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LOI MG PAU

Gido trinh nay dudc bién soan trén cd sé dé cuong mon hoc Piéu
Khién Ty Dong danh cho sinh vién cdc nganh thudc Khoa Co khi Ch€ tao
mady va sinh vién nganh May c6ng nghiép cua Trudng Pai hoc Su pham Ky
thudt TPHCM. Noi dung gido trinh bao gdm cic ki€n thic cd ban vé Iy
thuyét diéu khién ty dong hé tuyén tinh va dudc trinh bay trong 7 chuong:

Chuong 1 : Téng quan vé diéu khién ty dong

Chuong 2 : M t4 todan hoc phan ti¥ va hé thong lién tuc
Chuong 3 : Bédc tinh dong hoc

Chuong 4 : Khio st tinh 6n dinh clia hé thong

Chuong 5 : Panh gia chat lugng hé thong diéu khién
Chuong 6 : Thi&t k& va hiéu chinh hé thdng

Chuong 7 : Hé thong diéu khién rdi rac.

Ung dung cdc phan mém mdy tinh trong hoc tap, nghién citu 1a diéu
hitu ich va la xu huéng ph6° bi&n hién nay trong dio tao, dic biét 1a cic mdn
hoc ky thuat v6i khoi lugng ki€n thic 16n va thdi lugng 1én 16p gidi han.
Trong phan phu luc cudi tai liéu, tdc gid gi6i thiéu bd cong cu Control
System Toolbox ctia phan mém MATLAB, bao gdm cdc ham chuyén ding
trong m6 phéng va phan tich hé thong diéu khién. Noi dung phu luc nhim
hd trg sinh vién tim hi€u thém mot cong cu manh d€ c6 thé ty ki€m ching
1y thuy&t cia mon hoc va nhanh chéng ti€p cin véi cdc bai todn phifc tap,
doi héi khoi lugng tinh todn 16n trong thuc t€.

Do khd niing va kinh nghi€ém bién soan cdn han ch€ nén tai liéu chic
chin khong tranh khdi sai s6t. RAit mong nhan dudc su déng gép ¥ ki€n clia
quy thiy co, cdc ban sinh vién va doc gid dé tai liéu ngay cang dugc hoan
thién hon. Cdc y ki€n déng gép xin gdi vé: Khoa Co khi Ché tao mdy,
Trudng Pai hoc Su pham K§ thuat TPHCM -S6 01 V6 Vin Ngan, Thi Dic.
DT: 8.960986.
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Chuong 1 . .
TONG QUAN VE PIEU KHIEN TU PONG

1.1 Céc khdi niém cd ban
Piéu khién : Diéu khién mot hé thong dugc hi€u 13 qud trinh thu thdp thong tin,
xit Iy thong tin va tdc dong lén hé thong dé bién ddi, hiéu chinh sao cho ddp iing
ciia hé¢ dat muc dich dinh trudc. Qué trinh diéu khién khong cin sy tham gia truc
ti€p clia con ngudi goi 1a diéu khién ty dong.
Vidu 1.1: Xét qua trinh ldi (diéu khi€n) mot xe may d€ xe ludn chay véi tdc do
6n dinh 40 km/h. B€ dat dugc muc dich niy trudc hét mit ngudi 1di xe phdi quan
sat ddng hod toc dd d€ bi€t tdc do hién tai clia xe (thu thap thong tin). Ti€p theo, bo
nio s& so sanh téc do hién tai vdi tdc dd mong mudn va ra quyét dinh ting ga néu
toc do <40 km/h va gidm ga néu tdc d6 >40km/h (x{t 1y thong tin). Cudi cling tay
ngudi 1di xe phai vin tay ga dé thuc hién viéc ting hay gidm ga (tic dong vao hé
thong). K&t qua 13 tdc do xe dugc hiéu chinh lai va git 6n dinh nhw mong mudn.
Trong cic hé thdng diéu khién tu ddng, qua trinh diéu khién ciing dién ra
twong tu nhung cdc bd phan: mit, bd nio, tay clia con ngudi dugc thay thé bing cdc
thi€t bi k§ thuat cé chifc ning tuong ng.
Piéu khié€n hoc (Cybernetic): Nganh khoa hoc nghién citu cdc qud trinh diéu
khi€n va truyén thong trong cdc hé thong goi 1a diéu khién hoc. Tuy theo dic
di€m cla d6i tugng nghién ctu, diéu khién hoc dugc chia thanh: diéu khién hoc
ky thuat, diéu khi€n hoc kinh t&, diéu khi€n hoc sinh hoc,...Trong cic nganh ké
trén, diéu khién hoc ky thuit tring véi tu dong hoc, 13 nganh phat trién nhat
hién nay. Trong tai liéu nay, ching ta chi dé cip d&n cic van dé cda diéu khién
hoc k¥ thuit.
Tin hiéu : Thong tin trong hé thong diéu khién dugc thé hién bing cic tin hiéu.
Céc tin hiéu c6 thé 1a dong dién, dién 4p, luc, 4p suat, luu lugng, nhiét do, vi tri,
van tdc,... Mdi phin ti¥ di€u khién nhin tin hiéu vao tir mot s6 phan ti clia hé
thdng va tao nén tin hiéu ra dwa vao phan tir khac. Hé thong ciing giao ti€p véi
moi trudng bén ngoai thong qua cac tin hiéu vao, ra cua nd. Thay vi tén goi tin
hi€u vao, tin hi€éu ra ngudi ta con st dung khai niém tdc dong va ddp iing v6i
nghia 1a: khi tdc dong vao hé thong mot tin hiéu vao thi hé thong sé& cé ddp dng
12 tin hiéu ra. Thong thudng tin hiéu dugc bi€u dién todn hoc bing ham sd clia
thdi gian. Trong so dd hé thdng, cdc tin hiéu vao, ra thudng dudc biéu dién bing
cidc mii tén nhu trén hinh 1.1.

Tin hiéu vao { 3| Phénti/ > | Tinhi¢ura
(tic dong) | Héthong —» (ddp ting)

Hinh 1.1 So do mé td tin hiéu vao, ra




Bdng dudi ddy trinh bdy mot s& doi tugng thudng gip trong k§ thuit va céc tin
hiéu vao, tin hi¢u ra tuong ng.

Doi tugng Tin hiéu vao Tin hiéu ra

Pong co dién bién 4p Van tdc, géc quay

Van Vi tri nOng van Luu lugng

Xylanh luc Luu lugng, 4p suit Van toc, vi tri, lyc piston
Lo nhiét Cong suit cAp nhiét | Nhiét do

Chiét dp Vi tri con truot Pién dp

1.2 Hé thong diéu khién

l 2(t)
B6 so
r(t) e(t) B u(t) Doi tugng y(®)
—> —» .5 .2 > . A .2 >
diéu khién diéu khién
Yht(t) -
Thiét bi do

Hinh 1.2 Céu triic co bdn ciia hé théng diéu khién

Hinh 1.2 trinh bay c4u triic cd badn ctia mot hé thdng diéu khién. Hé thong gdm
ba thanh phan co ban 1a ddi tugng diéu khién, thi€t bi do va bd diéu khién.
Trong do:
r(t) : tin hiéu vao, chudn tham chi€u (reference input), gid tri dit trudc.
y(t): tin hiéu ra (output), bi€n/dai lugng can diéu khién, gid tri thuc.
ya(0) : tin hiéu hdi ti€p
e(t) : tin hiéu sai 1éch, sai s&
u(t) : tin hiéu diéu khién
z(t) : tin hiéu nhiéu

§ P0oi tugng diéu khién : 13 hé thong vat Iy can diéu khién dé c6 ddp ng mong
mudn. PTPK bao gdm da dang céc loai may, thiét bi k§ thut, qué trinh cong
nghé. PTPK 12 mdy, thi€t bi thudng dugc dic trung bing cdc ¢d cAu chdp hanh
nhu dong co, xylanh, hé ban trugt v6i tin hiéu ra 1a chuyén dong vat Iy nhu van
tdc, vi tri, gbc quay, gia tdc, lyc. C4c qud trinh cong nghé thudng cé tin hiéu ra
12 nhiét do, 4p sudt, luu lugng, mic.

§ Thié&t bi do (cAm bi&n): thuc hién chifc ning do va chuyén ddi dai lugng ra cla
hé thong thanh dang tin hiéu phit hgp d€ thuin tién so sanh, xt 1y, hién thi. Su
chuyén d6i 12 can thiét khi cdc tin hiéu vao, ra khong cling ban chit vat ly: Tin
hiéu ra c6 thé 12 van tdc, vi tri, nhiét @0, luc... trong khi tin hiéu vao da phan 13
tin hiéu dién. Nguyén tic chung d€ do cdc dai lugng khong dién bing phuong
phép dién 12 bi€n ddi chiing thanh tin hi€u dién (di€n 4p hodc dong di€n).




Mot s6 thiét bi do dién hinh 1a:
- Po van téc: bd phat tdc (DC tachometer, AC tachometer, optical tacho.)
- Po lugng dich chuyén: chiét 4p (potentiometer), thudc ma ho4.
- Po géc quay: chi€t 4p xoay, bd ma héa géc quay (rotary encoder).
- Po nhiét do: cip nhiét ngiu (thermocouple), dién trd nhiét (thermistor, RTD).
- Po luu lugng, 4p suit : cic bo chuyén ddi luu lugng, 4p suat.
-Po lyc: cdm bién luc (loadcell,...)
§ B0 so: so sdanh va phat hién do sai léch e gitra tin hiéu vao chuén va tin hiéu
hdi ti€p (hay gid tri do dugc cda tin hiéu ra).
Thong thudng, cic thi€t bi do thuc hién chuyén ddi ti 1& nén :
yn=Ky v6i K1a hé s6 chuyén doi.

’

Néu: K=1 thi: e=r-yp=r-y
Trong hé thdng thuc t& bd so thudng dudc ghép chung vao bd diéu khién.

§ Bo diéu khi€n : ding thong tin vé do sai 1éch e d€ tao tin hiéu diéu khién u
thich hop, tir d6 tdc dong 1én d6i tugng. Thuit todn xdc dinh ham u(t) goi 1a
thuat toan di€u khi€n hay luat diéu khién. Bo diéu khién lién tuc cé thé thuc
hién bing co ciu co khi, thi€t bi khi nén, mach dién RLC, mach khué&ch dai
thuat toan. Bo diéu khién s6 thuc chat 13 cdc chuong trinh phdn mém chay trén
vi Xt Iy hay mdy tinh.

§ Nhiéu : Cdc tdc dong 1én hé thdng giy nén cic dnh hudng khong mong mudn
dudc goi chung 13 nhiu. Nhiéu ludn tdn tai va c6 thé tdc dong vao bAt ¢ phan
tr no trong hé thdng, nhung thudng dugc quan tAm nhiéu nhat 13 cdc nhiéu tic
dong 1én ddi tugng diéu khién, loai nay goi 1a nhi€u dau ra hay nhiéu phu tai.

Trén day chiing ta chi mdi dé cAp dén cdc thanh phan cd ban cla hé thong diéu
khién. Trong thuc t&, cu tric hoan chinh clia hé thong diéu khién thudng da dang
va phifc tap hon. Vi du, trong hé con c6 cd cAu thiét dit tin hiéu vao chuin, cic co
ciu tic dong c6 vai tro trung gian giita bd diéu khién va doi tugng nhu van diéu
khién, bo khuéch dai cong suit, mach cach ly, dong co, cdc bod truyén dong. Trong
hé thong diéu khién s con c6 cac bo chuyén ddi A/D, D/A, card giao tiép,...

Vidu 1.2 : Xéthé thong diéu khién mic nu6c trén hinh 1.3.

Hinh 1.3 Heé théng diéu khién mitc nudc don gidn




Trong hé thong diéu khién tu dong nay, d6i tugng diéu khién 12 bdn nudc (1).
Muc tiéu diéu khién 1a giit mic nudc trong bdn ludn Sn dinh va bing tri s6 H  dit
trude cho dit lugng nudc tiéu thy thay ddi nhu thé nio.
- Tinhiéura y =h : mic nuSc thuc t€.
- Tin hiéu vaor = H, : mic nudc yéu cau.
- Nhiéu z : sy thay ddi lugng nudc tiéu thu .
- Thiét bi do 1a phao (2); Bd diéu khién 1a hé thong don biy (3) c6 chifc ning
khué&ch dai sai léch va diéu khién déng md van; Co cau tdc dong la van (4).
- Tin hiéu diéu khién u : @6 ning clia van (4).
- Tin hi¢usailéch:e=r-y=H,-h
Mtc nudc yéu ciu cé thé thay ddi bing cach diéu chinh dd dai doan ndi tir
phao dén don bay.

1.3 Céc nguyén tic diéu khién

Nguyén tic diéu khién thé hién dic di€m lugng thong tin va phuong thitc hinh
thanh tic dong diéu khién trong hé thong. C6 ba nguyén tic diéu khién co ban:
nguyén tic gilt on dinh, nguyén tic diéu khién theo chuong trinh va nguyén tic
diéu khién thich nghi. Khi thi€t k& hé thdng ta dwa vio muc tiéu diéu khién, yéu
cAu chat lugng va gid thanh d€ chon nguyén tic diéu khién phii hdp nhat.
1.3.1 Nguyén téc giif on dinh : Nguyén tic nay nhim giif tin hiéu ra 6n dinh va
bing gi4 tri hiing s dinh tru6c. C6 ba nguyén tic diéu khién giit 6n dinh :

Diéu khién bu nhiéu

Nguyén tic nay dugc dung khi cdc tic dong bén ngoai 1én PTPK c6 thé ki€ém
tra va do ludng dugc, con dic tinh cia PTPK di dugc xdc dinh ddy dd. Bo diéu
khién s& dung gid tri do dugc ctia nhiéu d€ tinh todn tin hiéu diéu khién u(t).
Nguyén tic diéu khién nay c6é y nghia phong ngira, ngin chin trudc. Hé thong cé
kha ning bu trir sai s& trude khi nhiéu thuc sy gdy dnh hudng dén tin hiéu ra. Tuy
nhién, vi trong thyc t& khong thé du doin va ki€m tra h&t moi loai nhiu nén vdi
cdc hé phic tap thi diéu khi€n b nhi€u khong thé cho chi't lugng cao.

Z
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Hinh 1.4 So do diéu khién bit nhiéu
Piéu khién san bing sai 1éch
Nguyén tic nay dudc dung khi cdc tdic dong bén ngoai khong ki€m tra va do
ludng dugc, con dic tinh cia PTPK thi chua dugc xdc dinh day da.
Tin hiéu ra y(t) dugc do va phan hdi vé so sdnh véi tin hiéu vao r(t). Bo diéu
khién s dung do sai léch vao-ra d& tinh todn tin hiéu diéu khién u(t), diéu chinh
lai tin hi€u ra theo huéng lam triét ti€u sai 1&€ch.




Nguyén tic di€u khién nay c6 tinh linh hoat, thi nghiém va stta sai. Hé thong
c6 kh3 ning lam triét tiéu dnh hudng cla cdc nhiéu khong biét truGc va/hoic
khong do dudc. Nhugc di€m clia n6 1a tdc dong hiéu chinh chi hinh thanh sau khi
dd sai léch da ton tai va dudgc phat hién, tic 1a sau khi tin hiéu ra di thuc sy bi dnh
huéng. Cac qud trinh tré trong hé 1am cho tin hiéu ra khong giit dudc dn dinh mot
céch tuyét d6i ma thudng c6 dao dong nhd quanh gid tri xdc 1ap.

lz
—»(%)—» Bo PK

PTbK
Hinh 1.5 So do diéu khién san bdng sai léch
Piéu khi€n phéi hgp
Pé€ nang cao chit lugng diéu khi€n, c6 thé k&t hgp nguyén tic bu nhidu va
nguyén tic san bing sai 1éch. Mach bu nhiéu sé tic dong nhanh dé bu trir sai sd tao
ra bdi cac nhiéu do dudc, con mach diéu khién phan hdi s& hiéu chinh tiép céc sai
s6 tao ra bdi cac nhi€u khong do dudc.
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Hinh 1.6 So do diéu khién phdi hop
1.3.2 Nguyén tic diéu khié€n theo chuong trinh

Nguyén tic nay giit cho tin hiéu ra thay d8i ding theo mdt ham thsi gian
(chuong trinh) dinh trugc.

