy dao nghiém s6 c6
thé x4c dinh tir diéu kién bién do

g NG 4 (4.16)
D(s)
Vi du 4.7. Cho hé théng tu dong c6 so d6 khdi nhu sau
R C
(s) A G(s) (s) Gls) = K
s(s+2)(s+3)
Hinh 4.7

Hay vé QDNS ctia hé thong khi K = 0 — +o.

Giai. Phuong trinh dic tinh clia hé thong
K

1+—=0 (1)
s(s+2)(s+3)

1+G(s)=0 o

Cac cuc: ba cuc.
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p1=0, py=-2, p3=-3
Cac zero: khong cé.
= QDNS gbém c6 ba nhdanh xuat phat tir cdc cuc khi K = 0.
Khi K - 4o, ba nhanh cia QDNS sé& tién dén vd cung theo
cdc tiém can xdc dinh bdi:

- Géc gitia cac tiém cin va truc thuc

Tt
=— =0
o8] 3 (i )
O(=(2l+1)1'[:(2l+1)1'[ 0(2=—1—T (1=-1)
n-m 3-0 3
g =TI (1=1)

- Giao diém gifta cdc tiém can va truc thuc

oA = 2uCHe =D zero _[0+(-2)+(-8)]-0_ 5
n-m 3-0 3

- Piém tach nhap la nghiém cta phuong trinh o(lj_K =0
s

Ta c6 (1) = K =-s(s +2)(s +3) = ~(s” + 5s” + 65)
g ~(3s% +10s + 6)
ds
=-2,549 (loai
Dodéd—K=0 = —(3s2+10s+6)=0 < 51 (logi)
ds s, =-0,785

- Giao diém ciia QDNS véi truc 4o c6 thé xdc dinh bing mot
trong hai cdach sau day:

Cdach 1
Ap dung tiéu chudn Routh
(1) o  s2+5s%+65+K =0
Bdng Routh
$3 1 6
&2 5 K
ag -1 s G—EXK =0 0
5 5
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| 2| K |
Diéu kién @& hé théng 6n dinh
1
65820 L ock<s0
K>0

Vay hé s6 khuéch dai gidi han la K, = 30.
Thay gia tri K,;, = 30 vao phuong trinh (2), gidi phuong trinh
ta dugc giao diém cia QPNS véi truc 3o.
5% +5s> +65+30=0
$1=-5
= 55 = j\/6
s3=—j\6

Cdch 2
Giao diém (néu c6) cia QDPNS va truc do phdi ¢6 dang s = jw.
Thay s=jw vao phuong trinh (1) ta dugc Ims

(jo)? +5(jw)* +6(jw) +K =0
=  —ju -5 +6jw+K =0

{—jw3+6jw=0

-5u” +K =0 - Res
w=0

K=0

w=+/6

K =30 Hinh 4.8

Vi du 4.8. Cho hé thong hoi tiép am don vi, trong d6 ham truyén

hé la: G(s) = #
s(s” +8s +20)

Hay vé QDNS ctia hé thong khi K = 0+,
Giai. Phuong trinh dic trung ctia hé théng
1+G(s)=0
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K

s(s® +8s +20)

(1)

Cac CI:I'C P :0, p2’3 = _4ij2

Cac zero  khong cé
= QDNS gdém ba nhanh xuét phdt tai cdc cuc khi K = 0. Khi
K - +o, ba nhanh tién dén vo cung theo tiém cin xdc dinh bdi

- G6c gitia cac tiém can va truc thuc

Tt
=— =0
o8] 3 (i )
O(:(2l+1)1'[=(2l+1)1't 0(2=—1—T (1=-1)
n-m 3-0 3
g =TI (1=1)

- Giao diém gifia cdc tiém can va truc thuc

OA = 2uCHe ™D zero [0+(=4+2) +(~4-j2)]~(0) __8
n-m 3-0 3

- Piém tdch nhép 1a nghiém cta phuong trinh O;—K =0
s

Ta c6
(1) o  $3+8s2+20s+K =0
- K =—(s3 +8s? +20s)
= d—Kz—(3s2 +16s + 20)
ds
=-3,33
Dods ¥K -0 o 3s2+165420=0 - %
ds s9 =—2,00

Vay QDNS c6 hai diém tach nhap.

- Giao diém ciia QDNS véi truc do dugc xdc dinh cach thay
s = jw vao phuong trinh déc tinh.

(1) = 58 +8s2+20s+K =0

Thay s = jw ta dugc
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(jo)® +8(jw)? +20(jw) +K =0 = —jw’ —8w’ +20jw+K =0
{w=0
8w +K=0 _ | (K=0
-0’ +200=0 W= +/20
K =160
Vay giao diém cia QPNS va truc 40 1a s=+;20.
- Géc xuat phdt cia QDNS tai cuc phic p; 1a
8, =180° —[arg(p; — p1 )+ argp; — ps )]
=180° —{arg[(-4 + j2)-0]+arg[(-4 + j2)- 4 - j2)}
=180° - {tg_l (%J + 90} =180°-{153,5+90}
- 0,=-63,5°
{20
-+ o
Res
x0
1420
Hinh 4.9
Vi du 4.9. Cho hé thong hoi tiép am don vi, trong d6 ham truyén
hé la:  G(s)=— 2+

s(s+ 3)(32 +8s +20)
Hay vé QDNS ctia hé théng khi K = 0 - +oo.
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Giai. Phuong trinh dic trung ctia hé théng
1+G(s)=0
K(s+1) _
s(s+ 3)(32 +8s +20) B
Céaccuc py =0, py=-3, pgy=-4%;2

(1)

o 1+

Céac zero z =-1

= QDNS gém boén nhdnh xuat phat tai cdc cuc khi K = 0.
Khi K - +o, mot nhanh tién dén zero, ba nhdnh con lai tién dén
vO cung theo tiém c4n xdc dinh béi:

- G6c gitia cac tiém can va truc thuc

T
=— =0
o8] 3 (i )
O(:(2l+1)1'[=(2l+1)1't 0(2=—1—T (1=-1)
n-m 4-1 3
g =TI (l=1)

- Giao diém gifta cdc tiém can va truc thuc

OA = 2uCHe =D 7ero [0+(=8) +(~4+j2) +(-4-j2)] ~(-1) __10

n-m 3-0 3
o L. o 1s oA ) . dK
- biém tach nhéap la nghiém cta phuong trinh s =0
s
Ta cé
(1) o s(s+3)(s®+8s+20)+K(s+1)=0
K=- s(s+ 3)(32 + 8s +20)
(s+1)
. dK__ 3s* +26s° +77s” +88s + 60
ds (s +1)?

Do dé ‘fl—K:o ~ 35 +265% +77s% +885+60=0

S

=-3,67+ ;1,05
- {81’2 J (loai)

s34 =—0,66+ j0.97
Vay QDNS khong c6 diém tach nhéap.
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- Giao diém cia QDNS véi truc do dugc xdc dinh cach thay
s = jw vao phuong trinh déc tinh.

(1) - s(s +3)(s® +8s+20)+ K(s+1)=0
o st+11s° +4452 +(60+K)s+ K =0
Thay s = jw ta dugc
o -11j0® - 440 + (60 + K)jw+ K =0
W -440? +K =0
B {—11w3+(60+K)oo=0

~ lw=0
K=0
{w=i5,893

K =322
{w:ij1,314

—{4-]5,893

(loai)

K =-61,7
Vay giao diém can tim la:
s =+5,893
Hé s6 khuéch dai gié6i
hanla K, =322
- Géc xudt phat cia QDNS
tai cyc phtc ps Hinh 4.10
85 =180 +B; —(Bg + B3 +B4)
=180 +146,3 - (153,4 +116,6 + 90)
8, =-33,7 n

X-i5,893

Vi du 4.10. Cho hé théng héi tiép 4m don vi, trong d6 ham truyén

hé 1a: G(s)=— 290
s(s+6)(s+a)

Hay vé QDNS ctuia hé thong khi a = 0 +c.
Giai. Phuong trinh dic trung ctia hé théng
1+G(s)=0
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400
1+——=
s(s+6)(sta)
s(s+6)(s+a)+400=0
s2(s+6)+400 +as(s +6) =0
as(s +6) —0 1D

1+ =
s2 +6s% +400

Caccuc p; =-10, py3=2%j6

Cac zero z; =0, 29 =—6

= QDNS gdém ba nhanh xuét phdt tai cdc cuc khi K = 0. Khi
K - +o, hai nhanh tién dén hai zero, nhanh con lai tién dén vo
cung theo tiém cén xdc dinh bdi

- Goc gitia cac tiém cin va truc thuc

@@+ nn

a=1,({ =0)

n-m 3-2

- Giao diém gifta cdc tiém can va truc thuc

o4 = 20U =D zero [-10+(-2+,j6) +(-2- ) {0+(-6] _

n-m 3-2

- Piém tach nhép la nghiém cta phuong trinh % =0
s

Ta c6 (1) =  $2+6s2+400+as(s+6)=0

2 +6s2+400
= a_—z—
s“ +6s

da __s® +6s +400 _ s +12s° + 365 — 800s — 2400

ds s2 +6s (s2 + 63)2

T8 _0 o s1+12s3 +36s% -800s -2400=0

s; =+6,9 (logi)
< So = _2,9
s34 =-8% 77,48 (loai)

Vay QDNS 1 c¢6 diém tdch nhap tai — 2,9.
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- Giao diém cua QDNS véi truc do duge xdc dinh bing cdch
thay s=jw vao phuong trinh dac tinh.

(1) e $3+6s2+400+as(s+6)=0
o  $3+(6+a)s?+6as+400=0

Thay s=jw ta dugc

—jw’ = (6 +a)w? +6ajw+400 =0

_ {—(6+a)w2 +400=0

- +6aw=0

a=5,7

w=1+;8,38
a=-11,7

{00 +5,85
{ (loai)

Vay giao diém can tim la s=+j5,85, tuong dng v6i gid tri
gidi han cla hé s6 a la a,, =5,7

- G6c xuat phat cia QDNS tai cuc phic p;

8, =180 + (B, +PBy) - (B3 +B,) =180 + (71,6 +36,7) - (26,6 + 90)

8, =171,7°

Im S)

Hinh 4.11
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4.4 TIEU CHUAN ON BINH TAN SO

4.4.1 Nguyén ly géc quay
Xét hé thong bac n c6 phuong trinh dic tinh hé s6 hing:
Als) = a,s" +ays" M+, +a,=0 (4.17)
DPa thic A(s) dugce viét dudi dang:
A(s) = a,(s - p)( S - p2)....( S - Pa)
v6i pyi, ps,... pn 12 cuc ctia hé théng, 1a nghiém ctia phuong trinh
dac tinh.
Thay s = jw vao (4.17) ta c6:
AW = a,(jw- p)(jw- p2)....( jw- p,)
Gia st phuong trinh (4.17) ¢6 m nghiém phai (c6 phan thuc

duong), con (n - m) nghiém trdi (c6 phan thuc 4m)
A

-7

v,

(jo = Po_m) Jo (jo = Pp)

Hinh 4.12
Géc quay cla vecto da thic dic tinh tdn s6 AGjw)

n
arg A(jw) = Y arg(ju-p;)
i=1
Khi tdn s& w thay d6i tft —o dén +o thi su thay d6i géc
quay ciia vecto da thic dic tinh tan s6 A(jw) sé la:

n

Narg A(jw) = Y arg(jw-p;)
i=1

00 <) < + 00 -00 < < + 0
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Ky hiéu A chi su thay déi géc quay
Néu qui dinh chiéu quay duong la chiéu ngugc chiéu kim dong
hé thi ta c6 biéu thic sau d6i v6i nghiém trai va phai:
Aarg W - ppm) = T Aarg JW-pm) = - T
-00<W < + 0 -00<W < +0
Hé c6 m nghiém phai va (n - m) nghiém trai:
Aarg AGw) = (n-m)T-mT=(n-2m) 1
-0 <W< + 00
Nguyén ly géc quay
Hé théng bdc n c6 m nghiém phdi va (n - m) nghiém trdi cé
vecto da thiic ddc tinh tdn s6 A(jw sé quay mét géc la ((n —2m)/2
vong kin theo chiéu nguoc chiéu kim dong ho khi tdn sé w bién
thién tw - o dén + o

harg AGo) = (” _22’”J . om

-00< W< +0

Vécto da thic dic tinh tdn s6 A(jw) sé quay mot géc bing
hiéu s6 nghiém trai (n - m) va nghiém phai (m) nhan vé6i mkhi w
bién thién tir - o dén + .

4.4.2 Tiéu chuin 6n dinh tan sé6 Mikhailov

¢ Tiéu chudn 6n dinh dua vao nguyén ly géc quay dugc
A. V. Mikhailov phat bi€u vao nim 1938:

Diéu kién cdn va du dé hé tuyén tinh 6n dinh la biéu do
vecto da thic ddc tinh A(ja) xudt phdt tw nia truc thuc duong tai
w bdng khéng, phdi quay n géc phdn tu theo chiéu nguoc chiéu
kim dong hé khi w bién thién tw 0 dén + o, véi n la bdc cia
phuong trinh ddc tinh cia hé théng

¢ Chung minh:

Xét hé thong bac n c6 phuong trinh dic tinh:

..... fa,=0 (4.18)

Hé théng 6n dinh néu n cuc nidm bén trdi mit phang phiec.
Theo nguyén ly géc quay:

A(s) = a,8" +a;s" T+
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Aarg A (jw) = nTt (4.19)
-00<W < + 0

Vi A(jw) va A(-jw) la phic lién hgp nén
Aarg AGw) = Aarg AGw) (4.20)
-0<w< 0 0<w< +o

Do d6 phuong trinh (4.20) c6 thé dugc viét dudi dang
Aarg Aw) = n1—2-[
0<w< +0

L Im

\
/_6 \/xmo Re

:

He¢ én dinh Hé¢ khéng én dinh
Hinh 4.13

¢ Xdy dung biéu dé Mikhailov

.| Thay S = jw vao phuong trinh dic tinh sau dé tdch phan
thuc va phan 4o

A(jw = P(w + jRO(W
trong d6: P(w) 1a ham chén véi w: P-0) = P(w
Q(w) 1a ham 1é véi w: QW =- Qw

|| Tt biéu thic A(jw nhan duge bing cdch thé S = jw vao

mau s6 ham truyén:

)

™

n=4

A(jw) = a,(jw)" +a;(jo)" 1 +....+a
Ta nhan thdy A(jw)chinh 1a dudng chéo cua da gidc c6 canh

tuong Gng bing a ™™ va cdc canh vudng géc véi nhau.
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Vi du 4.12. xét hé bdcban =3

A(jw)= a,(jw) +a;(jo)? +ay(jw) +ag

Cho w bién thién tu 0 dén vo A m

cung bing phuong phdp trén xay a0}
dung toan bd biéu dd vécto da thiic n

dac tinh AGw).

|| Pa thic dic tinh (mau s6 ham o, AL
truyén dat cia hé can xét 6n dinh &
trang thai hé hodc trang thai kin)

ao° Y 4 2291

Re

dugc phan tich thanh hai thanh Alje) Hinh 4.14

phan:

A(s) = D(s) + K(s)

Vidu 4.13:  A(s) = (1+8T) (1+sTy) (1+sT3) + K=D(s) + K=0
T1 = 0,5 5 T2= 2 ; T3 = 0,1 Tinh th

A arg A(jw)

0<w<+o00

Xay dung bidu b

Tu d6 suy ra:

D(jw) + K

O<w< +»

A Im
0= 0, O Fie
Hinh 4.15

D(jo = P(w + jQ(w
Pw) =1-1,25«
P(w) = w(2,6 - 0,1u°)

P(w,)=K,,
thz?{ 0 X

Q(w,) =0
2,6
w, =, [—
0,1

K, =(1—1,25x%)=31,5 n

4.4.3 Tiéu chuin 6n dinh Nyquist

Cho hé théng tu dong c6 so d6 khoi

R(s)

1
T

G(s)

Hinh 4.16



150 CHUONG 4

Cho biét dic tinh tan sd cta hé hd G(s), bai todn dit ra la
xét tinh 6n dinh cia hé thong kin Gy(s).

Tiéu chudn Nyquist

Heé thong kin Gi(s) 6n dinh néu dudng cong Nyquist cia hé
hé G(s) bao diém (-1, jO) é vong theo chiéu duong (ngugc chiéu
kim déng hd) khi wthay ddi tir 0 dén +o, trong d6 I 1a s6 cuc cia
hé hé G(s) ndm bén phdi mit phang phic.
Vi du 4.14. Cho hé thong hoi tiép Am don vi, trong d6 hé hé G(s)

c6 duong cong Nyquist nhu hinh vé. Biét rang G(s) 6n dinh. Xét

tinh 6n dinh ciia hé thong kin
1Q(0)

-1, j0

/’ P(o)
=00 o=0
Q
@
®

G(jo)

Hinh 4.17

Vi G(s) 6n dinh nén G(s) khong c6 cuc nam bén phdi mit
phing phtc. Do dé theo tiéu chudn Nyquist hé kin 6n dinh néu
duong cong Nyquist G(jw) cia hé hé khong bao diém (-1, jO). Vi
vay:

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

Truong hop @: G(jw qua diém (-1, jO) hé kin & bién gidi 6n dinh;

Truong hop ®: G(jw bao diém (-1, jO) = hé kin khong 6n dinh. ®
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Chu y: D61 v6i cdc hé thong c6 khau tich phan ly tuéng, dé
xdc dinh dudng cong Nyquist ¢6 bao diém (-1, jO) hay khong, ta

vé thém cung —% ban kinh v6 cung 16n (y 1a s6 khau tich phan ly

tuéng trong ham truyén hé hé).

Vi du 4.15. Xét tinh 6n dinh ctia hé héi ti€p am don vi biét ham
K

s(Tis +1)(Tys +1)(T5s +1)

truyén cia hé hé la: G(s) =

Giai. Tuy theo gia tri cia K, T;, T, Ts ma biéu d6 Nyquist ctia hé
hé c6 thé c6 mot trong ba dang sau

jQ(o)

Nca)
| RN P(0)

O —»0

o=0

Hinh 4.18

Vi hé kin khong c6 cuc ndm bén phdi mat phdng phic nén

- Truong hop @: G(jw) khong bao diém (-1, jO) = hé kin én dinh.

- Trudng hop @: G(jw qua diém (-1, jO) = hé kin & bién gidi

on dinh.

- Truong hop ®: G(jw bao diém (-1, j0) = he kin khong 6n dinh. ®
Vi du 4.16. Cho hé théng hé khong 6n dinh cé dic tinh tin so
nhu cdc hinh vé du6i day. Héi truong hop nao hé kin 6n dinh?
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jQ(w) Q(w)
-1,10 -1,j0
0=0 P) A P(o)
o o= \J
1=1 G(jo) =1 G(jo)
a) b)
ace) Qo)
b 1,10 G(jo)
©=0 N Plo) ]I<\\ P(w)
o d ® >0 ~—
o=0
G(jo) o
=1
c) d)

1Q(w)

-1,j0 f\\(ﬁm)
\ P(o)

Hinh 4.19
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(b) Khong 6n dinh

(a) On dinh (¢c) Khong 6n dinh

Giai:
(1) On dinh  (e) Khéng én dinh
Vi du 4.17. Cho hé thong hé c6 ham truyén dat la
P(w

s)=L K>0,T>0,n>2)
(Ts +1)"
Tim diéu kién cia K va T d& hé thong kin (hoéi tiép am don

vi) 6n dinh.
Giai. Pic tinh tin s6 clia hé thong la
G(jw)=—"—
(Tjw+1)"

Bien do  M(w)=—
(\/TZQF + 1)n

Pha ¢(w) = -ntg  (Tw)
Biéu @6 Nyquist cia hé thong hé ¢6 dang nhu hinh 4.29.

1Q(0)

Hinh 4.20
Do hé hé khong cé cuc ndm bén phdi mat phing phic nén dé
hé théng kin 6n dinh thi dudng cong Nyquist cia hé hé khong
bao diém (-1,j0), theo hinh vé ta thdy diéu nay xdy ra khi M(w_,)

< 1.
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Tacé (o) =-ntg H(Tw.,)=-T
= tg'l(T(o_T[) SELEEN (Tw_,)=tg (T—TJ = W= ltg [T—TJ
n n T n

Do d6 M(w. )<l = K <1

erel )
i} K{ tg{gjﬂy .

4.4.4 Tiéu chuin 6n dinh Bode

Cho hé théng tu dong c6 so dé khoi nhu hinh 4.30.

Cho biét dic tinh tan s6 ctia hé hé G(s), bai todn dit ra la
xét tinh 6n dinh cia hé thong kin Gy(s).

R(s) C(s)

s G(s)

Hinh 4.21
Tiéu chudn Bode

Heé thong kin Gu(s) 6n dinh néu hé théng hé G(s) c6 dé du
tri bién va doé du trit pha duong

{G >0 = hé thoéng 6n dinh

eM >0

Vi du 4.18. Cho hé théng hé c6 biéu d6 Bode nhu hinh v&. Héi hé
kin ¢6 6n dinh khong?
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Bode Diagrams

N D
oo _a__ -
R U | -
1 | i
L R | o
S P -2
1 1
I -
1 1
I < -
1 1
. !
I NS
1 (0] 1
1 ] 1
1 . 1
1 1 1
FC-ZIY--3---oZC1C
[ --- I Y P
- - - S N P
L _af__oa___2__1]
1 I
- - - R S
1 1
Femmdi--q- === 1+
1 1
L - - [
1 1
I 1 1
e
1 1 1
1 1 1
1 1 1
1 1 1
Lo o ool
FZ-J11--3---3ZC71C
I S T P
I SO R P
R A R S N A
1 1 l
F--fv7--a---=--7-
Y L I .
1 [ |
1 1 I
F=-fF11--1-=--=--71-
1 1 1
1 1 1
F--f44-—dA———=- =1~
1 1 1
1 1 1
1 1 1
1 1 1
11 1 1
o oun O o o
© <M A nﬁ_

(ap) epnyub

nep {(bap) aseyd

Frequency (rad/sed)

Hinh 4.22

Giai. Trén biéu dé Bode ta x4c dinh dugc:

n =2 (rad/sec)
GM =-35dB

w_

5,1 (rad/sec),
35dB

0(w,) = -270°

wC
L(wy)

=

®M =180° +(-270°) =-90°

=

ong 6n dinh.

N

Do GM < 0 va ®M < 0 nén hé thong kin kh
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Chuong 5

DANH GIA CHAT LUQNG
HE THONG DIEU KHIEN

5.1 CAC TIEU CHUAN CHAT LUGNG

On dinh 1a diéu kién can d6i v6i mot hé PKTD, song chua
phai la da dé hé thong dugc st dung trong thuc té. Nhiéu yéu cau
doi hdi hé thong phai thda man dugc cing mot ldc cdc tiéu chuin
chat lugng khac nhau nhu d6 chinh xdc, do 6n dinh, ddp Ung qua
d9, d0 nhay, khd ning chéng nhiéu... Sau day la mot sd tiéu
chudn thudng dung dé d4anh gid chat luong hé thong diéu khién.

—tn
=A , az
= _
o B eV
> 1
= r/:\ c(t)
1 | VA s~
0,9 ! \/ () \A-t-mmmoqm e n
i i 0,98 1,02
0.1 ! i
t, Onto = T _ onts ot

Hinh 5.1

1- Sai sé xac lap

e =im ot) =lim sE(s) (5.1)
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e(t) = r(t) — c(t)
Sai s6 14 hiéu sé gitta tin hiéu vao va tin hiéu hoéi tié€p. Muc
dich muén tin hiéu ra qua vong hoi ti€p ludn luén bam dugc tin
hiéu vao mong muén. Piéu dé c6 nghia sai s6 xdc lap bang khong.

2- Do vot 16 (do6 qud diéu chinh )

POTY% = max ~ %t » 109 (5.2)

Cxl

3- Thoi gian dap wng

e Thoi gian 1én dinh la thoi gian dap dung ra dat gia tri cuc

dal (tp = peak)-

» Thoi gian qud do ¢, = ¢, xdc dinh béi thoi diém dap dng ra
tif sau d6 tré di khong vugt ra khéi mién gidi han sai s6 A quanh
gia tri xdc 1ap. Vi du: A c6 thé 1a + 2%, + 5%...

4- D¢ dit trit 6n dinh

Dinh nghia: Khodng cdach tif truc 4o dén nghiém cuc gan
nhit (nghiém thuc hoic phic) dugc goi 1a do6 dit trit 6n dinh cua
hé. Ky hiéu khodng cach ngin nhat 4y la A,, néu A, cang 16n thi
qué trinh qud dd cang nhanh vé xdc lap. Pdp tng qud do cia hé
bac n:

(p;+ho)t

()= S\ @Pit =e Ml S (5.3)
=1 =1

l

trong d6 Re (p; + A,) <0

5- Tiéu chudn tich phan

Trong thuc t& mot hé thong DPKTD dugc thiét ké phai théa
yéu cau 6 ca hai ché d§ xdc lap va qud do. Qua trinh qua do cé
thé dugc d4dnh gid thong qua gid tri tich phan cda sai léch gitia
gid tri diat va gid tri tdc thoi do dugc cta dai luong can diéu
chinh.
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5.2 SAI SO XAC LAP

Xét hé thong hoi tiép 4m c6 so d6 khoi nhu hinh vé:

R(s) @E(s) = cE©)

Hinh 5.2 Hé théng héi tiép éam

Sai s6 cia hé thong la

E(s) = R(s) - C(s)H(s) = R(s) - {R(s)%} H(s)

= E(s) - Rl
1+G(s)H(s)
Sai s6 xdc 1ap
e, = lim e(t) =lim sE(s)
t > +oo s-0
. sR(s)
= ey =lim——2—
s-01+G(s)H(s)

Sai s6 xdc lap khéong nhitng phu thudc vao cdu tric va thong
s6 cua hé thong ma con phu thudc vao tin hiéu vao.

(5.4)

1- Tin hiéu vao la ham néc don vi
r(t)=u(t) = R(s)= 1
s

3 1

= T Go)H(s) 1+ im G(s)H(s)

Pt K, =lim G(s)H(s): h¢ s6 vi tri
S—

1

5.5
oE, (5.5)

= €=

2- Tin hiéu vao la ham déc don vi

r(t)=tu(t) = R(s)= %
S
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1
st 1 1
e

0 =lim 8 =lim =—
01+ G(s)H(s) +-0s+sG(s)H(s) Iim sG(s)H(s)

bat K, = IimO sG(s)H(s): hé s6 van toc
S

1
exl = ? (56)

v

3- Tin hiéu vao la ham parabol

r(£) :ﬁu(t) ~ Rs)=%
2 3
1
s~
s 1 1

e =lim

= ———=——=|im =—
s~01+G(s)H(s) s-0s2+52G(s)H(s) lim sG(s)H(s)

Pat K, = Iimos2G(s)H(s) : hé s6 gia téc
S -

1
€1 :K— (57)

a

Nhdn xét

Tuy theo sd khau tich phan 1y tuéng cé trong ham truyén hé
G(s)H(s) ma K, , K, , K, c6 gia tri nhu bang sau:

S6 khau tich phan Hé s6 vi tri Hé sé van téc Hé sé gia téc
trong G(s)H(s) Ky Ky Ka
0 Kp< o 0 0
1 [ Ky < o 0
2 [ [ Ka< ©
>3 oo o0 00

- Néu G(s)H(s) khong c6 khau tich phan ly tuéng thi hé
thong kin theo kip su thay d6i cda tin hiéu vao 12 ham néc véi

sai s0 e, = va khong theo kip su thay d6i cua tin hiéu vao

p
12 ham déc va ham parabol.



160 CHUONG 5

- Néu G(s)H(s) ¢6 modt khau tich phan ly tudng thi hé thong
kin theo kip su thay d6i clia tin hiéu vao 1a ham néc véi sai s&
e,; =0, va theo kip sy thay déi cda tin hiéu vao la ham ddc véi

sai s0 ey :Ki va khong theo kip su thay dé6i cda tin hiéu vao la
1%

ham parabol = hé thong c6 mot khau tich phan ly tuéng goi la
hé v6 sai bac mot.

- Néu G(s)H(s) c6 hai khau tich phan ly tuéng thi hé thong
kin theo kip su thay ddi cia tin hiéu vao 1a ham néc va ham déc véi
sai s60 e, =0, theo kip sy thay d6i cia tin hiéu vao la ham

parabol véi sai s0 e, = LI hé théng c6 hai khau tich phan ly

tuéng goi la hé vo sai bac hai.

- Néu G(s)H(s) c6 ba khau tich phan 1y tuéng thi hé théng
kin theo kip su thay d6i cia tin hiéu vao 1a ham néc, ham déc va
ham parabol véi sai s6 e, =0 = hé thong c6 ba khau tich phan ly

tuéng goi la hé vo sai bac ba.

= Heé thong c6 n khau tich phan 1y tuéng goi 1a hé vo sai bac n.

5.3 DAP UNG QUA B0

Dép tng qud do 1a dap Ung cia hé théng khi tin hiéu vao la
ham néc don vi.

5.3.1 Hé quan tinh bac moét

R(S) 1 Cl)

Ham Ts truyén

1/Ts _ 1
1+1/Ts Ts+1

G(s) =

Hé thong kin chi c6 mot cuc thuc s= —%.
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Alms
c(ta
1+¢
y JE=r=Ee——s Sy ——————
.//r
" Res 0,63~ :
1T 0 ! !
| |
| |
ol : -
T t,
Hinh 5.3 Gidn dé cuc - zero Hinh 5.4 Ddp ung qud do clia
ctia hé qudn tinh bdc nhdt hé qudn tinh bdc nhdt

Dép ting cia hé thong khi tin hiéu vao 1a ham néc

1 1 1 T 1 1
Cls) = R(s) Gy () = - s = TS s+1T

_t
= c(t)=1-e T

Nhdn xét (xem hinh 5.4)

» Dap tng qua do cia khau quan tinh bac nhat khong c6 vot 16.

« Thoi hang T 1a thoi diém c(t) dat 63.2% gid tri xac lap, T
cang nhé ddp dung cang nhanh.

« Thoi gian xdc lap t, (settling time) 1a thoi gian dé sai s6
gitia c(t) va gia tri xdc 14p nho hon € (¢ = 5% hay 2%).

* Sai s6 xéc lap bang 0.

5.3.2 Hé dao dong bac hai

= % s? +(02§§oans =)

Ham truyén

%,
s% + 28w, s _ W _ 1
1+ W s +28w,s+w T +28Ts+1

s% +28w,s

G(s) =
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trong d6 T = L
W,

Hé thong c6 cip cuc phic lién hgp (H.5.5)

812 = _E(J.)n i']().)n\']._zz

Ims
c(t)
) Sl + jopy1-&2 Cona - -
|
: A A
I Res = SR SR Vi
| 0 :
_‘E.v:’)n 1
]
| |
=-=-=-=-- — jopy1-&2 o E t
tS
Hinh 5.5 Gidn dé cuc - zero ciia Hinh 5.6 Ddp ung qud do clia
hé dao dong bdc hai hé dao dong bdc hai

DP4p tng cua hé thong khi tin hiéu vao 1a ham néc
1

C(s) =R(s) Gy (s) = % Gm

= t)=1-2 Ew’; sin[(mnsfl—éz )t+6}

e

trong d6 d6 léch pha 6 xac dinh béi cos6=¢

Nhdn xét (xem hinh 5.6)

 Pdp Ung qua d6 cida khau dao déng bac hai ¢6 dang dao
dong v6i bién do gidm dan.

- Néu &£€=0: c(¢)=1-sinw,t, ddp dng cia hé 1la dao dong
khong suy gidm vdi tdn s6 w, = w, goi la tan sd dao dong tu
nhién.

- Néu 0<&<1: d4p tng cua hé 1a dao dong véi bién do giam
didn = & goi 1a hé so tiat (hay hé s6 suy gidm), & cang l6n dao

dong suy giam cang nhanh.
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» P4dp ung clia khau dao dong bac hai c6 vot 16.
Tong quat, do vot 16 (POT — Percent of Overshoot) dugc dinh
nghia la

POT = Smax "%l 004 (5.8)

Cxl

(Cmax - g14 tri cuc dai caa c(t); cy - gia tri xdc 14p cua c(t))
D6i v6i hé dao dong bac hai, d0 vot 16 POT dugc tinh bdi
cong thic

POT = exp| —"" |100% (5.9)
J1-82
« Thoi gian xdc lap t, 1a thoi gian dé sai s6 gita c(?) va gi4 tri
xdc lap nhé hon € (€ = 5% hay 2%).

D6i véi hé bac hai

- Theo tiéu chudn 5%: ¢, = Ez (5.10)
- Theo tiéu chudn 2%: £, =—— (5.11)
§w,

» Thoi gian 1én tr: (rise time) 1a thoi gian dé c(t) ting tia 10%
dén 90% gia tri xac lap.
P6i v6i hé bac hai

. =mi(1,58953 -0,1562E2 +0,9248 +1,0141) (5.12)

Chu y: Néu £>1 ta khong goi 1a hé dao dong bac hai vi trong
truong hgp nay ddp dng ciaa hé khong c6 dao dong.
« Néu =1 hé thong kin c6 mot nghiém kép (thuc).
; 1

- w,/1- 062
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A Ims

X
y

D4p tng cua hé thong

_ %
C(s) =
(%) s(s® +2w,s + o)

= c(t)=1-e ! - W, ¢ ot
» Néu £>1 hé thong kin c6 hai nghiém thuc phan biét

AIm s
N N Re s
—P> —P+ 0
D4p tng cua hé thong
B C
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5.3.3 Hé bac cao

A Im s
Cap cuc
quyét dinh \ T
|
|
: Re s
- T\ ~
—P2 —P4 I 0
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Hinh 5.7 Cdp cuc quyét dinh ctia hé bdc cao

Hé bac cao c¢6 nhiéu hon hai cuc. PD4p tng tuong Gng véi cac
cuc ndm cang xa truc do suy gidm cang nhanh. Do d6 c6 thé xap
xi hé bac cao vé hé bac hai vé6i cip cuc 1a hai cuc ndm gin truc
40 nh4t. Cdp cuc ndm gin truc 40 nh4t cia hé bac cao goi la cip
cuc quyét dinh.

5.4 CAC TIEU CHUAN TO1 UU HOA DAP UNG QUA DO

1- Tiéu chudn tich phan sai léch IE (Integrated Error)

IE = j e(t)dt — MIN
0

Déi véi hé c6 dap ung qud do khong dao dong (dudng 1 hinh
5.3) thi tiéu chudn IE chinh 1a dién tich ctia ham sai léch e(?) tao
v6i truc thoi gian t cAn dat gia tri cuc ti€u thi chat lugng dat tot
nhAit.
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Hinh 5.8 Tiéu chudn IE va IAE
Song d6i v6i hé c¢6 ddp ing qud dd dao dong 6n dinh (dudng
2) thi tiéu chudn IE khong phdn énh ding chdt lugng ctia hé
théng do c6 mién dién tich 4&m da dugc tri bét di. K&t qua gia tri
tich phan nhdé nhung qud trinh qua d6 x4u. Vi vay phai st dung
tiéu chuédn tich phan tri s6 tuyét doi ctia sai léch.
2. Tiéu chudn IAE (Integral of the Absolute Magnitude of the

Error - tich phan tri tuyét d6i bién do sai s6)
Jy = j|e(t)|dt (5.13)
0
D61 v6i hé bac hai: J; - min khi §=0,707
3- Tiéu chudn ISE (Integral of the Square of the Error - tich
phan cta binh phuong sai s6)

J, = j e2(¢)dt (5.14)
0
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ISE xem nhe nhitng dién tich bé vi binh phuong mot s6 nhé
hon 1 bé hon tri s6 tuyét doi cia s6 4y. Mot trong nhitng 1y do
khién tiéu chudn ISE thudng dugc st dung 1a cdng viéc tinh todn
va thuc hién don gidn. C6 thé tinh uéc lugng ISE theo bién doi
Fourier hoac theo cong thic (phu luc...)

ISE = lI|E( Jjo) do
T[O

boi v6i hé bac hai: J, — min khi £€=0,5
4- Tiéeu chudn ITAE (Integral of Time multiplied by the
Absolute Value of the Error- tich phan cada thoi gian nhan véi tri
tuyét doi cua sai so)
+o0

Jy = J-t|e(t)|dt (5.15)
0

D61 v6i hé bac hai: J; — min khi £=0,707

Trong ba tiéu chudn t6i uu héa ddp dng qué do viua trinh bay
¢ trén, tiéu chudn ITAE dugc st dung nhiéu nhdt. D& d4p tng
qud d6 cia hé théng bac n 1a t6i vu theo chudn ITAE thi mau s6

ham truyén kin hé bac n phai ¢6 dang

Bac MAu sé ham truyén
1 s+,
2 s +1,4140,s +
3 s%+1,750,52 +2,1502s + )}
4 s* +2,100,5° + 3,422 +2,7w}s + it

Néu mau s6 ham truyén hé kin c6 dang nhu trén va ti sé
ham truyén hé kin ctia hé bac n la «! thi ddp ing qud d6 cia hé
théng 1a t6i uu va sai s6 xdc lap bing 0.

5- Tiéu chudn tich phan c6 tinh dén d4nh huéng cta téc do
thay d6i cia sai léch e(?)
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J= T e2(t)+a(@j2 dt
! dt

v6i a 1a hing s6 dugce chon thich hgp cho ting truong hop.

Vi du: a 16n khong cho phép dao dong 16n. Ngugce lai, a nho
cho phép qua d6 dao dong 16n.

5.5 DANH GIA CHAT LUUNG QUA TRINH QUA B THEQ
DAC TINH TAN SO CUA HE THONG

AIm A Im

A
\
>

Hinh 5.9
1- P4nh gid theo phan bé cuc zero cia ham truyén hé thong
kin hodc theo nghiém phuong trinh d#c tinh va theo diéu kién
ban dau.

2- P4nh gia theo tiéu chuan tich phan.

3- Panh gid qud trinh qua do6 theo dic tinh tan s ctia hé

théng.

4- Tiéu chudn tich cta tich thoi gian nhan véi tri tuyét doi
cia sai s6 ITAE (Integral of Time Multiplied by the Absolute
Value of Error)

ITAE = j tle(t)|dt
0
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ITAE rat ngén thoi gian qua do (tinh tra bang)
Tan s6 cdt L(w,)=0

Ho#c |G(jw,) =1 véi do nghiéng tai w, 1a -20dB/dec

b6 du tri pha oM = 30° + 60°
Thoi gian qua do: 1 <t An

c c

of, 1a tan s6 cidt mdi théa do du trit pha theo yéu cau.

Xay dung phan thuc dic tinh tdn s6 hé kin theo d#c tinh
bién d6 pha ctia hé hé (Biéu d6 Nichols)
Xét hé hoi ti€p - mot don vi c6 dudng cong Nyquist vé trén

hinh 5.10.
AIm

C
Hinh 5.10
_ G(Gs) :
G () =1 Gy = PO+ Q@
Phan thuc: P(w)=Re Gls) 2 cos@; -6, |
1+G(s) |AB
P(w) = 2 cosb = B
AB AB
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trong d6 CB 1a hinh chi€u ciia vecto OB 1én vectd AB trong mit
phang phic G(jw)

Pudng cong P(w) = 0 13 dudng tron dudng kinh bing mot tAm

nim trén truc thuc cé tadm (-%, jO) ( H.5.11).
P(a)=1 AIm
P(a) = 0
P(a) <0
-1 o o) Re
P(a) > 1
0<P(a)<1
Hinh 5.11

Phuong trinh dudng cong P(w) = const = C dé dang nhan dugc
bang cach:
_GUwW
1+G(jw)
trong do: Glw =X +jY
/ 2
Tir d6:  P(w) = Re— Y XA+ X)+Y
1+ X +jY (1+X)2+Y2
X1+X)+Y? _

Véi P(w) = C ta ¢6 phuong trinh: ——————-=C
1+X)32+Y

P(w) =Re

Pay 1a phuong trinh cta cdc dudng tron cé tAm nam trén truc thuc

va tam diém c6 toa do (_%%, jo) v6i ban kinh bing Error! (H.5.12).
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Hinh 5.12
Cach x4y dung duong tron P(w) = const

>
Ly

\J

Im

P(a) = —2 mp Gi(jo)

A - :
a o 2 _/
\ G(jo)
A

-1

% /NP,
ST

Hinh 5.13

Thoi gian qud do dugc tinh gan ding: ¢, =—

S

w, la tdn s6 nhd nhat ma dudng tron tam(-1/2, jO) ban kinh
1/2 cat dudong cong Nyquist G(jw)

Ho#c w, c6 thé xic dinh 1a giao diém d4u tién cta dudng cong
P(w) véi truc hoanh w.
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Chuong 6

THIET KE HE THONG
PIEU KHIEN LIEN TUC

6.1 KHAI NIEM

Thiét k& 1a toan by qud trinh bd sung cdc thiét bi phan cing
cling nhu thuat todn phdn mém vao hé cho truéc dé duge hé méi
théa man yéu cau vé tinh 6n dinh, d6 chinh xdc, ddp Ung qua
do, ... C6 nhiéu cdch b6 sung by diéu khién vao hé théng cho
trude, trong khuon khé quyén sach nay ching ta chi yéu xét hai
cach sau:

Cdch 1: thém bd diéu khién ndi ti€p véi ham truyén cta heé
hé, phuong phdp nay goi 1a hiéu chinh néi ti€p (H.6.1). Bo diéu
khién dugc st dung c6 thé 1a bo hiéu chinh sém pha, tré pha,
s6m tré pha, P, PD, PI, PID,.. Dé thiét k& hé thong hiéu chinh
ndi tiép ching ta c6 thé sit dung phuong phap QDNS hay phuong
phép biéu d6 Bode. Ngoai ra mot phuong phdp ciing thuong dudc
st dung 1a thiét k& theo dic tinh qud do chuén.