1.3.3 Nguyén tic diéu khién thich nghi (tu chinh dinh)

Khi cin diéu khién cdc d6i tugng phic tap, c6 thong s& dé bi thay d6i do 4nh
hudng clia mdi trudng, hodc nhiéu ddi tugng déng thdi ma phdi ddm bdo cho mot
tin hiéu c6 gid tri cuc tri, hay mot chi tiéu t6i vu nao dé... thi cdc bo diéu khién vé6i
thong s cd dinh khong thé dap @ng dudc, khi d6 ta phai dung nguyén tic thich
nghi. SO d6 hé thdng thich nghi nhu hinh 1.7. Tin hiéu v(t) chinh dinh lai thong s6
ctia bo diéu khién sao cho hé thich ting vi moi bi€n dong ctia moi trudng.

VA
»| Chinh dinh [«
T \‘VV ? —1 u v y
> Didu khién —»| PTPK >

Hinh 1.7 So do hé thong diéu khién thich nghi




1.4 Phan loai hé thdng diéu khién

C6 nhiéu cach phan loai hé thdng diéu khién. Sau ddy 12 mot s6 cach phan
loai thudng dung.
1.4.1 Phén loai theo mach phan héi

- Hé thong kin : 12 hé thong diéu khién c6 phan hoi, tic 12 tin hiéu ra dudc do
va hdi ti€p vé so sanh véi tin hiéu vao. B diéu khién st dung dd sai 1éch vao-ra
dé tinh todn tin hiéu diéu khi€n u(t), hiéu chinh lai tin hiéu ra theo huéng lam triét
tiéu sai 1éch. C4u tric hé kin c6 thé c6 mot hoac nhiéu vong hdi tiép. So dd khdi cla
hé kin mot vong hdi tiép duge mo ta trén cdc hinh (1.2) va (1.5).

- Heé théng hé : khdong dung mach phin hoi, titc 1a khdng c6 su so sanh két qua

thyc t&€ v6i tri s6 mong mudn sau tic dong diéu khién. Cic h é théng diéu khién dua

trén cd s thdi gian déu 12 hé hd. Mot vi du 12 mdy gidt trong d6 cdc thao tdc giit,
x4, vat dudc tdc dong tuan tu bing role thdi gian, k&t qua dau ra 1a do sach cda
quan 4o khong dugc may kiém tra (do) lai. Hé hd c¢6 cau tric don gidn va thich hgp

vdi cdc tng dung khong doi hdi cao vé chat lugng dap ng.

1.4.2 Phan loai theo diic diém mé ta toan hoc

- Heé lién tuc : C4c tin hiéu truyén trong hé déu 12 ham lién tuc theo thdi gian.
Heé lién tuc dudc mo td bing phuong trinh vi phan.

- Heé roi rac: Tin hiéu § mot hay nhiéu di€m ctia hé 13 dang chudi xung hay ma
s6. Hé rdi rac dugec mo td bing phuong trinh sai phan.

- Heé tuyé&n tinh : Moi phin tif ctia hé déu c¢é quan hé vio-ra 1a ham tuyén tinh.
Hé tuyén tinh dudc md td bing phudng trinh vi phan (hoic sai phan) tuyén tinh.
Pic trung co bdn ctia hé tuyén tinh 13 4p dung dugc nguyén 1y x&p chong, tic 1a
néu hé c6 nhiéu tic dong vao ddng thdi thi ddp wng diu ra c6 thé xdc dinh bing
cach 1ay tdng cdc ddp @ng do tiing tic dong riéng ré tao nén.

- Heé phi tuy&n : Hé c6 it nhdt mdt phan ti¥ c6 quan hé vio-ra 1a ham phi tuyé&n.
Hé phi tuyé&n khong 4p dung dudc nguyén 1y x&p chdong. Hé tuyén tinh chi 1a mo
hinh 1y tudng. Cac hé thdng diéu khién thyc t& déu cé tinh phi tuyén. Vi du
trong cdc bo khuéch dai dién, dién tlr, thuy luc, khi nén ludn cé sy bao hoa tin
hiéu ra khi tin hiéu vio dd 16n; trong truyén dong cd khi, thuy luc, khi nén ludn
ton tai cac khau khe hd, viing khong nhay véi tin hiéu vao nhd; cdc hé thong
diéu khi€én ON/OFF 1a phi tuyé&n v6i moi gid tri tin hiéu vao.

P& don gidn hod qud trinh phan tich va thi€t k&, hé phi tuyén c6 pham vi
bi€n thién cia cdc bi€n tuong ddi nhd thudng dugc tuyén tinh hod d€ dua gin
ding vé hé tuyén tinh.

- Hé bat bi€n theo thoi gian (hé dirng) : Céc thong sd ciia hé khong thay ddi
trong sudt thdi gian hoat dong cia hé thong. Hé bat bién dugc md ti bing
phuong trinh vi phan/sai phan hé s6 hing. P4p tng ca hé nay khong phu thudc
vao thdi di€m ma tin hiéu vao dugc dit vao hé thong.




- Hé bi&n d6i theo thoi gian (hé khong dirng): Cac thong s6 ctia hé 13 tham s6
phu thudc thdi gian, vi du hé thong diéu khién tén I¥a vdi khoi lugng cia tén
Itra gidm dan do su tiéu thu nhién liéu trong qud trinh bay. Phuong trinh mo t3
hé bi€n ddi theo thdi gian 13 phuong trinh vi phan/sai phan hé s6 ham. Pép ting
ctia hé nay phu thudc vao thoi di€m ma tin hiéu vao dugc dit vao hé thong.

1.4.3 Phan loai theo nguyén tic diéu khié€n - muyc tiéu diéu khién

Hé thong 6n dinh hoa: Khi tin hiéu vao r(t) khong thay d8i theo thdi gian ta
c6 hé thong 6n dinh hod hay hé thong diéu chinh. Muc tiéu diéu khién ctia hé
nay la giit cho sai s6 giita tin hiéu vao va tin hiéu ra cang nhd cang tt.

Hé thong diéu khién 6n dinh hod dugc ng dung rong rii trong dan dung va
cong nghiép, dién hinh 14 cdc hé thong diéu chinh nhiét do, dién 4p, tdc do, 4p
suat, luu lugng, mitc nudc, ndng do, do pH, ...

- Hé théng diéu khién theo chuong trinh : N&u tin hiéu vao r(t) 12 mot ham
dinh trudc theo thdi gian, yéu cau ddp ng ra cia hé thong sao chép lai cic gid
tri tin hiéu vao r(t) thi ta ¢6 hé thong diéu khién theo chuong trinh. Ung dung
dié€n hinh cta loai nay la cdc hé thong diéu khién mdy CNC, robot cong nghiép.

- Heé thong theo ddi: N&u tin hiéu vao r(t) 12 mdt ham khong biét trudc theo thdi
gian, yéu ciu diéu khién d€ d4p tng y(t) ludn bam st dudc r(t), ta c6 hé thong
theo doi. Piéu khién theo ddi thudng dudc st dung trong cdc hé thong diéu
khi€n phdo phong khong, rada, tén I¥a, thu ngim,...

- Hé thong diéu khi€n thich nghi : Hé thong hoat dong theo nguyén tic diéu
khién thich nghi.

1.4.4 Phan loai theo dang ning lugng si dung

- Hé thong diéu khién co khi

- Hé thong diéu khién dién

- Hé thong diéu khién khi nén

- Hé thong diéu khién thiy luc

- Hé thong diéu khién dién-khi nén, dién-thuy luc,...

1.4.5 Phan loai theo s6 lugng ngd vao, ngd ra

- Hé SISO (Single Input - Single Output : mdt ngd vao - mot ngd ra)
- Hé MIMO (Multi Input-Multi Output : nhiéu ngd vao - nhi€u ngo ra)
Trong khudn kh& cda chuong trinh mon hoc, tai liéu nay chi tap trung dé cap
dén cdc vin dé clia hé thong diéu khién tuyé&n tinh bt bi€n mdt ngd vao - mot ngd
ra.




1.5 Céc bai todn cd ban
Ly thuy&t diéu khién tu dong nhim gidi quyét hai bai todn cd ban:
Phan tich hé thong: Cho hé thong diéu khién ty dong di bi€t ciu tric va
thong s6 clia cac phan ti. Bai todn dit ra 1a khdo sit tinh 6n dinh cda hé thong,
tim d4p &ng va danh gid chit lugng qué trinh diéu khién cda hé.

Thié't k& hé théng: Biét ciu tric va thdng s6 ciia doi tudng diéu khién. Cin
thi€t k& bo diéu khién d€ hé thong thod min cic yéu ciu chit lugng dé ra.

Thi&t k& hé thong diéu khién ty dong thuc chat 13 van dé cdc dinh ciu tric
va thong s6 cda bd diéu khién (thi€t bi diéu khién). Trong qud trinh thiét k& thudng
kém theo bai todn phan tich. Cdc bugc thi€t k€ bao gdm:

1)

2)

3)

4)

S)

Xud't phat tif muc tiéu diéu khié€n, yéu ciu vé chat lugng diéu khién va
dic di€m clia d6i tuong dugc diéu khi€n, ta xdy dung mo hinh todn hoc
cda doi tugng.

T md hinh, muc tiéu diéu khién, yéu ciu chat lugng diéu khién, cic
nguyén ly diéu khién, kh3 ning thi€t bi di€u khién c6 thé sit dung dudgc
hoic ché€ tao dugc, ta chon mot nguyén tic diéu khién cu thé. T d6 lva
chon céc thi€t bi cu thé d€ thuc hién nguyén tic diéu khién da dé ra.
Trén cd s& nguyén ly diéu khi€n va thi€t bi dugc chon, ki€m tra vé 1y
thuy&t hiéu qua diéu khién trén cdc mit: khd ning ddp tng muc tiéu,
chat lugng, gid thanh, diu kién s dung, hiéu qui... Tir &6 hiéu chinh
phuong 4n chon thi€t bi, chon nguyén tic diéu khi€n khic hoic hoan
thi€én lai mo6 hinh.

Né&u phuong 4n d3 chon dat yéu cu, chuyén sang budc ch€ tao, lip rap
thi€t bi titng phan. Sau d6 ti€n hanh ki€m tra, thi nghiém thi€t bi tirng
phin va hiéu chinh céc sai sét.

Ché€ tao, 1dp rdp thi€t bi toan bd. Sau d6 ki€m tra, thi nghiém thiét bi toan
bd. Hiéu chinh va hoan thanh toin bo hé thong diéu khién.

1.6 Vidu dng dung
1) B diéu toc ly tam

Hinh 1.8 gidi thiéu mot bd diéu toc ly tAim d€ giit 6n dinh tdc d6 dong co
Diesel hay tuabin hoi. O ch€ @6 lam viéc binh thudng, dong cd quay déu, luc ly tim
ctia hai con 1ic quay cin biing véi ap luc 10 xo. Mdi vi tri 8n dinh cda con lic tuong
tng v6i mot tdc do dit trude clia dong co.

Né&u phu tii thay ddi dot ngot 1am cho toc dd thuc clia dong cd gidm di so vdi
toc d6 mong mudn thi luc ly tAm ciing gidm, con lic ha thap, cra van diéu khién
mé, ddu ép tir ngudn cip chiy qua van vao budng trén clia xylanh, diy piston di
xudng lam ting d6 mS cda van nhién liéu, nhién liéu cap vao ddng cd nhiéu hon
nén tdc dd dong co lai ting 1én dén tdc 6 mong mudn.




Trudng hop ngudc lai, n€u tdc do dong co vugt qud gid tri dit trudc, hé thong
s& tu dong diéu chinh d€ gidm lugng nhién liéu cung cap.

Trong hé thong nay, d6i tugng diéu khién 12 dong cd, dai luong cin dicu
khién 13 t6c @6 dong cd, thi€t bi do 1a con lic ly tAm, tin hiéu sai 1éch 13 d6 chénh
léch giita toc do mong mudn va téc dd thuc t&, tin hiéu diéu khién 1a vi tri cda van
hay lugng nhién liéu, nhi€u chinh 1 sy thay ddi cda tai.

r Banh
U rang
Con lac
ly tam L
Xy lanh
Dauep —= truyen ldc

Van fiieu khien

Nhien lieu
—

1 | Nong cb Q Tai

Van nhien lieu

Hinh 1.8 H¢ diéu khién toéc do diing bo diéu toc ly tam

2) Hé diéu khién téc do dong co DC
Hinh 1.9 gii thiéu mot phién ban don gidn ctia hé thong diéu khién tdc do
dong co DC. Toc d6 yéu cau dudc dit chinh bing chi€t 4p va cé gid tri trong
khodng 0, 10V. Bo phat tdc (Tachometer) do s6 vong quay cia dong cd va chuyén
thanh tin hiéu dién 4p 0, 10V. B6 khuéch dai vi sai (1) so sdnh gid tri dit vé6i toc do
thuc t&, sau d6 tin hiéu sai 1éch dugc chuyén dén bd khuéch dai cong sudt (2) dé
hinh thanh tin hiéu diéu khién dong co. PE c6 sai sd xdc 1ap bing 0 va cai thién
dic tinh dong hoc clia dong co tot hon, ngudi ta thay bo khuéch dai vi sai bing bo

diéu khién PID va mach chinh luu dién ti.

Nong c6 Tachometer

Hinh 1.9 So dé hé thong diéu khién téc do dong co DC




Trong cic ng dung diéu khién tdc dd va dinh vi chinh xdc, hién nay ngudi ta
thudng dung dong cd servo DC va AC. Pong cd servo ¢6 quan tinh nho, kha ning
gia tdc tdt, lam viéc tin cdy, hau nhu khong cAn bdo dudng. Pong cd servo DC cong
sudt nhd dugc sit dung trong cdc thiét bi van phong nhu dong cd quay & dia may
tinh, dong co quay ruld mdy in,..Pdng co servo DC cdng suit trung binh va 16n
dudc st dung trong cdc hé thdng robot, hé thong diéu khién may CNC,...

Hinh 1.10 gidi thiéu hé thong diéu khi€n dong co servo DC diing bo diéu
khién dién ti theo nguyén tic diéu bi€n dd rong xung (PWM). Tin hiéu phan hoi
dugc 14y tir bd phdt tdc va/hoic bd ma hod géc quay (encoder) lip dit sin trén
dong co.

L Boi phat toc
Toc do I
dit : B6 Khuéch dai Mach Didu khién
4’@“‘“’ tich phan[ ]  dong " PWM [ cong sust

|

1 Y

! Ph4n hdi dong dién
|

|

Nong co
servo DC

Boi fieu khien servo

Phan héi toc do

Hinh 1.10 So do hé théng diéu khién téc do dong co servo DC
3) Hé thong diéu khi€n may tron

4+20 mA lChat B

Bo Gia tr(.). )
fiieu khien dat trgoc
Tin hieu fio
nong fio
4720 mA Bo fio

nong fio

Hinh 1.11 So do hé thong diéu khién mdy trén
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Piéu khién mot mdy tron (hinh 1.11) 1a duy tri mdt hdn hop clia hai chat A
va B sao cho ndng d6 ciia chiing khong ddi. Hai chit A va B dudc dua vao thiing
tron va dugc may tron khud'y déu dé cho ra mot hdn hdp C ¢6 i 1é % thanh phdn A
ding theo gid tri dit trudc. BO do ndng do 1a mdt mdy phan tich d€ xdc dinh ti 1&
phin trim ctia thanh phian A trong hdn hgp C va cho ra tin hiéu dong dién tuong
ing tir 4-20 mA. Tin hiéu nay din vé bo diéu khi€n bing dién t tao nén mot tin
hiéu diéu khién tic dong vao van (thong qua bo diéu khién van) d€ khong ché luu
lugng chi't A chdy vao thiing tron.

4) Hé thong diéu khién nhiét do

Hinh 1.12 gidi thiéu so @6 mot hé thong diéu khién nhiét do 10 nung dién.
Nhiét do trong 10 13 dai lugng lién tuc. Nhiét d6 ndy dudc do bing cAm bién, sau
d6 chuyén thanh tin hiéu sd nhd bo chuyén d6i lién tuc/sd (A/D - Analog/Digital)
va dua vao mdy tinh thong qua mach giao ti€p. Nhiét do yéu cau ciing 13 dang tin
hiéu s6 va dugc dit chinh bing chuong trinh phan mém. M4y tinh so sdnh nhiét do
hdi ti€p vdi nhiét do dit va néu c6 sai 1éch thi mdy tinh s& xuat tin hiéu diéu khién
mach nung thdng qua giao ti€p, khuéch dai, role cAp dién cho dién trd nung hoiic
quat lam mat trong 10.