3%

R(s)
—>®—> Gels) > G(s)

Hinh 6.1 Hé théng hiéu chinh noi tiép
Cdch 2: diéu khién hoi tiép trang thdi, theo phuong phap nay
tdt cd cdc trang thdi cta hé thong dugc phdn hdi tré vé ngd vao
va tin hiéu diéu khién c6 dang u(¢) =r(t) - Kx(t) (H.6.2). Tuy theo
cdch tinh vécto hoi tiép trang thai K ma ta cé phuong phap diéu
khién phan bé cuc, diéu khién t6i uu LQR, ...
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r(t) u(t) x(t) c(t)
x(t) = Ax(t) + Bu(t) D >

K

Hinh 6.2 He¢ théng diéu khién hoi tiép trang thdi

Qué trinh thiét k& hé thong 1a qud trinh doi héi tinh sdng
tao do trong khi thiét k& thudng c6 nhiéu thong sé phai chon lua.
Nguoi thiét k& cdn thiét phai hiéu dugc dnh huéng cia cic khau
hiéu chinh dén chat luong ctia hé théng va ban chat ctia ting
phuong phédp thiét k& thi méi c6 thé thiét ké duge hé thong cé
chat lugng tot. Do d6 cac phuong phap thiét k& trinh bay trong
chuong nay chi mang tinh go¢i y, d6 1a nhiing cdach thuong dugce st
dung chi khéng phdi 1a phuong phdp bat budc phdi tuan theo.
Viéc 4p dung mot cach mdy méc thudng khong dat duge két qua
mong mudn trong thuc t&. Du thiét k& theo phuong phdp nao yéu
ciu cudi cung van 1a théa méan chat lugng mong mudn, cdch thiét
ké&, ciach chon lua thong s6 khong quan trong.

Truée khi xét dén cac phuong phéap thiét k& by diéu khién,
ching ta xét 4nh huéng cia cdac by diéu khién dén chat lugng ctia
hé théng. Chuong nay chi trinh bay bo diéu khién du6i dang mod
td todan hoc, doi véi mach diéu khién cu thé, xem lai chuong 2.

6.2 ANH HUﬁNG’ CUA CAC BO DIEU KHIEN DEN CHAT LUGNG
CUA HE THONG

6.2.1 Anh hudéng cua cuc va zero

Trong muc nay ching ta khdo sat dnh hudng cta viéc thém
cuc va zero vao hé thong biang cach dua vao quy dao nghiém sé.
Ta thay:

- Khi thém mot cuc c¢6 phan thuc 4m vao ham truyén hé hé
thi QDNS ctia hé kin c6 xu huéng tién gan vé phia truc do
(H.6.3), hé thong sé kém 6n dinh hon, d9 du trit bién va do du
trit pha giam, d6 vot 16 ting.
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Hinh 6.3 Su thay doi dang QPNS khi thém cuc vao hé théng

- Khi thém mot zero c6 phan thuc 4m vao ham truyén hé hé
thi QDNS cia hé kin ¢6 xu huéng tién xa truc do (H.6.4), do d6
hé théng sé 6n dinh hon, d6 du trit bién va do du trit pha ting,

do vot 16 gidam.
A

Ims b Im s
Re s Re s
—%—>—0 % 3 - L

Hinh 6.4 Sy thay doi dang QPNS khi thém zero vao hé théng
6.2.2 Anh huéng ctia hiéu chinh sém tré pha

1- Hiéu chinh sém pha

3 1+aTs
Ham truyén: G.(s)= a>1 6.1
uy .(s) T T ( ) 6.1)
Pic tinh tdn s6: G, (joo) =t
1+Tjw

Hinh 6.5 1a biéu dé6 Bode ciia khau hiéu chinh sém pha. Dua
vao biéu d6 Bode cia khau sém pha ching ta thay dic tinh pha
Iuon duong (¢(w) > 0, DOw ), do d6 tin hiéu ra luén luén sém pha
hon tin hiéu vao. Khau hiéu chinh sém pha la mot b6 loc thong
cao (xem biéu d6 Bode bién do), st dung khau hiéu chinh sém pha
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s¢ md rong dugc biang thong ciia hé thong, lam cho ddp tng
cia hé thong nhanh hon, do d6 khau hiéu chinh sém pha cai
thién dd4p dng qua d9. Tuy nhién cing do tdc dung md rong bang
thong ma khau hiéu chinh s6m pha lam cho hé théng nhay véi
nhiéu tin s cao.

A (o), dB
20lg0t tmm=mmmmmmmmmm e m oo A
RL0) /T R — . 20d!3/dec
I 1
0 ! ; -
H T ] L
1/oT ! 1T o
o
! : E
: : i
i i i
i i i
A o) do | : |
| H H
i i i
+90°T E ; :
i : ;
(Pmax """""""" F---- 1 :
1 1
i i
; |
(Dmax ;

Hinh 6.5 Biéu db Bode ctia khdu hiéu chinh sém pha
Céc thong s6 can chd y trén dic tinh tan s6 cta khau hiéu
chinh sé6m pha:
- b6 1éch pha cuc dai:

. 1({a-1
=sin | —— 6.2
- Tan s6 tai d6 do léch pha cuc dai:
1
= (6.3)
%ax T\/a

- Bién 46 tai pha cuc dai:
L(wyax) =10lga (6.4)
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Chung minh:

o) = arg(—lli‘]:;xf:)J - ar (Lt I0TOL ij)}

=arg[1+0(T2w2 + jTw(@ —1)] = arcta{%} =

< arctan{w} = arctarﬁa—_lj = arcs(na—_lj
2V )T 2o a+1

fa-1
Do d6: =arcsin
¢max (G+1j

Dau ding thdc xay ra khi: 1=aT%6f,,, = Wnax =1/(TVQ)
Thay Wy., =1/(Ta) vao biéu thdc bién d6 ctia khau sém
pha ta dé& dang rut ra cong thic (6.4).
2- Hiéu chinh tré pha

3 1+aTs
e e G 1 6.5
i ) =Ty @<V (6.5)
Dic tinh tan s6: G, (jw) :M’
1+Tjw

Hinh 6.6 1a biéu d6 Bode cia khau hiéu chinh tré pha. Dua
vao biéu d6 Bode ctia khau tré pha ta thay dic tinh pha luén 4m
(¢(w) < 0, Dw ) nén tin hiéu ra ludén luén tré pha hon tin hiéu vao.
Khau hiéu chinh tré pha la mot b loc thong thdp (xem biéu do
Bode bién d9), st dung khau hiéu chinh tré pha sé& thu hep bang
thong ctiia hé thong, lam cho hé s6 khuéch dai cia hé thong doi
v6i tin hiéu vao tin sé cao gidm di, do d6 khau hiéu chinh tré
pha khong c6 tdc dung cdi thién ddp ting qud d6. Tuy nhién cing
do tdc dung lam gidm hé s6 khuéch dai 6 mién tan sé cao ma
khau tré pha cé tac dung loc nhiéu tin sé cao 4nh huéng dén hé
théng. Do hé s6 khuéch dai 6 mién tan s6 thap l6n nén khau
hiéu chinh tré pha lam gidm sai s6 xdc lap cia hé thong (xem
biéu thic sai s6 xdc 1ap da trinh bay & chuong 5).

Céc thong s6 can chd y trén déic tinh tdn sé cia khau tré
pha:

- Bo léch pha cuc tiéu:
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. 1({a-1
in =Ssin 6.6
- Tan so tai d6 do léch pha cuc tiéu:
1
= (6.7)
Q)fnln T\/a
- Bién do tai pha cuc tiéu:
L(onin) =10lga (6.8)

Chiung minh: Tuong tu nhu d3 lam d6i v6i khau sém pha.
L(o), dB

0 1/T 1/aT ®

10lgof--====-=------

S P,

20lgo| """ttt

9(o), do

Hinh 6.6 Biéu do Bode ciia khdu hiéu chinh tré pha
3- Hiéu chinh sém tré pha

Khau hiéu chinh sé6m tré pha gém mot khau tré pha méc néi
ti€p v6i mot khau sém pha. Ham truyén ctia khau hiéu chinh sém
tré c6 thé viét dudi dang:

1+o.Tis | 1+a,T,s
G(s) =G, G = 11 2°2 6.9
c(8) = Gc1(5).Gea(s) ( 1+ Ts ]( 1+ Tos ] (6.9)

Dé biéu thic (6.9) 1a ham truyén cta khiu sé6m tré pha thi
cac thong s6 phai théa diéu kién:
o; <1, ap>1, 1/(a,T7) <1/(ayT5)
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DPic tinh tan s6 ctia khau s6m tré pha:

G.(jw) = 1+oijw ) 1+ 0T jw (6.10)
¢ 1+ T jw 1+Tyjw
A L(o),dB
0 /T, Vo, Ty 1ogT, s ‘ o
! ! 1T,
— 20dB/dec + 20dB/dec 20igor,
P2{0 )/« o . : P I
A o(w), do
+90°T
(Pmax

s Y

Ymin e e e S

Hinh 6.7 Biéu d6 Bode ciia khdu hiéu chinh sém tré pha

Hinh 6.7 1a biéu d6 Bode cta khau hiéu chinh s6m trd pha. O
mién tan sé cao tin hiéu ra sém pha hon tin hiéu vao; § mién tin
s6 thap tin hiéu ra tré pha hon tin hiéu vao nén khau hiéu chinh
nay dugc goi 1a khau hiéu chinh sé6m tré pha. Khau hiéu chinh
s6m tré pha 1a mét bd loc chdn dai (xem biéu d6 Bode bién do),
hé s6 khuéch dai 6 mién tidn s6 cao 16n lam cai thién dap Ung
qud do; hé s6 khuéch dai 6 mién tin s6 thap 16n lam gidm sai s6
xdc lap, do d6 khau hiéu chinh s6m tré pha két hop cac uvu diém
cia khau hiéu chinh s6m pha va tré pha.

6.2.3 Hiéu chinh PID

1- Hiéu chinh ti lé P (Proportional)
Ham truyén: G.(s)=Kp (6.11)
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Dic tinh tan s6 cta khau hiéu chinh ti 1é da dugc trinh bay &
chuong 3. Duya vao cac biéu thic sai s6 xdc lap da trinh bay &
chuong 5 ta thdy néu hé s6 khuéch dai Kp cang 16n thi sai s6 xdc
1ap cang nhd, tuy nhién khi Kp ting thi cdc cuc ciia hé théng néi
chung c6 xu huéng di chuyén ra xa truc thuc, diéu dé cé nghia 1a
dép tng cua hé thong cang dao dong, do vot 16 cang cao. Néu Kp
ting qua gid tri hé s6 khuéch dai giéi han thi hé thong sé trd
nén mat 6n dinh. Do d6 néu khong thé cé sai s6 cha hé thong
bang 0 thi ciing khong thé ting hé s6 khuéch dai 1én vo cung.

Vi du 6.1. Khdo sdt dnh hudéng ciia bé diéu khién ti lé.

Xét hé thong hiéu chinh néi ti€p c6 so dé6 khéi nhu hinh 6.1,
1—0. Bo diéu
(s+2)(s+3)
khién dugc st dung la bo diéu khién ti 1&. Dudng lién nét trong
hinh 6.8 12 d4p tng cua hé théng khi chua hiéu chinh Kp = 1.
Theo hinh vé ta thay khi tang Kp thi sai s6 xdc lap gidm, dong

trong d6 ham truyén cta doi tugng la: G(s) =

thoi do vot 16 ciing tang 1én (cdc dudng dit nét). |
14
1.2 “;Y\
/‘.‘ \
1 ‘—"r‘L""“"\"'7‘"'\""""_'_: -----------------
PN G Dwes T
08l §/ ANl oo
o T T
06k i1 ¢ /\——_
iy — K=
I -
0,4_'“! - ==Ky =2
02l il -—— K,=5
v/ [ Ky = 10 t(sec)
0 1 1 T T 1 >
0 05 1 15 2 25

Hinh 6.8 Ddp iing ndc ciia hé théng kin khi thay doi
hé s6 khuéch dai cia b6 diéu khién ti ¢

2- Hiéu chinh vi phén ti lé PD (Proportional Derivative)

Ham truyén: Go(s)=Kp +Kps=Kp(1+Tps) (6.12)
trong d6 K =KpTp, Tp duge goi la thoi hiing vi phan cla bd
diéu khién PD.

Dic tinh tdn s6:  Go(jw) =Kp +Kpjo=Kp(l+ Tpw) (6.13)
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A L(o), dB

+20dB/dec
20IgK,

ey

1/Tp

A o(0), do

+ 90

+45°

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
L
1
1
1
1
1
1
L

>
o

Hinh 6.9 Biéu dé Bode ciia khdu hiéu chinh PD

M3&c néi ti€p khau hiéu chinh PD vé6i ham truyén cha doi
tugng tuong duong vdi viéc thém vao hé thong mot zero tai vi tri
—1/Tp. Nhu da trinh bay ¢ muc 6.2.1, viéc thém vao hé thong mot
zero lam cho QDPNS c6 xu huéng roi xa truc do va tién gin vé
phia truc thuc, do d6 1am gidm do vot 16 clia hé thong.

Hinh 6.9 1a dic tinh tan s6 cda khau hiéu chinh PD. Dua
vao biéu d6 Bode ctia khau hiéu chinh PD ta thay khau hiéu
chinh PD 1a mét truong hgp riéng cia khiu hiéu chinh s6m pha,
trong d6 do léch pha cuc dai gitta tin hiéu ra va tin hiéu vao
12 00y =90°, tuong Ung v6i tAn s6 W,y =+». Khau hiéu chinh
PD c6 diac diém cha khau hiéu chinh s6m pha, nghia la lam
nhanh d4p tng ctia hé thong, gidm thoi gian qud do. Tuy nhién
do hé s6 khuéch dai ¢ tan s cao cia khau hiéu chinh PD 1a vo
cung 16n nén khau hiéu chinh PD lam cho hé théng rdt nhay véi
nhiéu tdn s cao. Do d6 xét vé anh hudng ctia nhiéu tadn sd cao
thi khau hiéu chinh sé6m pha ¢6 uu thé€ hon khau hiéu chinh PD.
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Vi du 6.2. Khdo sdt dnh hudng ciia bé diéu khién vi phdn ti lé.
Xét hé thong hiéu chinh néi ti€p c6 so dé6 khéi nhu hinh 6.1,

K (a>b>0).
(s +a)(s+D)
Bo diéu khién dugc st dung la by diéu khién vi phan ti 1é.
Phuong trinh déc tinh ctia hé thong sau khi hiéu chinh la:
K
(s+a)(s+b)

Anh huéng ddc trung ciia khdu PD quyét dinh béi thoi hdng
vi phdn Tp (ciing chinh 1a vi tri zero —1/Tp trén QDNS hay tan s6
gdy 1/Tp trén dic tinh tin s6). Tuy theo gid tri cia Tp ma QDNS
cia hé thong sau khi hiéu chinh c6 thé c6 cdc dang nhu hinh
6.10.

trong d6 ham truyén cia d6i tugng la: G(s)=

1+KP(1+TDS)

Alms Alms

x
Y
A
x
py)
Yo
(2]
l:U
()
(2]

a) b)

-1/Tp —1/T/D('<\
Res Res
—<—x—})<—)(——> —

O
c) d)

Hinh 6.10 Sy thay déi dang QDNS khi them
khéu hiéu chinh PD vao hé théng
a) Chua hiéu chinh; b) Pad hiéu chinh (0 < 1/Tp< b)
¢) Pa hiéu chinh (b < 1/Tp< a); d) Pa hiéu chinh (1/Tp > a)

Ta thdy néu 0 < 1/Tp < a thi QDNS ciia hé théng sau khi hiéu
chinh ndm hoan toan trén truc thuc (hinh 6.10b va 6.10c), do d6
dép ting cia hé thong hoan toan khong c6 dao dong. Néu 1/Tp > a
thi tuy gid tri cia Kp ma hé thong cé thé c6 nghiém phic, tuy
nhién nghiém phic nay gan truc thuc hon so véi truc do (nghia 1a
£>0,707), do d6 dd vot 16 chia hé thong thdp hon so véi chua
hiéu chinh.
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Hinh 6.11a trinh bay ddp tng qud d6 ctia hé thong khi thay
d6i gia tri Tp va git hé s6 Kp bing hing s6. Ta thay Tp cang 16n
thi ddp Ung cang nhanh, thoi gian 1én cang ngian. Tuy nhién néu
thoi gian lén nhanh qud thi sé& dan dén vot 16 mic du ddp dng

khéng c6 dao d6ng.

Khi da xac dinh dugc Tp thi dnh huéng cia Kp tuong tu nhu
anh hudng ctia khau khuéch dai, nghia 12 néu Kp cang tang
(nhung phdi nhé hon K,;) thi sai s6 xdc lap cang gidm (H.6.11b),
tuy nhién sai s6 xdc lap lic nao ciing khdc 0. Mat khac trong
truong hop hé thong dang khdo sat, khi Kp cang ting thi QDNS
cang roi xa truc 4o nén thoi gian ddp dng cing nhanh 1én. Tuy
nhién dnh huéng nay khéng phdi l1a dnh huéng dic trung caa

khau PD.

Y Chua HC|
wl | Ty=0,1

e -———.T,=025

f: a=

: - - Ty =1

& e

& Id—é

0 1 2 3 4

a) Kp =1

Hinh 6.11 Anh huéng ciia khdu hiéu chinh PD
dén ddp ung ndc don vi cia hé théng

3- Hiéu chinh tich phdn ti lé¢ PI (Proportional Integral)

Ham truyén: Gg(s)=Kp +

S

i/
054, .

Ly Chua HC

:":' ...... Ep:;

: T

{. - 'Kp=5

i3 cr= =K =10
ot/ . . : : t(sec)

0 05 10 15 20 25

b) Tp=1
1

=Kp|1l+— (6.14)

TIS

trong d6 K; =Kp /Ty, T; duge goi 1a thoi hing tich phan cta bo

diéu khién PI.

Pic tinh tan s6:  Go(jw) =Kp (1 +

1
Trjw

|

(6.15)

Mic néi tiép khau hiéu chinh PI v6i ham truyén cta doi
tuong tuong duong vdéi viéc thém vao hé thong mot zero tai vi tri
—1/T; va mot cuc tai géc toa do, diéu nay lam cho QDNS cta hé
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théng sau khi hiéu chinh bi dd4y vé phia phdi mat phang phic,
nén hé thong kém 6n dinh hon.

()

L(o) [dB]
N
—20dB/dec
201g(Kp) LoD .
0 i
AT ©
o) [d0] i

Hinh 6.12 Biéu dé Bode ciia khdu hiéu chinh PI

Hinh 6.12 1a biéu d6 Bode cia khau hiéu chinh PI. Dua vao
biéu d6 Bode cia khau hiéu chinh PI ta thay khau hiéu chinh PI
12 mot trudong hop riéng ctia khau hiéu chinh tré pha, trong d6 do
léch pha cuc ti€u gitta tin hiéu ra va tin hiéu vao la ¢, =-90°,
tuong dng véi tAn s6 W, =0. Khau hiéu chinh PI c6 dic diém
ctia khau hiéu chinh tré pha, nghia 1a 1am cham d4p Ung qua do,
tdng do vot 16, gidm sai s6 xdc lap. Do hé s6 khuéch dai cia khau
PI bing vo cung tai tan s6 biang 0 nén khau hiéu chinh PI lam
cho sai s6 doi vdi tin hiéu vao 1a ham néc cia hé thong khong cé
khau vi phan 1y tuéng bang 0 (hé vo sai bac mot). Ngoai ra do
khau PI 12 mot bo loc thong thdp nén né con c6 tdc dung triét
tiéu nhiéu tan sé cao tdc dong vao hé thong.
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Vi du 6.3. Khdo sdt 4nh huéng cia bo diéu khién tich phan ti 1é.

Xét hé thong hiéu chinh néi ti€p c6 so dé6 khéi nhu hinh 6.1,

trong d6 ham truyén ciia d6i tuong la: G(s) =L (a>b>0).
(s+a)(s+b)

B diéu khién dugc si dung 1la bd diéu khién tich phan ti lé.

Phuong trinh dic tinh ctia hé thong sau khi hiéu chinh la:

1+K TIS+1 K :O
Pl Tis (s +a)(s+b)

Anh huéng ddc trung ciia khdu PI quyét dinh bdi thoi hding
tich phén T; (ciing chinh 1a vi tri zero —1/T; trén QDNS hay tan
s6 gay 1/T; trén dac tinh tdn s6). Tuy theo gia tri cia 7T; ma
QDNS ciia hé thong sau khi hiéu chinh cé thé c6 cdc dang nhu
hinh 6.13.

AIms AIms
% 1T,
Re s E \ Re s
G e > —— Xl — O ———>
—a -b —a )
a) b) i
I
AIms
-1/T4
S L.
“a b
d)

Hinh 6.13 Su thay déi dang QDNS
khi thém khdu hiéu chinh PI vao hé théng
a) Chua hiéu chinh; b) Pa hiéu chinh (0 < 1/T;< b)
¢) Da hiéu chinh (b < 1/T;< a); d) Pd hiéu chinh (1/T;> a)
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Theo cong thic sai s6 (5.4), ta thady khau hiéu chinh PI lam
cho sai s6 xdc lap cua hé thong d6i v6i tin hiéu vao 1a ham néc
bang 0. Tuy nhién khau hiéu chinh PI lam cho hé théng kém 6n
dinh. Ta cé thé kiém ching dugc diéu nay biang cdch phan tich
su thay d6i dang QDNS ctia hé thong sau khi hiéu chinh. Theo
cong thic (4.14), giao diém cha tiém can v6i truc thuc la:
OA=(-a-b+1/T;). Do dé khi 1/T; cang tang thi QDPNS cta hé
thong cang di chuyén vé phia phai mit phing phic (H.6.13b,c),
hé théng cang kém 6n dinh. Khi 1/7; dG 16n théa diéu kién
1/T; >a+b thi QDNS c6 doan nidm bén phidi mit phidng phiec
(H.6.13d), hé théng khong 6n dinh néu hé sé khuéch dai cia hé
théng 16n hon gid tri K.

Hinh 6.14 minh hoa d4p Gng qua d6 cia hé théng khi thay
d6i thong s6 clia by didu khién PI. O hinh 6.14a ta thay khi cang
gidm thoi hang tich phan T; thi d§ vot 16 cia hé théng cang cao,
hé thong cang cham xdc lap. Tu day ta rut ra két luan khi thiét
k& khau hiéu chinh PI nén chon zero —1/T; nim gan goc toa do
dé thoi hang tich phan T; c6 gia tri 16n nham han ché do vot 15.
Khi giit T; bing hang s6 thi anh huéng cia Kp dén ch4t lugng ctia
hé thong chinh 1a 4nh huéng cia khau khuéch dai, Kp cang tang
thi d6 vot 16 cang tdng, tuy nhién thoi gian qud d6 gan nhu
khong déi (H.6.14b). Néu Kp vuot qud gid tri hé s6 khuéch dai
giéi han thi hé théng tré nén m4t 6n dinh.

C() ACH
1,6
1,4 . 1,4 /[\
:‘ 12t If\ - =<
= - y N e = ———— IR VAR N AP\, ~ o,
NN 10 S
i\ 08 ’"
I Chua HC i) Chua HC
......... TI =2 [ 0,6 "_”'I"}"" T e Kp =1 —
-——==T=1 o4l ! -———-Ky=2
—— T;=05 / —— K,=5
T,=03 02’ Kp = 10
—-— 11=0, t(sec) . 1 —-— K= t(sec)
1 1 - 1 1 1 1 1 1 1 -
5 10 15 D 05 10 15 20 25 30 35 40
a) K, =1 b) Ty =1

Hinh 6.14 Anh huéng ciia khdu hiéu chinh PI
dén ddp ung ndc don vi ctia hé théng
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4- Hiéu chinh vi tich phan ti lé¢ PID
(Proportional Integral Derivative)

Ham truyén: Gq(s)=Kp K Kps (6.16)
s

Cé thé xem khau hiéu chinh PID gém modt khau PI mic néi
ti€p v6i mot khau PD.
Ge(s)=Kp, (1 +LJ(1+TDQS) 6.17)
Tps

trong d6 T;; > Tpy. Dé dang suy ra dugc moéi quan hé giita cdc hé
s6 trong hai cdch biéu dién (6.16) va (6.17) nhu sau:

Kp=Kp, 1+1p2 (6.18)
Th
K, = Kp (6.19)
T
Kp =Kp; Opy (6.20)
DPic tinh tan s6: Go(jw) =Kp; (1 - . ](1 + Tpe jW) (6.21)
ThJjw
L(0), dB
N
Wec /dB/deC
20/g(Ky1) |- . ;
0 : i
1/Ty4 1/Tp4 )
o(o) do
#90° fmmmm oo f‘;
__/ ’
-90°

Hinh 6.15 Biéu dé Bode cia khdu hiéu chinh PID
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Khau hiéu chinh PID 1a mét truong hgp riéng cia hiéu chinh
s6m tré pha, trong d6 do léch pha cuc tiéu gitta tin hiéu ra va tin
hiéu vao 1a ¢, =-90°, tuong tng vé6i tdn s6 w,;, =0; do léch pha
cuc dai gitta tin hiéu ra va tin hiéu vao la ¢,,,, = +90°, tuong dng
VGi tan s6 W,y = .

Do khau hiéu chinh PID c6 thé xem 1a khau PI méc néi tiép
v6i khau PD nén né c6 cdc uu diém cia khau PI va PD. Nghia la
khau hiéu chinh PID c4i thién d4p dng qua dd (giam vot 16, gidm
thoi gian qua do) va gidm sai s6 xdc lap (néu déi tugng khong cé
khau vi phan ly tudng thi sai s6 xdc lap d6i véi tin hiéu vao la
ham néc bing 0).

Ching ta vira khdo sat xong anh huéng cia cdc khau hiéu
chinh néi tiép thuong dung dén chat lugng ctia hé thong, mbi
khau hiéu chinh c¢6 nhiing uu diém ciing nhu khuyét diém riéng.
Do vay can phdi hiéu ré diéc diém cua tiung khau hiéu chinh
ching ta mé6i c6 thé st dung linh hoat va hiéu qua dugce. Tuy theo
diac diém cda tung doi tugng diéu khién cu thé va yéu cau chat
lugng mong muén ma chiung ta phai st dung khau hiéu chinh
thich hgp. Khi da xac dinh dugc khau hiéu chinh cidn dung thi
van dé con lai la x4c dinh thong s6 ctia né. Cac muc tiép sé dé cap
dén van dé nay.

6.3 THIET KE HE THONG DUNG QDNS

Nguyén tic thiét k& hé thong dung phuong phip QDPNS la
dua vao phuong trinh dic tinh ctia hé thong sau khi hiéu chinh:

1+Ge(s)G(s)=0 (6.22)
Go(s)G(s) =1 diéu kién bien dé
| c(s) (s)| Le\u ién bién do (6.23)
0G(s)G(s) =-180° dieu kién pha

Ta can chon théng s6 ctia by diéu khién Ge(s) sao cho phuong
trinh (6.22) ¢6 nghiém tai vi tri mong muén.

6.3.1 Hiéu chinh s6m pha

Dé thuan lgi cho viéc vé QDNS ching ta biéu dién ham
truyén khau hiéu chinh s6m pha du6i dang sau (so sanh véi biéu
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thic (6.1):
s+(1/aT)

Gel$)=Ke= 7Ty

(a>1) (6.24)

Bai todn dit ra l1a chon gid tri K¢, a va T dé ddp tng cia hé
théng théa man yéu cdu vé chidt lugng qua do (do vot 16, thoi
gian xac lap, ..)

Ta da biét chat lugng qua do ctia hé théng hoan toan xic
dinh béi vi tri cia cédp cuc quyét dinh. Do d6 nguyén tic thiét ké&
khau hiéu chinh sém pha dung phuong phap QBDNS la chon cuc
va zero cia khau hiéu chinh sao cho QDNS ctia hé théng sau khi
hiéu chinh phdi di qua cip cuc quyét dinh mong muén. Sau d6
bang cdch chon hé s6 khuéch dai K¢ thich hgp ta sé& chon dugc
cuc ciia hé théng chinh 1a cip cuc mong mudén. Nguyén tic trén
dugc cu thé héa thanh trinh tu thiét ké& sau:

Trinh tu thiét ké

Khdu hiéu chinh: S6m pha
Phuong phdp thiét ké: QDNS

Buéce 1: Xdc dinh cdp cuc quyét dinh ti yéu cau thiét k& vé

chat lugng cia hé théng trong qua trinh qua do:

Bé vot 16 POT — {E = Sizz—zu)n ij(x)nﬂl_az
Thoi gian qud do, ... ©n

Buéc 2: Xdc dinh géc pha can bu d€ cap cuc quyét dinh s,
nim trén QDNS ciia hé théng sau khi hiéu chinh bing céng thiec:
n m
O =-180°+ Y args; —p; )~ argé —z ) (6.25)
i=1 i=1

trong dé p; va z; 12 cdc cuc cia hé thong G(s) trudc khi hiéu
chinh.

Dang hinh hoc cta cong thic trén la:
®* =-180°+ Zgéc tw cdc cuc ciia G(s) dén cuc s;
—Z géc tiw cdc zero ciua G(s) dén cuc SI (6.26)

Buéc 3: Xdc dinh vi tri cuc va zero ctia khdu hiéu chinh
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Vé hai ntta dudng thang bdt ky xudt phat tir cuc quyét dinh
s* sao cho hai nia duong thing nay tao véi nhau mét géc bing
®* . Giao diém cda hai nita dudng thing nay vdi truc thuc 1a vi
tri cuc va zero cua khau hiéu chinh.

C6 hai cach vé thuong dung:

- PP duong phan gidc (d€ cuc va zero cia khau hiéu chinh
gin nhau).

- PP triét tiéu nghiém (d€ ha bac ciia hé thong).

Budc 4: Tinh hé s6 khuéch dai K¢ bang cach 4p dung cong thic:

Ge(9)G(s)| _,; =1

Giai thich

Bué6e 1: Do chat lugng qua do phu thudc vao vi tri cip cuc
quyét dinh nén dé thiét k& hé thong théa man chat luong qua do
mong mudn ta phdi xdc dinh cip cuc quyét dinh tuong tng. Goi
cap cuc quyét dinh mong mudn la sj,.

Buéc 2: DéE hé thong c6 chat lugng qua do nhu mong mudn
thi cép cuc quyét dinh sj, phdi la nghiém clia phuong trinh dic
tinh sau khi hiéu chinh (6.22). Xét diéu kién vé pha:

DGC(S)G(S)L:S* = -180°

- DGC(S)‘S:S* + DG(S)L:S* = -180°

< DGC(S)L:S* +(Zarg(s* ~z;)- Y argf - p; ﬂ:—180° (6.27)
i=1 i=1

trong d6 z; va p; 1a cdc zero va cdc cuc cia hé thong hé trudc khi
hiéu chinh. it géc pha can ba @ =DGC(S)‘S=S*, tir bidu thic

(6.27) ta suy ra:
n m
®* =-180°+ Y argls" —p;)- >, argf -z
i=1 i=1

Do s6 phtc c6 thé biéu dién duéi dang vécto nén cong thic
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trén tuong duong vdi cong thic hinh hoc sau:
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®* =-180° +Zgéc t cdc cuc cua G(s) dén cuc s
—Z géc ti cdc zero cua G(s) dén cuc s*

Budc 3: Bay gio ta phai chon cuc va zero cia khiu hiéu chinh
sao cho: @ = DGC(S)‘SZS*

- ®" =argE” +1/aT)-arg€ +1 T (6.28)

Do ®* va s* da biét nén phuong trinh (6.28) c6 hai 4n sd
cdn tim 1a 1/aT va 1/T. Chon trude gia tri 1/aT bat ky thay vao
phuong trinh (6.28) ta sé tinh dugc 1/T va nguogc lai, nghia la bai
todn thiét k& c6 vo s6 nghiém.

Thay vi chon nghiém bang phuong phédp gidi tich (gidi
phuong trinh (6.28)) nhu viia trinh bay ching ta c6 thé chon bang
phuong phdp hinh hoc. Theo hinh 6.16 hai s6 phic (s* +1/T) va
(s +1/aT) dugc biéu dién béi hai vécto BP va CP, do d6
arg@s” +1/T)=PBO va arg@* +1/aT)= PCO . Thay céc géc hinh
hoc vao phuong trinh (6.28) ta dugc:

" =arg(s +1/aT)-arg€ +1 T =PCO-PBO = BPC

TU phan tich trén ta thdy cuc va zero ciia khau hiéu chinh
sé6m pha phdi nim tai diém B va C sao cho BPC =®*. Pay chinh
la co s§ todn hoc cia cdach chon cuc va zero nhu da trinh bay
trong trinh tu thiét ké.

A Ims

~ PCO
B PBO c 0 Re s

Hinh 6.16 Quan hé hinh hoc giiia vi tri cuc va zero ctia khdu hiéu

chinh sém pha vdi géc pha cdn bu
Bué6c 4: Muén s* 1a nghiém ctia phuong trinh dic tinh (6.22)
thi ngoai diéu kién vé pha ta phdi chon K¢ sao cho s"théa diéu
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kién bién d6. Do d6 ta phdi chon K¢ bing cong thic:
Ge(9)G(s)| _,; =1

Vi du 6.4. Thiét ké khdu hiéu chinh sém pha dung phuong phdp

QDNS.
Cho hé thong diéu khién

C(s)

N ~ ~ o . B G.(s) 50
nhu hinh vé. Hay thiét ké ) I 5(s45)
khau hiéu chinh G¢(s) d& dap

ting qua do ctia hé théng sau
khi hiéu chinh théa: POT < 20%; t,s < 0,5 sec (tiéu chudn 2%).

Giai: Vi yéu cau thiét k& cdi thién dap dng qua do nén st dung

khau hiéu chinh sém pha:
s+(1/aT)
s+(1/T)

Buéc 1: Xdc dinh cdp cuc quyét dinh

Go(s)=Ke (a>1)

Theo yéu cau thiét ké, ta cé:

U POT =exp| ——2_|<02 = -——_<ino,2=-1,6
\1-¢82 J1-82

= 1,958>41-82 = 4,822>1 = £>0,45

Chon £=0,707

_ 4
utqd—a<0,5 = (A)n>

= >11,4
0,5x¢& @

Chon w, =15
Vay cidp cuc quyét dinh la:

S19 = —Ew, * joy, /1 -2 =-0,707x15 + j15,1-0,707>
= sj,=-10,5+ 10,5

Buéc 2: Xdc dinh géc pha cdn bu
Cdch 1. Dung cong thic dai sé

®* =-180°+{arg[(-10,5 + j10 5)-0]+ arg[-10 5+ j10 5 )~ (5)}

=-180°+<arctan 10,5 + arcta ﬁ
-10,5 -5,5

= -180° + (135 +117,6)
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= O =72,6°
Cdch 2. Dung cong thic hinh hoc
Ims
X
i10,5
/ \[31 Re s
B 0

®" =-180° +(B; +By)
=-180° +(135°+117,6°)="72,6°

Bude 3: Xdc dinh cuc va zero cia khau hiéu chinh bang
phuong phap dudng phan giac.

- V& PA 1a phan gidc cia géc OPx.

- V& PB va PC sao cho Aﬁqu; , AﬁCzq;
biém B chinh 1a vi tri cuc va C 1a vi tri zero cia khau hiéu
chinh: 1_-oB 1 -oc
T aT
Ap dung hé thic lugng trong tam giac ta suy ra:
sin| OFx , @ Sin(135°+72,6°)
2 2 2 2
LU OB =0P - =15 =28,12
(OPx o . (135" 72,6°J
sin| ——= - sin -
92 92 2 2
sin| OPx _® sin[135° _72,6°
2 2 2 2
1 OC=0P =10 =80
sin[ OPx , ® Sin( 72, j
) ) 2 2
= Ge(s)=K¢ Shas

s+28
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Budéc 4: Tinh K.
Ge(s)G(s)| . =1

‘K s+8 50 |

c : =1
s+28 s(s+ 5)|s:—10,5+j10,5

-10,5+;10,5+8 50
¢ -10,5+ j10,5+28 (-10,5+ j10,5)(-10,5+ j10,5+5

10,79%50  _
€90,41x15x11,85

= KC =6,7

_
)|_1

Vay ham truyén cia khau hiéu chinh sé6m pha cin thiét k&

s+8

G, =6,7
c(s) ~798

Nhan xeét
Quy dao nghiém sé ctia hé thong trudc khi hiéu chinh khong
qua diém s* (H.6.17a) do d6 hé thong s& khong bao gio dat dugc
chat lugng ddp Ung qua do nhu yéu cau du c6 thay déi hé so
khuéch dai cia hé thong.
\ Ims
-
e i10, 5

A Ims
Re s

*

(7]

............ L--1j10,5

-

N
e N YT S apySvy———
x
Y
>
Yo
fov- 3
Y

a) b)

Hinh 6.17 Sy thay doi dang QDNS khi hiéu chinh sém pha
a) @DNS truée khi hiéu chinh; b) QDNS sau khi hiéu chinh
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Bing cdch st dung khau hiéu chinh sém pha, quy dao
nghiém s6 cia hé thong bi stta dang va qua diém s* (H.6.17b).
Bing cdach chon hé s6 khuéch dai thich hop (nhu da thuc hién &
buéc 4) hé thong sé c6 cip cuc quyét dinh nhu mong mudn, do dé
dap dng qua do dat yéu cau thiét k& (H.6.18).

Acn
14+

1,0

o2lli | trudc hiéu chinh
! — sau hiéu chinh
3 t(sec)
0 1 1 1 1 1 »
0 0,5 1,0 1,5 2,0 2,5

Hinh 6.18 Pdp ung ndc cia hé théng ¢ vi du 6.4
trude va sau khi hiéu chinh

6.3.2 Hiéu chinh tré pha

Ham truyén khau hiéu chinh tré pha cin thiét k& c¢6 dang:
s+(1/BT)
s+(1/T)

Bai todn dat ra 1a chon gia tri K¢, B va T dé ddp dng cda hé
thong théa man yéu cdu vé sai s6 xdc lap ma “khéng” lam anh
huéng dén ddp tng qud do (dnh huéng khong dang ké).

Ta da biét do khau hiéu chinh tré pha c6 hé s6 khuéch dai &
mién tan s6 thap 16n nén cé tdc dung lam gidm sai s6 xdc lap
cia hé thong. D& d4p ting qud do ctia hé théng sau khi hiéu chinh
tré pha gdn nhu khong déi thi ciap cuc quyét dinh cia hé thong
trudc va sau khi hiéu chinh phdi ndm rat gan nhau. P& dat duoc
diéu nay ta phai dit thém cuc va zero ctia khau hiéu chinh tré
pha sao cho dang QDNS thay déi khong dang ké. Pay 1a nguyén
tdc cAn tuan theo khi thiét k& khau hiéu chinh tré pha. Trinh tu
thiét k& dudi day cu thé héa nguyén tic trén:

Ge(s) =K (B<1)
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Trinh tu thiét ké
Khéu hiéu chinh: Tré pha
Phuong phdp thiét ké: QDNS
Buéce 1: Xdc dinh B tU yéu cau vé sai so xéc lap.
Néu yéu cau vé sai sd xdc lap cho du6i dang hé s6 van téc

Ky, thi tinh B bing cong thic: B = Ky

*

1%

trong d6 Ky va Ky la hé s6 van téc cia hé thong truGe va sau
khi hiéu chinh.

Buéde 2: Chon zero cua khau hiéu chinh sao cho:

1 .

6T << ‘Re(SLz i
trong d6 s, 1a cdp cuc quyét dinh cta hé thong sau khi hiéu chinh.

Bude 3: Tinh cuc ciia khau hiéu chinh: -+ =p.—=

T BT
Budc 4: Tinh K¢ bing cdch 4p dung cong thic:
Ge)ts),_,,, =1

trong d6 sj, 1a cap cuc quyét dinh ctia hé théng sau khi hiéu
chinh. Do yéu ciu thiét k& khong lam anh huéng ddng ké dén
dap ung qua do nén c6 thé tinh gan ding: sjy =5,

Giai thich

Buédc 1: Ta c6 hé s6 van toc ctia hé thong trudc va sau khi
hiéu chinh la:

Ky = IimosG(s)
Ky = IsiEnOSGC(S)G(S) = (ETO Go( S))(leOSG( s))

T S+1/BT ( )_Kcmv
=|lim K,————— ||l =
(slino ¢ s+1/Tj sIEnOSG(S) B

_KcKy

= B -
Ky
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Néu Ko =1 thi B=2v
K

*

v
Do dé ta chon S bing cong thic trén. Cac bu6c thiét ké tiép
theo ddm bao K, =1.

Budc 2: Goi s;3 1a cap cuc quyét dinh ctia hé théng truge khi
hiéu chinh:

|G(s) w1
1+G(s) =0 - | e

8281’2

=-180°

s=812

0G(s)

Goi sj, la cap cuc quyét dinh ctia hé thong sau khi hiéu chinh:

Ge(9)Gs)],,; , =1
1+Go(s)G(s) =0 - ’

0Gc(s)G(s)

=-180°

—o¥
8—81'2

Xét diéu kién vé pha. P& hé thong c6 chdt lugng qud do gan
nhu khong thay doi thi sy, =s;,. Suy ra:

DG (s)G(s) =515 =-180°
= OGe(s) =51 +0G(s) N -180°
= 0Gg(s) sy -180° - OG(s) =51
=-180° - 0G(s) w51 =-180° - (-180°)
= 0OGq(s) sy 0° (6.29)

Phan tich ¢ trén cho thdy cuc va zero ciia khau hiéu chinh
tré pha phdi théa man biéu thdc (6.29). Khi thiét ké ta thudng

chon khau hiéu chinh tré pha sao cho -5°<0Gq(s) st <0°, dé
=51,2

dat dugc diéu nay c6 thé dit cuc va zero ctia khau hiéu chinh tré
pha nidm rat gan géc toa do so v6i phan thuc cia nghiém sj,. Do
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dé6 ta chon vi tri zero sao cho: BiT <<‘Re(si2 i

Budée 3: Suy ra: 1 = [3i
T "BT
Dé y rang biang cich chon nhu trén 1/T cling nim rat gan
goc toa do do B < 1.
Bude 4: O buée 2 va 3 ta mdi chon cuc va zero cia khau hiéu
chinh tré pha dé théa man diéu kién vé pha. P& théa méan diéu
kién bién d6 ta chon K¢ bang cong thic: |GC(3)G(3)|8:812 =1

Cé thé dé dang kiém ching dugc ridng do ciach chon zero va
cuc cua khau hiéu chinh nhu ¢ buéc 2 va buéec 3 ma & buée 4 ta
luén tinh duge K =1. Nhu vay K¢ théa méin gid thiét ban dau

khi tinh hé s6 8 & budc 1. =

Vi du 6.5. Thiét k& khdau hiéu chinh tré pha dung phuong phdp
®@DNS.

Hay thiét k& khau hiéu chinh G(s) sao cho hé thong c6 so dé
khéi dudi day sau khi hiéu chinh c¢6 sai s6 d6i véi tin hiéu vao la
ham déc 1a 0,02 va d4p dng qud do thay déi khong dang ké.

R(s) 70 C(s)
6%)‘ Go(s) s(s+3)(s+4)

Giai. Hé s6 van toc ciia hé théng trude khi hiéu chinh:
Ky =1lim sG(s) =lim SL =0,83
s-0 s-0 s(s+3)(s+4)

Sai s6 xdc 14p ctia hé théng khi tin hiéu vao 1a ham déc la:

Vi yéu cau thiét k& lam gidm sai s6 xdc 1l4p nén si dung

khau hiéu chinh tré pha: Go(s)=K. % (B<1)
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Buéc 1: Tinh B
Heé s6 van toc ctia hé sau khi hiéu chinh:

Ky =—-=—=50
e, 0,02
Do dé: BzK—Yzﬁzo,ow
Ky, 50

Buéc 2: Chon zero cia khdu hiéu chinh
Céc cuc cha hé thong truéc khi hiéu chinh 13 nghiém cta
phuong trinh:
10

=0 - $3+7s2+12s+10=0
s(s+3)(s+4)

1+G(s)=0 < 1
81’2 =-1+ J
S3 =-5

Vay cép cuc quyét dinh trude khi hiéu chinh la s, =-1%

Chon 1 sao cho: i<<|Re{sl}|=1 = iz0,1
BT BT BT

Buéc 3: Tinh cuc ciia khdu hiéu chinh

1 1 1
—=B—=(0,017)(0,1) = —=0,0017
=P =000 = o
s+0,1
= Go(s)=Kp—2"22
c(8)=Ke 00017

Buéc 4: Tinh K:
Ge(s)G(s)| s =1

s+0,1 10 I
€5+0,0017 s(s +3)(s +4)| .,

=

Dé d4p tung qua do khong thay doi ddng ké thi:
S| =812 ="1%]
Thé vao cong thic trén ta dugc:
(-1+j+0,1) 10 |:1
©(-1+j+0,0017) (-1 + j)(-1+ j +3)(-1+ j +4)
—~ K. =1,0042=1
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Vay khau hiéu chinh tré pha can thiét ké la:
s+0,1
s+0,0017

Hinh 6.19 cho thdy QDNS cua hé théng trudc va sau khi hiéu
chinh tré pha gin nhu trung nhau. Do vi tri cip cuc phic quyét
dinh gin trung nhau nén ddp dng qua do ctia hé thong trudc va
sau khi hiéu chinh gdn nhu nhau (H.6.20). Hinh 6.20 ciing cho
thdy sai s6 xdc 1ap cua hé théng sau khi hiéu chinh nhé hon rat
nhiéu so véi truée khi hiéu chinh. Nhu vay khau hiéu chinh tré

pha via thiét k& § trén théa man yéu cau dit ra.
AIms A Ims

//

Ge(s) = u

Re s

b)

Hinh 6.19 QPNS cia hé théng 6 vi du 6.5
a) Truée khi hiéu chinh; b) Sau khi hiéu chinh

A C(H)

2 5 d
@
i
1
1
!
10 i
!
i
1
!
51 i
. = = = trudc hiéu chinh i
1
—— sau hiéu chinh !

! t(sec)

0 L L i -
0 5 10 15

Hinh 6.20 Ddp ung ciia hé théng 6 vi du 6.5 déi vdi tin hiéu vao la
ham déc trude va sau khi hiéu chinh
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6.3.3 Hiéu chinh sém tré pha

Ham truyén khau hiéu chinh sé6m tré pha can thiét ké& cé
dang:  G¢(s) = Gei(s)Gea(s)
trong d6: Ggq(s) la khau hiéu chinh sém pha

Gc9(s) 1a khau hiéu chinh tré pha.

Bai todn dit ra thiét k& G (s) dé€ cai thién ddp dng qud do
va sai s0 xdc 1ap cta hé thong.

Trinh tu thiét ké

Khéu hiéu chinh: Sém tré pha
Phuong phdp thiét ké: QDNS

Buée 1: Thi€t k& khau sém pha Ggy(s) dé théa man yéu clu
vé dap ung qud do (xem phuong phdp thiét k& khau hiéu chinh
sém pha ¢ muc 6.3.1).

Buée 2: Dit Gy(s) = Goy(s).G(s).

Thiét k& khau hiéu chinh tré pha Ggy(s) mic ndi ti€p vao
G;(s)d€ théa man yéu cau vé sai sd x4c lap ma khong thay doi dang
ké dap dng qua do cha hé thong sau khi da hiéu chinh sé6m pha
(xem phuong phép thi€t k& khau hiéu chinh tré pha ¢ muc 6.3.2).

Vi du 6.6. Thiét ké khdu hiéu chinh sém tré pha dung phuong
phdp @DNS.

&» Gels) s(s fO,S) =

Hay thiét k& khau hiéu chinh Gc(s) sao cho hé thong sau khi
hiéu chinh ¢6 cidp cuc phuce véi £=0,5, w, =5 (rad/sec); hé sé van
toc Ky =80.

Giai: Hé chua hiéu chinh c6 &§=0,125, w, =2 (rad/sec); Ky =8.
Vi yéu cdu thiét k& by hiéu chinh dé€ cdi thién ddp tng qua do va
sai s6 xdc lap nén Ge(s) 1a khau hiéu chinh sé6m tré pha.

G (s) = Gei(s)Gea(s)
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Buéc 1: Thiét ké khdu hié¢u chinh sém pha Ggy(s)

1
st
a
Gei(s) =Ky 1

s+
L

- Cap cuc quyét dinh sau khi hiéu chinh:

81’2 = _E.(*)n i]%\/@
=~(0,5)(5) % j(5W1- (0,51

= sio = 2,5+ j4,33
Ims
s* P
““““““ j4,33
O
B : A BZ \B1 Re s
N N-%
-1/T, 2,5 -0,5 0
-1/aT,

Hinh 6.21 Géc pha cén bu
- G6c pha can bu:
" =-180°+(B; +B3)
= —180° + (120° +115°)
= ®" =55°

- Chon zero ctia khau s6m pha trung véi cuc s = —0,5 cua G(s)

dé ha bac hé thong sau khi hiéu chinh.

L:O,5
aT,

Tl cuc s vé hai niia duong thing tao véi nhau mot géc la @

nhu hinh 6.21. Cuc cia khau s6m pha tai diém B.
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Ta c6: OB=0A +AB
0OA=0,5
AB:PAsinAﬁB

sin PAB

D& thady: PA=+22+4,33% =4,76

APB =" =55°

PAB =85 - ®" =115°-55° =60°

Nén: AB=4,763"%" _4 5
sin60°
N 1 _oB=05+45=5
1
Do d6: Gpy(s) = Ky 300
s+5

- Tinh Kep: o |Gei(8)G(s) - =1

- KCl S+0,5. 4 | =1
s+5 s(s +0,5)|3=—2,5+j4,33
= KCl 1 . ! ; | =1
(-2,5+j4,33+5) (2,5 +j4,33)
= K =6,25

s+0,5
s+5H

Vay Gpy(s)=6,25

Ham truyén hé sau khi hiéu chinh sém pha la:

B B S + 0,5 4
Gi(s) = G (s)G(s) = (6’25 s+5 j(s@ + 015)j

25
s(s+5)

= Gi(s)=
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Buéc 2: Thiét ké khdu hiéu chinh tré pha Ggg(s)

s+
BT,

s+
)

Geo(s) =Ko

- Xac dinh B:

Heé s6 van toc cia hé sau khi hiéu chinh sé6m pha:

Ky =lim sGy(s) =lim =
v SHOS 1(8) sa088(8+5)

A ~ A e A~ *
Hé s6 van toc mong mudn: Ky =80

Suy ra: =0 —=—

- X4c dinh zero ctia khau tré pha:

1 . .
@«‘Re(s 1=|Re€2 b+ j4 33 |)=2 5]
Chon —=0,16

- X4c dinh cuc ctia khau tré pha:

1,11
T, BT, 16

s+0,16
s+0,01

- Tinh Kes: |Gea(s)Gy(s)] _» =1
= (|Gcz (8)] . )(|G1 (5)| -y ) =1
= |Gea(s) =1

(0,16)=0,01

= Gea(s) =Ky

-2,5+ j4,33+0,16| _

= =
€2 2,5+ j4,33+0,01]
4,995
= KC2 =m:1,01

s+0,16
s+0,01

= Ggo(s)=1,01
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Tém lai khau hiéu chinh sém tré pha can thiét ké la:

s+0,5 s+0,16
Ge(s) = Gey(s)Geg(s) =| 6,25——— || 1,01———
c(8) = Gea(s)Gea(s) ( s+5 j[ s+0,01]

(s +0,5)(s+0,16)
(s +5)(s+0,01)

= Gg(s)=6,31

6.4 THIET KE HE THONG DUNG BIEU PO BODE

6.4.1 Hiéu chinh s6m pha

Ham truyén khau hiéu chinh s6m pha can thiét ké& c6 dang:
1+aTs
1+Ts

Chiing ta can chon giad tri Ko, o va T dé ddp dng cha hé
théng théa man yéu cAu vé do du trd bién, d6 du trit pha va sai
s6 xac lap.

Go(s)=Ke (a>1)

Nguyén tdc thiét k& khau hiéu chinh sém pha dung biéu dé
Bode 1a chon hé s6 khuéch dai K. dé hé thong théa man yéu ciu
vé sai s xdc lap, sau dé chon vi tri cuc va zero cia khau sém pha
dé thém pha duong vao hé théng xung quanh tan s6 cidt, nhd d6
tdng do6 du tri pha, bing thong cia hé thong sau khi hiéu chinh
s6m pha dugec mé rong. Tuy nhién néu géc pha can bu qud 16n
(hon 70°) thi khong thé dung khau hiéu chinh sém pha. Cédc buéc
thiét k& dudi day cu thé héa nguyén tic trén.

Trinh tu thiét ké

Khdu hiéu chinh: S6m pha
Phuong phdp thiét ké: Biéu dé Bode

Buéce 1: Xdc dinh Ko dé théa méan yéu cau thiét k& vé sai so
xac lap

Buéc 2: Dat Gy(s) =K G(s). Vé biéu db Bode cua G(s)

Buéc 3: Xdc dinh tdn s6 cdt bien cia G;(s)tu diéu kién:

Lyi(w¢) =0 hodc |Gy (jue)| =1
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Budée 4: Xdc dinh d¢ du trit pha cia G(s) (d6 dy trd pha cda
hé trudc khi hiéu chinh):
®OM =180+, (we)
Buéc 5: Xdc dinh géc pha cdn bu
Omay = PM - OM +8
trong d6 ®M 1a do6 du trit pha mong mudn, 8=>5°+20°
Buéc 6: Tinh a bing cach ap dung cong thic:
_1+sin¢max
1-sindyax
Buéc 7: Xdc dinh tdn sé cdt mdi o (tdn s6 cdt ciia hé sau
khi hiéu chinh) tur diéu kién:
Li(w)=-10lga  hoac |G, (o) = 1/Va
Budc 8: Tinh hing s6 thoi gian T tit diéu kién:
1
oo
Budc 9: Kiém tra lai hé thong c6 théa man diéu kién vé do
du trit bién hay khong? Néu khong théa mén thi trd lai budc 6.

T =

Chu y: Trong truong hop hé théng qud phic tap khé tim
dugc 101 gidi gidi tich thi c6 thé xdc dinh wy (budc 3), ®M (bude
4) va o (bude 7) bing cach dua vao biéu do Bode.

Vi du 6.7. Thiét ké khdu hiéu chinh sém pha dung phuong phdp
biéu dé Bode.

Hay thiét k& khau hiéu chinh sém pha sao cho hé théng sau
khi hiéu chinh c6: Ky, =20; ®M >250° GM =10dB.

= Gels) s(si 2) =

Giai. Ham truyén khau hiéu chinh s6m pha can thiét ké& la:
1+aTs (a>1)
1+Ts

Ge(s)=Kc
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a:
4

N

1+aTs
C1+7Ts "s(s+2)

hé sau khi hiéu chinh 1

0 van toc cua

€ s0 van

A

Buéc 1: Xdc dinh K¢

H

2K,

(5)G(s) =lim sK

v =lim sGg
s-0

K

s-0

lif(j =10

K|
I
x>

<l

K

4
s(s +2)

Budéec 2

= KG(s) = 10.

Dét G]_ (S)

20
s(0,5s +1)
Bi€u do Bode ciia Gi(s) 1la du

G, (s)

=

ng lién nét ¢ dudng 6.22.

(o}

1
[ -

-20dB/dec ------

SRRIl

[

"~

8,83

s

10’

| b =

]
'
O‘)C

al

-

[~

+20dl§/c'iec‘ —_——

o
H-t ===t

RN

o, = 6,17

+180

ode cua Ge(s)

)

iR an
pleu ao b

Chu thich:

2

Biéu d6 Bode clia hé théng sau khi hiéu chinh

Bi€u d6 Bode ctia khau sém pha Ge(s)

Hinh 6.22 Biéu dé Bode ctia hé thong trudc va sau khi hiéu chinh sém

pha



208

CHUONG 6

Buéc 3: Tdn sé cdt cia hé trude khi hiéu chinh
|G (we)| =1

- _ 40 4

40
S — |
Jo (e +2)‘ oo +

- wp +4wE -1600=0

<

= W =6,17 (rad/sec)
Buéc 4: D6 duy trit pha ciia hé khi chua hiéu chinh
OM =180 + ¢, ()

—  OM =180°+ arg[#} =180° - {90" + arctar[ﬁﬂ
Joe (Jo +2) 2

= oM =180°—[90°+arctan[6'—217ﬂ =180°-90°-"72°
= OM=18°
Budc 5: Géc pha can bu
Opax =PM —OM +0 (chon 6=5°)
= Opnax =H0°-18°+5°
= Onax =37°

Budéc 6: Tinh a
_1+sin¢y,y _1+sin37°
1-sin¢,,x 1-sin37°

Buéce 7: Tinh tdn sé cdt méi
Gy ()| =
Ja

40 _ 1 40 _ 1
Jox (jok +2)‘ J4 Wo(wp)2 +4 V4
o (0)* +4(wp)? 6400 =0

<=

= wp =8,83 (rad/sec)
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Buée 8: Tinh T

ro_ 1 1
W (8,83)(4)

= T =0,057
= aT =4x0,057=0,228
1+0,228s

Vay:  Gn(s)=10
ay: Gel$) =105 76

Budc 9: Kiém tra lai diéu kién vé bién do

Vi tan s6 cdt pha w_; trudc va sau khi hiéu chinh déu bing
vO cung nén do du trd bién cia hé truéec va sau khi hiéu chinh
déu bang v cung (>10dB).

Két luan: Khau hiéu chinh can thiét k& 1a c6 ham truyén nhu trén. ®
6.4.2 Hiéu chinh tré pha

Ham truyén khau hiéu chinh s6m pha can thiét ké& c6 dang:
1+aTs (a<1)
1+Ts

Ge(s)=K¢

Bai todn dit ra la chon gid tri K¢, o va T dé ddp Ung cta hé
thong théa man yéu cAu vé do du trd bién, d6 du trit pha va sai
s6 xac lap.

Nguyén tic thiét k&€ khau hiéu chinh tré pha dung biéu dé
Bode 1a chon hé s6 khuéch dai K. dé hé thong théa man yéu ciu
vé sai s0 xdc lap, sau d6 chon vi tri cuc va zero ciia khau tré pha
dé lam gidm bién d6 6 mién tan s cao, bang thong cia hé thong
sau khi hiéu chinh tré pha bi thu hep, nhé d6 ma dat yéu cau vé
d6 du trit pha va do du trit bién. Cac budc thiét k& dudi day cu
thé héa nguyén tic trén.

Trinh tu thiét ké

Khéu hiéu chinh: Tré pha
Phuong phdp thiét ké: Biéu dé Bode

Buée 1: Xdc dinh Ko dé théa méan yéu cau thiét k& vé sai so
xac lap

Bude 2: Dat G,(s) = KG(s). Vé bidu do Bode ciia Gy(s)
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Buéc 3: Xdc dinh tdn sé cdt bién wy cla hé sau khi hiéu
chinh tir diéu kién:
01(0p) =-180°+ DM +8
trong d6 ®M~ 1a d6 du trit pha mong mudn, 6=>5°+20°
Budc 4: Tinh a tu diéu kién:
, y oy 1
Li(we)=-20lga  hode  |Gy(jue)=
Buéc 5: Chon zero ciia khdu hiéu chinh tré pha sao cho:

i<<oo’c = aT

aT

Buéc 6: Tinh hdng sé thoi gian T
l =Q L = T
T aT

Budc 7: Kiém tra lai hé thong c6 théa man diéu kién vé do
du trit bién hay khong? Néu khong théa mén thi trd lai budc 3.

Chu y: Trong truong hop hé théng qud phic tap khé tim
dugce 101 gidi giai tich thi ¢6 thé xdc dinh ¢;(w;), & (bude 3) va
L,(0) (buéc 4) bang cdach dua vao biéu do Bode.
Vi du 6.1. Thiét ké khdu hiéu chinh tré pha dung phuong phdp
biéu dé Bode.

Hay thiét k& khau hiéu chinh tré pha sao cho hé théng sau

khi hiéu chinh c6: Ky, =5; ®M 240, GM >10dB.

R(s) 1 C(s)
Gels) s(s + 1)(0,55 + 1)

Giai. Ham truyén khau hiéu chinh tré pha can thiét ké& la:
1+aTs

Ge(s)=K¢ 1+ 7Ts

(a<1)

Buéc 1: Xdc dinh K¢

Hé sé van toc cia hé sau khi hiéu chinh 1a:

1+aTs 1 _
1+Ts s(s+1)(0,5s+1)

Ky =lim sGq(s)G(s) =lim sK K.
s-0 s-0
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s(s+1)(0,5s +1)

THIET KE HE THONG DIEU KHIEN LIEN TUC
5.

I(C =5

s(s+1)(0,56s +1)

Biéu d6 Bode cua Gy(s) (H.6.23)

v o=
=KcG(s)

K

G (s)

= 1{0
Budc 2
bat: Gy(s)
=
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0
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[o¢] © < (8] o N < [e>] (s2] o) N~
¥ + ¥ + Q | _ - - o

Biéu dé Bode clia G,(s)
--------- Biéu d6 Bode clia khau sém pha Gy(s)

— ——— Biéu dé Bode cla hé théng sau khi hiéu chinh
Hinh 6.23 Biéu dé Bode ctia hé thong truéc va sau khi hiéu chinh tré pha

Chu thich:
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Buéc 3: Xdc dinh tdn sé cdt méi

Cdch 1: Tim wy bang phuong phdp gidi tich. Ta cé:

=

=

01(wc) =-180°+®M +6
-90° —arctanfy )y arctanq fw, F-180°+40°+5°
arctanfy, 3 arctany jw, F45°
(""C)J’(Oﬁ‘*"g) =tan@5°)=1
1-0,5(wp)
0,5(0 )? +1,50 —1=0
we =0,56 (rad/sec)

Cdch 2: Dua vao biéu dé Bode
Ta c6: ¢;(we)=-180°+DM +8

=

=

¢ (W) =-180° +40+5
b1(0) =-135°

Vé dudong thing c6 hoanh do —135°. Hoanh d6 giao diém cia
dudng thing nay véi bi€u d6 Bode vé pha ¢,(w) chinh 1a gid tri

tdn s6 cit mdi.
Theo hinh 6.23 ta thdy: o, =0,5 (rad/sec)

Budc 4
Cdch 1: Tinh o tu diéu kién:
1
Gy (jo ) ==
[Gi(iee)| = -
5 !
- =
s(s +1)(0.55+1),_;y @
= 5 |:1
j0,56(j0,56 +1)(0,5% j0,56 +1) a
5 1
- -
0,56(:/0,562 +1)(4/0,282 +1) @
5 -1 o 4=0133

0,566%x1,146%x1,038 «
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Cdch 2: Tinh o tit didu kién: Ly (i) = —201g @
Dua vao biéu d6 Bode ta thay: L,(0x)=18dB
Suy ra: 18=-20Iga

= lga=-0,9
=N a=10"%9
= a=0,126

Ta thdy gia tri a tinh theo hai cach khong sai khac nhau
ddng ké. O cdc bude thiét k& ti€p theo ta st dung gid tri
a=0,133.

Buéc 5: Chon zero ciia khdu tré pha

1
— << wp =0,56
aT “e

Chon — = 0,05
aT

= aT =20
Budc 6: Tinh thoi hdng T
% = G% =0,133x0,05=0,067
= T =150
(205 +1)

Vay: G =5
ay c(s) (1505 + 1)

Budc 7: Kiém tra lai diéu kién bién do

Dua vao biéu d6 Bode ta thay dd du trit bién sau khi hiéu
chinh la:  GM =10dB

K&t luan: Khau hiéu chinh via thiét k& dat yéu cau vé do du
tri bién.

Nhan xeét

Qua hai vi du thiét k& khau hiéu chinh sém pha va tré pha
dung phuong phap biéu d6 Bode ta c6 nhan xét sau:

- Néu G(s) 1a hé bac hai thi bai thiét k& khau hiéu chinh sém
pha va tré pha hoan toan cé thé gidi duge bing cdc cong thic
gidi tich, buéc vé biéu d6 Bode khong that su cAn thiét.
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- Néu G(s) 1a hé bac ba tré 1én thi cdc cong thic gidi tich dé
tim tin s6 cat bién, tdn s6 cit pha, do0 du tri bién, do du tri
pha.. tré nén phic tap, trong trudng hgp nay nén vé biéu do Bode
va xdc dinh cédc thong s6 dua vao biéu d6 Bode vira vé.

Biéu d6 Bode bién do dugc vé bing cdc dudng tiém can, biéu
dé Bode vé pha dugc vé bang cdch phan tich dinh tinh va thay
mot s6 gid tri tdn s6 w biéu thic ¢(w) dé cé gid tri dinh lugng.

- Dé y bing thong cia hé sau khi hiéu chinh sém pha va tré
pha. Sau khi hiéu chinh sém pha bing thong ctia hé théng dugc
mé rong, ddp ing ctia hé d6i v6i tin hiéu tan sé cao tot hon, dédp
ting qua d0 dugc cdi thién; trong khi d6 sau khi hiéu chinh tré
pha bing thong ctia hé théng bi thu hep, ddp tng ctia hé d6i véi
tin hiéu tan s& cao kém di, d4p ing qud do ctia hé thong bi cham
lai. Vi vdy can nhdn manh ring hai khau hiéu chinh sém pha va
tré pha c6 diac diém hoan toan khac nhau, khong thé st dung 1an
1on dugec.

6.5 THIET KE BO DIEU KHIEN PID

Bo6 diéu khién PID 1a trudng hop dic biét cia hiéu chinh s6m
tré pha nén vé nguyén tic c6 thé thiét k& by diéu khién PID
biéng phuong phap dung QDNS ho#c dung biéu dé Bode.

Mot phuong phap khéc cing thuong dung dé thiét k& by diéu
khién PID la phuong phdp gidi tich. Sau day 1a mot vi du:

Vi du 6.10. Cho hé théng diéu khién nhu hinh vé:
> Crio(®) 2 + 110(;o+ 100 =%

Hay xac dinh thong sé cta by diéu khién PID sao cho hé
théng théa man yéu cau:

- Hé c6 cap nghiém phtc v6i £ =0,5, w, =8

- Hé s6 van toc Ky = 100.
Giai: || Ham truyén bo diéu khién PID can thiét ké:

GC(S):KP +ﬁ+KDS
S
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. Hé s& van toc cla hé sau khi hiéu chinh:

) . K 100
Ky =1im sGa(s)G(s) =lim s| Kp +—L + K sj(—j
v =lm c(8)G(s) lim ( P 8 || 21108 2100

= KV =KI
Theo yéu cau dé bai Ky = 100 nén suy ra:
K, =100

Ll Phuong trinh ddc tinh cia hé sau khi hiéu chinh la:
1+Gp(s)G(s)=0

- 1+(KP +&+KDSJ(
s

100 j
s2 +10s +100

o s(s? +10s +100) +100(Kps®> + Kps + K;) =0

- s +(10+100Kp)s® + (100 + 100K p)s + 100K; =0 (1)

Dé hé thong cé cap cuc phic véi £€=0,5, w, =8 thi phuong
trinh déc tinh (1) phai c6 dang:

(s+a)(s? +28w,s + W) =0

- (s+0t)(s2 +8s+64)=0

= $2+(a+8)s® +(8a+64)s+64a=0 (2)

Can bing cédc hé s6 hai phuong trinh (1) va (2), suy ra:

10+100K, =a +8
100 +100Kp =8a + 641

100K; = 64a
Vé6i K; = 100, gidi hé phuong trinh trén ta ducc:
a =156,25
Kp=12,14
Kp =154
Vay ham truyén ctia khau hiéu chinh PID can thiét ké& la:
Ge(s) =12,64+@+1,54s [
s

B6 diéu khién PID dugc st dung rat rong rii trong thuc t& dé
diéu khién nhiéu loai d6i tuong khac nhau nhu nhiét do 1o nhiét,
téc do dong co, muc chat 1éng trong bon chia... do né c6 kha
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niang lam triét tiéu sai sd xdc lap, ting toc do ddp dng qud do,
gidm d6 vot 16 néu cdc thong s6 ctia bo diéu khién dugc chon lua
thich hgp. Do tinh théng dung cia né nén nhiéu hiang san xuit
thiét bi diéu khién da cho ra doi cdc bd diéu khién PID thuong
mai rat tién dung. Trong thuc t& cdc phuong phdp thiét k& bo
diéu khién PID dung QDNS, biéu d6 Bode hay phuong phdp gidi
tich rat it dugc st dung do su khé khin trong viéc xay dung ham
truyén cta d6i tugng. Phuong phap phé bién nhat dé chon thong s&
cho c4dc bdo diéu khién PID thuong mai hién nay la phuong phap
Zeigler-Nichols.

Phuong phap Zeigler-Nichols

Phuong phédp Zeigler-Nichols 12 phuong phap thuc nghiém dé
thiét k& bo diéu khién P, PI, hoac PID biang cidch dua vao dap
ting qué do cta ddi tugng diéu khién. By diéu khién PID can thiét
ké& c6 ham truyén la:

Go(s)=Kp +EL 4+ Kps =K (1+l+TDsJ (6.30)
s Trs

Zeigler va Nichols dua ra hai cdch chon théng sé bo diéu
khién PID tuy theo dic diém cta ddi tugng.

Cach 1: Dua vao ddp dng qua do cua hé hé, 4p dung cho cac
doi tuong c6 ddp ing d6i véi tin hiéu vao 1a ham néc ¢6 dang chir
S nhu hinh 6.24, vi du nhu nhiét d6 1o nhiét, téc do dong co, ...

A

r(t)—> Dai tuong —

I —— N
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Hinh 6.24 Pap ung ndc cia hé hé c6 dang S
Thong s6 bo diéu khién P, PI, PID dugc chon nhu sau:

Théng sé

K T T
B6 DK P 1 D
P T, [(TyK) o 0
Pl 0,97, /(T,K) T/ 0.3 0
PID 1,2T, /(T;K) 2T, 0.5T

Vi du 6.11. Hay thiét k& bo diéu khién PID diéu khién nhiét do
cia 10 sdy, biét dic tinh qua d6 cha 10 sdy thu dugc tu thuc
nghiém c6 dang nhu sau:

c(t)

150 [======smemeoemennns s TP

1
1
|
1
1
|
1
|
I
1
|
|
4
1
I
I
1
]
|
t
I
I
1
1

Giai. Dua vao dap dng qud d6 thuc nghiém ta cé:

T; =8min =480sec

T, =24 min =1440sec
Chon thong s6 bd diéu khién PID theo phuong phap Zeigler-
Nichols:
T, 480
T; =2T; =2x480 =960sec
Tp =0,5T; =0,5%x480 =240sec

Kp=12 =1,2x3=3,6

Do d6: GPID(S) :KP [1 +TL+TDSJ =3,6[1+ 9 1

+ 2403j u
I Os

Cach 2: Dua vao dap ung qud do cta hé kin, ap dung cho cac
doi tugng c6 khau tich phan ly tudng, vi du nhu muc chit 16ng
trong bon chia, vi tri hé truyén dong dung dong co,... Pdp tng
quid do (hé hé) cha cdc doi tuong c6 khau tich phan ly tudng
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khong c6 dang nhu hinh 6.24 ma ting dén vé cung. D6i véi céc
doi tugng thudc loai nay ta chon thong s6 bo diéu khién PID dua
vao dap Ung qua do cta hé kin nhu hinh 6.25. Tang dan hé so
khuéch dai K cia hé kin ¢ hinh 6.25 dén gia tri gigi han K, khi d6
ddp Ung ra ciua hé kin & trang thai xac 1ap 1a dao dong 6n dinh véi
chu ky T

A

o ®_ K || éitiong =0

A c

WAWAWAWAWA

\/\/\(?\'/\/\

gh

—_

t

»
-

Hinh 6.25 Ddp ung ndc cia hé kin khi K = K,

Thong s6 bd diéu khién P, PI, PID dugc chon nhu sau:

56 oK Théng sé Ko T, T
P 0,5Kq, o 0
PI 0,45Kg), 0,83Ty, 0

PID 0,6Kgy 0,5Ty, 0,125T,,

Vi du 6.12. Hay thiét k& bo diéu khién PID diéu khién vi tri géc
quay cta dong co DC, biét ring néu si dung bo diéu khién ti 1&
thi bing thuc nghiém ta xdc dinh dugc khi K = 20 vi tri géc quay
dong co ¢ trang thai xdc lap 1a dao dong véi chu ky T = 1 sec.

h=20; T

Gidi. Theo di kién ctaa bai todn, ta ¢6: K o =1sec

i
Chon thong s6 bo diéu khién PID theo phuong phap Zeigler-
Nichols:

Kp =0,6K,;, =0,6x20=12
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T; =0,5T,;, =0,5x1=0,5sec
Tp =0,1257,;, =0,125x1=0,125 sec

Do d6: Gpyp(s) = Kp| 1+—— +Tps =12(1+ 1 +0,1253j »
Trs 0,5s

6.6 THIET KE HE THONG DIEU KHIEN HOI TIEP TRANG THAI

6.6.1 Piéu khién hoi ti€p trang thai

Cho d6i tugng diéu khién mé ta béi phuong trinh trang th4i:
x(t) = Ax(t) + Bu(t)
{C(t) = Cx(t)
Hé thong diéu khién hoi ti€p trang th4i (H.6.26) 1a hé thong
trong d6 tin hiéu diéu khién xdc dinh béi:
u(t) = r(t) — Kx(t) (6.32)

(6.31)

x(t) D c(t)

x(t) = Ax(t) + Bu(t)

K

Hinh 6.26 He¢ thong diéu khién hoi tiép trang thdi
Thay (6.32) vao (6.31) ta dugc:
x(t) = Ax(t) + B[r(t) — Kx()]
{c( t) = Cx(t)

{x(t) =[A - BK]x(?) + Br(?)

(6.33)
c(t) = Cx(t)

Thiét k& hé thong hoi ti€p trang thai 1a chon vécto hoi tiép
trang thdi K sao cho hé thong kin mé ta bdi biéu thic (6.33) thda
man yéu cau chat lugng mong mudn.

6.6.2 Tinh diéu khién dudc va quan sat dudgc

Dé c6 thé thiét k& dugc hé thong hoi ti€p trang théi (6.33)
diéu kién can 1a tdt cd cdc trang thai cla hé thong phai do luong
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duge (quan sit duge) va hé sin sang nhan tin hiéu diéu khién
(diéu khién dugc). Muc nay sé trinh bay cu thé vé khdi niém diéu
khién dugc va quan sat dugc ciing nhu céc kiém tra todn hoc dé
danh gid hé c6 thé diéu khién dugc va quan sdt duge hay khong.

1- Tinh diéu khién duoc

Heé théong (6.31) dugc goi 1a diéu khién dugc hoan toan néu
ton tai luat diéu khién u(¢) c6 kha nang chuyén hé tir trang thai
dau tai x(Z,) dén trang thdi cudi x(t;)bat ky trong khodng thoi

gian hitu han ¢, <t<¢,.

Mot cdch dinh tinh, diéu nay c6é nghia la hé thong c6 thé
diéu khién dugc néu mdi bién trang thai cia hé déu c6 thé bi dnh
huéng béi tin hiéu diéu khién u(t). Tuy nhién, néu mot hoidc vai
bién trang thdi khong bi dnh huéng bdéi u(t)thi cdc bién trang
thdi nay khong thé bi diéu khién béi u(¢) trong khodng thoi gian
hittu han va trong truong hop nay hé thong khong diéu khién
dugc hoan toan.

Dé& vi du vé hé thong khong diéu khién dugc hoan toan,
ching ta xét hé théng mo td bdi so dd6 dong tin hiéu & hinh 6.27.
Hé nay gém 4 trang thdi, chi c6 hai trang thdi x,(¢) va xs(¢) bi
anh hudng bédi u(t), con hai trang thai x3(¢) va x4(¢) khong bi dnh
huéng bdi u(t). Do d6 xs(t) va x4(t) khong thé diéu khién duoc,
diéu nay c6 nghia 1a u(t) khong thé lam thay d6i xs(t) va x4(¢) tir
trang thdi dau x3(0) va x4(0) dén trang thai cudi x3(tp) va x4ty
trong khoang thoi gian hitu han. Vi vdy hé khong diéu khién
dugc hoan toan.

Hinh 6.27 So do6 dong tin hiéu ciia mét hé théng
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khong diéu khién duoc hoan toan
Dé kiém tra tinh diéu khién dugc ctia hé théng (6.31) ching
ta thanh lap ma tran €, goi 1a ma tran diéu khién dugc:
& =[B AB A’B ... A"'B] (6.34)
Diéu kién can va da dé hé théng diéu khién dugc la:
rank®) =n (6.35)
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P6i v6i hé thong moét ddu vao mot dau ra (SISO) thi ma
tran € la ma tran vuéng cap n. Do d6 diéu kién (6.35) tré thanh:

det(@)#0 (6.36)
Vi du 6.13. Cho hé théng mo6 ta bdi phuong trinh trang thai:
{J'c(t) = Ax(t) + Bu(t)

c(t) = Cx(t)
. 0 1 5
trong d6: A= [_2 _3} B= {2} C= [1 3]

Hay ddnh gid tinh diéu khién dugc cia hé thong trén.
Giai. P6i véi hé bac hai, ma tran diéu khién dugc 1a:
% =[B AB]

e 02 S

Vi: det®)=-84%0

= rank(@)=2
Do d6 hé thong trén diéu khién dugc hoan toan.

2- Tinh quan sat duoc
Heé thong (6.31) dugc goi 1a quan sat duge hoan toan néu cho
tin hiéu diéu khién u(t) va dau ra c(t) trong khodng ¢,<t<t,ta

c6 thé xdc dinh dugc trang thai dau x(¢,).

Mot cach dinh tinh, hé thong la quan sat dugc néu mdi bién
trang thai cia hé déu dnh huéng dén dau ra c(¢). Thudong, ching
ta muén xdc dinh théng tin vé trang thdi cia hé thong dua vao
viéc do c¢(t). Tuy nhién néu ching ta khong quan sat dugc mot hay
nhiéu trang thai tir viéc do c(¢) thi hé khong quan sat duge hoan
toan.

Dé vi du vé hé khong quan st dugc hoan toan, ching ta xét
hé théng c6 so d6 dong tin hiéu & hinh 6.28. Hé nay gém bén
trang thai, trong d6 chi c6 hai trang thdi x,(¢) va x.(¢) 1a dnh
huéng dén c(t) nén c6 thé quan sat dugc. Hai trang thdi con lai
x3(t) va x4(t) khong dnh huéng dén c(¢) nén khong thé quan sat
dugc. Do d6 hé théng ¢ hinh 6.28 khong quan sat dugc hoan toan.
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X4(0) X3(0) X,(0) x4(0)

Hinh 6.28 So dé dong tin hiéu ciia mét hé thong
khoéng quan sdt duoc hoan toan

Dé y rang mic du hé thong ¢ hinh 6.28 khéng quan sat dugc
hoan toan nhung lai diéu khién dugc hoan toan vi tin hiéu diéu
khién u(¢) d4nh huéng dén tat cd cac trang thdi cia hé thong.
Ngugc lai, hé thong ¢ hinh 6.27 méc du khong diéu khién dugc
hoan toan nhung lai quan sat dudgc hoan toan do tat cd cdc trang
thdi ctia hé théng déu dnh huéng dén tin hiéu ra c(z).

Dé kiém tra tinh quan sat dugc ctia hé thong (6.31) ching ta
thanh 14p ma trdn @, goi 1a ma trdn quan sat dugc:

C
CA

o=| (6.37)
ca™t
Diéu kién can va da dé hé thong quan sat dugc la:
rank@) =n (6.38)

P6i véi hé thong mot ddu vao mot ddu ra (SISO) thi ma tran
©1a ma tran vuéng cdp n. Do d6 diéu kién (6.38) trd thanh:

det(@)z 0 (6.39)

Vi du 6.14. Hay d4nh gid tinh quan s4t dugc cia hé thong ¢ vi du
6.9.

Giai. Ma tran quan sat dugc cia hé théng ¢ vi du 6.9 la:

-
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[1 3]
== 0= =[ ! 3}
[1 3] 0 1 L6 -8
2 )
Vi: det(@)=10%0

= rank@)=2

Do d6 hé thong quan sat dugc hoan toan.

Tinh diéu khién dugc va quan sat dugc cé ¥ nghia rat quan
trong trong ly thuyét diéu khién hién dai, cdc tinh ch4dt nay
quyét dinh su ton tai ca 16i gidi cho bai todn diéu khién t6i uu.
Doc gid c6 thé tham khdo thém cdc tai lieu vé ly thuyét diéu
khién hién dai d€ nim dugc phan chiing minh diéu kién can va
dd dé hé thong diéu khién dugc va quan sdt dugc, dong thoi cé
dugc hiéu biét day di hon vé hai khdi niém quan trong nay.

6.6.3 Phuong phap phan bé cuc

Né&u hé thong (6.31) diéu khién dugc va quan sat duge thi cé
thé xdc dinh dugc luat diéu khién wu(t)=r(t) - Kx(t) dé phuong
trinh dac tinh cia hé hoéi tiép trang thai (6.33) c6 nghiém bat ky.

Phuong trinh dic tinh ctia hé hoéi ti€p trang thdi (6.33) la:

det[sI-A+BK]=0 (6.40)

Phuong phédp chon vécto hoi ti€p trang thai K dé phuong
trinh dic tinh (6.40) c6 nghiém tai vi tri mong mudén goi la
phuong phdp phan bé cuc.

Cé nhiéu cach thiét k& by diéu khién phan bé cuc, trong
quyén sach nay ching téi giéi thiéu hai cdch thudng st dung
nhAit.

Cdch 1: Tinh K bang céch cdn bing cdc hé sé clia phuong
trinh d#c trung. Cdch nay truc quan, dé hi€u hon cdc phuong
phdp khdc va ciing rdt dé 4p dung trong truong hop hé bac thdp
(bac ba tré xudng).

Trinh tu thiét ké

Bé6 diéu khién: Héi ti€p trang thai
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Phuong phdp thiét ké: Phan bé cuc bing ciach can bing cac
hé sé cta phuong trinh dic trung

Buéce 1: Kiém tra tinh diéu khién duge (va quan sat dugc).

- N&u hé khong diéu khién dugc thi két thic vi bai todn phan
b6 cuc khong cé 11 gidi.

- Né&u hé diéu khién dugc thi ti€p tuc buée 2.

Budc 2: Viét phuong trinh dic trung ctia hé théng hoi tiép
trang thai:

det[sI - A+ BK]=0
Buéc 3: Viét phuong trinh dic trung mong mudn:

|_| (s-p;)=0 (6.41)
1=1

trong d6 p; (i=1..n) 1a cdc cuc mong mudn
Buédc 4: Can bang cdc hé sé ctia hai phuong trinh dic trung
(6.41) va (6.42) sé tim dugc vécto hdi tiép trang thai K.

Vi du 6.15. Cho d6i tugng diéu khién mé td béi hé phuong trinh
trang thai:
{x(t) = Ax(¢) + Bu(t)

c(t) = Cx(t)
0 1 0 0
véi: A={0 0 1| B=3| C=[0 0 1]
-4 -7 -3 1

Hay xdc dinh luat diéu khién u(t)=r(¢)- Kx(¢) sao cho hé
thong kin c¢6 cap cuc phuc véi £=0,6; w, =10 va cuc thd ba la
cuc thuc tai —20.

Giai. Phuong trinh dic tinh ctia hé héi tiép trang thai la:
det[sI-A+BK]=0
1 00 0 1 0 0
= det|s|0 1 0|=| 0 0 1 |+|3|[k ky ks]|=0
0 01 -4 -7 -3 1
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s -1 0 0 0 0
< det 0 S _1 + 3k1 3k2 3k3 = O
_4 7 s+ 3 kl k2 k3
[ s -1 0
= det Skl s+ 3k2 -1+ 3k3 =0
(4+k T+ky s+3+kg
o S(s+3ky)(s+3+ky)—s(7+ky)(—1+3k3)+
+3ki(s+3+kg)—(4+Fk)(-1+3k3)=0
o 83 +(8+3ky +kg)s® + (7 +3k; +10ky — 21k3)s +
+(4 +10k; —12k3) =0 (1)
Phuong trinh dic trung mong mudn la:
(s +20)(s” + 28,5 + &) =0
= (s+20)(s®> +2x0,6x10s+10%)=0
- s%+32s% +340s+2000=0 (2)
Can bing cdc hé sé chia hai phuong trinh déc trung (1) va (2),
suy ra:

3+ 3k2 + k3 =32
7+ 3k, +10ky — 21k; =340
4 +10k; - 12k, = 2000

Giai hé phuong trinh trén, ta ducc:

ky =220,578
ky = 3,839
ks =17,482
Vay: K =[220,578 3,839 17,482 n

Cdach 2: Tinh K bing cdch 4p dung cong thic Ackermann.