~—— Cam bién

[
g Giao
% C » AD ¥ ..
% % ti€p
77 N O 7
? L nhiét g
7
/] 7
/] 7
/] 7
/] 7
) ywwww P
777777707 , Chuon
- . g
Khuéch Giao
Role |« . | . trinh
dai ti€p
B0 nung

Hinh 1.12 So dé hé théng diéu khién nhiét do

11



1.7 So lugc lich st phat trién

Nim 1765, Polzunov ché tao bo diéu chinh mtc nudc ndi hoi. Nam 1784, James
Watt ché tao bd diéu téc ly tim d€ diéu chinh tdc d6 mdy hoi nudc. Cic sdng
ché nay dudc xem 13 cdc cd ciu ty dong xuat hién dau tién trong cong nghiép.
Nam 1868, Maxwell phét trién phuong trinh vi phian cho bo diéu toc, tuyén tinh
héa tai di€m cin biing va chitng minh tinh 6n dinh ctia hé thdng phu thudc vao
cdc nghiém c6 phin thuc Am cia phuong trinh dic tinh. Céc tiéu chudn 6n dinh
cho hé tuyén tinh dudc phat trién bdi Routh (1877) va Hurwitz (1895).. Nim
1922, Minorsky 12 ngudi dit nén méng cho 1y thuyét diéu khién ty dong tau
thuy. Nim 1917, O.Block da st dung 1y thuyé&t vectd va ham bién phifc vao viéc
nghién cttu ly thuyét diéu khién tu dong. Trén co s& d6, Nyquist (1932) da dua
ra phuong phdp do thi d€ x4c dinh tinh 6n dinh ctia hé thong kin tir ddp Gng tan
s& ctia hé hd vdi tin hiéu vao hinh sin.
Trong su6t thip nién 1940, phuong phap ddp tng tin s6, dic biét 1a phuong
phdp bi€u dd Bode, di dudc st dung rong rai dé€ phan tich va thi€t k& cic hé
thong diéu khi€n vong kin tuyén tinh. Tir cudi thap nién 1940 dén dau thap nién
1950, Evans pht tri€n va hoan chinh phuong phdp qu§ dao nghiém. Pay 13 hai
phuong phap cot 16i clia Iy thuyét diéu khién cd dién, cho phép thiét k& dugc
nhitng hé thong diéu khi€n 6n dinh va ddp Gng dugc cic yéu cau diéu khién co
ban, cdc bo didu khién duge thict k€ chi y&u 1a bo PID va b didu khién sém
tré pha.

Ly thuyét diéu khién c6 dién (trudc 1960) chi y&u dp dung cho hé tuyén

tinh bat bi€n v6i mot ngd vao - mot ngd ra .

Tir khodng 1960, su xui't hién clia mdy tinh s& va 1y thuyé&t diéu khién s6 di tao
diéu kién cho su ra ddi 1y thuyét diéu khi€n hién dai dva trén sy phén tich va
t6ng hdp dap tng thdi gian st dung bi€n trang thdi. Ly thuyé&t diéu khién hién
dai rdt thich hop dé thi€t k& cdc bo di€u khi€n 1a cdc chuong trinh phdn mém
chay trén vi x{t Iy va mdy tinh s&. Piéu nay cho phép thi€t k& cdc hé thdng phic
tap nhiéu ngd vao, nhiéu ngd ra vdi chi't lugng diéu khién cao.

Trong nhitng thip nién gan day ly thuy&t diéu khién hién dai phat tri€n theo cic
huéng: diéu khién t6i vu cdc hé tién dinh va ngiu nhién, diéu khién thich nghi
va diéu khién thong minh. C4dc phuong phap diéu khién thong minh nhu diéu
khi€n md, mang than kinh nhén tao, thuit todn di truyén bit chudc cdc hé thong
thong minh sinh hoc, vé nguyén tic khong can diing md hinh todn hoc d€ thiét
k& hé thong, do d6 c6 kha ning tng dung thuc t&€ rat 16n. Xu huéng k&t hop cic
phuong phap diéu khién trong mot hé thong diéu khién ciing dudc phat trién véi
su trg gitip clia mdy tinh so.

Ngay nay, 1y thuyét diéu khién c6 dién van giit vai tro quan trong. N6 cung

cAp cdc kién thic cd bin d€ 1am nén ting cho viéc ti€p can cdc hé thong diéu
khién hién dai, ngay cang phic tap hon.
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Chuong 2
MO TA TOAN HOC
PHAN TU VA HE THONG LIEN TUC

Noi dung chuong nay nhim gidi quyét hai van dé:
- Xdc dinh m6 hinh todn hoc cho cdc phan ti.
- Xdc 1ap mdi lién két gitta cdc mo hinh todn hoc riéng thinh mot md hinh
todn hoc chung cho toan bo hé thong.

Hé thong diéu khién trong thuc t&€ rat da dang. Cdc phin t clda hé thdng c6
thé 1a co, dién, nhiét, thuy luc, khi nén,... D€ nghién cifu cdc hé thdng c6 ban chat
vat 1y khdc nhau ching ta cin dua trén mdt cd s chung 13 todn hoc.

Khi nghién cttu hé thdng truSc hét ching ta cin bi€t hé thong gdm nhitng
thi€t bi gi, c6 nhitng phan t& ndo va tim cdch mo t3 chiing biing cdc mo hinh todn
hoc. Md hinh cin phdi ddm bido d6 chinh xdc nhat dinh, phdn dnh dudc cdc tinh
chat dic trung cda hé thong thuc, nhung dong thdi phii don gidn cho viéc biéu
dién, phan tich. Trong nhiéu trudng hop, &€ c6 mot md hinh todn twong ddi don
gian, ching ta phai xem xét bé qua mdt vai thudc tinh vat 1y it quan trong trong hé
thdng va 1y tudng hod mot s6 hién tugng vat 1y thuc té.

Pé mo ta phin t¥ va hé thong tuyén tinh bat bi€n lién tuc ngudi ta thudng
dung cdc dang mo hinh todn hoc sau day :

- Phuong trinh vi phin tuyén tinh hé s6 hing.
- Ham truyén
- Phuong trinh trang thai.

Hai dang mé hinh phuong trinh vi phdn va ham truyén thich hop véi hé SISO.

M6 hinh phuong trinh trang théi dic biét thich hgp véi hé MIMO.

2.1 M6 hinh phuong trinh vi phan
Téng quit, mdi quan hé gitta tin hiéu vao r(t) va tin hiéu ra y(t) cia hé thong
tuy€n tinh bat bi€n lién tuc c6 thé mo td bing phuong trinh vi phan :

d"y(t) d™ty(1) o d™r(t) d™*r(t)
a, o +an‘1W+ ..t+agy(t) =b, o + bm'1W+ .+ bgr(t)
(2-1)
Trong do:

ai,b; 1a cdc hing s, dugc xdc dinh tir thong sd clia cdc phan ti .
S6 mil n 12 bac clia hé thdng. Hé thong cé m £n dugc goi 1a hé thong hdp thifc.
Chi c6 cdc hé thong hgp thifc méi ton tai trong thuc t€.
M5 hinh phuong trinh vi phan dudc xay dung theo phuong phdp ly thuyét, tic
12 dugc thi€t 14p dua trén cdc dinh luat vat 1y bi€u dién cdc qué trinh dong hoc x3y
ra bén trong va cdc quan hé giao ti€p v6i mdi trudng bén ngoai clia hé thong.
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- Céc dinh luit cd ban chi phdi cdc phan tir co khi 1a dinh luit II Newton,
quan hé gitta luc va bi€n dang, quan hé giita ma sat va van tdc.

- Céc dinh luat co ban chi phdi cdc phan tif dién 1a dinh luat Kirchhoff, quan
hé dong dién- dién dp trén dién trd, dién cam, tu dién.

- Céc dinh luit cd ban chi phdi cdc phan ti nhiét 12 dinh luat truyén nhiét va
dinh ludt bao toan ning lugng.

Vidu 2.1. Xdc dinh phuong trinh vi phan mo td hé co khi gdm 10 xo - khdi lugng -
gidm chan c6 sd d6 nhu hinh 2.1a.

lF(t)
- 1 y(©) Lets
k J. b ===
77777
(a) (b) (c) (d)

Hinh 2.1

Bo gidm chan (hinh 2.1b) gdm mot xylanh dau va mot piston, mot trong hai
thanh phin nay dudc lip c6 dinh con phan kia di dong. Khi c6 chuyén dong twong
ddi gitta piston va xylanh, dau s& chdy tif budng nay sang budng kia ctia xylanh
qua khe hé giita piston va xylanh hoic qua mot 16 nhd trong piston. Lyc diy diu
qua khe hd c6 tdc dung can trd chuyén dong, ta goi la Iyc ma sat nhét hay lyc gidm
chan. Luc gidm chan Fq ngugc chiéu va ti 1& véi van toc v:

Fq=b.v v§ibla hé sd ma siat nhét, [N.s/m ]

B0 gidm chin cling dugc bi€u dién don gidn nhu hinh 2.1¢ va 2.1d.

Gia st tai t=0 hé dang & trang thdi cAn bing. Theo dinh luat II Newton, ta c6
phuong trinh cin bing luc:

dzy )

d
m 2 =8 F=F0-b Y ky(t)

dt
Trong do :
- Tin hi€u vao : luc F(t) tic dung tir bén ngoai, [N]
- Tin hiéu ra : lugng di dong y(t) clia khdi lugng m, [m]
m : khéi lugng [kg]
b :hé s6 ma sat nhSt (hé s6 gidm chan), [N.s/m]
k :do cing 10 xo, [N/m]
d’y o
m—=- :luc quan tinh
dt
k.y(t) :lyclo xo

b

—2 =F, :luc gidm chin
a @ Y8
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P Phuong trinh vi phan bac hai m6 ta quan hé vao-ra :

d’y . dy
m—-+b—+ky(t) = Kt
a2 Pt y(t) = F(t)

Vidu 2.2. X4c dinh phuong trinh vi phin cia mach dién RC néi tiép.

uJi R —|—C \uc

-0 O

- Tin hi€u vao : di€én dp ngd vao u, [Volt]
- Tin hiéura : dién dp ra u_ giira hai ban tu dié€n, [Volt]
Theo dinh luat Kirchhoff, ta cé:
u=ug +u, =Ri+u,
du,

ma : Uczé(\jdt p IZCE

P Phuong trinh vi phdn bac nhdt m6 td quan hé vao-ra :

u= RC%+ Ug
dt

2.2 Phép bién ddi Laplace

Pé€ xdc dinh ham tin hiéu ra cia hé thong khi bi€t ham tin hiéu vao, ta cin
phai gidi phuong trinh vi phdn md ta hé thong. Phép bién ddi Laplace gitip ta gidi
phuong trinh vi phdn mot cich don gidn, thuan 1gi hon so véi cach gidi thong
thuong.
2.2.1 Dinh nghia

Cho ham thoi gian f(t) xdc dinh v6i t 3 0, bi€n ddi Laplace cia f(t) 1a:

¥
F(s) = LIf ()] = ¢f (t)e’ Sat (2-2)
0

Trong dé:
L -1a ky hiéu phép bi€n ddi Laplace (todn tif Laplace).
F(s) -goi l1a 4nh Laplace hay bi€n ddi Laplace ctia ham f(t).
s -1a bi€n phiic, goi 1a bién Laplace.
Piéu kién d€ f(t) c6 bién d6i Laplace 1a tich phidn & cong thic dinh nghia
(2-2) hoi tu.
Qua4 trinh to4n hoc ngudc lai -Tim ham gdc f(t) tir ham dnh F(s)- dugc goi 12
phép bién dbi Laplace ngugc va ky hiéula L.
Cho ham phitc F(s), bi€n ddi Laplace ngugc ctia F(s) la:

f(t)y=LYF(9)] = zipj BF(c)E®ds (2 0) (2-3)
C

véi C la dudng cong kin dudc Iya chon trong mién s; jla sd 4o don vi.
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2.2.2 Tinh chat
§ Tinh don dnh
Bi&n d6i Laplace 1a phép bi€n d6i mot-mot, tic 13 &ng v6i mdi ham f(t) cho
tru6c chi c6 duy nhat mot dnh F(s) va ngugc lai.
§ Tinh tuyén tinh
Néu F(s), Fi(s), Fo(s) 12 dnh Laplace ctia f(t), f(t), f>(t) va k 12 hiing so thi :
L [f1(t) £ f,(0)] = Fi(s) £ Fy(s) va  L[kf(0)] = kF(s)
L'[F(s) £ Fy(s)] = (1) * (1) va  L[kF(s)] = kf(0)
Tinh chit ndy xuit phdt ti tinh tuyé&n tinh clia phép tich phin trong cong
thic dinh nghia bién ddi Laplace va Laplace ngugc.
§ Anh ciia dao ham

L4y tich phan titng phan (ydv = uv - ¢ydu véi u=¢€ Sv=£(1) ta co:

L gd‘:j(t)é_ Lif(t)] = &(t)e St =f (t)e + s¥6 (t)e Sdt = sF(s)- f(0)

trong d6: f(0) 1a gid tri ctia ham f(t) tai thdi di€m t = 0.
Vi mot ham f(t) cho trude, gid tri f(0+) va f(0-) c6 thé khac nhau. Khi d6 c6
su phan biét:
L'[#(1)] =s7(0) - f(O+)
L [f()]=sF(0)- f(0)
Tir k&t qua trén ta c6 thé suy ra dnh cdc dao ham bic cao nhu sau:
LIF®] = LR 0D = sLIF (0] - #(0)=SF(9)- F(0)- F(0)
L[ @ (t)] = S°F(s) - °F (0)- sk(0) - ¥(0)

LIE™ (0] =s"F(s) - & s™ £6-2(0) (2-4)

i=1

véi (0), #(0), %0), ..., f ™ Y(0) 1a gid tri ctia ham f(t) va cdc dao ham tai thoi
di€m t= 0, dugc goi la cdc diéu kién ddu.
Néu xét sy khdc nhau gifta L va L™ thi thay vi t=0 ta diing t=0+ hoic t=0- .
Néu cdc diéu kién ddu bdng 0, ta c6 cdng thifc don gidn:
L[f™ (t)] =s".F(s) (2-5)

§ Anbh ciia tich phan

L ed(t)d ﬂ ( ) (2-6)

u
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§ Anh ctia ham tré
Ham tré (hay ham chuyén dich) dudc dinh nghia:

f(t-T) = f(t) khi t3 T
= 0 khi t<T f(t) ﬂ(\t-/T)
0 T T

Ham tré dic trung cho mot hién tugng vat 1y c6 dudng bi€u dién giong véi
ham f(t) nhung bi dich chuyén T don vi theo thdi gian.

bat t=t-T,taco:

L[f(t- T)] :(‘;f(t- Tye it = (‘gf(t)e'S(“T)dt :e'TSQjéf(t)e'Stdt
Do : Q¥ f(t)e Sdt = Q¥ f (e Sdt =F(s)
Nén: L[f(t- T)] =€ "SF(s) (2-7)

§ Anbh ciia tich chép
Tich chip ctia hai ham f(t) va f,(t) dugc dinh nghia:

f(t)=f (t)*f,(t)= 81(t)-fz(t - t)dt = tdl(t - t)f,(t)dt

Néu f(t) 1a tich chap clia f,(t) va f,(t) thi:
F(s) =L[f (D] =F(s).K(9) (2-8)

§ Nhdn ham f(t) véie®’

N&u f(t) c6 bién ddi Laplace 1a F(s) thi :
¥
Lle 2 (1)] = g 2 (e Sdt = F(s+a) (2-9)
0
Diéu nay cho thdy viéc nhan ham f(t) v6i € ?' (a c¢6 thé 1a s6 thuc hoidc s
phifc) tuong duong véi viéc thay s bing (s+ a) trong bi€n ddi Laplace.

§ Dinh ly gid tri cudi
Néu f(t) c6 4nh Laplace 12 F(s) va néu I<i®rg f (t) hitu han thi :
t

limf (t) =limsF(s 2-10
lim* (1) = limsF(s) 2-10)

Pinh 1y gid tri cudi gidp ta xdc dinh gid tri 6n dinh (xdc 14p) cia ham f(t)
ma khong cin phai bi€n ddi ngudc ham F(s). Tuy nhién cin lvu y 13 néu ham f(t)
khong tdn tai trang thai 6n dinh, vi du trudng hgp f(t) 12 ham sin wt hay e sinwt
véi a>0 thi dinh 1y gid tri cudi khdng dp dung dugc.
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2.2.3 Bién ddi Laplace ciia cdc ham co ban

Trong muc nay chiing ta tim bi€n d6i Laplace clia cic ham cd ban thudng
diing trong phan tich hé thong diéu khién.

Ta gia thi€t 1a chi xét cdc ham f(t) trong mién t 3 0 va coi f(t)=0 khi t<0. Diéu
nay phu hdp véi thyc t€ vi thong thudng chiing ta chi nghién cttu hoat dong clia hé
thong diéu khi€n sau mot thdi di€m da dugc lya chon ba't ky va dit 13 t=0. Tin hiéu
ra cda hé thong & moi thdi di€m t>0 hoan toan cé thé xdc dinh néu biét cic diéu
kién ban dau va ham tidc dong (tin hiéu vao) § thdi diém t=0.

- Ham bac thang don vi
Ham bac thang don vi dugc dinh nghia:

i1 khit30 A
At) =i . | 1(t)
10 khit<O t
Anh Laplace: 5 .
¥
F(s) = L[L(t)] = g Fdt = - lesf oo }(o _1) _1
0 S 0 s s
A
Xét trudng hop ham bic thang K(t)=K.1(t) ta c6: K K.1(t)
K
F(s) = L[K.1(t)] = K.L[1()] :E | t=

Ham bic thang tdc dong tai t=0 tuong ng v4i mot tin hiéu hiing s6 dua dot
ngdt vao hé thong tai thdi diém t=0.
- Ham xung don vi (xung Dirac)

Xét ham xung chit nhat f(t): ()
ih khi OFt £t

=i wl=r, <0 &>t -

Néu 14y dién tich ht, bing 1 don vi, thi h=1/ t,. Khi t,® 0 thi chiéu cao h® ¥
nhung dién tich vin bing 1. Trudng hop dic biét nay cia ham xung dugc goi la
ham xung don vi, hay ham xung Dirac, ky hiéu l1a d(t).

i khitl O
d(t):@:l’o It

|
dt ¥ khit=0 d(t)
+¥ 0+ t
Ham d(t) c6 tinh chat: _Qd(t)dt = ooﬂ(t)dt =1 5 >
Anh Laplace:

¥ 0+ o+
F(s) = L[d()] = (e Sct = dtye bt = )t =1
0 0 0

Ham xung Dirac ¢6 do rong bing 0 va do 16n vo cing nén chi 1a ham todn
hoc thuan tuy, trong thuc t& chi tdn tai cdc tin hiéu gin ding véi xung Dirac.
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Ham xung Dirac thudng dugc dung d€ mo ta cac nhiéu tic dong trong khoang
thdi gian rit ngdn (tc thdi). Ngoai ra, khdi niém xung Dirac ciing rat hitu ich dé
md td qud trinh rdi rac hod mot tin hiéu lién tuc bat ky nhu ching ta s& dé cip dén
sau nay.

-Hammii ¢?' (a>0)

at ) at -t ) (st+a)t e (sra)t v 1
F)=L[e ™ ]=cg e dt=C¢ dt=- =
0 0 S+a |0 s+a

- Ham doc don vi

it khit?0 I/f(t)
r(t) = LA(t) = |
O=t=15 thit<o | !

0

\ 4

- st
A~ , A N A N N P N e z
Lay tich phan tirng phan (udv =uv- ¢ydu véi u=t va v :T ta co:

¥ -t |y ¥ -
te e 1 1
F(s)=L[t]= gye Ydt=——| +y—dt=0+—=—
©=00=¢ S 0 53

Ciing c6 thé dung tinh chit 4nh clia tich phan :
é u
R = L[t] = L ag(tydrg=—tX0 - 1
éO g S S

Theo céch tuong tu ta c¢6 thé tinh dugc dnh cia ham t2,3,..,t".

- Ham lugng gidc
St dung cong thic Euler : coswt+ jsinwt= €™ | ta ¢6 thé bi€n ddi :
jwt - jwt jwt+ - jwt
Sin\l\lt:ej—.e : COSWtzl
2]
Suy ra:
¥ ¥ i ..
. . M. gt lee 1 1 6w
L[sinwt] = &sinwt)e Sdt= ¢ e Sgt= = - o=
[ | Od ) S)T 2jgs— jw s+jwg S +w?
¥ ¥ i ..
M 4 g Wt lee 1 1 6 s
L[coswt] =¢ycoswt)e dt= y————e Fdt== + T=
[ ] Od ) o 2 285— jw s+jwg +w

v . N v . i .
eJwt -e jwt e (sta- jw)t _ e (sta+jw)t

L[e® sinwt :OE\ -at—. St = - dt= w
[ ] 0 2] (9 2] (s+a)2 +W
¥ jwit - jwt ¥ - (sta- jw)t - (sta+jw)t
e +e _ e +e S+a
L[e® coswt] = g ' =——— e Ydt= -
[ ] O(ﬁ 2 g) 2 (S+a)2 +M’2

Nhén xét:

Cdc 4nh L[e ®' sinwt] va L[e ' coswt] ciing c6 thé tinh bing cong thic (2-9).
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- Bing tém tit cdc bi€n d6i Laplace thudng ding:

STT f(t) F(s)
1
1. 1(t) N
2. d(t) 1
1
-at
3. e (a>0) cta
4 l-e™ 2
' s(st+a)
t K
. K(1-eT) s(Ts+1)
L
6. t g
n!
7. t" g+l
8 t e-at ;
' ' (s+a)?
"t 1
e
9' (n- 1 (s+a)"
1 (-a bt 1
10. b- a(e © ) (s+a)(s+b)
t t
T + T, T 1
. 1- —t-eh+—2¢e"
1 T-T, T,-T, S(T,s+(T,s+1)
1 e e ot 1
12. —+ +
ab a(a- b) b(b- a) S(s+a)(s+b)
1 at -al 1
—(1- €% ae —
1 a 1
= (at-1+e —
14. a2( ) s*(s+a)
15 wit >
. cos
s +wW
16 inwt i
. sinw
s +wW
17 -t cosut _ S*a
. e " COS (S+a)2 +W2
“at g v
18. e “ sinwt (s+a)2 R
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2.2.4 Tim bién ddi Laplace ngugc
Bai to4dn ditra 12 tim ham thoi gian y(t) khi bi€t 4nh Laplace Y(s).
Thong thuGng, anh Laplace Y(s) ¢c6 dang ham htru ti :
_P(s) _b,s"+b, s"t+. . +b,
Y(9)= =
Qs as"+a,,s"t+..+a,

Bi€n ddi ngugc L'[Y(s)] c6 thé tinh bing céng thirc dinh nghia nhung cich
nay phitc tap. C6 mdt cch tién dung hon, d6 1a phan tich Y(s) thanh téng cdc phan
thiic don gidn rdi 4p dung cic cong thic bi€n d6i cd ban cho tirng thanh phan cla
tong.

(m<n)

yo =L Y@l=aLiy,el=ay® (2-11)

i=1 i=1
Dang ham y(t) phu thudc vao nghiém cia mau sd Q(s). C4c nghiém nay cé
thé 1a nghiém don (nghiém thuc ri€éng biét), nghiém bodi, hodc nghi€ém phitc. Dudi
day chiing ta s& 1an lugt khdo sit cdc trudng hdp cu thé.
1) MAu s6 ctia Y(s) chi ¢c6 cac nghiém don
Gia st Q(s) ¢c6 n nghiém don la sy, sy, ..., Sy .
Khi d6 c6 thé phan tich :
Q(s) =an(s- s)(s- S;)...(S- sn)
vo=PO- A A AL L A
QO s-s s-s,  s-§ s- 5,

trong d6 A; (i=1,2,..,n) 12 cdc hé sd hiing.

Nhan cd hai v€ clia phuong trinh véi (s-s;), ta dugc:
Ay(s-s;) +A2(S' 8;) Fo A, +."+An(s_ 8;)
S- s, S-S, S-S,
N&u 14y gi6i han khi s® s; thi tit ci cdc thanh phan c6 chda (s-s;) & v& phai
déu biing 0, tir d6 ta x4c dinh dudc:

(s 5)Y(s) =

Ai=1lim[(s- §)Y(s)]=[(s- §)Y(9)]|s=s (2-12)
s® s
eA U
Tra béng, ta c6 : Lte——g= Aies't
€S- S0
n
Suy ra: yit)=aQ Aie%t :Aleslt +A2eszt +..+ Anesnt (2-13)
i=1
, N ) 2s+1
Vidu 2.3. Tim bi€n doi Laplace ngugc cia Y(S)=————
28" +6s+4
Gidi. M3iu sd clia Y(s) c6 a,=2 va hai nghiém s=-1 ; s=-2 nén c6 thé phan tich:
+ + + A A
Y(s) = 2s+1 2s+1 _ 2s+1 A A

25 +65+4 2S£ +35+2) 2s+1D(s+2) s+l s+2
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Xd4c dinh cdc hé so :

Aj= lim [(s+DY(9]= lim 2?2:;)—-%
L 2s+1 3
= Jim, [+ Y ()= fim 2L =3
b Y()=-—t 4

2(s+l) 2(s+2)
Bi&n ddi Laplace ngugc ta dudc:

YO =LY ()= Se e
2 2
2) Miu s6 ciia Y(s) c6 nghiém boi
Néu Q(s) ¢6 (n-r) nghiém don va mot nghiém bdi s  1dp r 1an, ta phan tich :
Q(S) =, (S~ S1)(S- $)--(S- Sn- (S~ &)’
vig=Le 4 s Aoy B L B B
S5 s s, (-8) 6-s)7 s s

Cédc hé s6 A;(i =1,2,..,n-r) xdc dinh nhu trudng hdp nghiém don da biét.

Céc hé s6 B; (i=r,..,2,1) dugc xdc dinh bing cdch nhan cd hai v€ clia phuong
trinh trén véi (s- s) , sau d6 18y dao ham béc (r-i) cda c4 hai v€ réi 18y gidi han
khi s® s, . Ta c6 k&t qui cudi cling nhu sau:

1 : edr !

G dme T &1 (s-8) Y(s)} (2-14)

Nhdn xét:

- N&u sy 12 nghiém kép, cAn x4c dinh hai hé s6 B, B, :
o \ . éd 2 U
B, = lim €s- 5. )?Y(9U : B, = lim z—(s- Y (S);
2 S®Skg( S)Y(9)Y 1 S®sk8ds( S) ()H
- N&u si 12 nghiém bdi ba, cAn xdc dinh ba hé s6 B3, B,, B :

. éd ¥
B, = lim &5+ s)'Y (Y BzznggE(s—stY(s)g

B, = lim ?;_dz (s- 5 )°Y(9)i
=i
t 25®Sk edS X 3

Bi€n ddi Laplace ngugc him dnh Y(s) ta dudc:

r-1
y(t) = a AeT +B, (t o ex' 4+ .+ B,tek' + B e (2-15)
i=1 :
Vidu 2.4. Cho anh Laplace Y(s)= 2 > . Hay xdc dinh ham y(t).
S(s+3)(s+1)

Gidi. MAu so clia Y(s) c6 hai nghiém don s,=0 ; s,=-3 vd mot nghiém kép s,= -1
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Do d6 c6 thé phan tich :

Y(S) :i AZ + BZ + Bl
s (s+3) (s+1)® (s+))
X4c dinh cdc hé s0 :

_ _ 2 2
I|m [SY(9)] = L&W 3

A, = lim [(s+4)Y(9)]= lim, S(Sfl) :_%

B, = [(s+1) Y (s)]= I|m

® - s(s+3)
i _ . éde 2 oU_ . -22s+3) _ 1
B, = lim gd—(S”) VO Im el m

b ()___ 1 1 1
3s 6(s+3) (s+1)° 2(s+1)

Bi&n ddi Laplace ngugc ta dudc:
2 1 1
=L Y(g]==-Ze*-te'- e
y() =LY (9)] 3 6 >
3) Miu sé ctia Y(s) ¢6 nghiém phic
Nghiém phtic luén c6 tirng cdp lién hgp, ta ky hiéula p,=a=* jw.
Giffa ching c6 mdi quan hé : (s-p )(s-p,) = (s-a-jW)(s-a+jw) = (s-a)”+ W .
Trudng hop nghiém phifc ciing c¢6 thé phin tich tuong ty nhu trudng hdp
nghiém don nhung d€ thuan tién hon, ta thudng diing cdch néu dudi day.
N&u Q(s) c6 (n-2) nghiém don va 2 nghiém phtic p |, thi c6 thé phan tich :
Q(s) =&, (s- 5))...(s- S.,)(S- P)(S- P,)
=a,(S- §))..(S- Sy ,)[(s- @) +W]
A + + An-» + Cl(s' a)+C2W
>
(S' Sl) (S' Sn-z) (S' a) + W’
Ciché s6 A;, C,va C, c6 thé xdc dinh bing phuong phdp dong nhit hé so da
thitc, hodc 4p dung cong thirc sau :
A, =1lim[(s- 5)Y(9)] (i=1,2,...,n-2)
B

1
¢ = Im{ [(s- P&~ P)Y(S)] o,

C, =< Re{ [(5- P(S- P)Y(9)]mp, | 216

trong d6:  Im_Phan 4o ; Re_Phan thuc

Y(s)=

Bi&n ddi Laplace ngugc ham anh Y(s) ta dugc:

n-2
y(t)= § A€t + Ce coswt+ C,et sinwt (2-17)
i=1
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Biéu thifc nay thé hién ham sin tit dan theo hAm mii khi phan thuc a<0, ting
dan khi a>0 va dao dong khong ddi khi a=0 .
Pé dua vé dang ham sin ta ¢6 thé 4p dung cong thic :

asinwt +bcoswt= 4/a? +b2§ SnwWt —— coswt— (2-18)
\/a +b? Ja?