Trong pham vi quyén sach nay ching ta chi 4p dung céng thic

ma

khong ching minh. Poc gid c6 thé tham khdo phan ching

minh céng thiic Ackermann trong cdc tai liéu vé ly thuyét diéu
khién hién dai.
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Trinh tu thiét ké

Bé6 diéu khién: Héi ti€p trang thai

Phuong phdp thiét ké: Phan bdé cuc dung coéng thic
Ackermann

Buéc 1: Thanh 14p ma tran diéu khién duoc:

&€ =[B AB A’B ... A"'B]

- N&u hé khong diéu khién dugc thi két thic vi bai todn phan
bo cuc khong cé 101 gidi.

- N&u hé diéu khién dugc thi tiép tuc budc 2.

Buéc 2: Viét da thic dic trung mong mudn:

n
®(s)=[](s-pi) =" +as" T+ ta, st a,
1=1

trong d6 p; (i=1..n) 1a cdc cuc mong mudn
Budc 3: Tinh K bing cong thic Ackermann:
K=[0 0 ... 1]¥'®(A)
Vi du 6.16. Thiét k& by diéu khién hoi tiép trang thdi phan bo
cuc 6 vi du 6.15 dung cong thic Ackermann.
Giai. Budc 1: Ma tran diéu khién dugc:
%=|B AB A’B|
ol [ o 1 o]fo] [o 1 o] o 1 oo

=3 0 0 13 0O 0 1)1 0 0 1|3
1 -4 -7 3|1 -4 -7 -3||-4 -7 -3||1

0 3 1
=13 1 -24
1 -24 53

Buéec 2: Da thic dic trung mong muén:
B(s) = (s +20)(s” +28w,s + )
= (s +20)(s® +2x0,6x10s +10%)
=  ®(s)=s® +32s% +340s + 2000
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Do d6: ®(A) = A2 +3242 + 3404 + 20001
3

0 1 0 0 1 0
dA)=| 0 0 1| +320 0 o0 1|+
4 -7 -3 4 -7 -3
0 1 0 100
+340 0 0 1/+2000{0 1 O
4 -7 -3 00 1

1996 333 29
= ®(A)=|-116 1793 246
-984 -1838 -1055

Budc 3: Tinh K dung cong thic Ackermann:
K=[0 0 1% 'oA4)

0 3 17'71996 333 29

=[0 0 1]|3 1 -24| |-116 1793 246
1 24 53] |-984 -1838 -1055

= K =[220,578 3,839 17,482] u

Ta thay vécto K tinh dugc theo cd hai cdch déu cho két qua
nhu nhau. Tuy nhién phuong phdp tinh theo coéng thic
Ackermann phdi thuc hién nhiéu phép tinh ma tran nén thich
hop dé& gidi bai todn trén mdy tinh hon 1a gidi bang tay. Cong
thic Ackermann dugc Matlab st dung dé gidi bai toan phan bd cuc.
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Phu luc: THIET KE HE THONG DUNG MATLAB

Phu luc nay gi6i thiéu cong cu Sisotool hd trg thiét k& hé
théng diéu khién tu dong cia Control Toolbox 5.0 chay trén nén
MATLAB 6.0. Poc gid can ndm viing 1y thuyét diéu khién tu dong
va tham khdo thém cdc tai liéu huéng din st dung cia MATLAB
mdi c6 thé khai thac hiéu qua cong cu nay.

Sisotool 1a cong cu gitp thiét k& hé thong diéu khién tuyén
tinh héi ti€p mot ddu vao, mot dau ra. Tat cd cdc khau hiéu
chinh trinh bay trong quyén sich nay nhu sém pha, tré pha, sém
tré pha, P, PI, PD, PID déu c6 thé thiét k& dugc véi su trg gidp
cia cong cu nay. CaAn nhan manh ring sisotool khong phai 1a bo
cong cu thiét k& tu dong ma chi 1a bd cong cu trg gidp thiét ké,
nguoi thiét k& phai hiéu ré 1y thuyét diéu khién tu dong, nim
dugc ban chat cha ting khau hiéu chinh thi méi st dung bd cong
cu nay dugc. Do phu luc nay chi mang tinh gidi thiéu nén ching
téi chi trinh bay mét vi du thiét k& khau hiéu chinh sém pha
dung QDPNS, cac khau hiéu chinh khéc c6 thé thuc hién tuong tu.

Vi du: Thiét k& hé thong diéu khién 6 vi du 6.4 dung
sisotool.

Trinh ty thiét k& nhu sau.
. N ” ’E Edit Wiew Compenzator Tools  winde
Bude 1: Khai bao doi tuong diéu khiéer TS . -
Erpnrt,.
>> G=tf(50,[1 5 0]); H=tf(1,1); Toolbax Prefersnces...
Buéc 2: Kich hoat sisotool il iR
* PFrint to Figure
Root Loc
>> sisotool; Ol Dy

Clia s6 SISO Design Tool xuat hién. |

Buéc 3: Nhap doi tuong diéu khién vao sisotool

Trong ciia s6 SISO Design Tool chon [File] - [Import ..] (xem
hinh bén). Ctta s6 Import System Data xudt hién. Thuc hién céc
buéc sau:

3.1. Pat tén hé théng tuy y (6 day tén hé thong dugc dit la
vi du 6.4).

3.2. C4u hinh hé théng diéu khién hién thi 6 géc trén, bén
phdi. C6 thé thay d6i cAu hinh diéu khién bang cdch nhdp chudt



230 CHUONG 6

vao nut nhan [Other ..].

Ban dau tdt cd cdc khdoi trong hé thong diéu khién déu cé
ham truyén bing 1, ta thay d6i doi tuong diéu khién (plant) l1a G,
cdm bién (sensor) la H, bo loc F (prefilter) bing 1, khau hiéu
chinh (compensator) C chua thiét k& nén ciing bing 1.

3.3. Sau khi thuc hién xong buéc 3.2 clta s6 Import System
Data nhu hinh trén. Nhap chuot vao nat [OK].

<) Import System Data [ x|
— Spztem Mame — SystermData —
Marne: I Thidu 6.4
— Import from N
S150 Models .
& wiorkspace M
C MAT file -~ | G= I G [Plant)
€ Simulink
i 3 | H= I H [Sensor]
F AT FlE Eme: = | F= I 1 [Prefilter)
Brawes I ﬂ - | C= I 1 [Compenszator]
QK. I Cancel I Help |

Buéc 4: Khao sat hé thong truée khi hiéu chinh
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<) 5150 Design for System Thi du 6.4 [_ (O] x|
File Edit ‘“iew Compenzator Tools “window Help
[Ty x 0 & 2t X|W
Current Compensatar
Clz) = |1 ‘ - H
- Fg
Foat Locus Open-Loop Bode Diagram
, 0
5 l P
& 1l
4 ]
=20
2 G M. Inf
H _apy | Freq: Inf
LN (N Stable loop
3 I
4 | 1120
- 1500
. T H P 35.7 deg
. ) ) ) ) H Aan Fredq: 6.25 radizec -
sy o g o e
Real Axis Freguency (radisec)
Imported model data. Right-click on the plots for design options.

Sau khi nhap chudt vao nidt [OK] & buée 3.3, cia s6 SISO
Design Tool xuit hién trd lai, trong clta s6 nay c6 cac thong tin sau:

- Ham truyén khau hiéu chinh hién tai bang 1.

- C4u hinh hé théng diéu khién hién tai 1la hiéu chinh né&i
ti€p, hoi ti€p am. C6 thé thay ddi cdu hinh hé thong diéu khién
biang cdch nhap chudt vao nat [+/-] va [FS].

- QDNS ctia hé théng chua hiéu chinh duge hién thi & do thi
bén trdi. Cdc chdm vuéng dé danh d4u vi tri cdc cuc hién tai cua
hé thong.

- Biéu d6 Bode cia hé théng chua hiéu chinh dugc hién thi &
dd thi bén phai, trén biéu dé Bode c6 ghi chi tan s cdt bién, tin
s6 cit pha, do du tri bién, do du tri pha.

- C6 thé xem dap Ung cia hé thong trudc khi hiéu chinh bing
ciach chon [Tool]-[Loop Responses ..]-[Plant Output (Step)].
Quan sat ddp tng cia hé théng ¢ hinh duéi day ta thay do vot 16
khodang 30%, thoi gian qud dé6 khoang 1.5 giay.
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hi du 6.4

Toolz Window Help

Loop Re

Continuous/Dizcrete Conversions. .. Control Signal [Step)]

Dirave Simulink. Diagram. .. Compenszator Bode

Cloged-Loop Bode |—-
IFS)

Open-Loop Myquist
Open-Loop Michols

sz o]
| 20 | i Custom...

<} LTI Viewer for SIS0 Design Tool |_ (O] x|
File Edit ‘window Help

Step Response
1.4 T T T T

08 - B

Amplitude

04+ g

02 —

Time (sec)

| Right-click on the plat areas for more options. |

Buée 5: Thiét ké khau hiéu chinh sém pha dung QPNS

Foot Locus
. ; ; . . , 20
gt | | 4 |
FeaPol
B Delete PolesLero Complex Pole
al Edit Compensatar... |ntegrator
51 Design Conztraints. . Feal Zero .
Garid Complex £era '2;: :
3 | a0 3 [hifferentiatar abie
2l Propeties. Sl |
Lag .
i Match
I -1&5F

Di chuyén chudt vao d6 thi QDNS va nhap nit chudt phai,
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mot menu xudt hién. D€ ¥ cdc tuy chon trén menu ¢ hinh bén ta
thady SISO Design Tool hé trg thiét ké tat cd cdc khau hiéu chinh
thong dung trong ly thuyé&t diéu khién kinh dién nhu hiéu chinh
sém pha (Lead), tré pha. (Lag), sém tré pha (Notch), PD (Real
Zero), PI (Integrator + Real Zero), PID. (Integrator + Real Zero
+ Real Zero). Ngoai ra, ta con c6 thé thiét ké& cac khau hiéu chinh
khdc tuy theo su k&t hgp cia céc cuc thuc (Real Pole), cuc phic
(Complex Pole), tich phan ly tuéng (Integrator), zero thuc (Real
Zero), zero phiuc (Complex Zero), vi phdn ly tuéng (Differentiator).

Trong vi du nay ta chon [Add]-[Lead] d€ thém khau hiéu
chinh sém pha vao hé thong. Nhdp chudt vao mot vi tri tuy chon
trén truc thuc cia QDNS dé€ xdc dinh vi tri cla cuc, vi tri zero
SISO Design Tool sé& gan tu dong ndm gan géc toa do hon cuc.

Ta thay sau khi thém vao khau s6m pha QDNS ctia hé thong
bi stta dang. Bay gio ta dung chudt di chuyén vi tri cuc va zero
sao cho QPNS di qua cuc mong muén 3;,2 =-10,5% ;10,5 (xem lai

vi du 6.4 dé biét cach tinh cuc mong muén nay). Chd y 1a khi di
chuyén vi tri cuc va zero ta phdi luon ddm bdo zero gan géc toa
do hon cuc thi khau hiéu chinh thiét k& méi 1a khau hiéu chinh
sém pha.
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Sau khi di chuyén cuc dén vi tri —28.2 va zero dén vi tri —
7.91 ta thady QDNS di qua cuc mong muén (hodc chinh xdc hon la
gin qua cuc mong muén, xem hinh bén trdi). P& y hé sé khuéch
dai ctia khau hiéu chinh bay gio van la 1 (ham truyén cda khau
hiéu chinh nidm trong khung [Current Compensator]).

Di chuyén chudt dén vi tri cuc hién tai ctia hé thong (chdm vudng
d6) va doi vi tri cuc nay dén gan cuc mong mudn 3;,2 =-10,5+ j10,5.
Khi di chuyén vi tri cuc thi hé s6 khuéch dai clia khau hiéu chinh
thay d8i. Khi vi tri cyc dén s, =-10,7+ j10,7 thi hé s& khuéch
dai cia khau hiéu chinh 1a 6.82 (vi tri cuc hién thi trong khung
trang théi phia duéi d6 thi QPNS, xem hinh bén phai ).

<} 5150 Design for System Thi du 6.4 <) S150 Design for System Thi du 6.4
File Edt Yiew Compensator Tools "indow Help File Edt “iew Compenszator Tools ‘window Help
[ x 0 % & | T XN [y x 0 ¥ [Tz XK
Current Compenzator Current Compensatar
[z+7.91) [z2+7.91)
Clz) = I 1 W ooz Clz) = I .82 ¥ e
’7[ ] [s+28.2) o [s+28.2)
Root Locus Root Locus
T T T T | T
40 ' 1]
1 I
30 ] ]
1 I
20 ' 3
10 . | |
1 1
Of ---x= 4 41
ol vl
0 W .
1 1
-20 i E
| e e
) E '
1 1
40 :. '
n , , . . L M , L n , . o
S0 an s SOR S ) -5 0 -25 -20 -13 -10 -2 0
Real Axis Feal Axis
Loop gain changed to 1 Drag thiz closzed-loop pole along the locus to adjust the loc

Current location: 107 + 10071 Damping: 0709 Matur:
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Buéc 6: Kiém tra lai dap #ng cua hé théng

Chon [Tools]-[Loop Responses]-[Plant Output (Step)l, dap
ting chia hé thong sau khi hiéu chinh hién thi trén ctra s6 LTI
Viewer. Quan sat d4p tng ta thdy hé thong sau khi hiéu chinh cé
do vot 16 nhé hon 20%, thoi gian qua do6 khoang 0.5 gidy, théa
man yéu cau thiét ké.

Vay ham truyén ctia khau hiéu chinh sém pha la:
(s+7,91)

G (s)=6,82 o 250)

<} LTI Viewer for 5150 Design Tool M=l EI
File Edit Window Help

Step Responze

Amplitude

|
0 0.1 02 0.3 0.4 05 0E
Time [sec)

Fight-click an the plot areaz for more options.
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Chuong 7

Mo Tf\‘TOI-'\N HOC HE THONG
PIEU KHIEN ROI RAC

7.1 HE THONG DIEU KHIEN RGI RAC

7.1.1 Khai niém

Chuong nay dé cap dén mot loai hé thong diéu khién cé hoi
tiép, trong d6 tin hiéu tai mot hay nhiéu diém 1a mot chudi xung,
khong phai 1a ham lién tuc theo thoi gian. Tuy thudéc vao phuong
phép lugng ti héa tin hiéu ma ta cé cdc loai hé théng xi 1y tin
hiéu khac nhau. Phuong phap lugng tir héa theo thoi gian cho tin
hiéu c6 bién d9 lién tuc, thoi gian roi rac. Hé thong xi ly loai tin
hiéu nay dugc goi 1a hé thong roi rac. Néu phép lugng tir héa
dugc tién hanh theo thoi gian va cd theo bién do thi két qua
nhan dugc 1a tin hiéu s6. Hé thong xu ly tin hiéu s6 goi 1la hé
théng s6. Trong hé théng roi rac va hé thong so, thong s6 diéu
khién - bién dd cta tin hiéu chi xuat hién tai cdc thoi diém roi
rac cdch déu nhau ding bang mot chu ky 14y méu tin hiéu. Vi cé
thoi gian tré tat yéu do 14y mau, viéc 6n dinh hé thong tré nén
phtc tap hon so v6i hé lién tuc, do d6 doi héi nhing ky thuat
phan tich va thiét ké& dic biét.

Su phat trién manh mé cia ky thuat sé, k§ thuat vi x 1y va
ky thudt mdy tinh lam cho ngay cang c6 nhiéu hé thong diéu
khién s6 dugc st dung dé diéu khién cdc doi tuong. Hé thong
diéu khién s c6 nhiéu uwu diém so v6i hé thong diéu khién lién
tuc nhu uyén chuyén, linh hoat, dé dang dd6i thuat todn diéu
khién, dé dang 4p dung cac thuat todn diéu khién phic tap bang
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cdch lap trinh. Mdy tinh s6 con c6 thé diéu khién nhiéu doi
tugng cung mot lic. Ngoai ra, gia may tinh ngay cang ha trong
khi d6 toc do xu ly, do tin cdy ngay cang tidng lén cling gép phin
lam cho viéc st dung cdac hé thong diéu khién s6 tré nén phd
bién. Hién nay cdc hé thong diéu khién s6 dugc st dung rat rong
rai, ti cdc bo diéu khién don gidn nhu diéu khién nhiét do, diéu
khién dong co DC, AC,... dén c4dc hé théng diéu khién phic tap
nhu diéu khién robot, mdy bay, tau vi tru, cdc hé théng diéu
khién qua trinh cong nghé héa hoc va cdc hé thong tu dong cho
nhing itng dung khac nhau.

up(t B
D/A 801 psi tugng

r(kT) u(kTL

May tinh s6
A

Cry(KT)

A/D - Cam bién |-

Hinh 7.1 So dé khéi hé théng diéu khién sé

Hinh 7.1 trinh bay so d6 khoi ctia hé thong diéu khién so
thuong gip, trong hé théng c6 hai loai tin hiéu: tin hiéu lién tuc
c(t), ug(t) va tin hiéu sé6 rkT), cp(kT), u(kT). Trung tdm cua hé
théng 1a mdy tinh s§, mdy tinh cé chic ning xi ly thong tin
phan hoi tif cAm bién va xudt ra tin hiéu diéu khién d6i tugng. Vi
cdm bién va doi tuong la hé thong lién tuc nén can st dung bd
chuyén d6i A/D va D/A d€ giao ti€p v6i may tinh. Do d6 dé phan
tich va thiét k& hé thong diéu khién s6 trudc tién ta phai mo ta
todn hoc dugc qud trinh chuyén d6i A/D va D/A. Tuy nhién, hién
nay khong c¢6 phuong phdp nao cho phép mé ta chinh xdc qua
trinh chuyén d6i A/D va D/A do sai s6 lugng ti héa bién do, vi
vay thay vi khdo sat hé thong s6 ¢ hinh 7.1 ta khdo s4at hé roi
rac ¢ hinh 7.2

kT kT
u» XU ly ri rac u( L

Gilr di liéu »| Dai tugng

A
Cry(KT)

LAy mau |« Cam bién |-
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Hinh 7.2 So db khéi hé théng diéu khién roi rac
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Trong quyén sich nay, ching ta phdt trién cdac phuong phép
phan tich va thiét k& hé thong diéu khién lién tuc cho hé thong
diéu khién roi rac. Néu do phan gidi cia phép lugng ti héa bién
do dd nhé dé c6 thé bd qua sai s6 thi ta c6 thé xem tin hiéu s6 1a
tin hiéu rdi rac, diéu d6 c6 nghia 1a ly thuyét diéu khién roi rac
trinh bay trong quyén nay hoan toan cé thé 4p dung dé phan tich
va thiét k& cdac hé thong diéu khién sd.

7.1.2 Pac diém 14y miu

X(t) Pl | X'

R

e

—

x*()A
e
/{
s
%
I
T

s(t) A

- T~
- ~
~

~
~N,

~
~
~ -
]‘ \i—_-r

—

2T 3T 4T 5T 6T 7T 8T

—_

—

0 T 2T 3T 4T 5T 6T 7T 8T
Hinh 7.3 Qud trinh ldy mdu di liéu

LAy mau la bién d6i tin hiéu lién tuc theo thoi gian thanh
tin hiéu roi rac theo thoi gian. Xét bd 14y miu c6 dau vao la tin
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hiéu lién tuc x(2) va du ra la tin hiéu roi rac x*@) (H.7.3). Qua
trinh 14y mau c¢6 thé mé ta bdi bi€u thiic todn hoc sau:
x*(t) = x(t).s(t) (7.1)
trong d6 s(t) 1a chudi xung dirac:

+o00

s(t)= > 3t -kT) (7.2)
k=—c0
Thay (7.2) vao (7.1), dong thoi gid st rang x(¢) = 0 khi t < 0,
ta duogc:

+o00

x*(t) =) x(t)8(¢ - kT)
k=0

= x*() = Y x(RT)d(t - kT) (7.3)
k=0

Bién doi Laplace hai vé& phuong trinh (7.3) ta dugc:

X*(s)= i x(ET)e ™™ (7.4)
k=0

Biéu thic (7.4) chinh 1a biéu thic todn hoc méd td qud trinh
14y mau.

Dinh ly Shanon: D& c6 thé phuc hédi dit liéu sau khi 14y mau
ma khong bi méo dang thi tan s6 14y mAu phai théa man diéu kién:

f= % > of, (7.5)

trong d6 f. 1a tAn s cit cha tin hiéu can 14y mau.

Trong cdc hé thong diéu khién thuc t&, néu c6 thé bé qua
dugc sai s6 lugng tit héa thi cdc khau chuyén déi A/D chinh 1a céc
khau 14y mau.

7.1.3 Khau git da liéu

Khau giit dit liéu 1a khau chuyén tin hiéu roi rac theo thoi
gian thanh tin hiéu lién tuc theo thoi gian.

Khau giit dit liéu ¢6 nhiéu dang khac nhau, don gidn nhat va

dugc st dung nhiéu nhat trong cdc hé théng diéu khién roi rac 1a
khau gi bac 0 (Zero-Order Hold - ZOH) (H.7.4).
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x*(t) Xg(t)

ZOH
x*(t) A A
r(t)
19
L t
> — >
0 T 2T 3T 4T 5T 6T 7T 8T 9T 0
Xg(t) A A
c(t)
. b 1
s, ! ! H !
Ve i 1 1 i N
Lo h
' ! ! i : | e~ -,
1 | 1 1 1 1 H T
i ' : i : | ! ' t t
0 T 2T 3T 4T 5T 6T 7T 8T 9T 0 T
a) b)

Hinh 7.4 Khéu gia bdc 0 (ZOH)
Ta tim ham truyén ctia khau ZOH. P& y rang néu tin hiéu
vao cua khau ZOH la xung dirac thi tin hiéu ra la xung vuéng c6
do rong bang T (H.7.4b). Ta cé:

R(s) =1 (vir(t) 1a ham dirac)

_ -Ts

C(s)=2Z {c)} =2 {u(®)-u(t-T)} :1—16‘713 _1l-e

s s s
Theo dinh nghia: Gy (s) :&
R(s)

_Ts _ 1
Do dé: Gop () = 17e 172 (7.6)
s s

Biéu thdc (7.6) chinh 14 ham truyén cta khau giit bac 0.
Trong cdc hé thong diéu khién thuc t&, néu c6 thé bd qua duogc sai
s6 luong ti héa thi cdc khau chuyén d6i D/A chinh 1a cdc khau
giit bac 0 (ZOH).

Nhan xét

Bing cdch st dung phép bién d6i Laplace ta c6 thé mo td qua
trinh 1ay mau va gitt dit liéu bang cdc biéu thic todn hoc (7.4) va
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(7.6). Tuy nhién cdc bi€u thic todn hoc nay lai chita ham e* nén
néu ta st dung d& mé td hé roi rac thi khi phan tich, thiét k& hé
thong sé gip nhiéu khé khén. Ta cAn mo td todn hoc khéc gidp
khio sat hé thong roi rac dé& dang hon, nhd phép bién ddi Z
trinh bay duéi day ching ta sé thuc hién dugc diéu nay.

7.2 PHEP BIEN D0I Z

7.2.1 Dinh nghia

Cho x(k) 1a chubi tin hiéu roi rac. Bién d6i Z cta x(k) la:
+00

X(2)=2{x(®)} = > x(k)z™* (7.7)

k=—c0

trong dé: z = e*° (s 1a bién Laplace)

Ky hieu: x(k) F X (2)
Néu x(k) = 0, Ok <0 thi biéu thic dinh nghia tré thanh:

X(2)=2{x(k)} = (k) 27 .8)
k=0

L Mién hoi tu (Region of Convergence - ROC)

ROC 1a tap hop tat cd cdc gia tri z sao cho X(z) hitu han.

U Y nghia cda phép bién ddi Z

Gia st x(t) 14 tin hiéu lién tuc trong mién thoi gian, 14y mau
x(t) v6i chu ky 1dy mau T ta dugc chudi roi rac x(k) = x(kT).

Biéu thic 14y mau x(t):

X*(s)= Z x(BT)e*Ts (7.9)
k=0

Biéu thic bién ddi Z:
+00
X(2)=> x(k)z™* (7.10)
k=0

Vi z = e™® nén vé& phai cia hai bidu thdc (7.9) va (7.10) 1a nhu
nhau, do d6 ban ch4t cia viéc bién déi Z mot tin hiéu chinh 1a roi
rac héa tin hiéu dé.
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L Phép bién ddi Z ngugc
Cho X(z) 1a ham theo bién phic z. Bién d6i Z ngugc cua X(z) 1a:
x(k) = L X (2)2*dz
2_]T[C

v6i C 1la dudng cong kin bat ky ndm trong mién hdi tu ROC cla
X(z) va bao goc toa do.

7.2.2 Tinh chat cta phép bién ddi Z

1- Tinh tuyén tinh

Néu: x, (k) Ao X, (2)
2y (k) 20 X, (2)
Thi: ayxy () + agxy (k) « 0 0, (2) + apX, (2) (7.11)

2- Doi trong mién thoi gian
x(k)

Y=

®

—e
—e
—e

~N—e

Ll

eeo‘[fz

Hinh 7.5 Lam tré tin hiéu k, mdu

Néu: x (k) <—§Da X(2)
thi: x(k-k,) - F0 270X (2) (7.12)
Nhén xét:

Né&u trong mién Z ta nhan X(z) v6i 2z % thi tuong duong véi
trong mién thoi gian 1a tré tin hiéu x(k) k, chu ky 14y mau.
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Vi x(k-1) B0 21X (2)
nén z ! duge goi 1a todn t 1am tré mot chu ky 14y mau.

3- Ti l¢ trong mién Z

Néu: x (k) <—§Da X (2)
thi: a*x (k) %0 X (a12) (7.13)

4- Dao ham trong mién Z

Néu: x(k) H%E—L X (2)

thie ka(r) oo, - X (&) (7.14)
dz

5- Dinh ly gia tri ddau

Néu: x (k) H%E—L X(2)

thi: x(0) =lim X (2) (7.15)
Z 00

6- Dinh ly gia tri cudi:

Néu: x (k) H%E—L X (2)

thi: x(w)=lim(1-271) X (2) (7.16)

z-1

7.2.3 Bién d6i Z cia cdc ham co ban 50

1- Ham dirac ;
1 néuk=0

0 néuk %0
Theo dinh nghia:

&k):{

\ S

of

+o00

z{a(k)} = Y 8(k)z* =5(0)27° =1
k=—x

Vay: 5(k) 0. 1 (ROC: toan bo mit phang Z)
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2- Ham ndc don vi 0y

Ham nac don vi (lién tuc trong mién
thoi gian):

vV~

@ 1 néut =20
u(t) = ]
0 néut<0 0

Lay mau u(t) véi chu ky 14y mau la
T, ta dugc:
1 néuk =0

k) =
(k) {0 néuk <0

Theo dinh nghia:

+o00

+00
2{u(k)} = Z u(k)z‘kZu(k)z_k =1+zl=z2+.  +2™
k=—00 k=0
N&u |27 <1 thi bidu thic trén 1a téng clda cap s6 nhan lui vo
han. Ap dung cong thic tinh tdng clia cdp s6 nhan lai vé han, ta
dé dang suy ra:
1 z
Zlu (k) = =
{ } 1-—2_1 z—-1
1 z

1-z7t z-1

(ROC: Izl >1)

Vay: u(k) < %EL

, t
3- Ham déec don vi "

Ham déc don vi (lién tuc trong mién 1
thoi gian):

vy~

t néut =20
r(t) = ’ of
0 néut<O

Lay mau r(t) véi chu ky 1ay mau la
T, ta dugc:
ET néuk =0
0 néuk<O0

= r(k) = kTu(k)
Ta tim bién d6i Z cta r(k) biang cach 4p dung tinh chat ti 1é
trong mién Z:

r(k) = {
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Ta cé:
u(k) o —1
1-z
-1
= ku(k) 50, —zi{ 1_1}= ad 5
dz |1-z (1 _ 2—1)
-1
= kTu(k) <_§E-L Tz 5 = ki 5
11 (-1
-1
Vay r(k)=kTu(k) -F0.—2 =12 _(®oC: 121 > 1)
(1-,1 (z-1)
4- Ham ma x04
Ham mi lién tuc trong mién thoi gian: 1 K
x(t) B e—at né’u t = O | \ t
0 néut<0 0 -
Lay mau r(t) v6i chu ky 1ay mau 1a T, )
ta duogc: . )*
e T neéuk =20 1+ .

x(k) = )
0 néeu k <0

= x(k) = e **Tuk)
Theo dinh nghia:

+o00 +o00

2{x(k)} = Z x(k)z¥ = Zx(k)z'k =1+e T2+ .

k=—c k=0
=1+ (eaTz)_l + (e“Tz)_2 + ...

. -1 . R . N N 2 o A~ P A
Néu ‘(eaTz) ‘<1 thi biéu thic trén la tong cda cap s6 nhan
lui vo6 han. Ap dung cong thic tinh téng cia cdp s6 nhan lui vo

han, ta suy ra: 2{x (k) = L - = z_ T
1 _ (eaTZ) z-e a
Vay: (e7aT )y (k) <—§E—I—» 1 =~

1-(eT2) z-e T

(ROC:1eT2| > 1 = |2] |7
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Két qua trén ta dé dang suy ra:
1 oz

—az’! z-a

a*u (k) H%D» !

7.2.4 Cac phuong phap tim bién ddi Z ngugc

Cho ham X (z), bai toan dit ra l1a tim x(%). Theo cong thic
bién déi Z ngudc, ta cé:
x(k) = L X (2)2*dz
2_]T[C
v6i C 1a duong cong kin bat ky nim trong ROC cia X (2) va bao
goc toa do.
Tim x(k) bing cong thic trén rat phic tap, thuc té& ta thuong
ap dung céc cach sau:
Cach 1: Phén tich X (z) thanh téng cac ham co ban, sau dé tra
bang bién doi Z

Vidu 7.1.Cho X(2)=—2— . Tim x(k).
idu (0] (Z) (2_2)(2_3) im x(k)
Giai. Phan tich X (g), ta duogc:
X( ): -z + Z
T2 z-3
Tra bang bién d6i Z:
aku(k) <_§[-l» z
Z2—Qa
Suy ra: x(k) = (2" + 3%)u(k) n

Cach 2: Phan tich X (z) thanh chubi liy thica
Theo dinh nghia bién déi z:

+00
X(2)=> x(k)z™ =x(0)z° +x(M) 2" +x(2) 27 +x(3) 27 + ...

k=0
Do d6 néu phan tich X (z) thanh téng cta chudi lay thia ta

sé dugc gid tri x(k) chinh 1a hé s6 ctia thanh phan ",
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s — z N
Vi du 7.2. Cho X (2) _—(z NG5 Tim x(k).

Giai. X(2)= & ==
(2-2)(2-38) 2%2-52+6

Chia da thuec, ta dugc:

X(2)=21+522+1922 +65272 +...

Suy ra: x(0) =0; x(1) = 1; x(2) = 5, x(3) = 19; x(4) = 65,... 1

Cach 3: Tinh x(k) bang cong thic dé qui

z
Vidu 7.3. Cho X = —  _ Ti k).
i du o X(2) Go2)G 3 Im x(k)
-1
Giai. Ta c6: X (2)= ad z ad

(2-2)(2-8) 2-5z+6 1-5z1+6272
— (1-521+622)X(2) =21
= X(z)- 522X (z) + 62_2X(z) =21

Bién déi Z ngugc hai v& phuong trinh trén (dé€ y tinh chat doi

trong mién thoi gian), ta dugc:
x(k) — 5x(k — 1) + 6x(k —2) =&k - 1)
= x(k) =bx(k-1) —6x(k-2)+ k-1
V6i diéu kién dau: x(k-1)=0; x(k-2)=0
Thay vao cong thic trén ta tim dugc:
x(0) = 0; x(1) = 1; x(2) = 5; x(3) = 19; x(4) = 65,...
Cach 4: Ap dung céng thice thang dw
x(k) = Z Res[zk_lX (Z)]tqi cde cuc clia 71X (2)
Néu Z,1a cuc bac mot thi:
Res[zk_lX(z)L:zo = (z —zo)zk_lX(z)‘Z:ZO

Néu 2, 1a cuc bac p thi:

Res [zk_lX (z)LzZO = e 1 0 ;pp__ll [(z -2, )p 21X (Z)]
“1)1 42
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s — z N
Vi du 7.4. Cho X (2) _—(z NG_3) Tim x(k).

Giai. Ap dung cong thic thiang du, ta duge:
x(k) = Resl_zk_lX (Z)JZ=2 + R&sl_zk_lX (Z)JZ=3
Ma:
U Restk_lX(z)Jzﬂ =(z —2)zk_1X(z)|zz2

-DG3)= = G-gl=2"

U Restk_lX (Z)Jz:3 =(z-3)*'x (z)|2:3

= (2-2)2*1

;| — Z—| _ :3k
(z-2)(z-3)""3 ~ (z-2)'=3
Do d6: x(k) = —2F + 3* -

= (2-8)2*1

7.3 MO TA HE THONG ROI RAC BANG HAM TRUYEN

7.3.1 Ham truyén cua hé roi rac

r(k) c(k)
—_— Hé théng rdi rac +—

Quan hé gitta tin hiéu vao va tin hiéu ra cua hé théng roi rac
dugc md ta bing phuong trinh sai phan:

a,c(k+n)+ajc(k+n-1)+...+a, c(k+1)+a,c(k)=

=br(k+m)+br(k+m-1)+...+b, r(k+1)+0b,r(k) (7.17)
trong d6 n = m, n goi la bac cia hé thong roi rac

Bién d6i z hai vé& phuong trinh (7.17) ta dugc:

a,2"C(2) +a,;2" 'C(2) +... +a,_12C(2) + a,C(2) =

= b,z2"R(2) +b;z2" 'R(2) +...+b,,_;zR(2) + R(2)

1

- [aozn+alz”_ +...+an_12+an}C(z)=

=[b2" +by 2"+ 4B,z +... +b, |R(2)
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C(z) _b2" + biz" 1+, +b, 12+b,
R(z) 2" +a2" "

+..+a, 2+a,

C(z) _bz™ +bz™ +...+b,_z+b,

bat: G(2) = =
' R(z) q,2" +a;2"!

(7.18)

+..ta, z+a,
G (z) dugc goi 1a ham truyén cia hé théng roi rac.
Ham truyén (7.18) c6 thé bién ddi tuong duong vé dang:

_C(z) _ztnm [bo bzt b, 2+ bmz'mJ

G(z) 1

= = (7.19)
R(z) a, +aqz b+ +a, 27" +a,z"

Hai cdch bi€u dién trén hoan toan tuong duong nhau, trong
thuc t& ham truyén dang thd hai dugc sit dung nhiéu hon.
Vi du 7.5. Cho hé théng roi rac mé ta bdi phuong trinh sai phan:
c(k+3)+2c(k+2)-5c(k+1)+3c(k)=2r(k+2)+r(k)
Tim ham truyén ctia hé thong.
Giai. Bién d6i Z hai vé& phuong trinh sai phan mé td hé thong, ta
dugc: 22C(2) +22%C(2) -52C(2) +3C(2) =222R(z) + R(2)

_C(2) _ 222 +1
- G(Z)_R(Z)_z3+222—5z+3
e G2)= C(z) _ P (2+z_2)

R(z) 1+221-522+3;73

7.3.2. Tinh ham truyén hé rdi rac tir s¢ do khéi

Khi thém vao hé thong lién tuc cdc khau 14y mau, khau gii
dir lidu (va bo diéu khién s6) ta dugc hé thong diéu khién roi rac.
Bai toan dat ra la tim ham truyén hé roi rac theo bién z tir so do
khoi c6 cdc khau 14y mau. Xét mot s6 so do thudng gép sau day:

1- Hai khéu néi tiép cach nhau boi khéau lay méu

-
1
I
1
1
I
1
1
I
1

Risy 7 RO | gy g Gyls) | S0

Hinh 7.6 Hai khdu néi tiép cdch nhau béi khdu ldy mdu



MO TA TOAN HOC HE THONG PIEU KHIEN ROI RAC 251

_C() _
G(z)= RG) G, (2)Gy(2) (7.20)

trong d6: G (z)= z{Gl (s)} ; Gyl(2)= z{Gz (s)}

Vi du 7.6. Cho G (s) = va Gy (s) = ! 5 Tim ham truyén tuong

s+ta s+
duong ctia hai hé thong cé so d6 khoi ¢ hinh 7.6.

Giai. Tra bang bién d6i Z, ta cé:

_ _ 1 | _ z
Gy (2) =2{G, (s)} —z{s+a} Re,

1 z

G =Z1G =z =
O
Do d6 dé dang suy ra:
22
G1 (Z)Gg (Z) = n

(z-eT)(z-e?T)
2- Hai khéu néi tiép khong cach nhau boi khau ldy méu

-----------------------------------------------------------

" C*(s)=C
Rs) ~ R(s) Gy(s) Gy(s) | C=0

Hinh 7.7 Hai khdu néi tiép khong cdch nhau bdi khdu ldy méu

G(2) =% = 4Gy (2) (7.21)

trong dé: G1Gy =2Z{G, (s) G, (s)}
Can cha y la:
Gy (2) Gy (2) =2{ G, (s)} 2{G, (8)} £ 2{G; (5) G, (s)} = G,G, (2)

Vi du 7.7 s& minh hoa diéu nay.

va Gy (s) =

Vi du 7.7. Cho Gy (s) = }_ 1 x Tim ham truyén tuong
sta

s+
duong ctia hai hé thong cé so d6 khoi ¢ hinh 7.7.

Giai. Tra bang bién dé6i z, ta cé:
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GGy (2) =2{G, (s)G, (s)} =2 {( ) (s +b)}

_ 1 1
_-z{(b a) (s +a) (a b) ( s-+b)}

:Z{(bia) (sia)}+z{(aib) (s+b)}
1 z 1 z

:(b—a) (z—e_aT)+(a_b) (z—e_bT)
Z( -bT _ —aT)
(b-a)(z-eT)(z-e?T)

R® rang két qud tinh ham truyén tuong duong cta hai hé
théng ¢ vi du 7.6 va 7.7 hoan toan khdc nhau. |

= G1Gy(2) =

3- Hé théng hoi tiep c6 khau lay mdu trong kénh sai s6

R(s) - T C(s)

— G(s) >

H(s) |-=

Hinh 7.8 Hé théng hoi tiép c6 khdu ldy mdu trong kénh sai sé

c(z) _ G(2)

G )= ) T Trer () (7.22)
trong d6: G(z)= 2{G(s)}: GH(z)=2{G(s).H(s)}
Trudng hop H(s) = 1 (hé thong hdi ti€p Am don vi) ta cé:
G, (2) = Clz) __G(2) (7.23)

R(z) 1+G(2)

Vi du 7.8. Cho G(s)= va H(s) = lb' Tim ham truyén tuong

s+a s+
duong ctia hai hé thong cé so d6 khoi ¢ hinh 7.7.
Giai. Thuc hién phép bién d6i Z tuong tu nhu da lam & vi du 7.6
va 7.7, ta dé dang tinh dugec:

G(2) = 2{G(s)) =z{sia}: :
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1 1 }: Z(e—bT_e—aT)
stas+bl (b-a)(z-eT)(z-e?7)

Thay vao cong thic (7.22) ta dugce:

GH (2) = 2{G (s) H (s)} = z{

_c(2)_ Gl _ (z—e_“T)
G o) = T eHG) (T )

b (b-a)(z-eT)(z-e?T)
(b—a)(z—e‘bT)z
G =
= Gi(2) (b —a)(z —e_“T)(z —e_bT) +z(e_bT —e_“T) .

4- H¢ thong hoi tiép cé6 khdu lay mdu trong vong hoi tiép

R() >| G(s) cQ)

.
H(s) |a—\—o

Hinh 7.9 Hé¢ théng hoi tiép c6 khdu ldy mu trong vong héi tiép

Truong hop nay khéng tim dugc biéu thic ham truyén, quan
hé gita tin hiéu vao va tin hiéu ra nhu sau:

RG(z)
Clz)=—"— (7.24)
1+GH (z)

trong d6: RG(z) = 2{R(s)G(s)}; GH(z)= Z{G (s) H (s)

5- Hé thong hoi tiép c6 cac khau ldy mau dong bo trong

nhanh thudn

R(s) a
4’% T
H(s)

Hinh 7.10 Hé théng héi tiép c6 cdc khdu ldy mdu dong bo

o)

0
o
0

A

trong nhdnh thudn
_C(2) _ G(2)
"R(z) 1+G(x)H(2)

trong dé: G(z) = Z{G(s)} . H(z)= Z{H(s)}

G, (2) (7.25)
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6- H¢ thong hoi tiép cé cac khau lady mau dong bé va cac
khdau néi tiép 6 nhanh thuan

R(s)

H(s) |-

Hinh 7.11 Hé théng héi tiép c6 cdc khdu ldy mdu dong bé va cdc khdu
ndi tiép ¢ nhdnh thudn
_C()_ G (2)Gy(2)
R(z) 1+G,(2)G,H(2)
trong do: G, (2) = Z{ Gy (s)} s Gy(2)= z{G2 (s)}

GoH (2) =2{G, (s) H(s)}

Gk (Z)

7- So doé dong tin hiéu - Cong thivc Mason cho hé roi rac

Cé thé mé rong khdi niém so dé dong tin hiéu da trinh bay
trong chuong 2 cho hé lién tuc dé 4p dung vao hé roi rac v6i mot
vai thay d6i nhé. P& st dung cong thic Mason cho hé roi rac can
dé€ y cdc nguyén tic sau day:

1 N&u khéng c6 bd 14y mau gitta dau vao R(s) va khau dau
tién trong vong thuan (vi du G(s)) thi khong thé tdch biét bién
déi Z ctia ddu vao va khau dau tién va ta luon cé s6 hang RG(Z).
Do d6 trong truong hop nay khéng thé tinh dugc ham truyén
bing ti 1& giita bién d6i Z tin hiéu ra va tin hiéu vao cha hé
théong.

. N&u mét khau trong vong thuian hay trong vong héi tiép
phan biét véi dau vao, dau ra cha hé thong va véi cdc khau khéc
béi cac bo 14y mau ¢ dau vao va dau ra cia né hoan toan doc lap
vé bién déi Z.

. N&u mét khau trong vong thuan hay vong héi ti€p khong
phan biét v6i cac khau ké& can hay v6i ddu vao ctia hé thong béi
bo 14y mau thi phdi thuc hién phép bién déi Z clia ham truyén
ké&t hgp cta hai khau hay gitta khau dé vé6i dau vao.

Dung 1y thuyét Mason va ba nguyén tic trén cho hé roi rac,
doc gid c6 thé kiém ching duge cdc cong thic tinh ham truyén da
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dan ra trong muc 7.3.2 nay.