Neéu dat L_COSJ thi L—smj
Ja® +b’ Ja® +b?
p asinwttbcoswt=a*+b? (sinwtcog * sinj coswt)

=a’+b’sin(wtxj )
. +
Vidu 2.5. Xac dinh ham y(t) khi bi€t anh Laplace Y(s) = 25(8—1)
s(s“ +2s+5)
Gidi. MAu s6 clia Y(s) c6 mot nghiém don s = 0 va hai nghiém phtic p | ,=-1£2j
Do d6 c6 thé phan tich :
+1)+2
Y(9) = A C ,(s+1) +2C,
§ +2s5+5
: +1
A =lim[sY(9)] = lim E2S*Y 0_
s®o s®08$ +2s+5¢
R Cu TR
s=p, 2 } S s

1

¢ = Im{ [(s- (s po)Y (O

2= R[5 P PO} =5 Re TP =2

Ciing c6 thé diing phuong phap ddng nhat hé s6 da thic :
Y(9 = 5s+) _A, C(s+D+2C, (A+ C,)S’+(2A+C +2C,)s+5A

S(s°+2s+5) s S +2s+5 S(s” + 2s+5)
5A=5 A=1
p A+C =0 U Ci=-1
2A+ C]+ 2C2=5 C2= 2
b Y(9) = (s+1)+2(2) 1 s+1 N 2(2)

S+2s+5 s (s+1)°+(2° (s+1)°+ (27
Bi&n ddi Laplace ngugc ta thu dudc :
y(t) = 1- € 'cos2t + 2e 'sin2t
sin2t - L cosZt_

t
=146 WBE anzt- oosts
= 1++/5e 'sin(2t- )

trong do: j = arc:c:osi =acsin 1. 26,57°

J5 J5

24



Chii y: N&u phan tich nhu trudng hop nghiém don va dung cong thic Euler dé
chuyén ham mii phic vé& dang sin, cos ta ciing nhan dudc két qua trén.
Y(s) = ;'-'>(s+1) AL A, L A, |
S(s"+2s+5) s s+1-2] s+1+2]
A, =lim[sY(9]=1;

. . 1 . . _ 1,
A= lim (641 2)Y(1=-S- §5 Ay= lim [(s+1+ 2)Y(O]=- 5+ ]

b y(t)=1- ?‘% + Jge @2jt _ ?—% _ Jge @+2j)t

=1- ?+j9e‘t(0052t+jsin2t)- a jgét(COSZt- jsin2i)
2 g & 5
=1- e 'cos2t +2e 'sin2t
4) Trudong hop tdng quat
Xét anh Laplace:
P(s) _b,s"+b, ,s" +...+b,
Qe as +a, " l+..+a,

Y(s) = (m£ n)
Gia st Q(s) c6 [ nghiém don, rj nghiém bdi sy 1dp r 1an va q cip nghiém phitc.
Ta c6 thé phan tich Y(s) thanh tdng cdc thanh phan t5i gidn:
| ) N r _ d C (c- a W
Yo=K+ v g g D g QS A)TON
iz1S° S jmiz(S-8g) i (S-&)T+w,

(2-19)

trong do:
- Hiing s6 K 13 k&t qué phép chia P(s) cho Q(s) khi m=n. N&u m<n thi K=0.
- C4c hiing sd A, B;, C,, D; c6 thé xdc dinh theo cdc cong thic (2-12), (2-14),
(2-16) da néu hoic dung phuong phdp ddng nhat hé sd da thic.
Ap dung cic bi€n d6i co ban cho tirng thanh phan ciia tdng, ta dugc:
1) L YK]=Kd(t)

1€ AU

2) Lla—g=Aet11)
€S- S
3) Lie Bl gop U et
C —U—=D; —
g(s- Skj)I g (i-D!
€ C(s-a) U .
4) Llea (5-3) u=C.e*' cos(w; )

e—— = 7
8(s- a)* +w?
¢ Dw u g
5 L'e =D, sin(w;t)
e(s- &)" +wg
Ham thdi gian y(t) = L'[Y(s)] sé la tng cic bi€n d6i ngugc ciia cic thanh
phin riéng 18.
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2.2.5 Ung dung bi€n ddi Laplace gidi phuong trinh vi phan
Xét hé thong tuyén tinh lién tuc bat bi€n cé tin hiéu vao r(t), tin hiéu ra y(t),
dugc mo t3 biing phuong trinh vi phin tuyé&n tinh hé s6 hiing :
dy(t d™y(t d™r(t d™ Hr(t
0. T 0., £
dt dt dt dt
Hay dué6i dang tuong duong:
a, YO )+ a, .y O)+...+ agyt) = b r ™)+ b, MVO)+ .+ byr(t)  (2-20)

+...+byr(t)

+agy(t)=b,

Bai todn dit ra 1a tim nghiém y(t) khi bi€t tru6c tin hiéu vao r(t) va cic diéu
kién ban dau cia hé thdng.

Véi phuong phap ¢ di€n thi viéc tim nghiém toan phin yéu ciu phadi xdc
dinh hiing so tich phan tir cic di€u kién diu. N&u diung phuong phip bi€n ddi
Laplace thi diéu nay la khong cin thiét vi diéu kién dau di bao gdm trong bi€n ddi
Laplace clia cdc thanh phin dao ham.

Trinh ty @ng dung bién ddi Laplace dé gidi phuong trinh vi phan cé thé tém
tit theo so d6 dudi day:

Phuong trinh vi phan |  giai troc tiep ~
theobignt | ° > Nghiém y(t)

« A A
Bién doi

Laplace L

« A A
Bién doi

Laplace nguge L™

¢ Ham 4nh

A

Phuong trinh dai s6
theo bi€n s giai

phddng trinh Aai so

\ 4

Nghiém Y(s)

Bi&n d6i Laplace titng s6 hang ctia phudng trinh vi phan (2-20), ta dugc :

Lla,y™ (1)] =a,s"Y (9)- 1(9),
Lla, 1y P (D] =8548 Y (9)- 1(S)h-1

'f["t;};r(m) ©]1=bs"R©) - 1(9)m
LB ™ P ()] = by 18™ 'R - 1S 1

trong do :
1(8) n, 1($)n.1,.. 12 cdc da thic chita cdc didu kién ddu y(0), ..., y " (0).
1(8)my 1(S)m.1,-.. 12 cdc da thic chita cdc diéu kién dau r(0),..., r ™ D(0).
Thay céc bi€n ddi vao phudng trinh vi phan va sip x&p lai, ta duoc:

(a,s" +a, 8" +..+a,)Y(s) =(b,,S" + b, ;S +...+ by )R(S) +1(s)
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Véi 1) =1(8), +1(S)y. 1+ = 1)y - 1.1~ -
(b,s" +b,, 8" +..+ Db )R(S) +1(9)

(2-21)
as'+a, st +..+aq,

p Y(s) =

Sau khi tinh dugc Y(s) ta c¢6 thé xdc dinh nghiém y(t) bing cdch I1dy bién ddi
Laplace ngugc :
y(t) =LY (9)]
2

Vidu 2.6. Giai phuong trinh vi phan : % + 3% +2y(t)=0

véi diéu kién dau y(0)=a va ((11—11(0) =b.
Gidi. LAy bién doi Laplace ca hai v& phudng trinh di cho, ta dugc :
[s*Y(s) - sy(0)- ¥(0)] +3[sY(s) - y(0)] +2Y(s) =0
U] [sY(s) - as - b] + 3[sY(s) - a] + 2Y(s) = 0

U (s*+3s+2)Y(s) = as + (3a+b)
0 y(g=2rGath)_as+(@at+h)_2a+tb a+b
S +3s+2  (s+D(s+2) s+l s+2
Suy ra:
y(t) =L Y(9]=(2a+b)e'- (a+b)e?  véi t3 0
] s d’y . dy _
Vidu 2.7. Giai phuong trinh vi phan : e + ZE +10y(t) =8r(t)

A1 N dy(0 :
vdi di€u kién ban dau y(0) = % =0, tin hi€u vao r(t) =1(t).

Gidi. Bié&n d6i Laplace c3 hai v& phuong trinh di cho, ta dudc :
(s* +2s+10)Y (S) =8R(9)
1
Tin hiéu vao bac thang don vir(t)=1(t) P R(s)= —
S

b Y@= 8 -4 Ast) (43
S(8® +2s+10) 5s 5[(s+1)*+3] 5[(s+1?*+F]

Ham thdi gian:  y(t) =L Y (9)]

= y(t):ﬂ- 4o toosdt- 26 tsinat véi 3 0
5 5 15
-4 4\/1—0e‘“a[:" ! sin3t+icos3t2 -4 @e'tsin@tﬂ' )
5 15  &J10 Jioo 3 5 15
vGi: | :arccosi:arcsini:7],57°
' J10 J10
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2.3 Ham truyén

Xét hé thong tuyén tinh lién tuc bat bi€n cé tin hiéu vao r(t), tin hiéu ra y(t),
dugc mo t3 biing phuong trinh vi phin tuyé&n tinh hé s6 hiing :

n dnert) ra A0 4" 1y( ), ray=b dmrngt) d™ r;r(lt)

dt dt"™ dt dt
Gia thi€t cdc diéu kién dau bing 0, bi€n ddi Laplace hai v& ta dudc :
(a,s" +a, 8"t +...+a,)Y(s) =(b,s" +b,, 8"t +...+b,)R(S)

Y(s) _b,s"+b, ST +..+b,
RS as" +a, s +.+a,

+...+byr(t)

+bpy 4

Biéu thic G(s) = (2-22)

dudc goi 1a ham truyén (hay ham truyén dat) cia hé thdng.
Dinh nghia: Ham truyén la ti s6 giita dnh Laplace ciia tin hiéu ra va dnh Laplace
ctia tin hiéu vao khi cdc diéu kién dau bang 0.
Pé c6 ham truyén ta thuc hién cdc budc sau day:
1) Vi€t phuong trinh vi phan mo ta hé thong (hay phan ti).
2) LAy bién d6i Laplace clia phuong trinh vi phin, vdi gid thiét tdt cd cdc diéu
kién ban diu biing 0.
3) Lap ti s6 tin hiéu ra Y(s) trén tin hiéu vao R(s). Ti s6 nay chinh 13 ham truyén.

Nhdn xét:

- Khdi niém ham truyén chi diing cho phin tif va hé thong tuyén tinh bat bi€n.

- Biéu thitfc ham truyén chi phu thudc vao cidc thong sd a;, b; va bac n cia hé
thng ma khong phu thudc vao thé loai va gid tri (bién dd) tin hiéu vao, tin
hi€ura.

- Viéc gia thi€t cdc diéu kién ddu bing 0 13 dua trén quan diém ding haim
truyén d€ nghién citu ban chit dong hoc ctia hé thong. Piéu kién dau khic 0
chi phan dnh dic tinh dong hoc tng vdi cic trudng hop riéng cu thé.

- Vi ham truyén 13 phan thitc dai s& khong c6 phép vi phan va tich phan nén
diing ham truyén dé mo t3 va nghién citu hé thong sé thuin Igi hon nhiéu so
véi dung phuong trinh vi phan. Vé6i khdi niém ham truyén, quan hé gitta tin
hiéu vao va tin hiéu ra c¢6 thé bi€u dién dudi dang phuong trinh dai s& :

Y(s) = R(s). G(s) (2-23)
(tin hiéu ra = tich ciia tin hiéu vao va ham truyén)
Diéu nay gitip cho cdng viéc xdc dinh tin hiéu ra clia hé thdng ng v6i mot
tin hiéu vao cho trudc dudc don gidn hon nhiéu.
§ Pa thiic miu sd cda ham truyén dudc goi 1a da thiic ddc tinh:

A(s)=a,s"+a, 8" +..+4q, (2-24)
Néu cho miu sd ctia ham truyén biing 0, ta c6 phuong trinh ddc tinh:
as"+a, "t +...+a,=0 (2-25)
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Trén co s khdo sdt cdc nghiém hoic cidc hé s6 clia phudng trinh dic tinh, ta
c6 thé ddnh gid tinh 6n dinh clia hé thong. Van dé xét tinh 6n dinh cta hé thong sé
dugc trinh bay riéng & chuong 4.

§ Ham truyén G(s) ciing dugc viét dusi dang zero-cuc nhu sau:
Ju
O(s- 7)
B PR S R
C_)l (s- p) ! "

(2-26)

Trong do :

z; (i=1..m) -12 nghiém clia da thic ti s6, goi 1 cic zero.

pi (i=1..n) -1a nghiém cda da thitc miu sd, goi 13 cdc cuc (pole).
p;cling chinh 1a nghi€m clia phuong trinh dic tinh.

K=-—"" -40610i (gain).
§ V§i hé thong MIMO c6 q ngd vao va p ngd ra ta phai viét him truyén riéng

cho tung cdp ngd vao-ra:

SO

= i=1,...p ; j=1L,.., 2-27
17R,9 ( p;J=1..q) (2-27)

Quan hé vao-ra cia hé MIMO dugc viét § dang ma tran:

€Yy (U €G- GygUER (U
. é
Y(©=G@ERE U &I g=all O Wgs I ¢ (2-28)
&pO Em L GpeRq(Y

trong do :
Y()=[Yi(s) L Y, (5)]" - 1a &nh Laplace clia vécto tin hiéu ra

R(s)=[Ry(s) L Rq(s)]T - 1a 4nh Laplace cta véctd tin hi€u vao

éGll qu u
Y a ! N
G(s) _YO) g O 3 - 1a ma trdn ham truyén. (2-29)
RO & 0
e-pl L qu u

§ Mot hé thdng hay phan ti tuyén tinh c6 tin hiéu vao r(t), tin hiéu ra y(t), sau khi
di dugc md hinh hod va c6 ham truyén G(s) thudng dugc bi€u dién don gidn,
tryc quan bing mot khdi nhu hinh vé:

ROMTee Y Hy S g

y(©)
—>

Céch bi€u dién nay rat tién cho viéc cho viéc xay dung md hinh ctia mot hé
thdng phifc tap gdm nhiéu khdi ghép ndi ti€p, song song hoic phdn hdi.
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2.4 So d6 khoi

2.4.1 Céc thanh phan cia so d6 khoi

So db khdi cia mdt hé thong 12 hinh vé& md t4 chiic ning clia cdc phan ti va
su tic dong qua lai giita cdc phan ti trong hé thong. So d6 khdi c6 ba thanh phan
cd ban 1a khdi chic ning, bd tdng (hay bod so) va diém ré nhanh.

Khéi chifc ning:

U6\ g 5 Y(s)

Quan hé vao-ra: Y(s) = U(s). G(s)
(tin hiéu ra ciia khoi = tich ciia tin hiéu vao va ham truyén)

A LR . *A 2 A LR ™~ ~ c AN 2 2 *A N
B6 tong: Tin hiéu ra ctia bd tong bang tong dai s6 cua cac tin hiéu vao.

X + €= X-y X u= X+y
—_— ) —_—

y y

Luu y : - Dau cdng trong so do thudng dugc lude bd.
- C4c bi€u dién sau day 1a tuong duong :

R A o

Piém ré: Tin hiéu trén nhdnh chinh va cdc nhdnh r& 1a nhu nhau.

X X
—_———>

X
>

2.4.2 Pai so so dd khaoi

Pai s6 so dd khdi 1a thuit todn bi€n d6i twong duong cic so d6 khoi. Hai so
dd khoi dugc goi 1a tuong duong nhau néu chiing c6 quan hé giita tin hiéu vao, tin
hi€u ra nhu nhau.

Pé€ tim ham truyén clia hé thdng c6 so @6 khdi phic tap, ta thudng tim cich
bi€n ddi sd dd khoi d€ 1am xuat hién cdc dang k&t ndi don gidn rdi 1an lugt tinh
cdc ham truyén tuong dudng theo nguyén tic rit gon ddn tir trong ra ngodi.

Sau day 12 mot s& quy tic bi€n ddi so dd khdi thudng dung.

1) H¢ néi tiép

U Y Y, Yo Y R U |
—>GI()G () G5 )—> U —>0O0G(» [—
=1

Theo so d6 khdi ta c6:  Y(S) = U(S).G,(5).G,(9)..G ()
P Ham truyén tuong duong:
_Y(s) _ _ A
G(s) =¥ = G,(5).G,(5)..G.(9 =O G.(3) (2-30)
U(s) i=1
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2) Heg song song

> Gi(s)
U Y
" U n Y
> G:0) U  ——acGe ——
...... a4
> Gi(s)

Theo so @6 khdita c:  Y(S) = U(S)G(S) + U(S)G,(S) +... +U(S)G(S)

P Ham truyén tuong duong:
G(s) =) = G.(5) +G(8) +... + G (9 =2 G.(9 2-31)
U(s) i=1
3) Hg¢ hoi tiép mot vong
. Hi tiép am

R Y R [ G |V
%_ GE) 1+ G(9H(s)
H(s)

Tir so @6 khai ta ¢6 cdc phuong trinh mo td quan hé vao-ra:
-Y(s)H(s) + R(s) = E(s)
E(s)G(s) = Y(s)

l
l

P [-Y(s)H(s) + R(s)] G(s) = Y(s)
P Ham truyén clia hé kin hoi ti€p m :
G (9=~ - O (2-32)

R(s) 1+G(s)H(s)
Trudng hop dic biét khi ham truyén mach phan hoi H(s)=1, ta c6 hé thong
hdi ti€p Am don vi. Khi d6 cong thire (2-32) trd thanh:
Y(s G(s
6.(9 =Y - _CO

R(S) 1+G(9
. Hoi ti¢p duong

R R G) Y, Ry _6e |Y
+ 1- G(S)H(s)
H(s)

Tir sd @6 khdi ta ¢6 cdc phuong trinh quan hé :
Y(s)H(s) + R(s) = E(s)
E(s)G(s) = Y(s)

p [Y(s)H(s) + R(s)] G(s) = Y(s)
Y()_  G(s
R(s) 1- G(s)H(s)

(2-33)

(@)

P  Hamtruyén: G,(s) = (2-34)
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. He hoi tiép c6 nhiéu tic dong
Xét hé hdi ti€p (hé kin) c6 so dd khdi:

ilzl ilzz

R E Y

4’@) Q> G(s) >&Q—T—
H(s)

N&u coi nhiéu z,(t)=2,(t)=0, ta c6 phuong trinh quan hé:
[-Y(s)H(s)+R(5)].G(s).G(s) = Y(s)
P Ham truyén cla tin hiéu vao r(t):
(thudng dudc coi 1a ham truyén cla hé kin, né€u khong tinh d€n nhiu)
Y(S) _  G(5)G(s)
R(s) 1+G¢(s)G(s)H(s)
N&u coi tin hiéu vao r(t)=0 va nhiéu z ,(t)=0, ta c6 :
[-Y(S)H(S)G ((s)x Z1(8)].G(s) = Y(s)
P Ham truyén clia nhiéu z(t):
Y(s) _ + G(S)
Z)(9) 1+ Gc(8)G(H(S)
N&u coi tin hiéu vao r(t)=0 va nhiéu z ,(t)=0, ta c6 :
-Y(S)H(S)G ((8)G(s) £ Zy(s) = Y(s)
P Ham truyén clia nhidu z,(t):
Y(s) _ +1
Z,(9) 1+Gc(9G(9H(S)
Ap dung nguyén 1y x&p chdng ddp tng, ta c6 thé bi€u dién quan hé vao-ra
ctia hé kin c¢6 nhiéu nhu sau:
YS (S) — é Yi (S) — GC(S)G(S)R(S) + G(S)Zl(s) + ZZ (S)
1+ G (9G(YH(s) 1+G(9)G(s)H(s) 1+G(s)G(9)H(9)
(2-35d)

Gy (9) =Gp(s) = (2-35a)

(2-35b)

Gu(s) =

Gy,(s) = (2-35¢)

Nhdn xét:

N&u 18y |G (S)H(9)| >>1 va |G (S)G(H(S)| >>1 thi G, () va G, (s) s& xap
xi 0, tirc 12 dnh hudng clia nhiéu sé& bi suy gidm manh.

Mit khdc, néu |G (S)G(S)H(s)|>>1 thi Gg(s) =Y (s)/R(s)»1/H(s), nén
Y (s) » R(s)/ H(s), tic 1a khi d6 dap tng ctia hé kin khong con phu thudc vao G (s)
va G(s) ma chi phu thu6c vao H(s).

Nhu vay, hé kin ¢6 uu di€m 1 it nhay cdm vé6i nhiéu ciing nhu vdi sy thay
ddi clia cdc thong s6 bén trong clia hé thong. Pay 1a diéu khong thé dugce ddi vdi
hé hé. Tuy nhién ciing cin luu ¥ 1a di€u kién |G ()G(s)H(s)|>>1 s& lam ting tinh

dao dong clia ddp ¥ng nén van dé dn dinh cta hé kin sé& phic tap hon hé hd.
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4) Chuyén diém ré ra trudc mét khoi

U Y U Y
—{G(s) > G(s) —»

(@)
y

Ye—- «—G(s)

5) Chuyén diém ré ra sau mot khoi

A

U Y N U Y

» G(s) — U — G(s) >
U ‘ U
: 1 /G(s)F—
6) Chuyén bo tong (bo so) ra trudc mot khoi
U] Y=U]G —U2 U] Y=U]G —Uz
TETEL O TR
B B U
U 1/G [
7) Chuyén b tong (bp so) ra sau mot khoi
U] G Y=(U]-U2)G 0 U] G Y=U]G-U2G
i U2 ‘ G U2
8) Hodn vi, nhdp hodc tdch cdc by tévng U
3
Y A l+
0 U, Y
+ |- _
U3 U3 U2 U2
Y= U1-U2+U3 Y=U;+U;-U, Y=U;-U+U;
9) Chuyén vé dang hoi tiép don vi

R - R |1 Y
4>(%_>G Y: 0 —>_4>%—>GH >
— H —
H

Luuy: Cic bién d6isau diy 12 khong tuong duong.

R . s 32 R ~ N A R
Chuyén vi tri di€m ré€ va b tong:
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Vi du 2.8. Tim ham truyén tuong duong ctia hé thong sau :

R(s) Y(s)
Gl GZ G3 >

\ 4
\ 4

H

Haz

Hs

Gidi. Lan ludt rit gon sd d6 khdi tir trong ra ngoai, ta dugc:

Ham truyén ctia mach kin hdi ti€p am G —H, :

G
thl =-___~1
1+GH,
Ham truyén ctia mach kin hdi ti€p Am G -G~ H, :

G1G2

o - Gyl _ 1+GH, _ GG,

414G 4GH, 1,00, 1+GH,+GG,H,

1+GH,

Ham truyén G(s) ctia hé thong ciing 12 ham truyén cda mach kin hoi ti€p
am thz—G3— H3 . Ta co:
Y(S) - th2G3 — G1G2G3

Gk(s) = =
RS 1+G,GH, 1+GH,+GG,H,+GG,GH,

td2

Vi du 2.9. Tim ham truyén tuong duong ctia hé thong sau :

2(s+1) [«
Gs
20 N o 1 e y:
g s+1 A |s+2 B S
- Gl G2 G3 G4

CACH GIAI1: Chuyén di€ém ré A ra sau khdi G 5 ta dudc so d tuong duong :

2(s+1) [«
Gs
r 1 1 1 Y
20 > B 1 >
s+1 s+2 A | s
Gl G2 G3 G4
Y6,

(Luu ¥ la trén so do nay, cdc diém A va B c6 thé hodn vi nhau hodc ddt tring
nhau déu duoc vi khong con khéi nao & giita ching.)
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Ham truyén ctia mach kin hdi ti€p duong G ,—G5—Gs :
G = SLSE
1- G,G,G.

Ham truyén ca mach kin hdi ti€p Am G -G, —1/G;5 :

v

r
G, > Gia1 » G,

YG,

GlGZGS
G. = Gthdl - 1- GstGs - GleGs
a2 1 ., GG, 1- G,G,G, +G,G,

1+GG,;,— 1
e 1- G,G,Gs

3

Cudi cling, hé thong tuong duong vdi hé hoi ti€p Am don vi G »—Gs—1 :

r
—g—{os

Do d6 ham truyén tuong duodng clia toan hé thdng 1a:
G,G,G.G,
- thzG4 — 1- GstGs + Gle - G1G‘2C':‘3G4
M1+ G12Gs 1+ G,G2G:G, 1- G,G5G5 + G,G; +G,G,G5G,
1- G,G,G, +G,G,

. . _Y(s _ 20
Thay s6 vao ta dudc: Gua = R(s) & +215 +40s+ 20

y
Gy >

\ 4

CACH GIAI2:
Trudc tién, chuyén diém ré B ra trudc khdi G 5 ta dugc so dd tuong duong :

FG5: G3‘1
r 8 1 A|B 1
20 s+1 . 'S+2

- - Gl G2 G3

v

@ |
«

A 4

@

4

Ham truyén cta mach kin hdi ti€p duong G »—G5—Gs:

G
Giaj =—
1- G,G,G,

Ham truyén cda mach kin hdi ti€p Am don vi G -G -1 :
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\ 4
A 4
v

\ 4

Gia1

Gs

Gy

- GG - G,G,
‘®1+G,G,, 1- G,G,G; +G,G,

Cudi cling, hé thdng tuong duong vdi hé hoi ti€p 4m don vi G ¢>—G3—G,—1 :

I y
4’?_’ Gia2 » G; Ga >

Suy ra ham truyén tuong duong ctia hé thong 1:
_ GGG, _ G,G,G;G, _ 20
41+ G,,G:G, 1- G,G,G; +G,G, +GG,G,G, s’ +21s”+40s+20

\ 4

CACH GIAI3:

Trudc tién, chuyén bo so cudi ra trudc khdi G | va chuyén di€m ré B ra trudc
khdi G5 ta dudc so dd tudng duong:

A

1/G1q Gs ¢ G3

v

A 4

Gl Gz g G3 g G4

Ham truyén cda mach kin hdi ti€p duong G —G,—G3—Gs—1/G; :
G, = G,G, _ GG,
1
‘1 GG,G,G.(1/G,) 1-G,G,G,
Ham truyén ctia mach kin hdi ti€p 4m don vi G ;-1 :
G 4 = thl — GlGZ
td2
1+Gy  1- GGG +G,G,
Cudi cling, hé thdng twong duong véi hé hdi ti€p Am don vi G g—G3—G,—1.
Suy ra him truyén tuong duong cia hé thdng la:
_ GGG, _ G,G,G,G, _ 20
4T 14G,G,G, 1- G,G,G,+G,G,+G,G,G,G, § +21F +40s+20

Nhén xét : Ca ba cach gidi trén déu cho k&t qua nhu nhau.
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2.5 Ham truyén ciia cac khau vat 1y di€n hinh

Céc khau (phan t¥) cia hé thong diéu khién c6 thé 1a co khi, dién, thuy luc,
khi nén, nhiét,... Trong muc ndy chiing ta s& xdy dung ham truyén cda cdc khiu
vat 1y thudng gdp trong k¥ thuat.
2.5.1 Phan t co khi

Céc hé cd khi chuyén dong thing c6 3 thong sd cd ban la khdi lugng, do
ciing va ma sat nhdt. Vi chuyén dong quay thi 3 thong s6 tuong ng 13 mdmen
quén tinh, dd ciing xodn va ma sit nhét. Khoi ludng dic trung cho quédn tinh. Do
ciing dic trung cho hoat dong ctia Iyc dan hdi twong ty nhu lvc cta 10 xo. Ma st
nhét (hay gidm chan) dic trung cho phan ti¥ hdp thu ning luong.

Heé 10 xo - khéi lwgng - gidm chan

lF(t)

y(©)

hamm i () - ly(t) k Tb
Tt Th

k " m |
F(t)l Y(t)l

Hinh 2.2 H¢ 10 xo - khoi lugng - giam chdn
- Tin hi¢u vao : lyc F(t) tdc dung tir bén ngoai, [N]
- Tin hiéu ra : lugng di dong y(t) ctia khdi lugng m, [m]

Gid st tai t=0 hé dang & trang thdi can bing va khong tinh dé€n luc trong
trudng. Theo dinh luat II Newton ta ¢6 phuong trinh can bang luc:

d’y o dy
mEY =3 F=Ft)- b¥- ky(t
Trong d6, m : kh6i lugng, [kg]
b :hé s6 ma sit nhét (gidm chan), [N.s/m ]

k :do cing 10 xo, [N/m ]
2

dvy

mF : luc quén tinh, [N]
dy Y -
ba : lyc gidm chan, [N]

k.y(t) : luc 10 xo, [N]

P Phuong trinh vi phdn md td quan hé vao -ra :

2
m% + b% +ky(t) = K1)
Bi&n d6i Laplace hai v€ vdi diéu kién ddu bing 0, ta dudc:
(ms” +bs+Kk)Y (s) = F(s)
Lap ti s tin hiéu ra trén tin hiéu vao ta dugc ham truyén bac hai:
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Y () _ 1

G = F(S) ms®+bs+k

(2-36)

P So do khdi :

F(s) 1 Y(s)
—» 2 .. T
ms” + bs+ k
Nhdn xét:
- N&u khdi lugng m 14 nhd, khong dang k€&, ta c6 ham truyén bac nhat:
G(S) = & = L
F(s) bs+k
- N&u chi ¢6 thanh phan 10 xo, ta ¢6 ham truyén ti 1é:
G(s) = Y@ 1
F(s) Kk
- N&u chi c6 thanh phan gidm chan, ta ¢6 ham truyén tich phan:
G(s) = Ye_1
F(s) bs
Phan ti quay
M 1 w
M . — >
N \ 7 Js+b
x_J /O M
- 1 q
’q > »
s(Js+Db)
Hinh 2.3

Xét mot truc mang tai quay c6 quan tinh J nhu hinh 2.3.
Tai cdc bé mit ti€p xic khi quay (6 d3, phanh him,...) s& xuit hién mdmen
ma sdt My, ngugc chiéu chuyén dong va ti 1& v6i van toc géc W.
d . .
M =bw= bd—? v6i b: hé 5§ ma st nhét
Truc quay ciing chiu bi€n dang dan hdi tuong tu nhu mot 16 xo xoin. Mdmen
dan hdi xodn M, ngugc chiéu chuyén dong va ti 1& v6i géc quay  cda truc.

M, =kq(t) =kgyvdt  véi k: do cling 16 xo0 xodn

Trong thyc t& 4nh hudng clia dan hdi xodn trén truc dong cd va cic tai quay
thudng dude bd qua (néi cach khéc, coi truc 1a ciing tuyét d6i). Ap dung dinh luat
IT Newton cho chuyén dong quay, ta c6 phuong trinh cAn biing mdmen :

aw o
JE =a M, =M- bw
trong d6: M : mdmen tic dong, [Nm]
J : mdémen quén tinh clia vat quay, [kg.m*]
W : van téc géc, [ rad/s]
b : hé s& ma sit nhét (gidm chan quay), [Nm.s/rad]
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Xét M la tin hi€u vao, w la tin hi€ura, ta co:
dw
J—+bw=M
dt

Bién d6i Laplace hai v€ véi diéu kién diu bing 0, ta dudc:
Jsw(s) + bw(s) = M(s)
Lap ti s8 tin hiéu ra trén tin hiéu vao ta dugc ham truyén:
_Ws) _ 1
O ME  B+b
Xét M 1a tin hiéu vao, géc quay g la tin hi¢ura, ta cé :

_q _ 1
G(s) = NG SBD) (2-37b)

(2-37a)

Hop giam téc banh ring (== =
Céc hop gidm toc banh ring thudng dugc I |

st dung d€ gidm tdc do, ting mdmen, hoic dé | |
dat hiéu suat truyén ning lugng cao nhit tir ! !
ddng co sang tai. I%z — |
]

! |

' |

! |

Trong thuc t&€ cdc bdnh ring va cdc bd M,
truyén dong cd khi néi chung déu cé khe hd \
(d0 ro) nhat dinh giita cdc khép. Pd ro sé giy J
nén cdc hanh trinh chét, 4nh hudng dén do
chinh xdc truyén dong va tinh 8n dinh clia hé thdng. C4c 4nh hudng nay mang tinh
phi tuyén. Trong phin nay ta gid dinh bd truyén khong c6 khe hd va coi hé 1a
tuyén tinh.

Xét hé co khi gdbm mdt tdi quay c6 mdmen qudn tinh J, ma sdt nhét b va mot
hop gidm téc gdm 4 banh ring nhu hinh vé 2.4.

Goi Wy, ¢ 1an ludt 12 van tdc géc, géc quay cda truc ngd vao hop gidm tdc

W,, 0 1an Iugt 12 van toc gbc, géc quay cla truc ngd ra hop gidm tdc
M, M, l1an lugt 13 momen tdc dong 1én truc vao va ra hop gidm tdc.
z1, 22, 73, z4 1an lugt 13 sd ring cda cdc banh ring.