7.4 MO TA HE THONG ROI RAC BANG PHUGNG TRINH TRANG THAI

7.4.1 Thanh lap phuong trinh trang thai tw phuong trinh
sai phan
1- V€ phai cua phuong trinh sai phan khéng chita sai phan
cta tin hiéu vao
Xét hé thong roi rac ¢6 quan hé gitta tin hiéu vao va tin hiéu
ra mo ta bdi phuong trinh sai phén:
c(k+n)+ac(k+n-1)+...+a, c(k+1)+a,c(k)=b,r(k) (7.26)
Chi y: O phuong trinh trén hé s6 a, = 1. Néu a, # 1 ta chia
hai v& cho a, d& dugc phuong trinh sai phan cé dang (7.26).
Tuong tu nhu da lam ddi véi hé lién tuc, ta dit cdc bién
trang thdi dé bién déi tuong duong phuong trinh sai phan bac n §
trén thanh hé n phuong trinh sai phan bac mot.
bat cdc bién trang thdi nhu sau:
x; (B) =c(k)
xp(B) =21 (R +1) = x5 (B)=c(k+1)
xg(R) =29 (E+1) = x5 (k) =c(k+2)

x, (k) =x, 1 (k+1)=x, (k) =clk+n-1)=x, (k+1)=c(k+n)
Thay vao phuong trinh (7.26) ta dugc:

x, (k+1) +ax, (k) +...+ a,_;x, (B) + a,x, (k) =b,r (k)

= x,(k+1)=-a;x, (k) -...—a,_1x5 (k) —a,x; (k) +b,r (k)

Két hgp phuong trinh trén véi cdc biéu thic dit bién trang
thai ta dugc hé phuong trinh sau:
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X (B+1) = Xy (%)
xo (B +1) = x5 ()

o (keD) =2, (1)
x, (k+1) =-a;x, (k)

—...—a,_1xq (k) —a,x; () +b,r (k)
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Viét lai dudi dang ma tran:

Fx (B+1) ] [ 0 1 0 .. 0 07 x0T 0]
xo (B +1) 0 0 1 ... 0 0 xo (k) 0
: = : : P o+ k)
%, (k+1) 0 0 0 .. 0 1 ||x,4()] |O
%, (k+1) | |-a, -a,q a5 ... —ay -a;| | x,(k) | |b,]

D4p tng cua hé thong:

[, (k) ]
x5 (k)
c(k)=x(k)=[1 0 ... 0 0] :
x,-1 (k)
| x, (k) |
bat:
[ xy (B) ] [0 1 0 .. 0 0]
xg (k) 0 0 1 .. 0 0
x(k) = : Ay =] ¢ : : o
%,_1 (k) 0 0 0o .. 0 1
_xn(k)_ |, 0,1 ~Qu_g ... —Qg —a|
0
0
Bg=|: Ca=[1 0 0 0]
0
L bo |

Ta dugc hé phuong trinh bién thai:
x(k+1)= A x (k) + B,r(k)
{c(k) =Cyx (k)
Vi du 7.9. Cho hé thong diéu khién roi rac mé td béi phuong trinh
sai phan: 2c(k+3)=c(k+2)+5c(k+1)+4c(k)=3r(k)
Hay viét hé phuong trinh bién trang thdi mé t4 hé thong.
Giai. Ta c¢6: 2c(k+3)=c(k+2)+5c(k+1) +4c(k) =3r(k)
= c(k+3)+0,5c(k+2)+2,5c(k+1)+2c(k) =1,5r(k)
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bat bién trang thdi nhu sau:
x; (k) =c(k)
xo (B) =x; (B +1)
xg (k) = x5 (R +1)
Hé phuong trinh bién trang thdi mé ta hé thong da cho la:
{x(k +1) = A x (k) + B,r (k)
c(k)=C x (k)
x; (k)
trong do: U x(k) = | x4 (B)
xg (k)
0 1 0 0 1 0
UAgq=1| 0 0 1 =10 0 1
—as —Qy —0p -2 -2,5 -0,5

0] [0
UBa=|0|=| 0
b,| |15

UCa=[1 0 0]

2- V€ phdi cuia phuong trinh sai phan cé chita sai phan cua
tin hiéu vao

Xét hé thong roi rac ¢6 quan hé gitta tin hiéu vao va tin hiéu
ra mo ta bdi phuong trinh sai phén:

c(k+n)+aic(k+n-1)+...+a, c(k+1)+a,c(k) =

= br(k+n)+br(k+n-1)+...+b, ;r(k+1)+b,r (k) (7.27)

Chu y: 0 phuong trinh trén hé sé a, = 1. Néu a, # 1 ta chia
hai v& cho a, d& dugc phuong trinh sai phan c6 dang (7.27)

bat cdc bién trang thdi nhu sau:

x; (B) =c(k) -B,r (k)

xo (k) =2 (B +1) —Byr (k)

x5 (k) = x5 (R +1) - Byr (k)

x, (k) =x,_; (R +1) -B,_r (k)
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Tt cdch dat bién trang thdi trén ta rat ra phuong trinh sau:
= x, (k+1)=-a,x; (k) —a, 1%, () —... —ayx,, (k) +B,r (k)
trong d6:
By = b,
B =61 a3,
B2 =by — 1Py —asby
B3 = b3 —a1By —asPy —ash,

By =04 =13 — 9By —agBy —a4B,

Br =0, —a1Bp1 —aoByg —agBy-3 ~ By —... ~ap1Br — @B,
Do d6 hé phuong trinh bién trang thai mé ta hé thong c6 dang:
{x(k +1) = A x (k) + B,r (k)
c(k)=C,x (k) + D,r(E)

trong d6:
EXON [0 1 .. 0 0]
x5, (B) 0 0 1 .. 0 0
x(k) = : Aq : : : P
%,_1 (k) 0 0 0 0 1
L Xn (k) i | 70p  TQp-1 TCp-2 Gy Q|
B
By
Bg=| : Ca=[1 0 0 0] D4 = B,.
Br-1
L B ]

Vi du 7.10. Cho hé théng roi rac mé td bdi phuong trinh sai phan:
2c(k+3)+c(k+2)+5c(k+1)+4c(k)=r(k+2)+3r(k)
Hay viét hé phuong trinh trang th4i moé tad hé théng trén.
Giai. Ta co:
2c(k+3)+c(k+2)+5c(k+1)+4c(k)=r(k+2)+3r(k)
= c(k+3)+0,5c(k+2)+2,5c(k+1)+2c(k)=0,5r(k+2)+1,5r(k)
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bat cdc bién trang thai:

x; (B) =c(k) -B,r (k)

xo (k) =21 (B +1) =By (k)

x5 (k) = x5 (R +1) - Byr (k)

= x5 (k +1) = —agx; (k) — agxy (k) — a5 () + By (B)
trong d6:

B, =6,=0

Br=b—af, =0,5%x0=0,5

By =by —ayf3 —asB, =0-0,5%x0,56-2,5x0=-0,25

By = by —a,By —ayB; —asB, =1,5=0,5%(-0,25)-2,5x0,5=0,375
Hé phuong trinh bién trang thdi c6 dang:

{x(k +1) = A x (k) + Byr (k)
c(k) =C,x (k) + D r(k)

trong d6:
x; (k) 0 1 0
x(k) = | x5 () Ag=[0 0 1
xg (k) -2 -2,5 -0,5
0,5
By =|-0,25 Ci=[1 0 0 D;=0 n
0,375

7.4.2 Thanh lap phuong trinh trang thai tir ham truyén
hé roi rac
Cho hé théng mo ta béi ham truyén:

G(z) = C(z) _b,2" +bz™ M+ +b, 2+b,
R(z) z'+a2"'+..+a,z+a,

(7.28)

Chi y: O ham truyén trén hé s8 a, = 1. Néu ap # 1 ta chia td
s6 va mau s6 cho a, d€ dugc ham truyén cé dang (7.28).

Cdch 1: Bién ddi tuong duong ham truyén vé dang phuong
trinh sai phéan:
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(7.28) = (z” ta 2" M+ ta, 2t an)C(z)
= (Be™ +b2™ +.. .+, 1z +b, ) R(2)
o clk+n)+ac(k+n-1)+...+a, c(k+1)+a,c(k) =
=br(k+m)+br(k+m-1)+...+b, _r(k+1)+b r(k)
Ap dung phuong phédp da trinh bay ¢ muc 7.4.1.2 ta rat ra
dugc hé phuong trinh bién trang th4i.

Vi du 7.11. Hay thanh l4p hé phuong trinh trang thai mo ta hé
théng c6 ham truyén la:

_ C(z) _ 22 +3
R(z) 222+22+5z2+4
Giai. Cdch 1: Ham truyén da cho tuong duong véi:
_C(2) _ 0,522 +1,5
R(z) 2%+0,522+2,52+2
o (23+0,5¢% +2,5¢+2)C(2)=(0,52% +1,5) R(2)
o c(k+3)+0,5c(k+2)+2,5c(k+1)+2c(k)=0,5r(k+2)+1,5r(k)
xem tiép 10i gidi da trinh bay ¢ vi du 7.10.
_C(z) _bz"+bz" 1+ . +b, 12+b,

R(z) z'+az" ' +..+a, z+a,

G(z)

G(z)

Cdch 2: Do G(z)

nén ta c6 thé dit bién phu E(z) sao cho:

C(z) = (b2 +by2"  +.. + b, 12 +b, ) E(2) (7.29)

R(2) =(zn +a,2" ! +...+an_1z+an)E(z) (7.30)
(7.30) = e(k+n)+aje(k+n-1)+...+a, je(k+1) +a,e(k) =r(k)

Ap dung phuong phédp da trinh bay ¢ muc 7.4.1.1, dit céc
bién trang thai:

x; (k) =e (k)

xo(B) =2 (k+1) = x5 (k) =e(k+1)

xg(R) =29 (E+1) = x5 (k) =e(k+2)

x, (B)=x, (B+1) = %, (B) =e(b+n-1) = x, (k+1) ze(k+n)
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Ta dugc phuong trinh:

[ xy (B+1) ] 0 1 0 ... 0 O01][x®] o
xy (B +1) 0 0 1 .. 0 0 xo (k) 0
: =| : : : : o+ r(R)
%, (B +1) 0 0 0 ... 0 1| |x,4()]| |O
| x,(k+1) | |-a, -a,q -a,5 ... —ay —a; | | x,(k) | |1]

(7.29) = c(k)=be(k+m)=be(k+m-1)+...+b,_je(k+1) +b,e(k)
= C(k) = boxm+1 (k) + b]_bm (k) +...+ bm_1x2 (k) + bmxl (k)

e ()
x5, (B)
= c(k)=[b, bpy ... by b, 0 ... 0] :
xn—l(k)
)
Tém lai ta dugec hé phuong trinh trang thai:
x(k+1)=A,x(k)+ B, (k)
{C(k) =C,x (k)
trong d6:
EXON [0 1 0 .. 0 0]
x5, (k) 0 0 1 .. 0 0
x(k) = : Ag=| : : : : :
%x,,-1 (k) 0 0 o ... 0 1
| x, (k) | |—a, -G, —Q,o ... —Gy —0Qp
o
0
B; = |: Ca= c(k)=[b, b, b b, 0 0]
0
_1_

Vi du 7.12. Cho hé théng mé ta béi ham truyén:

:C(z)_ 22 +3

G(z) =
R(2) 23+22+52+4
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Hay thanh lap hé phuong trinh trang thai.
Giai. Ham truyén da cho tuong duong véi:
_C(@)_  052°+15

R(z) 2%+0,52%+2,52+2
Pit bién phu E(z) sao cho:
{C(z) =(0,522 +1,5) E(2)
R(z)=(23+0,522 +2,52 +2) E(2)

{c(k) =0,5¢(k +2) +1,5¢(k)
r(z)=e(k+3)+0,5e(k+2)+2,5e(k+1)+2e(k)

G(z)

Dt bién trang thai:
x, (B) =e (k)
xg (k) =2, (R +1)
x5 (k) = x5 (B +1)

Ta dugc hé phuong trinh:
x(k+1)=Ayx (k) + Byr(k)
{c(k) =D x (k)

trong d6:
x; (k) 0 1 0 0 1 0
x(k){x,z(k) A= 0 0 1 |=|0 0 1
x5 (k) —a; -ay -a -2 25 -0.5
0
B;=|0 Dg=[by b b]=[15 0 0.5] u
1

Vi du 7.13. Hay thanh l4p hé phuong trinh trang thai mo ta hé
théng c6 ham truyén la:
_C(2) _ 2z +1
"R(2) 24223 +2%452+3
Giai. bat bién phu E(z) sao cho:
{C(z) =(2z+1)E(2)

R(z)=(z4 +9223 +22 +5z+3)E(z)

G(z)
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~ {c(k)=2e(k+1)+e(k)
r(k)=e(k+4)+2e(k+3)+e(k+2)+5e(k+1)+3e(k)

Dit bién trang thai:

x, (B) =e (k)

xy (k) =2, (R +1)

x5 (k) = x5 (B +1)

x, () = x5 (k+1)
Ta dugc hé phuong trinh:

{x(k +1) = A x (k) + B,r (k)
c(k) =C x (k)

trong d6:

x; (k) 0 1 0 0 0 1 0 0
0 0 1 0

(k) = xy () A= _|0 0 1 0
x3 (k) 0o 0 o0 1 0 0 0 1
x, (k) —a, —a3 —ay -0 -3 -5 -1 -2
0
0

Bi=|, Ca=[b b, 0 0]=[1 2 0 0
1

7.4.3 Thanh lap phuong trinh trang thai hé roi rac tu
phuong trinh trang thai hé lién tuc

Phuong phdp nay chi 4p dung dugc cho hé théng c6 so db
khoi nhu sau:

t t kT C(t
r(t) @e()T/e( )ZOH -G (»)
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Trinh tu thanh ldgp phuong trinh trang thai
Buéc 1: Thanh 14p hé phuong trinh bién trang thdi lién tuc:

er(t) c(t)
—» G(s) >

{x(t) = Ax (t) + Bep, (¢)
c(t) = Cx (1)
Buéc 2: Tinh ma tran qua do cua hé lién tuc:
o(t) =2 ao(s)
véi: ®(s)=(sI-A)™"
Budc 3: Roi rac héa phuong trinh bién trang thai & bude 1, ta
dugc:

x[(k=1)T]=A,x(kT)+Bgep(kT)
c(kT) = Cyx (ET)

T

trong do: B, = de(T)Bdr
0
Cd =C

Buée 4: Hé phuong trinh bién trang thdi ctia hé roi rac can
tim vé6i tin hiéu vao r(kT) la:
x[(k+1)T]=[A, - B,C,]x (kT) + B,r (kT)
c(kT) =C x (ET)

Chitng minh: Budc 1 va budce 2 thanh lap phuong trinh trang
thdi va tinh ma trdn qua d6 cta hé lién tuc khoéng cé gi phai
ching minh. Ta ching minh ti budéc 3, ¢ buGc nay ta suy ra
phuong trinh trang thdi cia hé roi rac tir phuong trinh trang thai
cua hé lién tuc.

Bude 3: O chuong 2, ta di biét nghiém cia phuong trinh
trang thdi hé lién tuc cho bdi cong thic:
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x(t) = d(¢) x(0) +j¢(r)BeR (1) drt
0

t
Téng quat: x(t)=®(¢~¢,)a(t,) + [ ®(1~¢,) Beg (D dr
to

) t, =kT
Apd ong thdc trén véi: { °
p dung cong ¢ trén véi {t=(k+1)T
(k+1)T
Ta duge: x[(k+1)T]=®(T)x(kT)+ j ®(1-£T) Beg (1)dt
kT

Ta lai c6: ep (1) =e(kT), Ot: kT <7< (k + DT

(do er(7 1a tin hiéu ¢ ngd ra cua khau git ZOH)

Thay vao cong thic trén, ta dugc:
(k+1)T
2[(k+D)T]=0 (D x(kT)+ [ ©(t-kT)Be(kT)dr
kT

Do e(kT) khong phu thudc vao bién 14y tich phan T nén:

(R+1)T

x[(k+1)T] =& (T) x (RT) +[ j o (1-%T) Bdrdr}z(kT)
kT
D6i bién phép tinh 14y tich phan, ta dugc:

T

x[(E+1)T] = o (T) x(RT) + [j CD(T)BdTJeR (RT) (7.31)
Ag 0
By

Roi rac héa phuong trinh ngé ra cua hé lién tuc, ta dugc:
c(kT) =C x(kT)

Buéc 4: Theo so do khéi clia hé théng, ta thay:
e(kT) =r(kT)-c(kT) =r(kT) - C x(ET)

Thay vao (7.31) ta dugc két qué can chiing minh.

Vi du 7.14. Cho hé théng rdi rac ¢6 so d6 nhu hinh vé. Hay thanh
1ap hé phuong trinh bién trang thdi mé ta hé thong vdi cac bién
trang thai dugc xdc dinh trén hinh veé.
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o|-
\/
A

r(t) e(t) ~ e(kt) er(t) [ Xp
a% T=1 ZOH “|s+a >

Giai

Buéc 1: Thanh 1ap hé phuong trinh bién trang thdi moé ta heé

lién tuc:

— > —2 ! 1 »{ K >
S+ a S

Theo hinh vé ta c6:

U X (s)= X2S(S) = sX;(s)=X,(s)
= .92?1 (t) = Xg (t)
U X, (s)= Bpls) (s+a)X,(s) = Eg(s)
st+a

= iy (2) +axy (t) =ep (¢)
= Xy (t) = —ax, (t) +ep (¢)
K&t hop (7.32) va (7.33) ta dugc hé phuong trinh:
{xl(t) = x5 ()

%o () = —axy (¢) + er (¢)

0@ [0 1« 0
SO | R O et RS W EC
- x(t) = Ax (¢) + Bey (¢)

D4p tng cia hé thong:

e(t) = Kx, (8) =[K 0] L’gl m =Cx (1)
2

Do dé: A=[g 1} B=m C=[K 0]

Bude 2: Tinh ma tran qua do:

u¢(s)=(sI—A)_1=[sB ng _1aD_l=(B sllaD_l

(7.32)

(7.33)

(7.34)
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1 1
_ 1 (sta 1] |s s(s+a)
~ s(s+a) 0 s 1
0
sta
1 1 1 1
= g—l_ 1
o ()= o(s)] =21 °® s(s+a) || _ [3] {s(s+a)}
R
sta s+a
1 —at
1 —\1-
— ()= a( )
0 e—at

Budce 3: Roi rac héa cac phuong trinh trang thdi caa hé lién
tuc, ta dugc:

x[(k+1)T] = A, (kT) + B,eg (ET)
c(kT) =C x(kT)

trong d6:

1 l(l—e_at) 1 l(1—6_‘]‘T)
UAg = IT) = a = a

T T 1 -aT T l _e—aT
B, = J‘Q(T)Bdr:jﬂl E(l_e )Mo}dr = _f a(l ) dt
0 0 0

0 e—aT 1 e—aT
T e aT T e aT 1
—+ —+ 5T
a a a Qs
e_aT e—aT 1
- _ 4=
a 0 a a

L Cd=C=[K 0]

Buéc 4: Hé phuong trinh bién trang thdi mé td hé thong roi
rac véi tin hiéu vao r(kT) la:
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x[(k+1)T]=[A; - B,Cy]x (kT) + B,r (kT)
c(kT) =C x(kT)

trong d6:
1( r) (T_{_e_“T 1}
1 =1-e™ a2 o2
U [ag- By, = a -|N e @K 0
0 e T et
— + =
a a
T e 1}
1 —aT K|—+ -—10
[t ;(1—e“)_ T2
- -aT
0 e T K(_e +1j0
a a
-aT
1—K(Z+e -1 La-eer)
= [Ad - BdCd] = a Ta a a
N
a a

Vi du bing s6 cu thé: a = 2, T = 0,5sec, K = 10

Bude 1: A=[0 1} B=m C =[10 0]
0 2 1

Buée 2: ®(¢) =

1 La-e9?)| |1 L(1-e25)| 11 0316
Budce 3: Ag = a = =
0 e—aT 0 e—2><0 5 0 0’ 368
'_+e—aT _i %Jr 2305 4
By=|la a2 L2 92 92 0,092
el 1 205 0,316
- + = - + =
L a a 2
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1 1 2
e s[4~ 3]} VB[00

[10 0]
0 0,368] |0,316
_[1 0.316] [0,920 0]|_[0,080 0,316
~ |0 0,368] 3160 0] |-3,160 0,368

K&t luan: hé phuong trinh bién trang thai can tim la:

x (k+1)]_[ 0,080 0,316][x, (k)] [0,092 )
xo (B +1) {—3,160 0,368} xy (k) {0,316}"

: x; (R)
c(k)=[10 0] ch (k)} m

7.4.4 Tinh ham truyén hé r&i rac tt hé phuong trinh
trang thai
Cho hé théng roi rac mo td bdi hé phuong trinh bién trang
thai:
x(k+1)=A,x (k) + B,r(k)
{c(k) =C,x (k)

Bai toan dit ra la tim ham truyén: G(z) =M

R(2)

Bién d6i Z hé phuong trinh trang théi, ta duogc:
{zx (2)=A,X (2) + B,R(2)

C(z)=C,X(2)
(21 -A;)X (2) =B,R(2)
C(z)=C,;X(2)
X(2)= [zI - Ad]_1 B,R(z)
C(z)=C X (2)

= C(2)=Cy[zI - A;] " B,R(2)

Lap ti s6, ta duge:

C _
G(z)=£=0d [21 - A,]" B, (7.35)
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Vi du 7.15. Cho hé théng mo td bdi phuong trinh trang th4i:
{ka+U71=A¢x%TO+Bd%T?
c(kT) =C x (ET)
trong d6: A4 = {_37 _S'J;Bd = m; C,=C=[1 0]
Hay viét ham truyén cia hé thong trén.
Giai. Ap dung cong thic (7.35), ham truyén ctéa hé théng la:
C(z)

G2)=20)

=Cy[aI - Ad] B,

Ta c6:
L [ZI—A ]_1: z 0 - 0 1 _1: z -1 N
d 0 z -0,7 -0,1 0,7 z+0,1
~ 1 z+0,1 1
~ 2(2+0,1)+0,7| -0,7
_ 1 z+0,1 1 2
Ulz-A1'B, =
[Z d] d ~ (Z+01)+07{—07 }{} (z+0,1 +07[2}
1 2
U C,lzI-A,] B, = 10 =
alz d] d = (z+OJ)+Q7[ W2g} z(z+0,1)+0,7

2
22+0,12+0,7

Vay: G(z) =
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Phu luc: MO TA HE ROI RAC DUNG MATLAB

Cac 1énh mo6 ta toan hoc hé roi rac tuong tu nhu cac 1énh mo
td todn hoc hé lién tuc, chi khéc 1a khi tao ra hé thong ta khong
chi nhap vao thong s6 hé thong (ti s6, mau s6 ham truyén hodc
cdc ma tran trang thdi) ma con phdi nhap vao chu ky 14y mau.
Hay so sanh véi phu luc ¢ chuong 2.

» Tao ra hé thong mo6 ta bsi ham truyén: lénh tf (transfer function).

Cu phédp: G = tf(TS,MS,T) tao ra hé thong roi rac md td bdi
ham truyén G cé ti s6 1la da thie TS, mau s 1a da thic MS va
chu ky 14y miu la T. Néu khong xdc dinh T thi d4t T = -1.

Vi du:

>> TS=1; MS=[2 1]; G1 = f (TS, MS, 0.2) G1=1/(2z+1, T = 0.2 sec
Transfer function:

1

2z +1

Sampling time: 0.2

>> TS=1; MS=[2 1];

>> G1=tf (TS, MS, —-1)%G1=1/(2z+1), T khdng xac dinh

Transfer function:

1

2z +1

Sampling time: unspecified

>> G2=tf ([4 1], conv ([2 1], [8 1]), —1)%G2= (4z + 1)/(2z+1) (3z+1)
Transfer function:

4z+1

6z2+5z+1

Sampling time: unspecified

» Pon gidn ham truyén: /énh minreal.

°

Ct phédp: G=minreal(G) triét tiéu cdc thanh phan giéng nhau & ti
s6 va mau s6 dé dugc dang ham truyén toi gidn.

Vi du:

>> TS=[2 1]; MS=conv([2 1],[3 1]);G=t{(TS,MS,-1)

Transfer function:
2 z+1

6z"2+5 z+1
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Sampling time: unspecified
>> G=minreal (G)
Transfer function:

0.3333

z +0.3333

Sampling time: unspecified

« Cac lénh ghép néi hé roi rac hoan toan giéng nhu cdc lénh
ghép noi hé lién tuc, cu thé:

- Tinh ham truyén cta hé thong néi tiép: lénh series hodc todn ti

W

Cu phédp: G=series(G1, G2) tinh ham truyén G = GI1*G2

- Tinh ham truyén ctia hé thong song song: lénh parallel hoic
todn tu “+”

Cu phédp: G=parallel(G1,G2) tinh ham truyén G = GI1+G2

- Tinh ham truyén cia hé thong hoi ti€p: lénh feedback

Cid phap: Gk=feedback(G1,G2,) tinh ham truyén hé hoéi ti€p 4m

Gk =GIl/(1+GI*G2)
Gk=feedback(G1,G2,+1) tinh ham truyén hé héi ti€p duong

Gk = Gl/(1-GI1*G2)
Vi du:

>> G1=tf(1, [2 11,-1); % G1=1/(2z+1)
>> G2=tf([4 1],conv([1 01],[3 11]),—1); % G2=(4z+1)/z(3z+1)
Transfer function:
4z+1

6z 3+52z"2+ 1z
Sampling time: unspecified
>> G=G1+G2 % ghép song song
Transfer function:
11z2+7z+1
6 z\3+5z"2 +z
Sampling time: unspecified
>> Gk=feedback(G2, G1) % he hoi tiep am Gk=G2/(1+G2*G1)
Transfer function:

822 +6z+1

6z 3+5z"2+5z+ 1
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Sampling time: unspecified
>> Gk=minreal (Gk) % don gian thua so chung
Transfer function:

2 z
Sampling time: unspecified

* Tao ra hé thong moé ta bdi phuong trinh trang thdi: lénh ss
(state space).

Cu phap: PTTT=ss(A,B,C,D,T) tao ra hé thong réi rac mo ta bdi
phuong trinh trang thai PTTT c6 cdc ma tran trang thai la A, B,
C, D va chu ky 14y miu la T. Néu khong xdc din T thi dat T=-1.
Vi du:

>> A=[0 1;-0.7 -0.11; B=[0;2]; c=[1 0]; D=0;

>> PTTT=ss(A,B,C,D,—1)

a=
x1 x2
x1 0 1
x2 -0.7 -0.1
b=
ui
x1 0
x2 2
C=
x1 x2
y1 1 0
d=
ui
y1 0

Sampling time: unspecified

Discrete-time model.

» Cac lénh bién d6i gitta ham truyén va phuong trinh trang thai
ctia hé roi rac hoan toan giéng hé lién tuc.

- Bién d6i phuong trinh trang théi vé dang ham truyén: 1énh tf
Cu phap: G=tf(PTTT)

- Bién d6i ham truyén vé dang phuong trinh trang thdi: 1énh ss
Cu phap: PTTT=tf(G)
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Vi du: (xem thi du 7.15)

>> A=[0 1;-0.7 —0.1]; B=[0;2]; C=[1 0]; D=0;
>> PTTT=ss(A,B,C,D,-1);

>> G=tf(PTTT)

Transfer function:

z"2+0.1z+0.7
Sampling time: unspecified
>> PTTT=ss (G)

x1
x1 -0.1
x2 2
b=
ui
x1 1
x2 0
C =
x1
y1 0
d=
ui
y1 0

Sampling time: unspecified
Discrete-time model.

x2
-0.35

x2

Dé y rang sau khi bién d6i ngugc tit ham truyén vé dang phuong
trinh trang thai ta dugc cdc ma tran trang thdi hoan toan khac
v6i cdc ma tran trang thdi da nhap vao ban dau, diéu nay khong
c6 gi vo ly vi d6i v6i mot hé thong tuy theo ciach dit bién trang
thdi khdc nhau ta sé c¢6 cac phuong trinh trang thai khac nhau.
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Chuong 8

PHAN TiCH VA THIET KE HE THONG
PIEU KHIEN ROI RAC

A. PHAN TICH HE THONG
PIEU KHIEN ROI RAC

8.1 DIEU KIEN ON DINH CUA HE RG1 RAC

Hé thong dugc goi 1a 6n dinh néu tin hiéu vao bi chéin thi tin
hiéu ra bi chin (6n dinh BIBO — Bounded Input Bounded Qutput).
Ta di biét hé thong diéu khién lién tuc 6n dinh néu t4t cid cac
nghiém clia phuong trinh dic tinh déu nim bén trdi méit phing

Ts nén s nim bén

phiic. Do quan hé giita bién z va bién s 1a z=e
trdi mat phang phtc tuong duong véi z ndm bén trong vong tron
don vi. Do d6 hé thong diéu khién rdi rac 6n dinh néu t4t ci cdc
nghiém cl@ia phuong trinh dic trung déu nim bén trong vong tron

don vi.

Hé théng roi rac 6n dinh - |z| <1 (8.1)
Ims Imz
Mién én dinh //
4 Re s / Rez

aaiA R e
iviien on ainn

1

7

Mién 6n dinh Mién 6n dinh

ctia hé théng lién tuc ctia hé théng roi rac
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Can nhé
- Hé thong roi rac cho béi so dé khoi

R(s) < T/ G(s) C(s)

Phuong trinh dic tinh la:
(82)
- Hé théong roi rac cho hé phuong trinh bién trang thai
x(k+1) = Ayx(k) + Br(k)
{c(k) =C,x(k)

Phuong trinh dac tinh 1a |detzl -A;)=0 (8.3)

8.2 TIEU CHUAN ROUTH - HURWITZ MG RONG

- Tiéu chudn Routh—Hurwitz cho phép dédnh gid phuong trinh

n-1 — ) PN S A 5.
+.-+a, ;x+a, =0 c6 nghiém nam bén phai

dai s0 a,x" +a;x
mit phing phic hay khéng.
- Ta da st dung két qud nay dé d4nh gid nghiém ctda phuong

n-1

trinh dédc tinh cda hé lién tuc a,s" +aq;s" +---+a, s +a, =0.

Né&u phuong trinh trén cé nghiém nidm bén phdi mit phing
phtc thi hé lién tuc khong 6n dinh.

- Khong thé st dung truc tiép tiéu chudn Routh—Hurwitz dé
ddnh gid tinh én dinh cda hé rdi rac vi mién 6n dinh ctia hé roi
rac nim bén trong duong tron don vi.

- Muén dung tiéu chudn Routh-Hurwitz d& ddnh gia tinh 6n
dinh cda hé roi rac ta phdi thuc hién phép d6i bién

_w+l _z+1
Cw-1 - S z-1

V6i cach d6i bién nhu trén, mién ndm trong vong trong don

vi cia mét phang z tuong Gng véi nira trdi clia mat phing w.

Ap dung tiéu chudn Routh-Hurwitz d6i véi phuong trinh dic
tinh theo bién w: néu khong ton tai nghiém w ndm bén phai mit
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phang phic thi khéng tén tai nghiém z ndm ngoai vong tron don
vi = hé roi rac 6n dinh.

s

Mién &n dinh 9%

Re w

Mién 6n dinh cia hé théng roi  Mién 6n dinh cia hé théng roi
rac theo bién z rac theo bién w
Vi du 8.1. Cho hé théng roi rac ¢6 phuong trinh dic tinh
523 +22% +32+1=0

Xét tinh 6n dinh ctia hé thong trén.

2 . o« A7 + ~ - z 2, by
Giai. Poi bién z =1—w , phuong trinh déc tinh trd thanh
-w

3 2
5 w+1 +9 w+1 +3 w+1 +1=0
w-1 w-1 w-1

o Bw+1)’+2(w+1)* (w-1)+3(w+1)(w-1)" +(w-1)> =0

= 5(w3+3w2 +3w+1)+2(w3+w2—w—1)+
3(w3—w2 —w+1)+(w3 - 3w? +3w—1)=0

e 11w +11w? +13w+5=0

Bdng Routh
3 11 13
11

no

-

(=3

5

€ | [& |8

Do tat cdc hé s6 6 cot 1 bang Routh déu duong nén hé 6n
dinh.
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Hoéc

Ma tran Hurwitz

a ag O 11 5 0
a, ag 0 (=/11 13 O
0 a aj 0 11 5

U A =11>0
U Ay =11x13-5x11>0
U Dy =50y >0

Do cdc dinh thic con déu duong nén hé 6n dinh.

8.3 TIEU CHUAN JURY

Xét 6n dinh hé roi rac c6 phuong trinh dic tinh:
a,z" + a2+ a,12+a, =0

Bdng Jury

1- Hang 1 14 cdc hé s6 clia phuong trinh déic tinh theo thi tu
chi s6 tang dan.

2- Hang chin (bat ky) gém cdac hé s6 cia hang 18 truée dé
viét theo thi tu ngugc lai.

3- Hang 1& thi i=2k+1 (k=1) gdm c6 (n-k) phan ti, phan ti

¢; xdc dinh bdi cong thic

1 |Gi-21 Ci-2n-j-k+3

Ci—21

= (8.5)

Cij =

Ci-11  Ci-1n-j-k+3

Phat biéu tiéu chudn Jury
Diéu kién cdn va du dé hé théng 6n dinh la tdt cd cdc hé sé

6 hang 1é, cot 1 cia bdng Jury déu duong.

Vi du 8.2. Cho hé théng roi rac ¢6 phuong trinh dic tinh
523 +22% +32+1=0

Xét tinh 6n dinh cia hé thong trén.
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Giai
Bdng Jury
Hang 1 5 2 3 1
Hang 2 1 3 2 5
Hang 3
ang 15 1:4,8 15 3:1’4 15 2:2,6
51 5 51 2 51 3
Hang 4 2,6 1.4 4,8
Hang 5 4,8 2 4
9 L8 2955 R s P!
4,8)2,6 4,8 4,826 1,4
Hang 6 0,61 3,39
Hang 7 3,39 0,61
9r | L =3,28
3,39/0,61 3,39

Do cdc hé s6 6 hang 18 cot 1 bang Jury déu duong nén heé
théng 6n dinh. [ |

8.4 QUY PAO NGHIEM SO

Quy dao nghiém s6 1a tdp hop tat cd cdc nghiém cua phuong
trinh d#c tinh cia hé thong khi c6 mot thong sé nao d6 trong hé
thay déi tir 0 — oo,

Xét hé thong roi rac c6 phuong trinh dic tinh 1a

1+x¥E - (8.6)
D(z)
Pt G,(z)=Kk Y&
D(z)
Goi n 1a s6 cuc cia G,(z), m 1a s6 zero cuia Gy(z)
(8.6) < 1+G,(2)=0
G,(2) =1 Piéu kién bién do
: (8.7)
0G,(z)=(2l+1)mt Diéu kién pha

Chu y: Néu phuong trinh dic tinh cua hé khong c6 dang (8.6)
thi ta phai bién déi tuong duong vé dang (8.6) trusc khi 4p dung
cac qui tdc vé QDNS.

Vi dang phuong trinh dédc tinh cida hé lién tuc da hoc &
chuong 4 va phuong trinh dac tinh (8.6) 1a nhw nhau (chi thay
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bién s bang bién z) nén qui tdc vé QDNS la nhu nhau, chi khdc &
qui tde 8, thay vi d6i v6i hé lién tuc ta tim giao diém cia QDNS
v6i truc do thi d6i v6i hé roi rac ta tim giao diém ctia QDNS véi
duong tron don vi.

Sau day 1a 11 qui tdc vé quy dao nghiém s6 ctia hé thong roi
rac c¢6 phuong trinh dac tinh c¢6 dang (8.6)

Qui tdic 1: S6 nhdanh clia quy dao nghiém s6 = bac ctia phuong
trinh dic tinh = s6 cuc cua G,(z) = n.

Qui tic 2: Khi K = 0: C4dc nhanh ctia quy dao nghiém s6 xuat
phét tu cdc cuc cua G,(z).

Khi K tién dén +o : m nhdnh cia quj dao nghiém s6 tién
dén m zero cia G,(z), n-m nhdnh con lai tién dén o theo céc tiém
can xéc dinh béi qui tdc 5 va 6.

Qui tic 3: Quy dao nghiém s6 ddi xiing qua truc thuc.

Qui tic 4: Mot diém trén truc thuc thuéc vé quj dao nghiém
s6 néu téng so cuc va zero cia G,(z) bén phai né 1a mot so 18.

Qui tic 5: Goc tao bdi cdc duong tiém ci4n cia quy dao
nghiém s6 véi truc thuc xdc dinh béi

20+ 1)
a @i+ (1
n-m

=0,+1,+2,...) (8.8)

Qui tic 6: Giao diém giita cdc tiém can v6i truc thuc 1a diém
A ¢6 toa do xdc dinh bdi

n m
_ Zp,- _Zzi
OA = ch; _%zero _ia : _r:l (8.9)

(p; va z; 1a cdc cuc va cdc zero cua Gy(z)).
Qui tic 7: Diém tach nhap (néu c6) ctia quy dao nghiém so

nim trén truc thuc va la nghiém cda phuong trinh: Z—K =0 (8.10)
2

Qui tic 8: Giao diém cla qu§ dao nghiém s6 véi duong tron
don vi c6 thé xdc dinh bing mot trong hai cdch sau day

- Ap dung tiéu chudn Routh - Hurwitz mé rong hodc tiéu
chuédn Jury.



282 CHUONG 7

- Thay z=a+jb (diéu kién: a® +b% =1) vao phuong trinh dac
tinh (8.6), can bing phan thuc va phan 4o sé tim dugc giao diém
v6i duong tron don vi va gid tri K.

Qui tic 9: G6c xudt phdt ciia quy dao nghiém sé tai cuc phic
p; dugc xac dinh bdi

6; =180°+ > arg(p; -z )~ Y. argp; - p; ) (8.11)
i=1 =1
%]

Dang hinh hoc ctia cong thic trén la
8; = 180° + (Q_gbc tif cac zero dén cuc p; )
— (D gbe tit cdc cyc con lai dén cuc D) (8.12)
Qui tic 10. Téng cac nghiém 1a hang s6 khi K thay d6i tir 0 — +oo
Qui tic 11: Hé s6 khuéch dai doc theo quy dao nghiém s6 c6
thé xéc dinh tir diéu kién bién do
g NE)
D(z)

Vi du 8.3. Cho hé thong diéu khién rdi rac cé so dé khoi nhu hinh
vé, trong d6

=1 (8.13)

) 8 /. ZOH G(s) 24

T

5K
s(s +5)

- Ham truyén khau lién tuc G(s) =

- Chu ky 14y mau T =0,1sec
Hay vé QDNS ciia hé thong trén khi K thay d6i tu 0 dén +o.
Tinh K.
Giai. Phuong trinh dic tinh cia hé c6 so d6 khéi nhu trén 1a
1+G(2)=0
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trong d6

1-e % 5K
G(2) = #{Gron ()G} = 21— ()

" 5
SK(-2 5 s

=K(z —1}[2[(0,5 —1+e 08z +(1-e05 —0,5e_0’5)]j
z 5(z -1)%(z —e 95)
0,021z + 0,018
(z-1)(z-0,607)
= Phuong trinh déc tinh la
0,0212+0,018 _
(z-1)(z-0,607)
- Céaccuc: p; =1, py =0,607 (n = 2)
- Céac zero: z; =-0,857(m = 1)

= G(z)=K

1+K (8.14)

- Géc tao bégi tiém can va truc thuc
q = @i+ _@2l+1)m _

mnm =0
n-m 2-1 ( 4

- Giao diém gitta tiém c4n véi truc thuc

cuc— zero — (—
oA = 2D Zer0 _ (1+0,607)~(-0.857) L, e,
n-m 2-1

- Piém tach nhép 1a nghiém cta phuong trinh (Z—K =0.

z
Ta cé
(8.14) - K = 2=D(z=0,607) __2"-1,607z+0,607
0,021z +0,018 0,021z +0,018
_ 4K _ 2% -1,607z +0,607
dz 0,021z +0,018

__(22-1,607)(0,021z +0,018) - (2 -1,607z + 0,607 )(0,021)
B (0,021z +0,018)?

_0,0212% +0,0362z — 0,042

B (0,021z +0,018)?
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dK 2, = -2,506
= — =0 e

dz 29 =0,792

C4 hai nghiém trén déu thuoc QDNS = c6 hai diém tach nhap.

- Giao diém cia QDPNS véi dudng tron don vi
(8.14) « (z2-1)(z-0,607)+K(0,021z +0,018)=0

o 22+(0,021K —1,607)z + (0,018K +0,607)=0
Cdch 1: Dung tiéu chudn Routh-Hurwitz mé rong

e 1 e n w+l
Poi bién z=——, ta dugc
w-1

2
[“’_HJ +(0,021K - 1,607)[
w-1

w+ij+ (0,018K +0,607)=0

w—
~  0,039Kw? + (0,786 - 0,036K Jw + (3,214 - 0,003K )= 0
Diéu kién @€ hé théng 6n dinh 1a

K>0 K>0
0,786 -0,036K >0 o K <21,83 :>th =21,83
3,214 -0,003K >0 K <1071

Thay K, =21,83 vao phuong trinh déc tinh, ta dugc
22 -1,1485z2+1=0 - z=0,5742+ j0,8187
Vay giao diém cia QDNS véi vong tron don vi la
2=0,5742+ j0,8187
Cdch 2: Thay z=a+jb vao phuong trinh trén, ta dugc
(a+ jb)% +(0,021K -1,607)(a + jb)+ (0,018K +0,607)=0
= a?+j2ab-b?+(0,021K -1,607)a + j(0,021K —-1,607 ) +
+(0,018K +0,607)=0
a? -b% +(0,021K -1,607)a + (0,018K +0,607)=0
j2ab + j(0,021K —-1,607)b =0
Két hop vé6i diéu kién o® +b% =1 ta duge hé phuong trinh
a? -b% +(0,021K -1,607)a + (0,018K +0,607)=0
j2ab + j(0,021K -1,607)b =0

o +b%=1
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Giai hé phuong trinh trén, ta dugc bon giao diém la

z=1, tuong tng véi K =0
z=-1, tuong tng véi K =1071
z2=0,5742+ ;j0,8187, tuong Ung véi K =21,8381
Vay K., =21,83
Imz

0,5742 +j0,8187

8.5 CHAT LUUNG HE THONG RGI RAC

1- Pap wng qua doé: c6 thé xic dinh dugc ddp tng cha hé
théng roi rac bing mot trong hai céch sau day:

- Cdch 1: tinh C(z), sau d6 dung phép bién déi Z ngugc dé
tim c(k).