Hinh 2.4

Gia thi€t 12 cdc truc banh ring va tdi c6 dd ciing ra't 16n (khong c6 dan hoi),
bd qua ma sét trong hop gidm toc. Ta co:
M .. N 9 A A 2 A .« 92 ~
AT ) :£2_3 :_—1: k  Vaiilati so truyén ctia hdp giam toc.
M, w, 0 2z22z4 |
wy(s) _ Kwy(s) _ 1 b oW _ 1 _ 1
M,(s) My(s) Js+b My(s) k?Is+k’b Js+b,

V6i J =k®J 1a mémen quan tinh quy vé truc vao hop gidm tdc
b, =k®b 12 hé s& ma sit quy vé truc vao hdp gidm tdc

Nhdn xét: V&i hop giam tdc thi i>1, k<1 va J,;<J:b;<b:w, <w;; M>>M, .
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B§ truyén truc vitme- dai oc

Xét bd truyén vitme- dai 8¢ nhu hinh vé:

Tin hiéu vao : van toc géc W(t) clia vitme [rad/s]
Tin hiéu ra: lugng di dong y(t) cia ban mdy gin lién vdi dai dc, [m]
Goi P [m] 1a buGc cta vitme, ta ¢c6 phuong trinh quan hé:

_P
y(t) _?p'?'v(t)dt

Bi&n d6i Laplace hai v€ vdi diéu kién diu bing 0, ta dudc:

Y(S) = i @
2p s
Lap ti s tin hiéu ra trén tin hiéu vao ta dugc ham truyén tich phan:
Ys) P _K
w(s) 2ps s

P z
vdi K =— : h¢ s tich phan
2p
2.5.2 Phan tif dién

Mach RL ndi ti€p
- Tin hi€u vao : di€n dp u(t)
- Tin hi€u ra : dong di€n i(t)
Ap dung dinh luit Kirchhoff ta c6:

u:uL+uR:L%+Ri

Bi&n ddi Laplace hai v€ ta dugc:  U(s) =(Ls+R)I(9)

I(s) _ 1

P Ham truyén: G(s) =
U(s) Ls+R

Mach RC néi ti€p
- Tin hi€u vao : di€n dp u
- Tinhiéura : diéndpu, & tu dién C.
Theo dinh luat Kirchhoff ta c6:
u=ug +u, =Ri+u,
du,
dt

ma : uC:%(‘jdt = i=C

(2-38)

Uc

=
-
el
—k5
O ——r
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. du
P Phuong trinh vi phdn bic nhat: u= RCd—tC + U,

U.® __ 1 (2-39)
U RCs+1

P Ham truyén: G(S) =

Mach RLC néi ti€p
- Tin hi€u vao : di€n dp u

- Tin hiéura : diéndp u. u‘ L D R J_
i C_|_

Theo dinh luat Kirchhoff ta cé6:

U=ug +Uu_ +U,

~

di .
U u=L—+Ri+u *
dt Cc ()

: . d ' d?
ma : Ucziddt b |:C&; ﬂ:C uzc
c dat =~ dt dt
Thé vao (*), ta dudc phuong trinh vi phdn bic hai :
2
u= LCd u2° + RCduC + U,
dt dt
Uc(s) _ 1

(2-40)

b Ham truyén: G(s) =
Y ©) U(S LCS+RCs+1

B§ khuéch dai cach ly
Xét hé thong trén hinh 2.5. Hé thdng gdm hai mach RC ghép ndi v6i nhau
bing mot bo khuéch dai cdch ly c6 hé s khuéch dai K.

| — A | — |
I Bo LT o
R, J_Cl khu€ch dai R J_ luo
cachly (@)
I T

K-

U;

O4——O

Hinh 2.5
Bo cich ly c6 tdc dung tao cdch ly vé dién giffa cdc tAng mach dién hay

gitta mach diéu khi€n va mach dong lvc. Thong thudng, cic bd cich ly ¢ tdng trd
vio rit 16n con téng trd ra rat nhé. Do d6 né khong tao ra tic dong phu tii (nhiéu)
khi ghép ting cdc mach thanh phan. Ham truyén chung s& 13 ham truyén hé ndi
ti€p :

Y . 1 1 (2-41)

U(ss RCs+l R,Cs+l

Cam bién
Cé4c cdm bién thudng c6 tin hiéu ra ype(t) i 1& véi tin hiéu vao y(t). Vi du:
Mot cdm bi€n do 4p sudt trong tAm O , 10 bar va chuyén thanh dién 4p trong tAm
0, 10V s& c6 ham truyén 12 H(s)=K =1; Mot cdm bi€n nhiét do nhiét do trong tAm
0, 500°C va chuyén thanh dién 4p 0, 10V s& c6 ham truyén la H(s)=K =0,02.
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Khuéch dai thuit toan (op-amp)

Khuéch dai thuit todn (op-amp, operation amplifier) 124 mot vi mach di én tir
(IC) c6 chifc ning khu€ch dai tin hiéu vdi hé s6 khuéch dai rat 16n. Op-amp
thudng dudc ghép ndi thanh cdc mach cdm bi€n, bd loc tin hiéu, bo diéu khién.

Hinh 2.6 bi€u dién ky hiéu va hinh dang vé ngoii cia mot op-amp dién hinh.
Ngudn dién cung cAp (V+,V-) c6 gid tri +15Volt. V& cd ban op-amp c6 2 ngd vao
(ngd ddo va ngd khong ddo) vd mot ngd ra. Thong thudng thi chon dit1a 0V va do
céc tin hiéu vao, ra so v4i dat. Tin hiéu u; vao ngd (-) s& bi ddo con u, vao ngd (+)
khong bi ddo. Tin hi€u ngd ra u ti 1€ v6i hiéu ctia hai tin hiéu vao:

Ug = K(uz - ul) =- K(ul - uz)

Dot beside
741 Op Amp Pin 1
8-pin DIP Pin 1
Inverting Input 2 I
~7 Non-Inverting Input 3 .
1 O 8 -15V rail 4
20 —7 all:
ag ul A
g 5 I
|
. 5
Top View Output 6' |
+15V rail 7

The Most usual 741 Pakage

Hinh 2.6. Ky hiéu va hinh dang thiic t€ ciia mot op-amp.

Tin hiéu vio u, va u, c6 thé 13 tin hiéu mot chiéu hay xoay chiéu. K 13 hé s6
khuéch dai, gid tri K»10°, 10° v6i tin hiéu mot chiéu va xoay chiéu khi tin s6
<10Khz. Hé s& nay gidm khi tan s& ting vd K»1 & tan s§ 1Mhz , 50Mhz.

Bo khuéch dai 13 tuyén tinh ly tudng khi khong c6 dong vao clra vao va dién
4p ra khong bi 4nh hudng (sut 4p) bdi tdi ndi vao né. N6i cdch khic, tong trd vio
ctia bd khuéch dai 12 vo ciing 16n va tdng trd ra ctia bd khuéch dai bing 0.

Trong thuc t&, c6 modt dong rat nhd di vao clra vio op-amp va tdn tai mot dnh
hudng nhd clia tii 1én dién 4p ra. Trong tinh todn 1y thuyét ta thudng gid dinh op-
amp 12 mot bd khuéch dai tuyé&n tinh 1y tuéng.

B6 khué&ch dai ddo

Xét mach khuéch dai ddo diing . R,
R + X A N 17
op-amp bi€u dién trén hinh 2.7. R ——
. 1 .
- Tin hi€u vao: di€n dp u; uy | iy L 5
PERRIEPA . A 4 Uj +
- Tin hi€éu ra: di€ndpu, U
[, o

Hinh 2.7 B¢ khuéch dai ddo
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_ U, - Uy

R, R,

~ N N ~ 2 2 e 3 . A z .
Vi dong vao op-amp rat nho, c6 thé bo qua (iyv » 0), néntacd i, =1,

Ta co:

b U-u, _Uu, - U
Rl RZ
Vi K(0- u,)=u, va K>>1, nénuy »0.
Do d6 : Ui _ Y
Rl RZ
. U,(s) _ uy(t R
Ham truyén: G(s) = of ): 0():__2
Ui u) R
. . R
Hé s6 khuéch dai: K=- =%

1
Néu R =R, thi mach op-amp hoat dong nhw mot mach ddo dau.
B6 khué&ch dai vi sai
Bo khuéch dai vi sai 12 mach khuéch dai hiéu dién 4p cta 2 tin hiéu vao, ma
c4 hai khong biing 0. S0 d6 mach dugc trinh bay & hinh 2-8.

—L

R, " R;
u, o— | —=
a
Rp U liv o)
up l w
Rg

T 1

Hinh 2.8 B¢ khuéch dai vi sai (b6 so dién dp)
-Tinhiéuvao:u,vauy ; Tinhi€ura: ug
Gid dinh u; =u, (hay uy » 0) va dung bd phan d4p Rp va Ry :
_ Ry
Rp + Ry

u=u, = Ub

Dong dién chay qua R, va R, dudc thé hién nhu sau:
Ug- U U -Ug

Ra R2
Tw day rut ra:
aR 0] R & R OaR 0
Uug=c—= +1+U1 - Ua = 9 T 2 1+Ub - —Ua (2-42)
€'ta a Ra éRb + Rg geRa a9 a

Tu phuong trinh (2-42) va khichoR ,=Ry=Rg,tacd: up=up—u,

43



2.5.3 Pong co dién DC

Pién hinh cda loai nay 13 dong cd dién mot chiéu kich tir doc lap, diéu
khién bing dién 4p phan ¥ng. SJ b nguyén ly clia loai dong co niy dugc thé hién
trén hinh 2.9, trong d6 dong kich tir iy dugc giit khong ddi.

Hinh 2.9 So dé nguyén Iy dong co dién DC

- Tin hiéu vao 1a dién dp u dit vao phan tng, [Volt;V]
- Tin hiéu ra 13 van toc géc W cia dong co, [rad/s; s'l]

St dung ba phuong trinh ¢G ban :
1) Phuong trinh mach dién phan ng :

u:L%+Ri+KeW (2-43)

Trong d6: R_ dién trd phan tng, [W]
L_ dién cdm phan @ng, [Henry; H=V.s/A]
i_ dong dién phan ting, [A]
K. _hiing s& suc dién dong, [V.s /rad]
K. w=e : stic dién dong & phan tng, [V].
Bi&n ddi Laplace hai v& phuong trinh, ta dudc:
U(s) =Lsl(s) + RI(s) + Kw(S)
p U(s) - Kew(s) = (Ls+R)I(s)

So dd khdi tuong Gng :
U(s) 1 I(s)
Ls+R
W(s)

2) Phuong trinh mémen dién tir cia dong co :
V6i dong kich tir iy khong d6i thi tir thong khe khi F =K,i, 12 khong ddi va
momen dién tif M ctia dong cd ti 1& v6i dong dién phan tng:
M =K,,i (2-44)
Trong d6 K, 12 hiing s6 mdmen clia dong co , [N.m/A]
K, =k,F =kk,i, , v6i k; 12 hing s& phy thudc két cAu dong cd, k, 12 hing

s6 dic trung doan tuyén tinh cla tir thong thay ddi theoi .
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Bi&n ddi Laplace hai vé& ta dugc: M(s) = K, I(s)
So dd khdi tuong Gng:

I(s) K M(s)

m

3) Phuong trinh cAn bing mdomen trén truc dong co :

M=1Y ., Bw+ M (2-45)
dt t

Trong do:
J _m6 men qudn tinh cda dong cd va tai quy vé truc dong cd, [kg.m °]
B_hé s6 ma sit nhSt cda dong co va tdi quy vé truc dong cd, [Nm.s]
M, _md men phu t3i (nhi€u), [Nm]
Bi&n ddi Laplace hai vé& ta dugc:
M (S) = Jsw(s) + Bw(s)+ M ()
M(s) - M(s) =(Js+B)w(s)
So dd khdi tuong Gng :
_N[t(s)

M(s) 1 | W)
J+B

K&t ndi cdc so dd khdi thanh phan & trén ta c¢6 so dd khdi clia dong co :

Mi(s)
U(s) 1 | 1) M(s) %‘ 1| W)
—> Lo+ R » Ko, —> 1B >

J W(s)

K

e

Ham truyén ctia dong cd DC vdi tin hiéu ra van toc :

Km
G(s) = wW(s) _ (Ls+R)(Js+B) _ Km (2-46)
Ui 4,  KmKe (Ls+R)(Is+B)+K K,
(Ls+R)(Js+B)
K
Hay: G(s)=Y) - m (2-47)
U(s) LIS +(LB+RJ)s+ (KK, +RB)
bit t, =— : hiing 3 thdi gian dién tu.

: hiing s6 thdi gian co.
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_wW(s) _ Km K,,/RB

P G(g)= = = ~
U(s) RB(t;s+D(t.;s+D) +K K, E S (1, +)s +a?_+KmKeg
& RB
Hay: Gg=Mo-__ K (2-48)
U(s) T,s°+T,s+1
+
trong d6: T, - ttRB ;T - (L +1)RB : K - Km
K.K,+RB K K,+RB K. K,+RB
Pién cdm L cta phin tng rat nhé, thudng cé thé bd qua, khi d6 ta c6 :
- Km
K RB+K, . K
G(g) =) - m = mmhe = K (2-49)
U(s) RIS+RB+K, K, s+1 T1stl
RB+K K,
trong d6: K - Km : hé s6 khuéch dai
RB+K K,
7= R : hiing s6 thdi gian
RB+K K,
Nhdn xét:

- Téng quét, dong cd DC diéu khién van tdc dugc mo td bing ham truyén bic
hai. Néu bd qua dién cdm thi ¢ thé mo ta bing ham truyén bac nhat.

- Pong cd DC diéu khién bing dién 4p phin ng tw ban than né 12 mdt hé kin
c6 tin hiéu hoi ti€p 1a sic dién dong.

N&u tin hiéu ra géc quay ¢ (di€u khién dinh vi), ta c6 sd d6 khdi:

M(s)
U(s) 1 [1® Nﬂ@%g_* 1 w1 ]9
Ls+R il Js+B

w
Ko [« )
Ham truyén véi tin hiéu ra géc quay q (diéu khién dinh vi):
Km
. K

G(s) = q(s) _ (Ls+R)(Js+B) 3@2: m (2-50)

U(s) 1+ KmKe 8SQ S[(LS+ R)(Js+ B)+KmKe]

(Ls+R)(Js+B)
Néu bd qua dién cdm ctia phan ing, ta c6:
Km
RB+K K

69 =3 - S - mfe - F @i

U(s) s(RIs+RB+K K,) 2 R0 s(Ts+1)

SRB+K. K, g4

trong d6 K va T dugc xdc dinh tuong tu nhu § cong thic (2-49).
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2.5.4 B servo thuy luc

Xét bd servo thuy luc (con goi 1 kich thuy luc) gdm hai bo phan cd bin la van
diéu khién va xylanh lyc nhu trén hinh 2.10.

Dau ra Dau vao Dau ra

L

RS | S T
— T
: —i= E=—-T%
] = — |3 r fiieu khien
Q /4 R
A p2 > pl
Tai | _770 — _ ]
<_

Hinh 2.10. B¢ servo thuy luc

- Tin hiéu vao : lugng di dong x ctia van

- Tin hiéu ra : lugng di dong y cuia piston va tai trong.

§ Nguyén ly lam viéc :

Van diéu khién 13 loai van cin bing, tifc 13 & trang thdi 6n dinh, cic luc tic
dung 1én n6 ludn dudc can bing.

Néu di dong nong van sang phdi, dau tir ngudn cip sé& qua clra van vao budng
phdi clia xylanh, ddy piston qua trdi, diu & budng trdi clia xylanh s& qua ctfa van
vé bé dau. Nguoc lai, néu di ddng ndong van sang trai thi piston s& qua phai.

P& diéu khién vi tri clia tdi trong ta chi cAn lam dich chuyén nong van biing
mdt Iyc rat nhd. N6i cach khac, chi can tic dong 1én van mot cong suat vio rat
nhd, ta c6 thé diéu khi€n mot cong sud't ra rat 16n.

§ fJ’ng dung : Bo servo thuy luc duge ding rong rai trong cdc may nang chuyén,
mdy ép nhua, hé di€u khi€n ban trugt cia cdc may cong cu cé cdng suit 16n,
hé thong diéu chinh tdc d6 dong co Diesel....

8 Mo ta toan hoc :

Goi Q 1a luu lugng ddu chdy vao xylanh, [m */sec]
Dp=p-p» 12 hiéu 4p giita hai budng xylanh, [N/m °]
x la lugng di ddong cua van, [m]
Trong cdc van va xy lanh thuy luc, lvu lugng Q 12 ham cla hai bi€n: x va Dp.

M&i quan hé gitta Q, x va Dp I1a quan hé phi tuyén: Q= f(x, Dp)

Tuyén tinh hod phuong trinh phi tuyén nay tai 1an can di€ém lam viéc ( Q, X,

Dp ) bing cach khai trién Taylor va giif lai cdc s6 hang tuyén tinh ta c6:

_

=+ o+ op- DB i
Q- Q=+ (X~ R)+ - (Dp- D) (2-52)

Trong 46 Q=f(X,Dp). Cdc dao ham riéng 14y tai x =X; Dp =Dp.
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1:ﬂ _ _>O
X |x=X;Dp=Dp
K= | >0 (2-53)
Dp(x =X;Dp=Dp

Do diéu kién 1am viéc binh thudng tuong tng vé6i Q=0, X =0, Dp=0

nén tir (2-52) va (2-53) ta ¢6 phuong trinh tuyén tinh ho4:

Q=K - K,Dp (2-54)

(D& trir § v€ phdi thé hién khi Dp ting thi Q gidm va ngugc lai.)