- Cdch 2: tinh nghiém x(k) cia phuong trinh trang thdi cia hé
roi rac, tiu dé suy ra c(k).

Cép cuc quyét dinh: hé bac cao c6 thé x4dp xi gdn ding vé hé
bac hai vé6i hai cuc 1a cdp cuc quyét dinh.

Do6i v6i hé lién tuc, cidp cuc quyét dinh 1a cdp cuc ndm gan

truc 4o nhat. Do z=e’®

, nén doéi véi hé roi rac, cdp cuc quyét
dinh la cdp cuc ndm gdn vong tron don vi nhdt.
2- D¢ vot 16: doi v6i hé roi rac, cdch thudng st dung dé tinh
do vot 16 1a dung biéu thic dinh nghia:
POT = Smax~ %l 1009 (8.15)
Cxl

trong do: c,, la gia tri cuc dai caa c(k); c,; la gia tri cuc dai cua
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c(k).
C4ch thu hai ciing dugc st dung khi biét cdp cuc quyét dinh

2" =re*/® cia hé roi rac la dua vao quan hé z=e’® d€ suy ra
nghiém s*, tir d6 tinh duge & va w,.

gz—(l ")”2’" ; (8.16)
\/ nr)y” +
W, :% (In r)? +¢> (8.17)

Sau d6 4p dung cdc cong thic da trinh bay trong chuong 4 dé
tinh POT, t,,..
3- Sai s6 xac lap
Theo dinh ly gid tri cudi:
ex = lim () =QT1(1—2_1)E(2) (8.18)

Cdc céng thiic tinh sai sé xac lap

r(t)

5 { e I on G(s)

H(s)

Sai s6 xdc lap ctia hé thong diéu khién roi rac c6 so dé6 nhu
trén la:

. _ . . R()
=lim(1-zYE(z) =lim(1-z71) —22 8.19
e =M1 =2 )E=) =Im(1=2 ) e (8.19)
) Né&u tin hiéu vao 1a ham néc don vi R(z)=1 1_1
4
= ey =lim—— =1 (8.20)
211+ GH(z) 1+lim GH(2)
zZ-
Pt Kp =lim GH(2): He s& vi tri
zZ-
= ey =—1 (8.21)
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N e Tial s 1s Toa o . _ Tz!
LI Néu tin hiéu vao 1a ham doc don vi: R(2) =
(1-z7)
-1
= ey=lim= L _-_ L (8.22)
z-11-z""1+GH(z) Ilml(l -2 )GH(2)
zZ-
Pat Ky =%Iim1(1—z_1)GH(z) : Hé s6 van t6c
Z -
= g = (8.23)
Ky

Vi du 8.4. Cho hé théng diéu khién r&i rac ¢6 so dd6 khéi nhu hinh

vé, trong dé

r(t) c(t)

+ /. ZOH G(s)

T

K

- Ham truyén khau lién tuc G(s) =————
(s+a)(s+b)
(K=10, a=2, b=3)

- Chu ky 14y mAu: T'=0,1sec

1- Tim ham truyén kin G, (2)

2- Tinh ddp Ung ctia hé d6i véi tin hiéu vao 1a ham néc don

vi, do vot 16, sai sé xac lap.

Giai. 1- Ham truyén cda hé roi rac:

__G(2)
Gi(z) = 1+G()

-Ts
trong d6: G(z) = #{Gyop (5)G(s)} :z{l_e K }
S

(s+a)(s+b)
=K(1 —z_l)‘-’{—l }
- ” s(s+a)(s+b)

:K(z—1j( 2(Az +B) J
z N (z-1)(z-eT)(z-eT)

_b1-e)-a1-e"")
ab(b-a)

vGi A
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e (1 -eT) = be b7 (1 - 7T
ab(b-a)
Thay K =10, a=2, b=3, T=0,1 ta dugc
. G(z) = 0,042z +0,036
(z-0,819)(z-0,741)
0,042z + 0,036
(2-0,819)(z-0,741)

B=2

Do dé Gi(z) = 0,042z + 0,036
(2-0,819)(z -0,741)
0,042z + 0,036
Gy(2) =

22 -1,5182+0,643
2- Pdp ting cua hé
C(z) = G, (2)R(2)
_ 0,042z +0,036 (2)= 0,042z71 +0,036272
2% -1,518z +0,643 1-1,518271 +0,643272
= (1-1,5182"1 +0,6432z72)C(z) = (0,042z"* + 0,036z 2)R(z)
= c(k)-1,518¢(k —1)+0,643c(k —2)=0,042r(k —1)+0,036r (k — 2)
= c(k)=1,518¢c(k —1)-0,643c(k —2)+0,042r(k —1)+0,036r (k — 2)
V6i diéu kién dau  c(-1)=¢(-2)=0
r(-1)=r(-2)=0
Thay vao cong thic dé qui trén, ta tinh dugc
c(k) ={0; 0,042; 0,106; 0,212; 0,332; 0,446; 0,542; 0,614;...
0,662; 0,706; 0,743; 0,772; 0,94 0,809; 0,819; 0 825 ;...
0,828; 0,828; 0,827; 0,825;..}

R(z)

Gia tri xac lap cua ddp tung qua do la
+

20,0422 0,036 R(2)

z©-1,5182+0,643

0,042z + 0,036 ( 1 j
22 -1,5182+0,643 )\1-2z1

¢y =lim(1-2z71
z-1

=Iim(1—z‘1)£

z-1

. 0,042z + 0,036
=lim 5
z“-1,5182z+0,643

z-1
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- Do vot 16

POT — Cmax - cxl 100%: 0,828 - 0,624
Cyi 0,624

= POT =32,69%
- Sai s6 xdc lap e =r,; —¢,; =1-0,624
~ e, =0,376 n

Vi du 8.5. Cho hé thong diéu khién roi rac c6 so do khoi nhu hinh
vé, trong do

100%

r(t) e(t) ~e(kt) eg(t) c(t)

T

ZOH G(s)

- Ham truyén khau lién tuc G(s) - K
(s+a)(s+b)
(K=10, a=2, b=3)
- Chu ky 1ay mau T =0,1sec
1- Thanh 14p hé phuong trinh trang thdi mo ta hé thong trén.
2- Tinh ddp dUng ctia hé d6i v6i tin hiéu vao 1a ham néc don
vi (diéu kién dau bang 0).
Giai. 1- Thanh lap hé phuong trinh trang thdi mé ta hé thong
Budéce 1: Hé phuong trinh trang thai cia khau lién tuc

Er(s) o) C(s)
Ta c6 C(s) = G(s)Ex(s) = — 2 Ep(s)
SRS T (s +3) BV

= (s+2)(s+3)C(s)=10ER(s)

= (s® +55+6)C(s) = 10ER(s)

= ¢(t)+5c(t) +6 =10ep(t)

Patx(f)=c(t); ()= ()

Hé phuong trinh trang thd4i mé t4 khoi lién tuc 1a
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x(t) = Ax(t) + Beg(t)
c(t) = Cx(t)

0 1 0 |
trong d6 A= B= C=[1 O]
-6 -5 10

Budc 2: Tinh ma tran qua 46

soor-a (3 TS A )

s+5 1
_ 1 {s+5 1': (s+2)(s+3) (s+2)(s+3)
s(s+5)-6| 6 s -6 s
L(s+2)(s+3) (s+2)(s+3)
s+5 1
L) = L) = 2| A (srRed)
S

(s+2)(s+3) (s+2)(s+3)

g_l 3 _ 2 3(/_1 1 _ 1
: s+2 s+3 s+2 s+3

3(/_1_6_{_6 g_1_2+3
s+2 s+3) s+2 s+3

(3e—2t _ 2e—3t) (e—2t _ e—3t)
(_Ge—Zt + 63_3t) (_23_2t + 33_3t)

Budée 3: Roi rac hba cac phuong trinh trang thai cta hé lién tuc,
ta dugce

= O(t) =[

x{(k +1)T] = Apx(KT) + Byep(KT)
e(kT) = Cyx(kT)

trong d6
i 372t _ 9,73t -2t _ -3t
U Ay =®(T) = e -2t : —3t) ¢ -2t : —?";t
| (—6e ™ +6e ") (—2e " +3e ) t=T=01
0,975 0,078
= Ad =
| -0,468 0,585
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T T -21 -3t -21 -31

3 -2 - 0

| By = [@(0Bdi=| (3e e”)  (e7er) [ }dr

0 0 (_66—21' + 6e—3T) (_26—21' + 36—31') 10
21 -31 01

T -21 -3t e e
10 - 10(-
:J-{ (e—2r ’ _gr }dT} = o 2 ¥ 3 )
0 [L10(—2e " +3e™") 10(e_2T—e_3T) .
{0,042}
= Bd =

0,779
L Cy=C=[1 0]

Buéc 4: Hé phuong trinh bién trang thai mé t4 hé théng roi
rac v4i tin hiéu vao r(kT) la
x[(k+1)T] =[A; - B;Cy| X kT) + By kT)
c(kT) = C x(kT)
0,975 0,078] [0,042
t a6 (A, -B,C,|=| ’ - 10
rong d6 - [4 = ByC,] {—0,468 0,585} {0,779}[ ]

L[4y -B,C,] = 0,933 0,078
dTddlT 1947 0,585

Vay phuong trinh trang thdi can tim la

[xl(k + 1)} { 0,933 0’078}{’“1(’3)} + [0’042} r(kT)

xg(k+1)| [-1,247 0,585 ] xy(k)| 0,779
- x1(k)
c(k)=[1 O]L@(k)}

2- Pap tng ctia hé thong
Vé6i diéu kién dau x,(-1)=x,(-1)=0, thay vao phuong trinh

trang thai ta tinh duogc
xl(k):{O; 0,042; 0,142; 0,268; 0,392; 0,502; 0,587; 0,648; 0 ,682; 0,699...}

x9(R) ={0; 0,779; 1,182; 1,293; 1,203; 0,994; 0,735; 0476; 0294 ; 0 072 }
D4p tng cua hé thong:

o(k)=[1 0] {Zim

= c(k)={0; 0,042; 0,142; 0,268; 0,392; 0,502; 0,587; 0,648; 0,682; 0 699..}
|

= x1 (k)



PHAN TICH VA THIET KE HE THONG DIEU KHIEN ROI RAC 293

B. THIET KE HE THONG
PIEU KHIEN ROI RAC

8.6 KHAI NIEM

C6 nhiéu so d6 diéu khién khdc nhau c¢6 thé 4p dung cho hé
roi rac, trong d6 so dé diéu khién thong dung nhat 1a hiéu chinh
ndi ti€p véi bo diéu khién G, (z)1a by diéu khién sém tré pha so,
PID sgb,...

(1) < T/ e(k) as) uk) [~ o0 c(t)

H(s)

Mot so d6 diéu khién khéc ciing duge sit dung rat phd bién 1a
diéu khién héi tiép trang thai

x(k) c(k)

Dd i

x(k + 1) = Ax(Kk) + Byu(k)

K

- Thiét k& bo diéu khién sd 1a xdc dinh ham truyén Gg(2)
hosc do 1gi hoi tiép trang thdi K dé hé thong théa méan yéu cau
vé do 6n dinh, chat lugng quéd do, sai s6 xdc lap.

- Thuc t& trong da s6 truong hop bo diéu khién s6 la cac
thuat todn phidn mém chay trén may tinh PC hodc vi xt ly. Tu
ham truyén Gg(z) ho#c gid tri do lgi K ta suy ra dugc phuong
trinh sai phan mo6 td quan hé giita ngd vao va ngd ra cda bd diéu
khién. Quan hé nay dudc st dung dé lap trinh phan mém diéu
khién chay trén mdy tinh hodc vi xt ly.

- C6 nhiéu phuong phdp dugc si dung dé thiét k& bo diéu
khién s6, trong ndi dung quyén sich nay chi dé cap phuong phap
thiét k& dung quy dao nghiém s6, phuong phdp thiét k& bo diéu
khién PID, phuong phdp thiét k& by diéu khién hoi tiép trang
thdi (phuong phap phan bé cuc) va phuong phdp giai tich.
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8.7 HAM TRUYEN CUA CAC KHAU HIEU CHiNH RGI RAC

1- Khau ti lé
Gp(2) =Kp
2- Khau vi phan

e(t)

S0 ] viphan b— 8

ll Khau vi phan lién tuc u(t) :KD%

| Khau vi phan roi rac: duge tinh bang cdc cong thic sai
phén, c6 ba cach tinh

- Sai phan téi
e(k+1)-e(k)

_ g 2E(z) ~ E(2) _Ulz)_Kp,, _
= U(2)=Kp T Gp(z) Ez) T (2-1)
- Sai phan lui
E)-e(k-1
u(k):KDe() ;( )
_ . E(z2)-z'E(2) _U) _Kp,,_1,_Kpz-1
:>U(z)—KD—T = GD(z)—E(Z)— T (1-z1H= 7

- Sai phén gita

e(k+1)—e(k-1) zE(z) - z_lE’(z)

kR)=K U(z)=K
u(k) D oT = U(?) D oT
_U@ _Kp, _ 1 _Kp2'-1
= G@ =g T EF )

Cong thic sai phan t6i va sai phdn gitta cAn tin hiéu e(k+1)
1a tin hiéu sai sé trong tuong lai, ma trong cdc bai toan diéu
khién thoi gian thuc ta khong thé c6 dugce tin hiéu trong tuong lai
(trtr khi st dung bo du bdo) nén thuc té chi c6 cong thiic sai phan
lui dugc st dung phé bién nhat, do dé

Kpz-1

Gp(2) =T

(8.25)
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3- Khéu tich phan e(t)

t
U Khau tich phan lién tue  w(t) =K; j e(t)dt
0

Ll Khau tich phan roi rac

u(t)

Tich phanf———

kT (-1)T kT
u(kT)=K; j e(t)dt = K; j e(t)dt +K; j e(t)dt
0 0 (k-1)T
kT
= wkT)=u(k-1)T]+K; j of)dt
(k-1)T
kT
Xét tich phan I e(t)dt : c6 ba cach tinh
(k-1)T et
- Tich phan hinh chit nhat tgi
kT el(k-1)T]
e(t)dt = Te(kT) (k) | .
(k-1)T i N\
= w(kT)=ul(k-1T]+K,;TdkT)
= U(z)= z'lU(z) + K;TE(z) (k-1)T KT
Uz 1
= Gy(2)= EEZ; =K;T " e(t)
- Tich phan hinh chit nhat lui  el(k-1)T]
kT e(kt)
e(t)dt = Te[(k - 1)T]

(-1)T
= wkT)=u[(k-1)T]+K,Td(k-1]T

= U(2)=z"U(z)+K,; Tz E(2)

U(2) 2! "
= Gi(2)=— 2=K, T2 —
E(z2) 1-z e[(k-1)T]
- Tich phin hinh thang e(kt)
kT
Tle[(EF-1)T) +e(k
I e(t)dt = (e[( )2T] 4 T))
(k-1)T
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= wkT)=u[(k-1)T] + KéT

(d(E-1)]T +4 kT)
= U(z)=2"U(2) + %(Z_IE(Z) + E(z))

U(z) _K;Tz'+1 K;Tz+1
E(z) 2 1-z' 2 z-1
Trong ba cdch tinh tich phan trinh bay & trén, tich phéin
hinh thang cho két qua chinh x4c¢ nhat, do do thuc t€ nguvi ta
thuong st dung cong thic
_K;Tz+1
T2 2-1
4- B diéu khién PI, PD, PID roi rac
Tir cdc ham truyén roi rac co ban viia phan tich § trén, ta rit
ra dugc ham truyén ctia bo diéu khién PI, PD, PID s6 nhu sau

= GI(Z) =

(8.26)

GI(Z

Gpi(2)=Kp +K1T§: (8.27)
Gpp(2)=Kp +K—TDZ —1 (8.28)
Gpp(2)=Kp + KiTz+1, Kpz-1 (8.29)

2 z-1 T =z
5- B6 diéu khién bu pha (sém pha, tré pha)

=8 —fpo burphd——=

Ham truyén cia b diéu khién bu pha lién tuc c6 dang

Go(s)=K S:Z (a>b: tré pha; a<b: s6m pha)

S
Roi rac héa quan hé giita ngé vao va ngoé ra cua bo bu pha
lién tuc, st dung cong thic tich phdn hinh thang, ta suy ra ducgc
ham truyén cia by bu pha roi rac ¢6 dang
(aT +2)z +(aT - 2)

Gl =K 2y (T -2)
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Ham truyén trén cé thé viét lai dusi dang
Ge(e) = K¢ 2 2C (8.30)
z+pc
trong d6 z, la zero va p, la cuc cia khau hiéu chinh.
ro =T =2) = 21+ 20)
(aT +2) (1-2¢)
C:(bT‘2) N bT:2(1+pC)
(0T +2) (1-pc)

Do aT, bT duong nén cuc va zero cida khau hiéu chinh phai
théa man diéu kién

[ <1
{|PC| <1
Céc quan hé § trén ta ciing dé dang suy ra
- Khau sém pha z. <p.

- Khau tré pha 2z, >p.

8.8 THIET KE HE RGI RAC DUNG PHUONG PHAP QBNS

8.8.1 Thiét ké& bo diéu khién s6m pha

(1) < T/ e(k) o) u(k) [ e c(t)

H(s)

Phuong trinh dic tinh cida hé
1+GH(z)=0

Phuong trinh dic tinh ctia hé thong sau khi hiéu chinh la
1+Go(2)GH(2)=0

Khau hiéu chinh s6m pha c6 dang

thong truée khi hiéu chinh 1a

Go(z) = Ko 22 2C (8.31)
z2+ pe
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Bai todn dit ra la chon gid tri K¢, 2, va po dé ddp dng cua
hé thong théa man yéu cau vé chit lugng qué do (chat luong qua
do thé hién qua vi tri cla cip cuc quyét dinh).

Trinh tu thiét ké

Buéc 1: Xdc dinh cip cuc quyét dinh tif yéu cau thiét k& vé
chat lugng ciia hé thong trong qua trinh qua do

D6 vot 16 POT
Thot gian qud dob,...

*

3 . . .
= { = 812:_2.(,0”1"](,0” 1_52: 212:6Ts
(*)n p )

*

r=|z"|=e Tt 0 =0z =Tw,1-&> (8.32)

Bu6c 2: Xdc dinh géc pha cdn bu d€ cdp cuc quyét dinh 2,
nidm trén QDNS cia hé thong sau khi hiéu chinh bing cong thic
®" =-180°+) argl -p;)-)_ argf -z ) (8.33)
i=1 i=1
Dang hinh hoc cta cong thic trén la
o =-180° +Zgéc ti cdc cuc ciua GH(z) dén cuc z
—Zgéc tr cdc zero cia GH(z) dén cuc z' (8.34)

Budc 3: Xdce dinh vi tri cuc va zero cia khau hiéu chinh

Vé hai nita dudng thiang bat ky xuat phdt ti cuc quyét dinh
z" sao cho hai nia dudng thing nay tao v6i nhau mot géc bang
®" . Giao diém ctia hai niia dudng thang nay véi truc thuc 1a vi tri
cuc va zero cda khiu hiéu chinh.

Déi v6i hé roi rac, nguoi ta thuong d4p dung phuong phéap
triét tiéu nghiém cuc ctia hé théng dé chon cuc va zero ctia khau
hiéu chinh.

Budc 4: Tinh K¢ bang cdch 4p dung cong thic

|GC(2)GH(2)|Z:Z* =1 (8.35)

Vi du 8.6. Cho hé théng diéu khién rdi rac ¢6 so dé6 khdi nhu hinh
vé, trong d6

c(t)

i v T/ o) Gq(s) u) IZon G(s)
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10

- Ham truyén khau lién tuc G(s) =
s(s +5)

- Chu ky 14y mau T =0,1sec
Hay thiét k& khau hiéu chinh sém pha sao cho hé théng sau
khi hiéu chinh c¢6 cdp cuc quyét dinh véi €=0,707, w, =10
(rad/sec).
Gidi. Phuong trinh dac tinh cta hé trude khi hiéu chinh
1+G(2)=0
trong d6

_ -Ts
I G(z):B{GZOH(s)G(s)}:E {1 ¢’ K }

s  s(st+5h)

S

1
=K(1- Z'l’g{m}

_ K(z - 1} 2[(0,5-1+e95)z+(1-e0% -0,5e70%)]
z 5(z —1)%(z —e %)

- G(z) = 0,212 +0,18
(z-1)(z-0,607)

| Cap cuc quyét dinh mong muén
Z;z = ret/®
trong d6 r=e 1% = 01070710 - g 493
¢ =T, J1-€2 =0,1x10y1-0,7072 = 0,707
= 215 =0,493¢*/%77 = 0,493[cos 0 707 )* j sinQ 707 )
= 215 =0,493¢*/%77 = 0,375+ j0,320

I G6c pha can bu

®" =-180+(B; +By) —Bs
Dé& dang tinh duge B; =152,9°; By, =125,9°; B3 =14,6°

= @ =-180+(152,9 +125,9)-14,6 = 84°
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Chon cuc va zero cia khau hiéu chinh biang phuong phép

triét tiéu nghiém.
= -z¢ =0,607 =

zo =-0,607

Tinh cuc ctia khau hiéu chinh

sin®”

Taco AB=PB———
sin PAB

Ma  PB=,/(0,607-0,375) +0,3202 = 0,388
PAB=8,-®" =125,9°-84°=41,9°

=0,578

=  AB=0388 N8
sin41,9°

y

=  pc=-0,029

z-0,607

z-0,029

- Tinh K tu diéu kién
|GC(2)G(2)|Z:Z* =1

= Ge(z2)=K¢

-pc =OA=0B-AB=0,607-0,578=0,029

(2-0,607) (0,212+0,18) |

=

c =
(2-0,029) (z = 1)(z = 0,607)| g 575+ j0 320
[0,21(0,375 + j0,320) +0,18]

©(0,375 + j0,320 - 0,029)(0,375 + j0,320 - 1

=
)
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0,267 _
€0,471%0,702
0,267 0,471%0,702
c = =1,24
0,471%0,702 0,267
2-0,607

Vay @G =1,24
c(2) 2-0,029

Nhan xét

Quy dao nghiém s6 ctia hé thong trudc khi hiéu chinh khong
qua diém z*, do d6 hé théng sé khong bao gid dat dugc chat
lugng dép tng qud do nhu yéu cidu du cé thay d6i hé sé khuéch

dai cia hé thong.
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Quy dao nghiém sé ciia hé théng sau khi hiéu chinh
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Bing cdch st dung khau hiéu chinh sém pha, quy dao
nghiém s6 ctia hé théng bi sia dang va qua diém z*, do d6 bang
cach chon hé sd khuéch dai thich hop (buéc 4) hé thong sé c6 cip
cuc quyét dinh nhu mong muén = dép dUng qua do dat yéu ciu
thiét ké.

8.8.2 Thiét k& bo diéu khién tré pha

Ta stt dung khau hiéu chinh tré pha khi muén lam gidm sai
s6 xdc lap ctia hé thong.
Xét hé thong diéu khién c6 so dé6 nhu hinh vé

r(t) < T/ e(k) Go(s) u(k) OH G(s)

H(s)

Khau hiéu chinh G, (z) 1a khau tré pha

Z+ZC

Ge(2)=K¢ (2¢ > pc) (8.36)

Z+pc
Bai todn dit ra 1a chon gid tri K¢, 2o va p. dé lam gidm sai s6
x4c lap ctia hé thong ma khong dnh huéng diang ké dén chat lugng
dap ung qua do.

Pat  p=irtrc (8.37)
1+ZC

Trinh tu thiét ké

Budc 1: Xdc dinh B tif yéu cau vé sai s6 xdc lap.
I Né&u yéu cau vé sai s6 xac lap cho dudi dang hé s6 vi tri K, thi
_Kp
= K.

trong d6: Kp- hé s6 vi tri cia hé trude khi hiéu chinh

B (8.38)

Kp- hé s6 vi tri mong muén.

| N&u yéu cau vé sai s6 xdc lap cho du6i dang hé s6 van toc
Ky thi:
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_Ky
Ky

B (8.39)

trong d6: Ky - hé s6 van toc clia hé trude khi hiéu chinh
Ky - hé s6 van tdc mong mudn.

Buéc 2: Chon zero cia khau hiéu chinh rdt gdn diém +1 dé
khong lam dnh huéng ddng ké dén dang QDNS, suy ra
~z¢ =1 = 2z =-1 (Chu y diéu kién:|z¢|<1) (8.40)

Buéc 3: Tinh cuc cua khau hiéu chinh:

pe = -1+B(1+20) (8.41)
Buéc 4: Tinh K¢ bing cdch 4p dung cong thic
Ge(2)GH(2),_» =1 (8.42)

trong d6 z, la cap cuc quyét dinh cia hé théng sau khi hiéu
chinh. Do yéu cau thiét k& khong lam 4dnh huéng ddng ké dén
dap dng qua d6 nén cé thé tinh gan diung

212 212

VOi 21,5 1a cdp cuc quyét dinh cia hé théng trude khi hiéu chinh.

Vi du 8.7. Cho hé théng diéu khién rdi rac ¢6 so dé6 khéi nhu hinh
vé, trong d6

c(t)

IR ~=Be.@{ zon G(s)

Ham truyén khau lién tuc G(s)= 50 3 chu ky lay mau

s(s+5
T=0,1sec
Hay thiét k& khau hiéu chinh tré pha sao cho hé théng sau
khi hiéu chinh c6 hé s6 van téc 1a Ky =100.
Giai. Phuong trinh dic tinh cia hé truége khi hiéu chinh
1+G(2)=0

c(t)
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trong d6

1-eTs 50 }

U G(2) = {Gon(s)G(s)} = :{ s s(s+5)

=10(1 - z‘l)z{ﬁ}

° 5(z - 1%(z - ¢ %)

0,21z +0,18
(z-1)(z-0,607)
Ciap cuc quyét dinh ctia hé théng truéc khi hiéu chinh la
nghiém cua phuong trinh
0,21z +0,18
+ =0
(z-1)(z-0,607)

Heé s6 van toc cia hé thong truée khi hiéu chinh 1a

= G(2) =

215 =0,699 % j0,547

1. 1
K, ==lim(1-2z"HYGH
v Tzlgnl( 2z 7)GH(z)

0,212 +0,18

1 .
= Ky =—Ilim(1- = Ky =9,9
v =2 ) T 0 T0.607) v
Dods  p=2v-99_4 099
K, 100

Chon zero ciia khau hiéu chinh rat gan diém +1
-20=0,99 = 2z,=-0,99
Suy ra cuc cua khau hiéu chinh
pc =-1+(1+2z0)=-1+0,099(1-0,99)
z-0,99
= =-0,999 = G, =Kp———
pc c(2)=Ke— 0,999
Tinh K, tir diéu kién
‘K (2-0,99) (0,21z2+0,18) |

=1
C
(2-0,999) (z ~1)(z = 0,607)|,_g 600+ jo 547

(0,699 + j0,547 -0,99) | _
KC . =1
(0,699 + j0,547 - 0,999)|
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= c= % =1,007=1
0,6196
z-0,99
Va G, =— 1
ay c(2) > -0.999
Nhan xét

QDNS cta hé thong truéc va sau khi hiéu chinh gan giong
nhau.
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3- Thiét ké bé diéu khién sém tré pha
Ham truyén khau hiéu chinh sém tré pha can thiét ké& c6 dang
Ge(2) = Gei(2)Gea(2)
trong dé: G, (z)1a khau hiéu chinh sém pha
Gc,(2)1a khau higu chinh tré pha.
Bai todn dit ra thiét k& G(z) dé cai thién ddp ung qud do
va sai s6 xdc 1ap ctia hé théong.
Trinh tu thiét ké
Budc 1: Thiét k& khdu sém pha Gg;(z) dé théa man yéu cau
vé ddp Ung qud do (xem phuong phdp thiét k& khau hiéu chinh
sém pha ¢ muc 8.8.1).
Bude 2: Dt Gy(2) = G, (2) [6(2).
Thiét k& khau higu chinh tré pha Gg,(2) mic ndi ti€p vao
G,(z) @€ thda man yéu cdu vé sai s6 xdc lap ma khéng thay déi
ddng ké d4p ing qud d6 cia hé thong sau khi da hiéu chinh sé6m

pha (xem phuong phdp thiét k& khau hiéu chinh tré pha ¢ muc
8.8.2).

8.9 THIET KE DUNG BO DIEU KHIEN HOI TIEP TRANG
THAI

x(k) c(k)

Cd [

x(k + 1) = Agx(k) + Byu(k)

Cho d6i tugng diéu khién dugc md td bsi HPT bién trang
thai
x(k+1) = A x(k) + Byu(k)
c(k) =Cyx(k)
Tin hiéu diéu khién trong hé hoi ti€p trang thdi la

u(k) = r(k) - Kx(k)
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Hé phuong trinh bién trang thdi mé ta hé hoi ti€p trang thai
x(k +1) = Ayx(k) + By[r(k) - Kx()]
e(k) = Cyx(k)
x(k+1)=[A, - B,K|x(k) + Byr(k)
e(k) = Cx(k)

Phuong trinh déc tinh ctia hé héi ti€p trang th4i

detfel - Ay + B,K]=0 (8.43)
Ly thuyé&t diéu khién chiing minh dugc rang: Néu rank(P)=n,
v6i n la bac cha hé théng va P=[B; Ay;B; A2B; ... A%'B,]

thi HT trén diéu khién dugc, khi d6 cé thé tim dugc vécto K dé
phuong trinh dic tinh (8.43) c6 nghiém bat ky.

Trinh tu thiét ké

Buéc 1: Viét phuong trinh dic tinh cia hé théng sau khi hiéu
chinh
det[ZI_Ad +BdK]=0 (844)

Budc 2: Viét phuong trinh dic tinh mong muén
n
|_| (z-p;)=0 (8.45)
i=1

trong d6 p; (i=1..n) l1a cdc cuc mong muén

Buéc 3: Can bang cdc hé sd cia hai phuong trinh déc tinh
(8.44) va (8.45) tim dugc vécto do lgi hoi tiep K.
Vi du 8.8. Cho hé théng roi rac nhu hinh vé

—_— —x(k + 1) = Ajx(k) + Byu(k) X(k)— Cy M

K

Hé phuong trinh bién trang thdi mé ta déi tugng la
x(k+1) = A x(k) + Bu(k)
o(k) = Cx(k)
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B, =
0 0,368 d

) 1 0,316 0,092
trong dé A, = = 0.316

} C,=[10 0]
Hay tinh vécto do loi hoi ti€p trang thdi sao cho hé kin cé
cap cuc phuc véi £=0,707 va w, =10 rad/sec.

Giai. Phuong trinh dic tinh ctia hé théng kin 1a
det[zI - A; + B;K]1=0
S G P B o ] (R
_ det@z -1+0,092k, —0,316 + 0,092k, D _
0,316k, z-0,368+ 0,316k,
o (z-1+0,092k, )(z - 0,368 + 0,316k, )~ 0,316k, (-0,316 + 0,092k, )= 0
22 +(0,092k, + 0,316k, —1,368)z + (0,066k, — 0,316k, +0,368)=0 (1)
Cép cuc quyét dinh mong mudn
Z;z = re*/®
trong d6 r=e 15 = o 0B0T0TX0 - 493
¢ =T, 1-£2 =0,1x10y1-0,707% =0,707
= 215 =0,493¢*/%77 = 0,493[cos 0 707 )* j sinQ 707 )
= 21, =0,493¢*7%707 = 0,375+ j0,320
Phuong trinh dic tinh mong muén
(z-0,375- j0,320)(z - 0,375 + j0,320)=0
- 22-0,752+0,243=0 (2)
Can bing céc hé s6 ¢ hai phuong trinh (1) va (2), ta duogc

(0,092k; +0,316ky —1,368)=-0,75
(0,066k, — 0,316k, +0,368)=0,243

Giai hé phuong trinh trén, ta dugc

k, =3,12
ky =1,047

Vay K =[3,12 1,047] n
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Vi du 8.9. Cho hé théng diéu khién rdi rac c6 so do nhu hinh vé.

r(k) K 7 u(k) Up( T X [T 1% c(k)
% o7 129H 7 1 10
‘+; \’ k2
k1

Hay xdc dinh vécto hoi ti€p trang thdi K =[k, k] sao cho
hé théng c6 cidp nghiém phuc véi £=0,5 vaw, =8 (rad/sec).
Giai

- Hé phuong trinh trang thdi mé ta khau lién tuc

U1 X2 i LS c(k)
S+ 1 s 0
Theo hinh vé ta cé
I Xﬂs)z@ = X, ()= X o(s) = &1(0) = 2(0) (1)

L Xz(s)=% = (s+1)X,(s) =Ug(s)

= xy(8) + x5(¢) =up(t)
= &y(t) = —x9(8) +up(2) (2)
Két hgp (1) va (2) ta duge hé phuong trinh

()| 10 1 || x(2) 0

[xzu)} 1o ] ch(t)} {HZC

P4p tng cia hé thong

_ _ x ()| _
c(t) =10x,(t) =[10 0] [xz(t)} = Cx(2)
Do d6 A=[O ! B=m C=[10 0
0 -1] 1

- Ma trdn qua do

e C R e (A
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1 1
— 1 |:.S‘+1 1:|= g S(S+1)
s(s+1)] 0 s 1
0
s+1
1 1 g—l{l} g—l{ 1 }
o(t) = L o(s)) =L 8 s(s+1) |{ _ s s(s+1)
0 1 0 g—l{ 1 }
sta S+1
N ¢(t)=[1 (1—e—t)]
0 et

- Roi rac héa cac phuong trinh trang thai cha hé lién tuc, ta dugce
x(k+1)=A,x(k)+ Bju(k)
c(k) = C x(k)

trong d6

1 1-¢%Y] [1 0,095
< A :q)(T):[ 01 | |0 0,905
0 e ,

T 0,1 _ -1 0,1 _ -1
| By = [o(0)Bdt= | {1 “ ¢ )}[ﬂdr}: | {(1 ¢ )}dr}
0 o (L0 e 0 e

S Dae g

LCy=C=[10 0]

- Phuong trinh dic tinh ctia hé théng kin
det[ZI - Ad + BdK]= 0

1 0] [1 0,095] [0,005
= det| z - + [k]_ kz] =0
0 1] [0 0,905] [0,095
qz -1+0,005%k, —0,095 + 0,005k, D
= det

0,095k,  z-0,905 + 0,095k,
= (2-1+0,005%)(z—0,905 +0,095k, ) - 0,905, (-0,095+0 005k, )=0
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o 22 +(0,005k, +0,095k, —1,905)z + (0,0045k, — 0,095k, +0,905)=0 (1)
Cap cuc quyét dinh mong muén: 2z, = re*/?

trong d6 r=e 15 = 01058 — g g7

0 =Tw,\/1-82 =0,1x81-0,52 =0,693
= 215 =0,67¢*7%69 =0 67[cos(0 693 )+ j sinQ 693 )
= 21, =0,516 % j0,428
Phuong trinh dic tinh mong muén
(z-0,516 - j0,428)(z - 0,516 + j0,428)=0
o 22-1,032+0,448=0 (2)
Can bang cédc hé s6 ¢ hai phuong trinh (1) va (2), ta dugc

(0,005%; +0,095k5 —1,905)=-1,03
(0,0045%; — 0,095k, +0,905)=0,448

Giai hé phuong trinh trén, ta dugc
ky =44,0
ky = 6,895

Vay K =[4,805 8,958] n

8.10 THIET KE BO DIEU KHIEN PID

8.10.1 Phuong phap Zeigler-Nichols

Ham truyén bo diéu khién PID

KITZ+1+KDZ_1
2 z-1 T =z

Gpip(2) =Kp +

Céac hé s6 Kp, K;, Kp c6 thé chon bang phuong phdp thuc
nghiém Zeigler-Nichols nhu da trinh bay ¢ chuong 6.

8.10.2 Phuong phap giai tich

Tir yéu cau thiét k& vé ddp dng qua do (vi tri nghiém cla
phuong trinh dic tinh) va sai s6 xdc lap, c6 thé tinh todn gidi
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tich dé€ chon théng s6 by diéu khién PID s6. Sau day la mot vi
du.
Vi du 8.10. Cho hé théng diéu khién c6 so d6 nhu hinh vé.

W ¢ a6 ZOH G(s) o)
H(s)
- 10 . - . =
G(s) = T0s+1’ H(s)=0,05; T =2sec

Thiét k& khau hiéu chinh G;(z) dé hé thong c6 cdp cuc phic
v6i £=0,707, w, =2 rad/sec va sai s6 xdc 1ap d6i v4i tin hiéu vao
12 ham néc don vi bang 0.

Giai. Do yéu ciu sai s6 xdc 1ap d6i v6i tin hiéu vao 1a ham néc
bing 0 nén ta st dung khau hiéu chinh G,(z) 1a khau PI.
KT z+1
2 z-1
Phuong trinh dic tinh ctia hé théng sau khi hiéu chinh 1a
1+Gp(2)GH(2)=0

Ge(z)=Kp +

s (10s+1)

) 1-e 7% 10%0,05
trong dé6: GH(z) :Z’[GZOH(S)G(S)H(S)} =Z

e 005 | 0,05z(1-e%2)

=0~z )N{s(s+0,1)} (1-2 )0,1(2—1)(2—e_0’2)
0,091

(z-0,819)

Do d6 phuong trinh dic tinh ctia hé théng la

1+[KP+K,T2+1J( 0,091 jzo

- GH(z)=

2 z-1){\z-0,819
~ 1+ KP+KITZ+1 0,091 |_
2 z-1){z-0,819

Thay T = 2, ta suy ra
22 +(0,091Kp +0,091K; —1,819)z + (-0,091Kp +0,091K; +0,819)=0 (1)
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Cép cuc quyét dinh mong mudn la
219 = re/?

véi r=e T8 = 7201072 - 59

b =T, \1-£2 =2x2x:/1-0,7072 = 2,828
= 215 =0,059¢*/%8% = 0,059[cos @ 828 )t j sin@ 828 )
= 24 =-0,056+ 0,018
Phuong trinh dic tinh mong muén la
(z +0,056 + j0,018)(z + 0,056 — j0,018)=0
- 22+0,112z2+0,0035=0 (2)
So sanh (1) va (2), suy ra
0,091Kp +0,091K; -1,819=0,112
{—0,0911{;, +0,091K; + 0,819 = 0,0035
Kp =15,09
K;=6,13

z+1 -
-

Giai hé phuong trinh trén, ta ducgc: {

Vay  Gq(z)=15,09+6,13
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Chuong 9

HE THONG PIEU KHIEN
TU DONG PHI TUYEN

9.1 KHAI NIEM

Cé4c phuong phdp phan tich va thiét k& hé diéu khién hoi
ti€p trinh bay & cdc chuong truée chi 4p dung dugce cho hé tuyén
tinh bat bién theo thoi gian, d6 la cdc hé dugc biéu dién bing
phuong trinh vi phan tuyén tinh hé s6 hing. Trong thuc té& cac hé
tuyén tinh chi tuyén tinh trén mot tAm nao d6. O vai mdc do tat
cd cdc hé vat ly déu phi tuyén. Vi vay, vdAn dé quan trong la mdi
hé c6 modt phuong phap riéng dé phan tich v6i mic do phi tuyén khac
nhau.

B4t ¢t nd luc nao nhidm han ché& nghiém ngit su suy xét 6 hé
tuyén tinh chi c6 thé ddn dén lam phic tap nghiém trong trong
thiét k& hé thong. P& lam viéc tuyén tinh trén mot tam bién ddi
rong vé bién do tin hiéu va tan s&, doi héi cdc phan ti cé chat
lugng cuc ky cao. Mot hé nhu thé khong thuc té trén quan diém
gia ci, kich thuéc va khoi lugng. Hon nita, ¢c6 thé nhan ra su thu
hep tuyén tinh han ché& nghiém trong céc dic tinh cta hé.

Thuc t& hoat dong tuyén tinh yéu cau chi cho sai léch nhé
quanh diém lam viéc tinh. Trang th&i bao hoa cla cdc dung cu
khuéch dai c6 sai léch 16n so v6i diém lam viéc tinh, su hién dién
phi tuyén dudi hinh thic cdc vung chét (dead zone) cho sai léch
nhé quanh diém lam viéc tinh c6 thé chdp nhan dugc. Trong ca
hai trudng hgp, ngudi ta ¢6 giéi han cdc dnh hudng phi tuyén dén
miic ¢c6 thé chdp nhan dugc, bdi vi thuc t& khong thé loai tru
hoan toan van dé nay.
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Trén thuc t& cdc phi tuyén c6 thé dugc dua vao trong hé mot
cach chi y d& bu lai 4nh huéng cia céc phi tuyén khong mong
mudn khdc hodc 1a dé dat dugc chat lugng t6t hon so véi viéc
hiéu chinh chi bing cdc phan t& tuyén tinh. Vi du don gidn vé
phi tuyén c6 chu dinh 1a viéc st dung dém phi tuyén dé€ téi uu
héa ddp dng 1a mot ham cua sai s6.

Muc dich ciia chuong nay 1a nghién ciu cac dic diém cta phi
tuyén va ké dén, trinh bay vai phuong phdap dé phan tich va thiét
ké& céc diéu khién phi tuyén.

Chiing ta can nhan thdy ring cdc phuong phdp phan tich phi
tuyén khong ti€n by nhanh nhu k§ thuat phan tich hé tuyén tinh.
N6i mot cach so sdnh, § thoi diém hién tai cdc phuong phép
phan tich hé phi tuyén van con trong giai doan ph4t trién. Tuy
nhién, cdc phuong phdp khac nhau trong chuong nay cé thé cho
phép phan tich va tdng hop hé diéu khién phi tuyén mot cdch
dinh luong.

9.1.1 Tinh chat va dic diém riéng cta phi tuyén

Mot vai tinh chdt vén c6 ctia hé tuyén tinh, lam don gian rait
nhiéu 161 gidi cho loai hé thong nay, khong c6 hiéu luc d6i véi hé
phi tuyén.

Tinh ch4t x&p chong (superposition) 1a tinh chdt co badn va la
co s8¢ xdc dinh mot hé tuyén tinh. Nguyén ly xép chong phdt biéu
rang néu c;(t) 1a ddp dng ctia hé d6i véi ri(t) va co(t) 1a ddp Gng
ctia hé d6i v6i ra(t), khi d6 dap dng ctia hé d6i v6i a;ri(t) + asrs(t)
14 asci(t)+ asca(t). Nguyén ly xép chéng khéng dp dung cho hé phi
tuyén, vi vay, vai thu tuc (procedure) toan hoc dung trong thiét
ké& hé tuyén tinh khong dung dugc cho hé phi tuyén.

Su 6n dinh cia hé tuyén tinh di trinh bay (6 chuong 4) chi
phu thudc vao cdc thong s6 ciia hé. Thé nhung, su 6n dinh ctia hé
phi tuyén lai phu thudc vao diéu kién va badn ch4t ca tin hiéu
vao nhu cdc thong s6 clia hé. Nguoi ta khong thé hy vong mot hé
phi tuyén cho mét ddp ing 6n dinh véi lai tin hiéu nay lai c6 ddp
ting 6n dinh véi loai tin hiéu khdc. C4c hé phi tuyén 6n dinh doi
v6i tin hiéu rat nhé hay rat 16n, nhung khong thé cé hai.
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Déap tng diu ra ctia mot hé tuyén tinh, duge kich thich béi
tin hiéu sin, c6 cung tdn s6 nhu dau vao mic du bién d6 va pha
cia né c6 thé khdc. Trong khi d6 tin hiéu ra cia hé phi tuyén
thudng bao géom cdc thanh phan tin s co ban, hoa tdn va cé thé
khéng chia tin s6 dau vao.

P6i v6i hé tuyén tinh hodn chuyén hai phan ti trong mot
tang khong dnh huéng dén hoat dong. Piéu nay khong ding néu
mot phan ti 1a phi tuyén.

Cau héi vé su 6n dinh 1a xdc dinh ré rang d6i v6i hé tuyén
tinh hé s6 hing: mot hé hodac 1a khong 6n dinh hodc 6n dinh.
Mot hé tuyén tinh khéng 6n dinh c6 tin hiéu ra ting dan khong
gidi han hoidc theo ham mi ho#c ¢ ché do dao dong v6i dudng bao
cua dao dong tiang theo ham ma.

Céc dic diém riéng ctia hé phi tuyén:

Muc nay md td chi tiét vai dic diém c4 biét cha hé phi
tuyén. Ching ta sé& ban mot cdch chi tiét: chu trinh giéi han, tu
kich ciing va mém, nhdy cong huéng va tao hai phu.

Céac chu trinh gigi han 1a cdc dao d6ng vdi bién d6 va chu ki
c6 dinh xdy ra trong hé phi tuyén. Tuy theo dao dong phan ky
hay hoi tu do cdc diéu kién dit ra, chu trinh gidi han cé thé én
dinh hodc khéng 6n dinh. C6 kha n#ng cdc hé 6n dinh c6 diéu
kién gém cd mot chu trinh gi6i han 6n dinh va mot chu trinh giéi
han khong 6n dinh. Su xudt hién cdc chu trinh giéi han trong hé
phi tuyén din dén phdi xdc dinh su 6n dinh trong s6 cdc thanh
phan bién d6 chap nhan dugc béi vi mot dao dong phi tuyén rat
nhd c6 thé gdy ra nguy hai cho su hoat dong cia hé thong

Dao dong tu kich xudt hién trong hé théng 6n dinh vé6i su
hién dién cta cdc tin hiéu rat nhé goi la dao dong tu kich mém.
Dao dong tu kich xuit hién trong hé khong 6n dinh véi su xuat
hién cdc tin hiéu rdt 16n 1a tu kich cing. Vi cdc dao dong mém va
cling c6 thé xdy ra nén cdc kj su diéu khién phdi xac dinh cho hé
khi thiét k& Mot hé diéu khién hdi tiép bao gom cdc phan ti cé
dic tinh bdo hoa minh hoa ¢ hinh 9.1a, c¢6 thé tugng trung cho tu
kich mém. Mot hé diéu khién hoi tiép chia méot phan ti c6 dic
tinh ving ché&t nhu minh hoa ¢ hinh 9.1b, ¢6 thé tugng trung cho
tu kich cing.
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Tw tré 12 mot hién tuong phi tuyén thuong lién quan dén dic
tinh duong cong tu tinh hodc khe hé cia bé banh rang. Mot
duong cong tu tinh théng dung ma duong di cia né phu thudc luc
t H dang tdng hay giam dugc trinh bay ¢ hinh 9.1c.
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Hinh 9.1: a) DPdc tinh bdo hoa; b) Ddc tinh vung chét; ¢) Vong tu tré
d) Pdp ung vong kin ciia mét hé thong vdi nhdy cong hudng

Nhay céng hudng 12 mot dang khéc cha tir tré. Ban than né
biéu dién dd4p dng tan s6 vong kin dugc minh hoa & hinh 9.1d.
Khi tidng tdn s6 w va bién dd ngd vao R dugc giit co dinh dap
ting sé di theo duong cong AFB. Tai diém B, mot thay d6i nhé vé
tan s6 din dén viéc nhdy gidn doan dén diém C. Sau d6 dap tng
theo duong cong dén diém D khi gia ting tan s6. Tu diém D tin
s6 dugc gidam xudng ddp tng theo duong cong dén cac diém C va
E. Tai diém E, mot thay d6i nhé 6 tan s6 dan dén viéc nhdy gidn
doan dén diém F. D4p tng theo dudong cong dén diém A khi gidm
thém tdn s6. Quan sat ti su méd td nay, ddp dng that su khong
bao gio di theo doan BE. Phan nay ctia dudng cong tiéu biéu cho
trang thdi cAn bang khéng 6n dinh. P& hién tugng cong hudng
x4y ra phdi la hé bac hai hoidc cao hon.

Phat sinh hai phu dé cdp dén cac hé phi tuyén ma tin hiéu ra
cia né chda cdc hai phu cia tan s6 kich thich dang sin cl@a tin
hiéu vao. Viéc chuyén hoat dong ¢ hai phu thudng xdy ra hoan
toan ngau nhién.
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9.1.2 Cac phuong phap khao sat hé phi tuyén

Tat cd cac k§ thuat dung dé phan tich hé phi tuyén déu phu
thudc vao tinh nghiém ng#t cia hé phi tuyén va bac cta hé §
trang thai suy xét. Trong chuong nay, chdng ta sé xét cac k¥
thuat c6 hiéu qua va théng dung, minh hoa cdc ing dung thuc té&
cia chiung. Chuong nay sé dan ra cic két ludn va cdc huéng dan
chon phuong phédp thich hgp cho viéc phan tich va thiét ké& cac
bai toan cu thé d6i v6i hé phi tuyén.

Viéc phan tich cdc hé phi tuyén gin véi su ton tai va dnh
huéng ctia chu trinh giéi han, tu kich mém va cing, tir tré, nhay
cong huéng va tao hai phu. Hon nita, phdi xdc dinh d4p ung d6i
v6i cdc ham dau vao dic trung. Khé khin chinh cho viéc phan
tich hé phi tuyén la khong c6 k§ thudt riéng nao 4p dung téng
qudt cho tat cd cac bai toan.

Hé thong gan phi tuyén, sai biét so véi phi tuyén khong qud
16n, cho phép st dung phuong phdp x4p xi tuyén tinh. Ham mo ta
gin ding c¢6 thé ap dung cho cdc hé phi tuyén bac bat ky nao va
thuong dung dé phat hién dao dong trong hé. Cach gidi quyét sé
don gidn hon nhiéu néu gid dinh ngd vao d6i véi hé phi tuyén 1a
sin va chi chda thanh phan tdn s6 c6 ¥ nghia ¢ diu ra 1a thanh
phan cé cung tan sé v6i ngd vao.

Céc hé phi tuyén thudng dugc x4p xi bing vai viung tuyén
tinh. Phuong phdp tuyén tinh titng doan cho phép phan doan
tuyén tinh héa bat cd phi tuyén nao d6i véi hé bac bat ky.
Phuong phdp méit phidng pha 1a mot ky thuat dic luc d€ phan
tich d4p Ung clia mot hé phi tuyén bac hai. C4ac phuong phéap 6n
dinh ctia Lyapunov 1a céc ky thuidt manh mé dé xdc dinh su 6n
dinh & trang thdi xdc 14p ctia hé phi tuyén dua trén téng quat
héa cdc khdi niém ning lugng. Phuong phdp Popov rat hitu hiéu
cho viéc xdc dinh su 6n dinh hé phi tuyén bat bién theo thoi
gian. Tiéu chudn dudng tron téng qudt héa cé thé dp dung cho hé
phi tuyén bién thién theo thoi gian ma phan tuyén tinh khéng
nh4t thiét phdi 6n dinh ¢ vong hé.

Hé béc rat cao c6 vai phi tuyén it khi xi ly bang cdc khai
niém phan tich chung. VAn @é nay yéu cau dung cic phuong phap
s6 st dung mdy tinh dé gidi quyét. Tuy nhién, 15i gidi chi c6 gid
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tri d6i véi bai toan cu thé dugc dé cap. Khé c6 thé mé rong két
qud va c6 duge cach gidi chung dé dung cho cédc bai todn khéc.

Phuong phdp mé phdng thudng dung dé kiém tra lan cudi su
on dinh cia hé diéu khién phi tuyén. Phuong phdp nay sé gitp
khic phuc nhiéu yéu t6 nhu: khong dé y chinh xdc tinh hiéu luc
ciia giad thiét do cédc khé khin trong qua trinh phan tich vi hé
phtc tap.

9.2 PHUGNG PHAP MAT PHANG PHA

Miit phing pha va tinh chat clia n6
Xét hé phi tuyén bac hai (n = 2) dugc md td & dang hai
phuong trinh vi phan bac nhat véi cdc bién trang thdi x;, x,:

. _dx
x =d_tl = f1(xy,%5)
d (9.1)
X :ﬁ =
¥ =g folxy,%9)
Hoac dugec mé ta dudi dang mét phuong trinh
dx2 — f2(x11x2) (92)

dx;  fix,x9)
Vé6i cdc diéu kién ban daux;(0) & x5(0) .

X3
/

W \\l

Hinh 9.2
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X1 =[X10 (1-9T) +Xg]6%

Bang 9.1
Vunggc;hlnh Phuong trinh Quy dao pha va dap ting pha Ky hiéu
X4
Vung © 3
5 x; = X20 = %X10 art _ X20 ~G2X10 ot 2 g=-_2
n<? =02 0 -9 2% 3; 4n 2/

4 I f [z2
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3
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Xy =[Xp (1+T) = xpoq1] € t q= 5—72\/5
=0,
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Ving @ X4 —[x10cos§2t+T sinQt g Qo =-§2jQ
— [{_s2
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Vung ©
A<O0
o=0

X1 =X10 ch T+Xpg sht
X2 =Xo0 ch T+Xq0 sht

2_2_y2 _.2
X2 =Xq =X20 ~X10

Vung ©®
A<O
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Ranh giéi gitia
2vung ®va ®
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X=X = X20*[1-€ jl

Xo =Xp0€ "

X5 —Xog = 0(X1 = Xqg)
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9.3 PHUGNG PHAP TUYEN TiNH HOA GAN DUNG

9.3.1 N9oi dung phuong phap

Trong cdc hé gan tuyén tinh, sai léch so véi tuyén tinh khong
qué 16n, phuong phdp x4p xi tuyén tinh cho phép md rong cic
khdi niém tuyén tinh thong thudng. Su x4p xi nay thuong nhan
rang cdc dic diém cta hé thay déi tu diém lam viéc nay sang
diém lam viéc khac, nhung gid dinh su tuyén tinh trong lan can
cia diém lam viéc riéng. Ky thuat xap xi tuyén tinh thuong dugc
k§ su st dung phd bién va c6 thé quen thudc hon d6i véi doc gia
S0 V6i cac tén ly thuyét tin hiéu nhé hay ly thuyét vé dao dong nhé.

Phuong phéap x4p xi tuyén tinh dugc dung khi két qud mot
lugng nhé phi tuyén c6 thé nghién ciu bing cach phan tich cho
rang céc bién dao dong hay thay déi quanh gid tri trung binh cta
bién. Piéu nay dugc trinh bay nhu sau:

d"y(t) d" ' y() dy(t)
An dtn +An—1W+"'+A17+A0y(t)+
(9.3)

dy(t)  d"y()

dt ' gt
trong d6: x(t) 1a ddu vao ctia hé; t 1a thoi gian va 1a bién doc lap;
y(t) 1a bién phu thudc va 1a dau ra cia hé ;A,,A, A, ,,..A, 1a
cic hé s6; &€ 1la hiang s6 chi do phi tuyén hién thoi va
dy(t)  d"y(t)
t), Yeeeny

FOO 2 o

+ef (y(2),

)=x ()

) 14 mot ham phi tuyén.

Mé rong 10i gidi d6i v6i phuong trinh vi phan nay cho céc
phi tuyén nhd, dugc viét dudi dang chubi liy thira cua &:

V() = ¥(0)(8) + € yqy(E) + Szy@)(t) + £3y(3)(t) *o. (9.4)

Ti phuong trinh (9.4), y(t) c6 thé suy luan nhu la két hop céc
thanh phan tuyén tinh 1y (f) va cdc yéu t6 sai léch
& ¥1y(t) + E%y9)(t) + %y (g)(¢) +... Gid sit € 1a nho, cac thanh phén phi
tuyén khong anh huéng nghiém trong dén hoat dong cia hé thong.
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A

xa(!) =~~~ _ _—Quy dao bién dong x’(t) + 5(t)

~—-- QuY dao khao sat x°(t)

X4(t)

X5(t)
Hinh 9.3 Cdc quy dao khdo sdt va quy dao bién dong
ctia phi thuyén
Gia st phuong trinh ciia hé thong dugc cho bdi:
x(2) = f(x(2),u(t)) (9.5)
trong d6 ham f 1a phi tuyén.
Hinh 9.3 minh hoa qu§ dao khdo sat ctia phi thuyén khéng
gian (nét lién) théa man phuong trinh:
x(8) = f(x(2), u(?)) (9.6)
Chi s6 o dugc viét § phia trén dé cap théong sé xudt hién doc
theo quj dao tham chi€u. Nhitng thong sé khdo sd4t nay quan hé
v6i cde thong s6 cua quy dao thuc ( nét dit) nhu sau:
x(t) = 2°(t) + &(t) 9.7)
w(t) = u () + Su(?) (9.8)
Hinh 9.3 minh hoa cac quj dao chudn va quy dao thuc, trang
thdi thuc x(t) bi léch khéi trang thdi x°(¢) mot doan d&(¢). Mot
cdch truc gidc, diéu nay cé nghia 1a qu§ dao thuc cta phi thuyén
khong gian bi 1léch hay sai 1léch nhé so véi quy dao tham chiéu
mong mudn. Vecto du(¢) biéu thi cho sai léch ctia dau vao diéu
khién so v6i dau vao u°(t) tham chiéu theo yéu cau hé théng cé
ddp ng mong mudn x°(¢).
M&oi quan hé nio ma ching ta c6 thé rat ra tir x°(¢), & (2),u’ (¢),0u(t).
Phuong trinh phi tuyén co ban cia hé: x () = fix(t), u(t)) c6 thé
biéu dién nhu sau:

%(xo(t) +8x(2)) = &°(2) + &i(t) = f(x° (2) + &we(t),u® (£) + Su())  (9.9)
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B&i vi ta gid thiét dao dong that su cia hé 1a nhd, ta c6 thé
khai trién thanh phan thd j cia phuong trinh thanh chudi Taylor
quanh quy dao khéo sat:

-0 . — (o] o af] af]
x5 (8) +aw;(2) = f;(x°(2),u (t))+a—5x1(t)+---+—5“m )
X, 0x,,
of, of (9.10)
+—L Suy () +...+—L-8u,, (t)
uy ou,,
Dung phuong trinh (9.9) ta c6 thé viét lai (9.10)
& ;(t) = (?)oaﬁ(t) ot (ﬁ)oéxm @)+ (%)oalﬁ @)+..+ (ai)oéum ¢)
Yol 0x,, 0wy ou,,
(9.11)

Gdayj=1,2,3,..,n

Phuong trinh (9.11) c6 thé don gidn biang ma tran Jacobian
dugc dinh nghia nhu sau:

O Sh O
Ox; Oxg  0x,,
Ox; 0xo 0x,,
A = (9.12)
O Ofn  On
ox; 0xy  Ox,
x=x0
u=u?
%h h oh
ou; Odu,  Ou,
o* o o
Ou; Ouy ou,,
B = (9.13)
aul GU2 aum x=xC
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Can luu y 1a t4t cd cac dao ham trong ma tran Jacobian déu
dugc danh gid doc theo quy dao khdo siat thuc ctia phi thuyén
khong gian. Dua trén ma trdn Jacobian phuong trinh (9.11) c¢6
thé viét lai du6i dang don gidn hon:

ac(t) = Ade(t) + Adu(t) (9.14)

AT

e.(t)

Hinh 9.4 Bdc tinh déng co duoc diéu khién bdng role, truong hop 1

Phuong trinh hé qua nay rat quan trong. N6 cho thay phuong
trinh vi phan mo td sai léch quanh quy dao khdo sat la x4p xi
tuyén tinh, mic du hé phuong trinh vi phan co s mé ta quy dao
bay khéo sat 1a phi tuyén.

Ta c6 thé tuyén tinh héa mot hé néu c6 thé tuong thich hoat
dong ctia n6 nhu mot hé tuyén tinh. P& chiing minh diéu nay,
ching ta hiy xét role hai vi tri diéu khién vong quay cia dong co
theo mdi chiéu. Gid st dién dp diéu khién cung cap bdi role dén
dong co, e(t) duge cho bdi: e (t)=Esinwt (9.15)
va moémen dong co, T(t) dang séng vuong do hoat dong déng ngit.
Ca e.(t) va T(t) déu dugc minh hoa trén hinh 9.4. Quan sat trén
hinh vé gia tri trung binh cta ca hai ham 1a 0.

Sau d6 ta gid st ring dién 4p diéu khién c6é gid tri trung
binh E,, ¢ day: e (t) = E, + Esinox (9.16)

D61 v6i trudng hop nay, mémen 13 ham tuan hoan cé gia tri
trung binh 7, khédc khong, bdi vi doan e.t) la duong hodc 4m
khong can biang, hinh 9.5. Chd y ring E, cung 1a mot ham cda
thoi gian, gid thiét né thay d6i rdt chAm so véi w. Hon nita gia
st E,<E c6 thé d& dang chi ra gid tri trung binh T, cho bdi déng
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thuac
2T

T,=—E, (9.17)

Vi vay, gia tri trung binh cia mémen T, ti 1€ vGi gia tri trung
binh cta dién dp diéu khién.
A

- eq(t)
e [\ /\
T(t)

] .

\ [ \ / o

AV B AV

(o]

Hinh 9.5 Ddc tinh déng co duoc diéu khién bdng role, truong hop 2

bay la ké&t qua rat quan trong. N6 chi ra ring bing mot
phan t& phi tuyén nhu role, mét moéi quan hé tuyén tinh cé thé
dat dugc gitta gia tri trung binh cta dién 4p diéu khién va gia tri
trung binh cia mémen doéng co gia ting. Ky thuat tuyén tinh héa
co ban duge dung dé 14y gia tri trung binh ctia dp diéu khién cho
role nhu mot ddu vao va chong 1én né mot ham thoi gian hinh
sin c¢6 bién dd va tan sé lién quan vé6i dau vao.

Trong muc sau, ching ta s& mé rong cdc khdi niém tuyén
tinh héa va c6 gidng 4p dung ching vao cdc hé phi tuyén. Mic du
khdi niém ham truyén khong thé ap dung cho hé phi tuyén,
nhung mot diac tinh truyén dat x4p xi tuong duong dugc rat ra
cho mot dung cu phi tuyén cé thé tinh todn nhu la ham truyén
dat trong cdc hoan cdnh cu thé. Ta dinh nghia cdc d#c tinh
truyén dat gdn ding nay 1a ham mé td. Pay 1a khdi niém hitu ich
va thuong duge st dung trong thuc té.

9.4 PHUOGNG PHAP TUYEN TiNH HOA BIEU HOA
9.4.1 Khai niém

Phuong phdp tuyén tinh héa diéu hoa hay con dugc goi la
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phuong phdp ham mé td da xudt hién dong thoi trong vong mot
thdng cia ndm 1948 & nhiéu nuéc Nga, M§, Anh...

Viéc dung ham mo td 1a mot c6 ging dé mé rong gan ding
ham truyén dat rat dic luc cia hé tuyén tinh sang hé phi tuyén.
Phuong phédp tuyén tinh héa diéu hoa 1a phuong phdp khdo sat
trong mién tan sé da dugc tng dung cho cdc hé phi tuyén bac cao
(n>2) do dé& thuc hién va tuong dé6i giong tiéu chudn Nyquist.

Y tuéng co ban cia phuong phdp nhu sau: xét mot hé phi
tuyén (khong c6 tac dong kich thich bén ngoai) gdom hai phan ti
phi tuyén va tuyén tinh.

r=0 X Y
—>®—> N(X) G(s)

Y

Y

Hinh 9.6

) = Xmsin(wt
X =Xpened N | = ) ! -

T y(t) = Ymsin(ot)

Hinh 9.7
Dé khdo s4t khd ning tén tai dao dong tuan hoan khong tit
trong hé, ¢ ddu vao khau phi tuyén ta cho tdac dong séng diéu hoa
bién d0 X, tdn sd géc w: X(t) = X sin(t). Tin hiéu ra khau phi

tuyén sé chia tdn s6 co bdn wva cdc hoa tan 2w,3w....

Gia thiét riang khau tuyén tinh 1a bo loc tan sé cao, cdc hoa
tan bac cao so v6i tan s co badn 1a khong ddang ké théa man diéu
kién bién d6 séng hai co ban 1a troi hon hin
G(jkw) 0
G(jw)

trong d6: K 1a s6 cac hoa tan; Z 1a tin hiéu ra

ka

9.18
Z. (9.18)

Z., 1a bién do dinh séng tudn hoan.
Tin hiéu & ngd ra khau tuyén tinh théa diéu kién bo loc
(9.18) bé qua cdc séng hai bac cao Y,,;,Y,,5 va chi tinh séng hoa

tan co ban bac mot ta c6 biéu thic gdn ding
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y(@)U Y, sin(wi +¢)
¢ la gbc léch pha cua tin hiéu ra so véi tin hiéu vao.
Ta c6 phuong trinh gitta hai tin hiéu vao ra nhu sau
x(t) +y(¢) =0

Diéu kién can bing khi théa diéu kién loc:

y(t)0 Y, sin(@t+9) (9.19)
{Xm = le
(9.20)
¢ =m

Phuong trinh (9.19) va (9.20) dugc goi la phuong trinh can
béng diéu hoa, phuong trinh ddu can bang bién d9, con phuong
trinh thd hai cdn bang pha ctia dao dong tuan hoan.

Phuong phdp tuyén tinh héa diéu hoa 1la mot phuong phdp
gin diang c6 thé gidi quyét dugc hai nhém bai todn co ban sau:

1- Khdo sat ché& do tu dao dong ctia hé phi tuyén

2- Kho sat diéu kién ton tai ché do tu dao dong trong hé phi tuyén.

Trong trudng hop diéu kién loc (9.18) khong théa man tin
hiéu ra khéng thé tinh gan ding chi chiia tdn s6 co ban duge, tuy
tiung truong hop cu thé phai kiém nghiém lai k&t qua bing thuc
nghiém hoac khing dinh trén moé hinh todn hodc vat ly ctia hé
thong. Trong mot sé truong hop phuong phép tuyén tinh héa gin
ding c6 thé cho két qua sai vé cau héi c6 hay khong dao dong
tuAn hoan trong hé phi tuyén. D6i v6i truong hop nay cé thé
dung phuong phdp tuyén tinh diéu hoa cé tinh dén cac hoa tan
bac cao dé chiing minh két qua nhan dugc tir thuc nghiém.

9.4.2 Ham moé ta hay hé s6 khuéch dai phic cua khau
phi tuyén
Dinh nghia
Ham mo td hay hé s6 khuéch dai phic ctia khau phi tuyén la
ti s6 ctia thanh phin séng hai co ban cta tin hiéu ra khau phi
tuyén trén bién do tin hiéu sin cta tin hiéu vao x(¢) =M sinwt
_4 +JB

" (9.21)

Z
N(Xm)=X1

m
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Z: - thanh phan co ban  (bac mot) cta tin hiéu ra khau phi tuyén
X, - bién d6 tin hiéu sin cta tin hiéu vao khau phi tuyén.

Phan tich dang séng ngd ra bang chudi Fourier cho bdi biéu

thic
k=00

A = .
w)=—2+>» A wt)+ > B Wt 9.22
n(wt) 5 l; 1 Cos( )}; % Sineuy | (9.22)
T/2
trong d6: Aj, == j n(we)sin (ot )d (@), k=0,12... (9.23)
T—T/2
9 T/2
B, = j n(wxt)cosot K@), k=012 ..
-T/2
Do chi st dung hoa tan co ban nén ta cé
T/2
A =2 j n(wt)sin (ot )d () (9.24)
T
-T2
9 T/2
By=— | n(wt)cost ) ()
T—T/Z

Cht y: Néu ham 1é khong cé tré B;=0
Né&u ham 1é c6 tré B; #0
D 1a vung chét; H la vung tré

Ham mé ta cia cac khau phi tuyén dién hinh

1- Ham c6 vung chét
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AF(¥) F(ot)
A -
?Qo— ————— — ey, ——————
I - /-\ 1 | Igt

D |0 DI x o‘an—an 21 3x
| 11
1 11
1 1l
! [
1 1
1 O | ?VI Nz 20+2sin2a
T | I R - T
1 (O S 1 D
I I sinoc = (1) = Msin(ot), M > D
I E==
' L Msin(ot)
(R 1

_— 1
1 2n 1
I 1
1
| I
! 37

Yy ot

Vi ham trén 14 ham 1é, nén ta ¢6 B;=0

11

2
A :%I(Msin(w)—D)sinm Yot

T

2 9.
:4MJ-((1 COSQW))—Qsin(wt))d(m‘GE
T M

2

M _sin2uwt) D g
—?(2((& — )+4Mcos(oot )*

a

:%(n—% +sin(20)-4 cosa sim :M(1_20(+s—m(2a))
m

_ 20 +sin(2a)
s

Do d6: |[N=1

2- Khéu béao hoa
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—_——]»
R — [m]
1 N A
! s
I I o
1 3
| -—— =1
I ®_ @
1 1 =
3 3
- =] 1 o~ I
= R | £ =
3 - o= x
T _ = | + -
-5 S _D 3 a|s
1 1 I Il
1 z <)
| )
|
|
| fan)
A> 2
£
A 2
s =
—e b ——
2
x
w @]
)]
]
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Do ham 1é, nén ta ¢6 B;=0

1

1

2 a 2
A =%IF(wt)sin(wt)dwt =;iT stin2(wt)dwt+jD sin @t Jox
0 0 a

T
a _ 2
-4 '[M(M))dwﬁjDsin(wt)dwt
n 0 2 a
B 13
4\ M, . sin@ut)l" 2
=—| — (0t -——) —Dcos(oot‘
| 2 2 0
a

=%[2a ~2sin(20)+4 sina cosx | =%[2a +sin2a)]

Vay: N=11T[2a +sin(2a)]

3- Role ba vi tri cé tré

F(x
A ) K. Flot)
K L *— NA
N *‘ *—> B
X | | -
—D-h —P[OF [D+h o m 2n ot
‘_+I I [ | T=0p
=iy i N A
== % Ky
I | | |
T T Y
| | | | — —
I ] I = 2K . 2K . .
£ N=_—"—N _(cosa, + cosa,) —j ——N__(sino, + sina
L nA(D+h)( ! 2) InA(D+h)( ! 2
g
|- Msin(ot) sinoy = -, sino, = 2 A= _M
-~ T A 2T M D+h

I x(t) = Msin(ot), M > D + h

ot
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4- Khéu so sanh c6 tré (Trigger Schmitt khéng ddo)

F(x)
A G
Vmax ~r— *_> Viax
> X T 2m, 1 "i
-Vy ) *VH O|a s el 37
> Vinax Voax [F—m—— -
i |
|
o M
|
I L -
1 =F T Ll av
| omax L
| = _
I : N AV, (cosa — jsina)
i !
1a|m Msin(wt) . 1 M M
gl I sino= — A== =_"_
:;2 I A D -V,
_3”: x(t) = Msin(ot), M > V,
|
|
3n |
\ J
_4"F 4™
A _E J- Omaxsm((*)t)dwt __,__[ j Omaxcos((*)tﬂwt
a a

™Ha T+

Al :__:(VOmaxCOS((*)t)‘ :%(VOmaxSin(wt)*

a a

4V, -4V, .
AI:MCOSG BI:MSH]G
Tt Tt

N = M(cosa - j sina
MAVy

. M _ M
sina =— ,A=—
A D VH

5- Ham bdc hai déi xing
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2
) :{x (2x>0)
-x“(x <0)

vo M?sin? () (sin@t)>0)
-M?sin® (wt) (sin@¢)<0)

Y la ham 1é, nén B;=0

L

2
A :%J'Mzsinz (@) sin @t Yo
0

3
="_1ij2(1—cos2 @) d (cost )
0

AM? cos® @t )/’
A = (cosxt )-———
11 3 L
2 2
A, _4M {1_1}:8M
T 3 31
X 8M
Vay: = s

6- Ham bdc ba
Tuong tu ham béac hai trén
Ham bac ba ciing 1a ham 1é nén B;=0
F(x)=x2
Y = M3 sin3 (wt)
Tacé: A, =1—11J'02]TM3sin3(wt)sin(wt)i(wt)

:M_Sjjn(1—2cos(2wt )+—1+COQS(4W ))zl(wt)

(3cos(oot) sin(wt)+ Sin@t)fn
8 0

M3 RY VA
A ——(3 m = 1
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3M?

Vay: N =

Vi du: Ham truyén hé cia phan tuyén tinh mot hé phi tuyén

]
N—I\/I) \ A Im
\ TN
\ B\, - /~ N\o .
M kg = 12 Re
" | K=2
Hinh 9.8
. . K
GUWH(jw) =

Ju(1+0,5jw)(1+0,1w)
Phuong trinh dic tinh ctia phan tuyén tinh lién tuc c6 hé sé
Khuéch dai bing K
A(s)=s(1+0,55)1+0,1s)+ K
A(s)=0,05s% +0,6s% +s + K
Hé s6 khuéch dai giéi han dugc xdc dinh theo tiéu chudn
Hurwitz cho hé bac ba la:
Dy =0,6-0,05K,, =0= K, =12
Puong cong Nyquist cho ba truong hop K khac nhau dugc vé
¢ hinh 9.7. Giao diém cta dé thi - 1/N(M) véi dudng cong Nyquist
cia phin tuyén tinh G(jw) c¢6 K = 17 ky hiéu la diém B. Tai

diém B toén tai dao dong khong 6n dinh vi di theo chiéu ting cta
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bién d9 theo dic tinh - 1/N(M) ctia khau phi tuyén, chuyén dong
tit ving 6n dinh (gach soc bén trdi G(jw)) sang vung khong 6n
dinh ctia phan tuyén tinh G(jw). Ngugc lai, ch& do dao dong 1a 6n
dinh, néu di theo chiéu ting cia bién d§ theo dic tinh - 1/N(M)
cia khau phi tuyén, chuyén tir ving khong 6n dinh sang én dinh
cia phan tuyén tinh G(jw).

Trong truong hop K = 2, dic tinh -1/N ctia khau phi tuyén
nidm hoan toan ¢ vung 6n dinh ciaG(jw), 0< w< -+, k&t luan hé
phi tuyén 1a 6n dinh & trang thdi can bing: R(t) = 0.

Vi du: Hé phi tuyén dac tinh role 3 vi tri khong tré véi phan
tuyén tinh:

Gls)=——
s(1+0.2s)(1 +2s)
Phi tuyén tinh hinh 9.17¢6 D =0,1; A =0; K, =6
Phuong trinh can bang diéu hoa gan ding:
1+G(jw)N (M) =0 (9.25)

Im

Re

Hinh 9.9
Gidi bang phuong phédp dé thi. Trude tién tim w_, - 12 tdn s6
dao dong tai B.
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1—2-[+ arctg0,2w_ + artg2w_, =T

suy ra w_,=1,58 sec™

* Dat % =A; Tinh A tit (9.25) ta c6:

A1 =1,1
A,=2,59

|| Phuong trinh (9.25) viét cho vi du cu thé khi
D = 0 (role 2 vi tri)

}:Ml =0,11; M, =0,259

4K, .
—.G(jw)+1=0
- (Jw)
. el , 4K .
Tai diém B ta c6: —.G(jw_)+1=0

4,6
ha 22(-0,0364)+1=0
y TrM( )

suy ra M = 0,278
Két ludn: trong truong hop role 3 ¢ vi tri khong tré, dao dong
6n dinh tai diém B c6 bién d6 A, = 2,59 ; tdn s6 w_,=1,58sec’.
Né&u giit nguyén phan tuyén tinh, thay khau phi tuyén 1a role 2,
vitri D = 0 ta c6 ch& do dao dong tai B la:
m(t) =0,278sin1,58¢ ché do tu dao dong.

9.5 PHUGONG PHAP TUYEN TiNH HOA TUNG DOAN

9.5.1 Dat van dé

X4p xi bat ci phi tuyén nao dong nghia véi viéc phan doan
tuyén tinh tung khic 1a cong cu c6 hiéu qud cho viéc phan tich.
Mbi doan dian dén phuong trinh vi phan tuyén tinh tuong Ung
don gidn hon. Phuong phdp nay, khong han ché cho hé gin tuyén
tinh, c6é ich lgi 1a tao ra 15i gidi chinh xdc cho bat ci bac phi
tuyén nao néu ban than phi tuyén cé thé tuyén tinh héa ting
doan hay c6 thé xdp xi bang cdc doan tuyén tinh. Ta sé ching
minh dng dung cia né qua vi du sau:
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9.5.2 Vi du ing dung

10V
t
Khuéch dai bao hoa
F(v)
rt) <N e(l) . f(t) c(t)
— 1 v » Tich phan >
T_ : ; 1 e(v

Hinh 9.10 Hé diéu khién héi tiép chiia bao hoa

Hinh 9.10 minh hoa mét hé diéu khién hoéi ti€p don gidn
chita bd tich phan va bo khuéch dai bao hoa. Do 1oi bo khuéch
dai 1a 5 trong mot tam dién ap vao*1V. Ddi vdi cdc dién 4p vao
16n hon, bo khuéch dai bdo hoa. Hoan toan rdé rang c6 hai viung
hoat dong tuyén tinh phan biét ctia bo khuéch dai. Mdi vung hoat
dong tuyén tinh nay c6 thé xem xét mot cach doc lap bang
phuong phdp tuyén tinh héa tirng doan dé c6 dugc ddp ung tong
hop cia hé thong.

Péi v6i vung khong bao hoa, ddng thic hoat dong hé thong

1a
e(t) = r(t) - c(t) (9.26)
f(t) =5e(t) (9.27)
c(t) = j F(t)dt (9.28)

Su6t qua trinh bao hoa, phuong trinh (9.26) va (9.28) van cé
gia tri. Tuy nhién (9.27) thay d6i thanh
f(t) = 5khie(t)>1 (9.29)
f(t) = -5 khi e(t) < -1 (9.30)
Gia st diéu kién d4u 1a khong va dau vao ham nac 10V, biéu
thic dau ra trong ving hoat dong bao hoa C_,(t) dugc cho béi
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t
Coar () = [ Bt = 5t (9.31)
0

Biéu thic dau ra trong suét khu vue khong bao hoa duge cho bdi

t
MOED j (10 - ¢)dt hoic % +5¢=50 (9.32)
0

Thoi gian ¢; 1a thoi gian ma 6 d6 by khuéch dai lam viéc
tuyén tinh chua bdo hoa. Khic =9, e =1, t; 1a 1,8 sec. Dung céac
k§ thuat thong thudng tinh d4p s6 cho phuong trinh (9.32):

¢, (t) =10 - 2(718) (9.33)

Gid tri ban dau d6i véi vung nay, ¢, (0), gidng gid tri cudi
cung cta vung bao hoa c¢,,(1,8)=9. Su lién tuc ¢ ngo ra la do tac
dong ctia bo tich phan. Vi vay, ddp s6 tong hop d6i véi bai toan
nay, c6 duge bang phan tich tuyén tinh timg khic 1a

¢ (t)=5¢t khi 0<t<1,8 (9.34)

¢,.(t) =10 —2(718) (9.35)

Déap tng ctia hé doi véi dau vao ham nac 10V dugc vé trén
hinh 9.11

Phuong phdp tuyén tinh tirng doan trong bai trén cé thé mé
rong sang céc phi tuyén phic tap khac. Can luu y 1a cdc diéu
kién bién gitta cdc vung tuyén tinh 1a lién tuc tai bat cu thoi
diém nao, ham truyén dat theo sau phi tuyén la mot ham hitu ti
riéng. Phuong trinh vi phan din ra trén méi vung phan doan la
tuyén tinh va cé thé gidi dugc dé dang bing cdc kj thuat tuyén
tinh thong dung.

A c®)
0 g g

|

(>3 e ]
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Hinh 9.11 Pdp tng bdc thang ciia hé bdo hoa duoc tinh
bdng phdén tich tuyén tinh tung doan

9.6 TIEU CHUAN LYAPUNOV

8.6.1 Khdi niém vé 6n dinh

Déi véi hé tuyén tinh bat ky mot qua trinh quéa do nao ciing
c6 thé xem xét ¢ dang téng ctia thanh phan qua do hay con goi 1a
tu do va thanh phan cudng bic. Hé tuyén tinh dugc goi la 6n
dinh né&u thanh phan qué db tién t6i khong khi thoi gian tién t6i
vO cung.

Van dé xét 6n dinh hé phi tuyén phic tap hon rat nhiéu vi
khéng dp dung dugc nguyén ly xép chéng va trong hé théng cé
kha niang xuat hién tu dao dong. Tinh chat ctia hé phi tuyén la cé
nhiéu trang thdi cdn bing, song hé tuyén tinh chi ¢c6 mot trang
thdi can bing. Tinh 6n dinh cGa hé phi tuyén phu thudc vao bién
do6 cua tin hiéu tdc dong vao hé.

Phu thudc vao su ¢6 mét cha tin hiéu tdc dong vao hé ma tat
cd cidc hé thong dugc chia thanh hai loai thuAn nhat va khéong
thudn nh4t. Trong hé thuan nhat khong cé tin hiéu tdc dong vao
hé. Pic tinh co ban didc thu cho hé phi tuyén thuan nhat la hai
qud trinh can bing va tu dao dong. Poi véi hé phi tuyén khong
thuan nhat ton tai khdi niém 6n dinh ctia qud trinh sinh ra do
tdc dong bén ngoai.

Hé phi tuyén & trang thdi cdn bing cé thé 6n dinh trong
pham vi hep, pham vi rong va toan cuc phu thudéc vao vung sai
léch cho phép khéi trang thai can bing. Ngoai ra déi v6i hé phi
tuyén van dé 6n dinh con bao gdm 6n dinh cia chuyén dong va
on dinh cta quy dao.

Trong thuc t&€ khong tranh khéi tdc dong clia cdc nhiéu, nén
bai todn 6n dinh chuyén dong c6 ¥ nghia rat quan trong vé mait
ly thuyét cing nhu vé méit thuc tién. Chinh vi 16 d6 ma nhiéu
nha co hoc va todn hoc 16i lac di tap trung nghién ciu vdn dé
nay. Vao nim 1892 trong luan vin tién si khoa hoc “Bai todn
téng qudat vé 6n dinh chuyén dong” A. M. Lyapunov da dit bai
todn 6n dinh chuyén dong dudi dang téng quat nhat va dua ra
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nhitng phuong phédp chit ché, doc ddo, rat c6 hiéu luc dé gidi
quyét bai todn. Cong trinh néi ti€ng nay la diém xuidt phdt cia
nhiéu cong trinh nghién ctu vé 1y thuyét 6n dinh cho dén ngay
nay.

bé x4c dinh mot cdch 6n dinh viéc st dung phuong trinh

bién trang thdi dang thudong
x = Ax+ Bu cho hé tuyén tinh (9.36)

va x=f(x,t,u) cho hé phi tuyén (9.37)

Ky hiéu chuyén dong khong bi nhidu 1a x[¢, u(t), x,]

Chuyén dong bi kich thich c¢6 dang xft, u(¢)], x, + Ax,]

D#c trung cho do léch cta chuyén dong bi nhiéu so véi
chuyén dong khong bi nhidula Ax=x-x

X4c dinh tri tuyét doi cia hiéu hai vécto tuong wUng véi

chuyén dong bi nhiéu va khong bi nhiéu

x-x =\/(x—x*)2+(x—x* )2+....+(x—x* )2 (9.38)
o]

Phuong trinh viét cho do léch

A = D + D + D+t (9.38)
A,

[
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Hinh 9.12 Biéu dién hinh hoc dinh nghia 6n dinh chuyén dong

Dinh nghia: Chuyén dong khéng bi nhiéu duoc goi la 6n
dinh néu véi moi s6 duong € nhd tuy y cho truée, coé thé tim duoc
mét sé duong O(€) sao cho véi moi dé léch cia chuyén doéng bi
nhiéu so véi chuyén déng khéng bi nhiéu tai thoi diém ddu théa
man diéu kién

‘x -x|<d (9.39)

cing s& théa man tai moi thoi di€ém sau ¢ >¢,

‘x —x|<e (9.40)

Trén hinh 9.12 bi€u dién vé mit hinh hoc dinh nghia 6n
dinh chuyén dong. Ky hiéu p 1a khodng cdch gitta hai quy dao
khoéng bi nhiéu (1) va quy dao bi nhiéu (2).

Quy dao khép kin (1) 1a 6n dinh néu véi moi s6 duong & nhd
tuy y, ¢6 thé tim dugc mot s6 duong d<e sao cho p khong vuot
ra khéi gigi han €.

Néu chuyén dong khong bi nhiéu 6n dinh va néu thda méan
didu kién: lim |~ x"| =0 (9.41)

t o0

thi chuyén dong khong bi nhiéu dugc goi 1a 6n dinh tiém can.

Bai toan 6n dinh chuyén dong theo nghién ciu ctia Lyapunov
c6 mot s6 dic diém sau:

1- On dinh dugc xét d5i véi cdc nhidu dat 1én didu kién ban dau.

2- Su 6n dinh dugc xét trong khodng thoi gian hitu han,
nhung Ién tuy y.

3- Céc nhiéu dugc gia thiét 1a bé.

9.6.2 Phuong phap thd nhat ciaa Lyapunov

Dé gidi quyét bai todn 6n dinh chuyén dong, Lyapunov da
xay dung nhitng phuong phdp riéng, doc ddo, ching c6 thé phan
thanh hai loai chti yéu. Loai thi nhit bao goém nhiing phuong
phédp khdo sat truc ti€p chuyén dong bi nhiéu dua trén viéc xéc
dinh cdc nghiém téng quat hodc nghiém riéng ctia phuong trinh
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vi phan cia chuyén dong bi nhiéu. Hé théng 6n dinh hay khong
on dinh dugc xdc dinh tu 16i gidi nay. St dung phuong phép
tuyén tinh héa viét phuong trinh vi phan phi tuyén cia chuyén
dong bi nhiéu bing mot hé phuong trinh tuyén tinh gin ding da
bd qua cac s6 hang bac cao, vé thuc chat 1a thay thé mot bai toan
nay biang mot bai toan khdac ma ching c6 thé khéng cé tinh chat
nao chung véi nhau. Tuy nhién ciing c6 truong hgp trong do6 tu su
on dinh hodc khong 6n dinh cia nghiém phuong trinh gan ding
thit nhdt c6 thé biét dugc su 6n dinh hay khong 6n dinh cla
phuong trinh vi phan phi tuyén. Hay néi cdch khéac, ddp s6 gin
ding trong phuong phdp thd nhat cia Lyapunov thudng cung cap
thong tin hitu ich vé tinh 6n dinh cta chuyén dong bi nhiéu.

Gia thiét phi tuyén la don tri va tén tai dao ham & mdi cdp
trong lan c4dn diém can bing (). Ham phi tuyén:

x; =fi(x); i=1n (9.42)
c6 thé khai trién thanh chubi Taylor nhu sau
L2 W/ N (9.43)
0x; e 0x5, e
hay Ax; = Alx (9.44)
% oh
6x1 6x2
vGi A= % % (9.45)
axl axz
X=X,

Thanh 14p phuong trinh dic trung tuong dng véi phuong

trinh x4p xi tuyén tinh
det(SI-A) = 0 (9.46)

Vé6i I la ma tran don vi ¢6 rank la n (bdc ctia phuong trinh).

Lyapunov chiing minh rang néu nghiém ciia phuong trinh dic
trung (9.46) cé6 phan thuc khac khong thi cdc phuong trinh x4p xi
tuyén tinh ludn cho ddp s6 ding doi véi cau héi 6n dinh cha hé
phi tuyén.
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| Néu tdt cd cdc nghiém ctia phuong trinh dic truong cé
phan thuc Am thi hé phi tuyén sé& 6n dinh trong pham vi hep.

ReS; <0, i=1n (9.47)

' N&u chi ¢6 mot trong s6 cdc nghiém cta phuong trinh dic
trung c6 phan thuc duong thi hé phi tuyén khong én dinh.

I Néu c6 du chi 12 mét nghiém ctia phuong trinh dic trung cé
phan thuc bang khong va tat cd nghiém con lai déu c6 phan thuc
am thi khong thé két luan vé tinh 6n dinh cia hé phi tuyén theo
danh gid nghiém cia phuong trinh tuyén tinh gan ding duoc.

9,=0

N(X) G(s) >

0

Hinh 9.13 So dé tuy dong don gidn

Vi du: Xét mot hé tuy dong don gidn c6 so dd6 nhu hinh 9.13.
Uy =sin® (ddc tinh phi tuyén)

Ham truyén cia dong co: G(s) K (9.48)

s(Ts+1)
Uy - dién ap tuong Gng véi momen tai diat vao dong co.
Xét 6n dinh ctia hé é trang th4i caAn bing theo phuong phép
thd nhat cia Lyapunov
Thanh 14p hé phuong trinh bién trang thdi cho hé

bat x; =0ta cé:

dxl _
L, 2
dt (9.49)
%=—£Sinx -—x +£U
dt T 1 2 M
dx X f
hay L =fx)x =" flx)= (9.50)
dt 2 fo
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Phuong trinh chia thanh phin sinx, do d6 1a phuong trinh
phi tuyén. Trang thdi cAn biang dugce dinh nghia

=0
4% _ 0 do vay 1 (9.51)
di £, =0
Phuong trinh trang thdi can bang:
%y =0 (9.52)
sinx; =Uy =|Uy|<1 (9.53)
St dung phuong phap thit nhat dé khdo sat doi véi phi tuyén nhod
ofi  9fy 0 1
) 0
A=|T1 T2 (9.54)
ofy  Ofy K e -1
6x1 6x2 T 1
1, K
det(s] - A)=s(s + )+ o cosey =0 (9.55)

Xét céac truong hop cu thé:
1- Uy, =0( ) khong c¢6 tdc dong nhiéu

Ti phuong trinh cl@ia trang thdi can bing ta cé

sinx; =Uy =0 (9.56)
* = x; =2mm0,£21,+471T..)
cosx; =1

Phuong trinh déc trung c6 dang:

1. K
B 9.57
s+t (9.57)

v6i K > 0, ReS;; < 0 theo tiéu chudn Huwitz
Ap dung dugc phuong phdp thi nhat Lyapunov, hé én dinh
trong pham vi hep.
* = x; =(2m +1)1; m - 1a s6 nguyén bat ki
cosx; =-1
Phuong trinh déic trung c6 dang

1. K _
s+ ) = =0 (9.58)
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Mot nghiém c6 phan thuc duong va mot nghiém c6 phan thuc
am, 4p dung phuong phap thi nhit két ludn hé khong 6n dinh
trong pham vi hep va diém can bing khong 6n dinh trong pham
vi hep.
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2- Uy-=1 (9.59)
sinx; =Uy =1
cosx; =0

Phuong trinh déic trung c6 dang
1
+=)=0 9.60
s(s T) (9.60)

Mot nghiém s; = 0 va mdt nghiém s = -1/T< 0, khéng ap dung
duoc phuong phap thit nhat cia Lyapunov.

Nhan manh quan trong la phuong phdp thd nhat cua
Lyapunov xéc dinh su 6n dinh trong lan c4n tdc thoi cia diém
can bang.

9.6.3 Phuong phap thy hai cua Lyapunov

Mot trong nhiing phuong phdp cé hiéu luc nhat dé khdo sat
bai todn 6n dinh chuyén dong 1a phuong phdp thi hai hay con goi
1a phuong phéap truc tiép cia Lyapunov. Theo phuong phap nay
tiéu chudn 6n dinh chuyén dong c6 thé 4p dung truc ti€p vao hé
phuong trinh vi phan cida chuyén dong bi nhiéu ma khong thong
qua viéc tich phidn hé phuong trinh.

Gid tri cia phuong phdp thd hai khong chi ¢ viéc xdc 14p
nhitng tiéu chuidn 6n dinh ctia chuyén dong ma con & chd né cho
phép xdc dinh mién bién thién cha cdc thong s6, xdc dinh thoi
gian chuyén tiép va danh gid chat lugng diéu chinh trong céc hé
thong tu dong.

Phuong phdp nay dya trén ham V(x;,x5,..x,) ¢6 tinh chat
dac biét, né c6 thé so sanh v6i tong dong ning va thé ning va
khdo s4t dao ham toan phan theo thoi gian dV/dt, trong dé céc
bi€n x;,%,..x, la bi€n trang thdi cua phuong trinh vi phdn mo ta
chuyén dong bi nhiéu.

Dinh ly Lyapunov vé 6n dinh tiém can

Néu tim duoc moét ham Vi(x) véi moi bién trang thdi
X1,%9,..X, la mot ham xdc dinh ddu duong, sao cho dao ham cia

no % dua theo phuong trinh vi phén cia chuyén déng bi
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nhiéu:
x=f(x,%9,..%,) (9.61)
cing la ham xdc dinh ddu, song trdi ddu véi ham V(x) thi
chuyén déng khéng bi nhiéu sé 6n dinh tiém cdn
Ta gigi thiéu phuong phdp thd hai cia Lyapunov qua vi du
minh hoa mét hé co hoc khéi lugng (M)-10 xo (K)-bd gidm chan
(B) don gidn c6 thé biéu dién bang phuong trinh bac hai:

2
M ddjgt) +B dfz(:) + Kx(t) = £ (2) (9.62)
Giast M=B=K=1va f(t)=0; ta co
i(t) + 2(2) + x(t) = 0 (9.63)
bat x1(2) = x(2); x9(¢) = x(2) ; ta co
() = x5(2) (9.64)
X (t) = —21 (£) = x(t) (9.65)
Hé tuyén tinh don gidn nay c6é thé gidi dé dang. Gid s céc
didu kién ddula x(0)=1 (9.66)
%(0)=0 (9.67)
Khi d6 cdc ddp s6 c6 dang sau:
x(£) =1,15¢"/2 sin (0,866t + T1/3) (9.68)
xy(t) = -1,15¢"/% sin(0,866¢) (9.69)

Cé4c phuong trinh (9.67) va (9.68) duogc vé trong mién thoi
gian & hinh 9.14 va  méat phing pha ¢ hinh 9.15. Hai hinh nay
hoan toan xéc dinh su 6n dinh cGa hé thong co hoc don gidn nay.
Heé thong l1a 6n dinh va trang thai x,(¢), x,(¢) hoat dong nhu da chi

ra.

A X4(t), X,(t) |

B x4 (t) ‘\
\ / /
\ / / t

3

X4(t)

\ Xo(t)
t
J/

N
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Hinh 9.14 Ddp ung mién thoi gian Hinh 9.15 Mdt phdng pha cia
cia mot hé co hoc don gidn médt hé co hoc don gidn
Bay gio, ta hiy xét hé thong don gidn nay trén quan diém
ning lugng. Téng ning lugng luu trit dugce cho béi

V() = %Kx%(t) + %Mx%(t) (9.70)

Do K = M =1 trong vi du don gian

(OEESHORER0) ©.71)
2 2
Téng niang luong nay bi tiéu tdn dudi dang nhiét ¢ bo gidm
chén tai van toc

V(t) = —Biy (t)x5(t) = —Bx2(t) (9.72)
Do B =1 ta duge  V(¢) = —x3(¢) (9.73)

Phuong trinh (9.71) xdc dinh quy tich cia néng lugng tich tri
hing s6 ¢ mat phang x;(t) va x; (t). V6i vi du don gidn nay, ching
chuyén dong vong tron. Nhan xét tir phuong trinh (9.73) 1a van
téc ning lugng luon ludn Am va do d6 cdc duong tron nay phai
ngay cang nhd dan theo thoi gian. Hinh 9.16 minh hoa dic diém
nay trén mat phang pha déi véi vi du don gidn da cho, ta c6 thé
xédc dinh thoi gian thay d6i caa V(z) va V(¢) mot cdch tudng minh
bang ciach thay thé phuong trinh (9.68) va (9.69) vao phuong
trinh (9.72) va (9.73). Két qua nhu sau:

V(¢) =0,667¢ ![sin% (0,866t )+ sin® 0 866t + T /3)] (9.72)
V(¢) =-1,333¢"! sin? (0,866¢) (9.73)

Hinh 9.17 minh hoa thoi gian thay d8i cia V() va V(¢). So
sanh hinh 9.16 va 8.17, ta két luan ning lugng tich trit tong cong
tién dén khong khi thoi gian tién ra vé cung. Diéu nay ngu y
rang hé thong l1a tiém can 6n dinh, nghia 1a trang th4i sé tré vé
goc ti bat cd diém x(t) nao trong ving R xung quanh goc. On
dinh tiém c4n 12 mot dang 6n dinh dugc chd y cia cdc k§ su diéu
khién béi vi né loai trit dao dong giéi han 6n dinh.
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b %2V AV, V)

NN T
\ )

X4(t) . t
V()

m%&

C3< Cy<Cy

Hinh 9.16 Quy tich hdng sé ndng luong  Hinh 9.17 Su thay doi ndng
trén mdt phdng pha minh hoa su gia lugng va téc do ndng luong
tang ndng luong theo thoi gian theo thoi gian

Su 6n dinh clia cdc hé phi tuyén phu thudc vao trang thai
khéng gian riéng trong dé vécto trang thai dugc thém vao ddi véi
dang va do 16n cia dau vao. Vi vay, su on dinh cia cac hé phi
tuyén ciing c6 thé phan loai trén co sé vung nhu sau:

a) On dinh cuc bd hay 6n dinh trong pham vi nhé

b) On dinh hitu han

c) On dinh toan b

Mot hé phi tuyén dugc biéu thi 1a én dinh cuc bd néu né gii
nguyén tinh trang trong mot vung rat nhé quanh mot diém bat
thuong khi dua vao mot dao dong nhd.

On dinh hitu han d8 cap d&n mot hé thong trd lai diém bat
thuong ti bat ci diém x(#) nao trong khu vuc R kich thudc hiu
han bao quanh né.

Heé thong dugc goi 1a 6n dinh toan bo néu khu vuc R bao gom
toan bd khong gian trang thai hitu han. Su 6n dinh ctia mdi loai
khac nhau cuc bd, hitu han hoidc toan bd khong loai trir cac dao
dong gidi han, nhung chi loai trir tinh huéng cé thé ton tai diém
trang thdi c6 xu huéng di chuyén dén vo cung. Néu diém trang
thdi dén gan diém bat thudng khi thoi gian tién ra vo cung, doi
v6i bat ci diéu kién ban dau nao trong vung dang dugc xem xét,
lic d6 hé théng dugc mé td nhu 1a 6n dinh tiém can. On dinh
tiém can loai trit dao dong giéi han 6n dinh 14 mét diéu kién can
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bang dong hoc c6 thé xdy ra. Diéu kién manh nhat cé thé dugc
dat 1én mot hé diéu khién phi tuyén véi cdc thong sé bat bién
theo thoi gian 1a 6n dinh tiém c4n toan bj.
Yéu t6 chinh trong phép phan tich nay la viéc chon ham
nang lugng V(¢
V(t) = éxf(t) +%x§(t) 9.74)

Ham nay c¢6 hai tinh

(N L. , .\ V(t) &
chat rat tha vi. Thi nhat, né
ludon duong d6i vé6i cac gid tri
khac khong cla x, (¢) va xa(t).
\_/

Thi hai, né biang khong khi
x(8) = x%o(t)=0. Mot ham vo
huéng c6 cdc tinh chat nay
goi la ham xac dinh duong.
Bing cach thém V(t) nhu
mot chiéu thd ba déi véi
mit phéing Xl(t)vé xs(),

(1) X5(t)

xs) xudt hién 13 mit ba
chiéu lam thanh dang hinh chén nhu minh hoa trén hinh 9.18.
Dinh ly 6n dinh Lyapunov: Bay gi¢ c6 thé dugc tém tit cho
khéng gian trang thdi n chiéu: Mot hé dong luc bac n la 6n dinh
tiém can néu ham xdc dinh duong V() dugc tim thiy c6 dao ham
theo thoi gian 14 4m doc theo quy dao ciia hé thong. Trong thuc
té dé tim mot ham 1a xdc dinh duong, nhung thém vao d6 ham V
c6 dao ham dV/dt < 0 doc theo céc quy dao lai rat khé tim.
Ll Dang toan phuong cua ham V(x)
1 n n
V(x) =§zzqijxixj; (g5 =qji) (9.75)
i=1 j=1
Dinh ly Sylvester: Diéu kién cin va di dé dang toan phuong
V(x) 1a ham xdc dinh duong 1a t4dt cd cac dinh thic dudng chéo
chinh clia ma tran d6i xing Q phai duong:
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911 d12 13
_|921 922 Q23|. _
Q= s 9 =9
d13 432 433
911 912
N = >0; A, =
nghia 1a: 1= 2" \go1 g (9.76)
A >0

n

Né&u ham V(x) 12 ham xdc dinh 4m thi diéu kién (9.76) dugc
thay thé biang diéu kién

D3 D0, <0 (9.77)
Ll Dang binh phuong cia ham V(x)
V(x) = X" QX (9.78)
@ la ma tran doi xing ¢; =q;;
Véin =2
q q N
Q=""" " vigy=qy
d21 Y22
Diéu kién dé ham V(x) xéc dinh duong theo dinh 1y Sylvester la:
o @] . Bi=qn>0
Q= vi 5
421 Qo2 Dg =q11922 — 412 >0

Ham V(x) la ham xdc dinh duong.
) 2_ 2 2
Viduy: V(x)= (xl + xz) =y +2x%9 + X7

11
11

Khong théa man dinh ly Sylvester Ay =0 ham V(x) la ham

c6 ddu khong ddi: V(x)=0 tai x; =x5 =0 vax; =—x

A =1
A():O

K

Phuong phdp thd hai cia Lyapunov 1a diéu kién dd, néu diéu
kién théa man thi hé 6n dinh. Néu nhu diéu kién khéng thda
maén thi khong thé két ludn hé théng 6n dinh hay khong. Trong
truong hop nay vdn dé 6n dinh chua c6 1oi gidi. Mot ham
Lyapunov V(x) d6i véi bat ky hé thong cu thé nao khong phai la
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duy nh4it. Do d6, néu mét ham riéng V khong thanh cong trong
viéc chiing minh mot hé cu thé 6n dinh hay khong, khong cé
nghia 14 khong thé tim ra mot ham V khédc dé xac dinh dugc tinh
on dinh cta he.

Chon ham V(x) 1a ham xac dinh duong sao cho:

* ﬂsO: hé 6n dinh
dt
g Cfl—‘tf: la ham xdc dinh 4m

Hé 6n dinh tiém can

* % khong am, khong duong. Van dé vé 6n dinh cia hé con

dé ngé.
Ghi chu: Phuong phép truc ti€p clia Lyapunov phu thudc vao
- Céch chon bién trang thai
- Cach chon ham Lyapunov
|| Dinh ly vé khéong 6n dinh
Cho hé théng bac hai dugc mé td béi hé phuong trinh bién
trang thai
X = Xy +x1(xf +x§)
. s (9.79)
Xg = X1 + Xy (xl +x2)
Cho ham V(x) dé xét tinh én dinh cta hé.
Pinh ly: Néu tim duoc mot ham V(x) sao cho dao ham dV/dt (V)
dua vao phuong trinh vi phdn ciia chuyén déng bi nhiéu la ham
xdc dinh ddu, con trong ldn cdn tuy y bé cia géc toa dbé cé nhiing
diém tai dé ham V ldy gid tri cung ddu véi V thi chuyén dong
khong bi nhiéu khong 6n dinh.
Ap dung cho vi du minh hoa, chon ham V

V= é(x% +3) (9.80)

V = xlxl + xzxz
Thé& phuong trinh (9.79) vao (9.80) ta dugc
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v = X1%9 +x12(x12 +x§) +x§(x% +x§) - X1%X9
' 9 (9.81)
V= (x12 + x%)
V 1a ham xdc dinh duong, cing nhu ham V, diéu kién khong
on dinh théa man cho vi du dugc néu.
Né&u hé dugc mo td bing phuong trinh bién trang thdi 6 dang
chinh tic
.
Y2 =AYz
Chon ham V =y? +y2 1a ham x4c dinh duong.
V =2(y2N; + y2A,) (9.83)
Néu chon ham V ¢6 dang
V =2(y7M\ +¥3M0)
thi V = 4(y.yEN + vo5N,) (9.84)
V = 4(y2A\2 + yaA2) (9.85)
Ham V (9.85) 1a ham xdc dinh duong, diéu kién dé ham V
(9.84) ciing la ham xac dinh duong la
A >0 va Ay >0
biéu kién khéng 6n dinh clia chuyén dong ciing chi la diéu

kién da. Cau trd 16i vé tinh 6n dinh hoan toan phu thudc vao
cach chon bién trang thdi va cdch chon ham V.

Truéc ndm 1940 phuong phép thd hai cia Lyapunov hau nhu
chua dugc 4p dung. Sau nidm1940 phuong phap nay bit dau dugc
st dung dé phan tich cdc hé diéu khién phi tuyén. Ngay nay két
qud ctia né va cta nhiéu cong trinh khoa hoc nghién ciu vé ly
thuyét 6n dinh dugc phdt trién sau nay, da dugc dua vao 4p dung
ngay cang rong rii trong nhiéu nganh nhu vat 1y, thién vin, héa
hoc va ca sinh vat va dac biét trong cdc nganh ky thuit hién dai
nhu k§ thuat dién t, diéu khién tu dong...
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9.7 TIEU CHUAN ON BINH TUYET BOI V. M. POPOV

Mot tiéu chudn 6n dinh ly thd va rdt manh d6i v6i cdc heé
phi tuyén bat bién theo thoi gian duge giéi thiéu vao nam 1959
do nha todn hoc nguti Rumani V. M. Popov. On dinh tuyét doi
dugc goi 1a n dinh tiém c4n cia trang thdi cAn biang trong toan
bo d6i v6i nhitng phi tuyén thudc mot thé loai xdc dinh. Tiéu
chudn tin s6 ctia Popov la diéu kién da dé xét 6n dinh tiém can
cdc hé hoi ti€p vong don (H.9.19).

((t) = 0 e(t) u(®) c(t) = —e(t)
Nle()] [ G(s) >

Hinh 9.19 He¢ diéu khién hoi tiép phi tuyén duoc dé cdp bdi Popov

Phuong phdap nay dugc Popov phdt trién tu dau, c6 thé ap
dung cho cac hé hoi ti€p vong don chia phan ti tuyén tinh va phi
tuyén bat bién theo thoi gian. Piém néi bat quan trong cia
phuong phdp Popov 1a né c6 thé d4p dung dugc cho cdc hé thong
bac cao.

Ngay khi da biét dugc dap tng tan s6 cia phan ti tuyén tinh
c6 thé xdc dinh su 6n dinh ctia hé thong diéu khién phi tuyén. D6
chinh 14 sy mé rong bi€u d6 Nyquist sang hé phi tuyén.

Muc nay trinh bay tiéu chudn én dinh Popov v6i khdi niém
vé su rang budc duéi dang bat didng thic cho phin phi tuyén,
phan gin v6i d6 thi tdn s6 bién dang ctia phan td tuyén tinh.
Dic diém ndéi bat quan trong nhit va hdp din nhat cua tiéu
chudn Popov 1a né chia sé tdt cd cdc dic tinh tdn s6 mong mudn
cua phuong phdap Nyquist.

Dé gigi thiéu phuong phdp Popov, ta xét hé phi tuyén dugc
minh hoa & hinh 9.19. Pau vao khdo sat r(#) dugc gid thiét 1a bing
khong. Do d6 d4p tng ctia hé thong nay cé thé biéu dién nhu sau:

ot) = e, (f) - j; g(t - Du(t)dr (9.862)
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trong dé: g(t)=L" [G(s)] - dap dng kich thich don vi
e (t) - ddp ung diéu kién ban dau
Trong phép phan tich nay phan ti phi tuyén Nle(?)] théa
méan diéu kién gi6i han riéng. Ta gid st moi lién hé vao ra cia
phan ti phi tuyén dudc gidi han nam trong vung minh hoa trén
hinh 9.20.

u(t) A
Ke(t)

Vung cho

phép clia N
phep-cuaN

++

R

Y

Hinh 9.20 Vung gidi han ctia phi tuyén

Diéu kién giéi han cho phan t phi tuyén:

0<N[e(®)|<K (9.86b)
va u(t) = N[e(t)] e(t)
Tai moi thoi diém t ton tai gid tri giéi han
u(t) <, <o néu le(t) <e, (9.87)

Gia thiét duy nh&t lién quan dén phan ti tuyén tinh G(s) 1a
dap ung dau ra 6n dinh bac n.

Truong hop phan tuyén tinh khéng 6n dinh, phdi dung
phuong phap hiéu chinh dé dua vé 6n dinh, sau d6 méi xét theo
tiéu chan Popov.

Phuong phap Popov lién quan dén hoat dong tiém can cua tin
hiéu diéu khién u(t) va ngd ra —e(t) ciia phan ti tuyén tinh. Do d6
thém vao cac dinh nghia 6n dinh tiém c4n, 6n dinh cuc bo, 6n
dinh hitu han, 6n dinh toan by da giéi thiéu ¢ muc 9.6 k&t hgp
tiéu chudn 6n dinh Lyapunov, § ddy ta quan tdm dén diéu khién
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tiém can va diu ra tiém can. Piéu khién tiém c4n bac n ton tai
néu mot gid tri thuc n c6 thé dugc tim thdy cho mdi tap cdc diéu
kién ban d4u nhu sau:

(o]

J‘[e_n'fu(t)}2 dt <o (9.88)
0
PAau ra tiém can bac n tén tai néu mot gid tri thuc n dugc
tim thay cho béi tap cdc diéu kién ban dau nhu

00

[[ee (t)]2 dt <o (9.89)
0

Cé4c dinh nghia 6n dinh nay c6 thé lam ré bing cdc b6 dé
sau:

Né&u phin ti tuyén tinh G(s) ciia hinh 9.20 1a 6n dinh diu ra
bac n, dau vao va dau ra cia phin ti phi tuyén dugc gi6i han,
théa phuong trinh (9.87) va hé thong hoi tiép 1a diéu khién tiém
cin bac n, khi d6

lim e ™e(£) =0 (9.90)

t o0
Vi vay néu bé dé nay la théa, e(t) hoi tu vé zero nhanh hon
e™ ddi véin > 0.
Dinh ly co bdn cta Popov dudc dua trén hé thong diéu khién
hoi tié€p minh hoa & hinh 9.19.
u(t) 4
Ke(t)

A

—Ke(t)

Hinh 9.21 Ddc tinh phi tuyén cé tu tré thu dong

Gia st hé théng tuyén tinh 1a 6n dinh.
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Dinh ly phdt biéu rdng doi v6i hé thong hoi tiép 1a 6n dinh
tuyét doi, khi
0< N[et)] <K (9.91)
da dé mot s thuc q ton tai sao cho ddi véi tdt cd w thuc =0 va
mot s6 nhé tuy y J >0 diéu kién sau dugc théa:
Re[ @+ jog G (jw)|+1/K 28>0 (9.92)
Hé thdc (9.92) 1a tiéu chuan Popov.
Tuy theo dang phi tuyén hién dién, cac gidi han vé q va K 1a
bat budc:
a) P6i v6i phi tuyén don tri b4t bién theo thoi gian
—0<g<o néu 0<K <o
0<g<ow néu K =
b) D&i véi phi tuyén c6 tir tré thu dong (H.9.22)
—0<g<0 va 0<K <o
c) Pai véi phi tuyén cé tir tré tich cuc ( xem hinh 9.23)
0Sq<00 va 0<K <o
d) D6i véi phi tuyén bién thién theo thoi gian: q = 0 (H.9.24)
Kiém tra bon dang phi tuyén cé thé cé nay néi lén ring dinh
ly cho phép mot su trao déi gitta cdc yéu cdu d6i v6i cdc phan ti
phi tuyén va tuyén tinh.
Ta hay viét lai (9.92) nhu sau

ReG(jw)>—%+wq ImG (jw) (9.93)

Hé thic (9.93) phat biéu ring v6i méi w doé thi Nyquist cia
G(jw) phai nim bén phai cia dudng thing
ReG(jw)z—%an ImG (jw) (9.94)

Pudng thing nay goi 1a dudng Popov dugec minh hoa ¢ hinh
9.23.

Géc a va B la
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a=tanlwg

(9.95)
B= tan_l i
g

uy(t) = Ke(®) —u(d) )

e, & ReG(jo)

VA e
T N~

Budng thén
Popog q> 0g
Hinh 9.22 Ddc tinh phi tuyén cé tw  Hinh 9.23 Phuong phdp Popov khi
tré tich cuc q la xdc dinh

-

R6 rang do doc cia dudng thing nay phu thudc vao w.

Su én dinh phu thudc vao viéc chon gis tri q sao cho d6i vdi
mdi tdn s6 ®, G (jw) nidm bén phdi cta dudng Popov c6 do déc
phu thudc vao tan so (9.95).

Pé tim dudng Popov khéng nhay cdm theo tin s6, si dung
phép bién doi:

G’ (jw) =ReG (jw)+ jw ImG (jw) (9.96)
trong d6 G'(jw) la dac tinh tdn sé da dugc sta d6i (phan do cia
G(jw) duoc nhan thém w cda phan tuyén tinh nguyén thiy ban
dau G(jw). Do d6 phuong trinh (9.92) c6 thé viét lai

ReG (jw)> —%+q ImG (jw) (9.97)
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L IMG*(j0)

ReG*(jo)

Pudng théng
Popov (q > 0)

Pudng thang
Popov (q=0)

Hinh 9.24 Duong Popov trong mdt phdng G (Jw) doi véi truong hop
g=0
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Trong méat phing G” (jw) dudng Popov duge xdc dinh
ReG" (jw)= —% +qImG (jo) 9.98)

va khong nhay cdm theo tdn s6. Pudng Popov trong mit phang
G (jw) duge minh hoa ¢ hinh 9.24 va 9.25. Géc y duge dinh

nghia nhu sau: y=tanlq (9.99)
Chua y tir céc “ImG(je))
hinh 9.24 va 9.25 I

quy tich G (jw)

di qua bén phai
cia ti€p tuyén ReG(jo)

dén quy tich ¢ —1 7/ -_// -
diém ma G (jw) K G*(jo)

giao v@i truc thuc
am. Piém nay cé
gia tri -1/K. Do
d6 K bidu thi do
logi cho phép cuc Hinh 9.25 Duong Popov trong mit phdng G (jw)
dai d6i véi hé déi voi truong hop =0
théng. Do6i  véi
truong hgp ma g = 0, biéu thic duong Popov rit gon va hé thong
la 6n dinh néu né nam bén phai cia dudng thing ding di qua
diém -1/K nhu hinh 9.25.

* Chd y truong hop ¢ = 0, dudng thdng Popov vudng géc véi
truc hoanh tai diém -1/K (H.9.25).

Vi du: Xét hé minh hoa & hinh 9.26. D4i v6i phan ti tuyén
tinh, ddp dng diéu kién dau e, (¢t) dugc cho bdi:

Budng Popov (g < 0)

e,(t) = ejpe" +egpe 2 +egpe > (9.99)

trong d6 e;g,eq, phu thudc vao diéu kién dau.

r(t)=0 e(t) u(t) - 1 c(t) = —e(t)
_>('%_> Nle(t)] >l Gle) = (s+1)(s+2)(s+3) -

Hinh 9.26 Vi du vé hé théng diéu khién phi tuyén
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Pdp ding xung don vi g(¢) duge cho bédi
g()=[0,5e™ —e™ +0,5¢™ |u(t) (9.100)

Vé6i u(t) 1a ham néc don vi 1(t). Phuong trinh (9.100) chi ra
rang phan ti tuyén tinh cho két qud 6n dinh va théa mot trong
nhitng diéu kién can thiét dé st dung phuong phap Popov. Dic
tinh tan s6 da stfa d6i G" (jw) ctia phan tuyén tinh dugc vé ¢ hinh
9.27. Tu biéu dd nay két luan riing néu phan ti phi tuyén don tri va
néu q = 0,5 thi diéu kién Popov théa mén khi 0<K <60

Két lugn: Phuong phdap Popov dua ra diéu kién chinh x4c va
dd dé xdc dinh diéu kién 6n dinh tuyét doi cia hé thong hoi tiép
c6 cdu hinh minh hoa 6 hinh 9.19, vé6i cédc gidi han bat budc cho
mot 16p phi tuyén nao d6 va phan tuyén tinh 1a 6n dinh. Bat
ding thic (9.92) d6i véi thanh phan G(jw) va mdt hing sé thuc
q 14 yéu to then chot ctia k§ thuat nay. Phuong phdp Popov chia
sé tat cd dic tinh tan s6 cha phuong phap Nyquist va dé dang ap
dung vao cdc hé thong bac cao.

A IMG*(jo)

Pudng thdng Popov (q = 0,5)

- -0,15

Hinh 9.27 Ddc tinh tén sé G (j W) cho vi du hinh 9.26
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Tiéu chuidn duong tron téng quéit héa - phuong phdp Popov
mé rong sang cdc dang hé thong khdc, ma khong nhat thiét bi
gi6i han & cdc hé c6 phan tuyén tinh 6n dinh va phi tuyén bat
bién theo thoi gian.

9.8 TONG KET

Sau khi d4 nghién cttu cdc phuong phap khdc nhau dung dé
phan tich cdc hé phi tuyén, cAn xdc dinh mot cdch hop ly phuong
phdp nao nén diung cho mot hé thong diéu khién cu thé. Luu do
logich chon lua phuong phap phan tich hé thong diéu khién phi
tuyén dugc trinh bay ¢ hinh 9.28.

Trong cdc hé gin tuyén tinh, phuong phap x4ap xi tuyén tinh
héa cho phép st dung kj thuat tuyén tinh quy uéc cua phép phan
tich nhu biéu dé6 Nyquist, gidn d6 Bode hay phuong phdp Quy dao
nghiém s6 ..

D61 v6i loai hé thong diéu khién nay, c6 thé dung ly thuyét
diéu khién tu dong tuyén tinh dé phan tich va thiét ké&. D6 ciing
la 1y do tai sao hé thong PKTD tuyén tinh dugc phan tich k§ va
sau trong phan dau cia quyén siach nay.

Néu mot hé thong khong thé xap xi tuyén tinh duge, khi dé
phdi dung mot hay nhiéu cdc phuong phdap khdo sat hé phi tuyén
da trinh bay trong chuong nay.

Néu hé théng phi tuyén 1a bat bién theo thoi gian va c¢6 phan
tuyén tinh 14 6n dinh hodc § bién gi6i 6n dinh (khéng c6 nghiém
ndm bén phai mat phing S), khi d6 nén van dung phuong phép
ham mé td. Pay la mot phuong phdp gan ding, x4p xi ham
truyén dat phic s6 cia khau phi tuyén bing cich chi xét cac
thanh phan co ban dau ra. Trong thuc t& phuong phdp ham mo ta
hay con goi 1a phuong phdp cdn bing diéu hoa la mot phuong
phap rat dic luc dé khio sat cdc hé bac cao va tim diéu kién ton
tai ché d9 tu dao dong trong hé. Tuy nhién trong mot s6 trudng
hop déac biét phuong phdp nay khong cho ciu tra 16i dang, chinh
xdc vé ché do tu dao dong. Cach khic phuc 14 can phai xét 4nh
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hudng clia cdc hoa tan bac cao l1én ham mé td cda phan ti phi
tuyén va két qua 14 ham mo t4d s& 1la mot ho duong cong phu
thudc vao bién do va tan so tin hiéu vao. Phuong trinh cin bing
diéu hoa sé c6 dang:

1+ N(M,w)G(jw) =0

Két qud nhan dudc can phai kiém tra lai bing cdch mo
phéng hé théng hay dung phuong phép khac.

Néu hé diéu khién phi tuyén la bac hai, khi d6 phuong phap
mit phing pha va Lyapunov 1a cdc phuong phdp thich hop nhat
dugc st dung.

Phuong phéap Lyapunov ciing c¢6 thé dung kiém tra néu hé bac
ba. N&u hé 1a bac ba hay cao hon, lic d6 phuong phdp Popov dugc
st dung dé xét 6n dinh tuyét d6i cho hé. N&u phan ti phi tuyén
12 ham bién thién theo thoi gian va phan t tuyén tinh 14 khong
on dinh, khi d6 dung tiéu chuidn duong tron téng quiat xdc dinh
viung gid tri cdc do loi d€ hé théng 6n dinh.

Phuong phdp mé phdéng hé théng duge dung dé kiém tra lan
cudi su 6n dinh ctia hé théng. N6 sé trg gitup trong viéc kiém tra
cdc yéu to6 bién thién tir su bat dinh c6 lién quan t6i tinh hiéu luc
cia gid thiét va d6i véi cdc khé khian thudc vé phan tich do hé
phic tap gady ra. M6 phéng hé théng ciing can thiét béi vi ki
thuat diéu khién tu dong (DKTD) hién nay van con bat luc trong
viéc chiing minh su 6n dinh ctia hé phi tuyén mot cdch thuyét
phuc. Mot vi du vé diéu nay la phuong phdp thd hai caa
Lyapunov 1a diéu kién d4, nhung khong phai 1a diéu kién can cho
su 6n dinh. Do d6, néu khong tim ra moét ham Lyapunov, khong
c6 nghia 1a hé diéu khién phi tuyén 1a khong 6n dinh. Nhu minh
hoa trén hinh 9.28, phuong phidp mé phdéng la khong bat budc
trong vai truong hop va duge ky hiéu bing dudng gach dit nét.
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Hé diéu khién

phi tuyén
/\, No TN No Phugna-phap
A Phrtuyen bien A gL
thién, tuyén tinh hoa, ham mo ta,
khéng 8n dinh (Tuyén tinh hoa
) diéu hoa)

' Y No
Ky thuat Tiéu chudn dudng Y&t &n dinh
tuyén tinh tron téng quat '

Phuong phap
Liapunov hodc|
phugng phép

Popov

N\ No

Xét 8n dinh

Phuang
phap mat I
phang pha I

Hinh 9.28
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Phu luc
2 ~* 2 -
A. BANG BIEN DOI LAPLACE VA Z
No [Ham Laplace F(s) Ham thgi gian f(t) Ham z F(2)
1 1/s u(t) z/(z-1)
2 1/8° t Tz/(z - 1)?
3 1/s° t?/2 T?z(z + 1)/2(z - 1)°
1 1 T92(z° +4z +1)
= —3 T a4
4 $3 3 6(z-1)
_1 at _z _
5 (s+a) € z-e7al
1 Tze @
6 (s+a)? te™ (z -e7aT )2
2 -aT
. L 1o T2 et Zlzre )
(s+a) 2 (z-eaT)3
a z(1-e72T)
8 1-e™ — T,
s(s+a) z-1)(z-e aT)
9 a 1™ Z@T-1+e?T)z+(1-e @ —aTe @")]
s%(s+a) a az-12(z-e27)
b-a (T —e0T)
_— —at —bt _— =z =
10 (s+a)(s+b) e -¢ (z-e 3T)(z-bPT)
a B ZAz-e 2T (1+aT)]
" (s+a) (1-atje™ BRSO
2 -aT
a —at 2z z __ale’z
12 s(s+a)2 1 —(1 + at) e z-1 z—e_aT (z—e_aT)z
(b-a)s Zz(b-a)-(be @7 —ae 0T
1 R YAITRY —bt__ —at
3 (s+a)(s+b) be™-ae (2—e2T)(z— )
a ) zsinaT
14 s?+a? sin at 22—(2003aT)z+1
s z(z-cosarT)
15 s?+a? cos at 22 —(2cosaT)z +1
16 b ~atginbt 2677 sinbT
(s+ a)2 +b2 e sm 22 -2¢78T(cosbT)z +e~ 2T
17 =F e *cosbt z(z ™" cosbT)
(s +a)2 +b2 22 -2e78T (cosbT)z +e~ 22T
1 (Az+B)z
s(s+a)(s +b) 1 ot pe-at (z-eM)(z-ePT)(z-1)
18 ab  a@ - b bl - a) A =bd —e @) _a1-¢7PT)
ab(b-a)
_ aeaT(1-eT)_pe T (1-¢aT)
ab(b-a)
19 1 3(t) 1
1 PR _ 1 _z
20 s U(t)—1(t)—T|'§10r§Jf5(t nT) PR
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B. TOM TAT MOT VAI TiNH CHAT VA PINH LY

cUA PHEP BIEN POI Z

No | Day tin hiéu Bién ddi Z Mién héi tu Ghi cha
x(n) X(z) Ry < 1zl< Ryt
y(n) Y(z) Ry- < Izl < R,.
1 a.x(n) + b.y(n) a.X(z) + b.Y(z) max[Rx, yy-] < 1zl Tinh tuyén tinh
< min [Ry., Ry.]
2 x(n = no) n, nguyén duong Re < 1zl < Ry, Tinh tré (dich chuyén
x(n + no) z "0 X(2) theo thdi gian)
z" . X(z)
3 a". x(n) x&) lal.Ry. < IzI Thay déi thang ti 1&
< lal Ry (Nhan day véi ham
mi a")
4 n. x(n) —z% Rw < Izl < Ry, Pao ham cla bién ddi
z
5 x*(n) X*(z*) Ry < Izl < Ry Day lién hgp phtic
6 x(=n) X[lj LI Izl < L Dao truc thoi gian
z Rx- X+
7 | N&ux(n)=o0 X(0) = lim X(z) Pinh Iy gia tri dau
véin<O0
8 x(n) *y(n) X(2). Y(z) max[R, R,-] < Izl |Tich chap cla hai day
< min [Ry, Ry:]
9 x(n). y(n) 2inj E@X(V)[ Rx.Ry <zl <Ry R, | Tich clia hai day
Y —j x Vv
10 () = Ruy(2) = X(2). Y EJ R. <lzl<R.  [Tuong quan cda hai tin
i x(m)y(m—n) <lzl < hiéu
m=-oo y+ y-
11 f x(n) ! —X(2) T6i thiu la giao cla Ry
n=- -z va Izl > 1
12 [Tinh gia tri xac lap X ()= Pinh Iy gia tri cudi

lim(1-z"X(2)

z-1
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C. HAM MO TA CAC KHAU PHI TUYEN PIEN HINH
1. Khau c6 vung chét

2a +sin2a
T

N=1-

sina 22, x(t) = Msinwt
M

M>D
2. Khau bio hoa
N = 2a +sin2a
T
3. Khau khe hé
N:l_g+sm2u_.co§a . A Z
2 nm 2n 1 7/D
sina =2 -1; A=Y b’
A D
4. Role 3 vi tri c6 tré F<X)’__ S
” —
2K Nl h
N=—""N_(cosa, + cO®t Doh -
D +7) O 2) B N O R E e
. 2KN . . i .'.KN.
j——N_ (sina, - sina ——
J TH(D+h)( 1 2)
. 1 . M
sinoy =—; sin Oy =— ; A=
A M D+h
5. Khau so sanh c6 tré Vomax | F)
Trigger Schmit khéng dao J —-
4V, max M8 0 Vo
=—9_""(cosa +j sim t v,
Vu
sina :l s A:%:% -
A D VH F(x) VN
—_ .2
6. x }3 _8M
2 a
7 y=x3; N—3M Y = %2
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