Quan hé tuyén tinh hod giita Q, x va Dp dugc bi€u dién trén hinh (2.11). Ho
dudng dic tinh nay bao gdm cdc dudng thing song song cich déu theo thong s x.
Mién gan goc toa dd dudc quan tAm nhiéu nhit vi sy hoat dong clia hé thong
thudng x4y ra gan di€m nay.

x=2X] 4 Q
X=X1

%

X=-2X1 DP

2

Hinh 2.11 Puong ddic tinh tuyén tinh hod ciia bé servo thuy luc

v

Luu lugng ddu Q chdy vao xylanh bing tdc do thay ddi thé tich diu trong
xylanh, titc 12 biing tich cia ti€t dién piston A va van toc piston :

dy
=A—= 2-55

Q m (2-55)
Luyc F tao ra bdi piston biing tich clia ti€t dién piston va hiéu 4p:

F=ADp (2-56)
K&t hdp (2-56) véi (2-54) va (2-55) ta dudc:

=2 & x- AdO (2-57)

K, 8 dt g

Véi mot luc t6i da dinh trudc, n€u hiéu dp di 16n thi dién tich piston hoic thé
tich xylanh c6 thé nhé. Nhu vy dé tdi thi€u hod trong lugng ciia bd servo thuy luc
thi chiing ta phdi c6 4p sudt ngudn du 1én.

Gia thi€t 1a piston lyc dich chuyén mot tdi bao gdm khdi lugng tai va Iyc ma
sat. Theo dinh luat II Newton ta cé:
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2
mdY Y ¢ (2-58)

dt> dt
Tir (2-58) va (2-57) ta dugc:
2
md y dy A A dyo

+b__—
at? K,

Suy ra phuong trinh vi phdn cia bd servo thuy luc:
2 20 AK,
dy a% A°Ody _ Ly

meY 4 p+ 22 - (2-59)
d? & K,gdt K,
Trong d6 m 1a khdi ludgng cla tdi, b 12 hé s6 ma st nhdt.
Bi&n ddi Laplace hai v&, ta dudc:
mszY(s)+a%+—_ sY(s)= K1y (g
Kz (] Kz
Ham truyén cda bo servo thuy luc:
Y 1 K
GEO=TD = = (2-60)
X(s) €mmK,0  bK,+A%20 s(Ts+])
S&C 25+ 2o
@ AK, g AK; g
Vi K=—"K1 e 56 khuéeh dai
bK, +A
mK N oy
=——2—  :hing s0 thoi gian
bK, +A
v oo mK, . ey
Trong thyc t€, hdang s0 thsi gian T =————=— thudng c6 gid tri rit nho nén
bK, +A
c6 thé bd qua. Him truyén don gidn ho4 sé& c6 dang tich phan:
Y K
G =2 _K (2-61)
X(s) s

Né&u phan tich chi ti€t hon vé su rdo diu, do dan hdi cda dau, luc thuy
dong..., ham truyén sé& c6 dang:

G(s) = Y(s) _ K
X(s) S(Ts+(Ts+])

(2-62)

v6i Ty, T, 1a cdc hiing s thdi gian. Thuc t€ cdc hing s thdi gian phu thudc
viao thé tich diu trong toan bd hé thong, thé tich nay cang nhd thi cic hiing s& thdi
gian cang nho.
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2.5.5 Heé théng chat 16ng

Khi khdo sit cic hé thong c6 lién quan d&€n dong chdy cla chit 18ng, ta cin
phan biét hai trudng hdp: chdy ting va chdy rdi. Néu chi s6 Reynold Re<2000 thi
dé 12 dong chdy taing. Néu Re>4000 thi d6 1a dong chiy rdi.

Hé thong c6 dong chdy tang dudc mo td bing phuong trinh vi phin tuyén
tinh. Hé thdng c¢6 dong chiy rdi dugc md td bdi phuong trinh vi phan phi tuyén, hé
thong nay c6 thé tuyén tinh hod véi gia thiét cac bi€n chi thay ddi nhd tir gid tri 6n
dinh (tuyén tinh ho4 tai di€ém lam viéc).

Hé chat 16ng c6 thuy trd, dung lugng va qudn tinh thuy lyc. Cc thong s6 nay
tuong tu nhu dién trd, dién dung va dién cdm & hé thong dién.

1) Thuy tré (tré kKhang thuy luc)

Thuy trd dic trung cho tidc dung cdn tr§ dong chdy clia van, 6ng din.

Cong thic tdng quat d€ x4c dinh thuy trd :

_ su'thay d8ihiéudp _ d(Dp)

sy thay d8i lvu lugng ~ dQ
Pa _N/m’
m/s m/s

(2-63)

Pon vi SI dé do thuy tré la: =Ns/m’

V&i dong chdy tAng (tuyé&n tinh), hidu 4dp tf 1&

v6i luu lugng: %
Q

Dp=pi-p.=R.Q (2-64) pr— D2
Thuy trd & dong chdy ting 12 mot hiing sd: /
128hL N .
R= 84 = hdng s0 (2-65)
pd

h _do nhét dong luc ctia chit 18ng, Pa/s hay N.s/m”
L, d _chiéu dai va dudng kinh trong ctia dng din, m

Vi dong chdy rdi (phi tuy€n), hiéu 4p dudc tinh theo cong thitc Fanning :

Dp=K,Q? (2-66)
f L 4 7,
rong d6: K, :%  hé s6 chiy r6i (2-67)
p

r _khdi lugng riéng clia chi't 16ng , kg/m”’
f_hé s6 ma sit cda 6ng din, N.s/m
Thuy tré & dong chdy r6i R . xdc dinh bdi :
d
Rr:%ZZKrQ:ZJKr.Dp (2-68)
Thuy tr§ ciing c6 thé xdc dinh dwa vao dd thi 4p sudt-luu lugng thu dugc tir
thuc nghiém nhu trén hinh 2.12b) biing cdch 14y do doc clia ti€p tuyén véi dudng
cong tai di€m lam viéc. Pdi v4i titng loai van, do tiing hiang sdn xuit, s& c6 cdc
dudng cong thuc nghiém Dp=f(Q) cu thé.
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2) Dung lugng (dung khing thuy luc)

Dung lugng C clia bdn chita duge xdc dinh bing _’:'>T<'Q
sy thay ddi thé tich cha't 18ng trong bdn chifa can thiét "
dé tao nén su thay d6i mot don vi 4p sudt, tic 1a: T

h
c=N  mParaym'N] (269 P

dp
Ap suit trong bon chita phu thudc vao chiéu cao h ciia cot chit 18ng, gia téc
trong trudng g, va khdi lugng riéng r clia chat1dng: p=rgh

p dp=rgdh (2-70)
Su thay ddi thé tich chit 1éng trong bon:
aV = A dh = Qt (2-71)
v6i A_ti€t dién ngang ctia bdn chita,[m ]
Tir 2-69). 2-70), 27D tac6:  c=IV = Adh _ A (2-72)
dp rgdh rg
T (2-69) va (2-71)tacé: dV =Cdp=Q.dt
1 A
P =—cRdt v C=— 2-73
P=2 R ‘g (2-73)

3) Quéan tinh thuy lyc
Luyc tdc dung 1én ti€t dién A clia dng din bing ti€t dién nhan vé6i hiéu 4p :
F= A()Dp
dv

Theo dinh luat II Newton ta cé: F=A,Dp= ma (2-74)
v-tdc d6 dong chdy[m/s] ; A, -tiét dién 6ng dAn [m?]; m-khdi lugng chit 18ng
[kg]; m=rLA, r-khdi lugng riéng clia cha't 18ng[kg/m]; L-chiéu dai 6ng[m]

dv
Do: dQ=A,—
Q= O dt
Nén: _rL dQ (2-75)
A, dt
. Dp _rL
bai lugng J= =— [Pa.s’/m’] goila qudn tinh thuy luc. N6 dic trung

dQ/dt 0
cho hiéu dp can thi€t d€ 1am ting mdt don vi luu lugng trong 1 gidy.
Diing khai niém qudn tinh thuy lyc J ta ¢6 thé bi€u dién hiéu 4p can thiét dé
ting tdc dong chat 1dng trong 6ng dan nhu sau:

. rL
Dp= J Q véi J=— (2-76)
Ag
K&t hdp cd ba yé&u td thuy trd, dung lugng, quén tinh thuy Iyc ta c6 phuong
trinh tdng quét ctia hé th6ng c6 dong chdy ting :
d
d? +RQ+= dgdt =Dp (2-77)

J>

51



Vidu 2.10. Xéthé thong mot bdn chita nudc trén hinh 2.12a), cdc bi€n dudc dinh
nghia nhu sau:

Q : luu lugng 6n dinh ban dau (hiing s6), m > /s

q: : thay d6i nhd ctia luu lugng vao so vé6i gid tri 6n dinh, m ° /s

q» : thay d6i nhd cta luu lugng ra so vé6i gid tri 6n dinh, m > /s

H : mdc nudc 6n dinh (hiing s6), m

h : thay d8i nhd ctia mic nudc so vdi gid tri 6n dinh, m.

_  Van didu khién Dp“

______________ DQ
_T o5y A
h = -
HIL A %%, oA 9
\ h O
Cp R ©
(a) (b)

Hinh 2.12. a) Hé thdng miic chdt I6ng  b) Puong cong dp sudt - luu luong
Gia thi€t dong chdy 13 ch3y tang va vi viy hé thong 13 tuyé&n tinh. N&u chdy
roi, hé thong ciing c6 thé tuyén tinh hod véi su thay ddi clia cac bién 1a nhd.

Lugng thay ddi thé tich chit 1dng trong bon:

dv =Adh=(q, - g,)dt (2-78)
B4 qua qudn tinh thuy luc. V4i dong chdy tang ta c6:
Dp_p_rgh
—— == 2-79
%2 R "R R (2-79)
Thay (2-79) vao (2-78) ta dudc:
dh_ . roh
d¢ — R
0 R aigﬁ +h= E 0,
gr ggat rg
U] Rc@ +h= qu (2-80)
dt rg
Bi&n ddi Laplace hai v& véi gia thiét diéu kién dau bing 0, ta dudc:
(RCs+1)H(s) :5Ql(s) (2-81)
rg
U (ts+1)H(s) =KQ,(s) (2-82)
Véi t=RC _RA. hiing s& thdi gian
rg
R .. .. :
K =—: hé s0 khuéch dai

rg
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Xét q; 12 tin hiéu vao, h 1 tin hiéu ra, ta c6 ham truyén bac nhit:

H(s) _ R/rg _ K

(2-83)
Q(s) RCs+1 ts+1
Xét q la tin hi€u vao, q, la tin hi€u ra, ta c6 ham truyén bac nhat:
S 1 1 r
Q(8) _ = vi Q,(s =9 (2-84)
Q,(s) RCs+1l ts+1 R

Vi du 2.11.

Xét hé thong trén hinh 2.13. Trong hé c6 hai bon chita ndi thong v6i nhau
bing mdt doan dng ngidn. PAy 12 dang hé thong bic hai c6 tic ddng tuong hd,
nghia 13 hé c6 hai phan ti¥ tich ning trong d6 phan ti thi hai c6 tdc dong vao phan
tl thi nhat. Gia thi€t cdc bién clia hé chi thay d6i nhé tinh tir gid tri 5n dinh (tuyén
tinh hod) va bo qua qudn tinh thuy luc. Ta ¢6 cdc phuong trinh sau:

p-p,=rg(h-h,)=Rgq (2-85)
Crg % =0q- q (2-86)
p, =rgh, =R,q, (2-87)
C,r g% =0;- Oy (2-88)
dt
_ Van diéu khién
Eﬁl

R

H,+h, R, __] R,
— Hol+h, — +
T BN g LT 7%
Ci, pi Q"’ql Ca, p2

Hinh 2.13. H¢ thong miic chdt I6ng c6 su tdc dong tuong ho

T c4dc phuong trinh (2-85) dén (2-88) ta 1ap cdc so dd khdi & hinh 2.14a

Biing viéc ndi cdc tin hiéu thich hop, ta c6 so dd khdi cia toan bo hé thong
nhu hinh 2.14b.

Biing cdc phép bi€n ddi so db khdi, ta c6 so dd khdi don gidn nhu hinh 2.14e

N&u q la tin hiéu vao, g, 1a tin hiéu ra, ta c6 ham truyén cla hé 1a:

Q0,6 _ 1
Q) R,CR,Cs*+(R,C +R,C, +R,C)s+1
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%E& Ha(s) [rg Qa(s)

=
N

Ha(s)
a)
Q(s) 1 Hi(s) Qi(s) 1 | Ha(s)
_% Crgs| ST C,rgs
Qi(s) Qa(s)
Q(s) 1 | Hi(s) l_ rg| Qus) 1 rg Qa(s)
b Crgs & . '_% Cor 95| (5| Re -
b)
R,Cs
Qs) Y 1 rgl Qus) 1 |rg Qz(Sz
Crgs R, '% C,rgs R, "
c) - -
Q(s) 1 R Q(s) -
d) % R,Cs+1 R,C,s+1 -
R,Cs
e) Q(s) 1 Qa(s)

R1C1R2C252 +(RG +R,G +R,G)s+1

Hinh 2.14. a) So do khéi cdc phan ti ciia hé thong trén hinh 2.13
b) So doé khdi toan bo hé thong
c)® e) Cdc so do khéi rit gon.




2.5.6 Phan tif nhiét
Phan t¥ nhiét c6 hai thong s& dic trung 12 nhiét trd va nhiét dung.
1) Nhiét tré
Nhiét tr 1a dic tinh ngin cdn su truyén nhiét ciia moi trudng (vat thé hay luu
chat). Nhiét trd R khi truyén nhiét giita hai moi trudng dudc dinh nghia :
_ Sy thay d6i hiéu nhiét do ; [ K]
~ Sy thay d8i toc do truyén nhiét; [W]
Cé4ch xdc dinh nhiét trd phu thudc vao phuong phdp truyén nhiét. Cé ba
phuong phdp truyén nhiét 1a: din nhiét, d8i luu nhiét va bifc xa nhiét.

Truyén nhiét bing dan nhiét hoic d6i luu :

q=K.Dqg

trong do:
q _ tdc dd truyén nhiét (thong lugng nhiét), W

Dg _ hiéu nhiét do, °K
K_hé sd, W/°K

(2-89)

Heé s6 K dugc cho bdi:
K= kA n&u din nhiét
K =HA né&u d6i luu nhiét
v6i  k :hé s6 din nhiét ctia vat din, W/(m. °K)
A :dién tich bé mat truyén nhiét, m °
DX : dd day vat din nhiét, m
H : hé s6 ddi luu nhiét giita hai méi trudng, W/(m *.°K)
- Nhiét tré din nhiét va ddi luu nhiét:
R= M = i [°K/W] (2-90)
dq K
Vi k va H hau nhu khong ddi nén nhiét trd ctia hai loai nay 13 hiing s6.
Truyén nhiét bing bifc xa nhiét giita hai vt thé:
q=K.,(q; - d3)
trong do:
q _ tdc dd truyén nhiét (thdong lugng nhiét), W
K, _hé s phu thudc vao dd phat xa, kich thuSc, cau tric bé mit phat

(2-91)

xa va kich thudc, cau triic bé mit nhan nhiét.
0: _ nhiét do tuyét doi ctia bo phat, °K
0, _ nhiét do tuyét d6i ciia phan thu, °K
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Vi hiing s6 Kr rit nhd nén truyén nhiét biic xa 13 dang ké khi nhiét do clia
bd phdt 16n hon nhiéu so véi phan thu, tifc 13 g; >> g, . Trudng hop nay phuong
trinh (2-91) c¢6 thé viétlaila:

q=K.q"
v6i q=40,* - q,* 1a d6 chénh léch nhiét hiéu qua ctia bd phat va phan thu.
P Nhiét trG biic xa nhiét :
_dg_ 1

R=—=——+
dg 4K, q°

(2-92)

Nhiét trd bifc xa c6 thé xem 1a hiing s trong mot dai diéu kién hoat dong
nhé quanh di€m lam viéc (tuyén tinh hod).
Nhiét dung:
Nhiét dung C 13 nhiét lugng cin thi€t d€ 1am thay di mot don vi nhiét do.
C=mc
V6i  m _khéi lugng cda vat hay luu chat dang xét, kg
¢ _ nhiét dung riéng cla vat hay luu chat dang xét, J/(kg. °K)
C _nhiét dung cda hé thong nhiét, J/ °K
Goi q; la dong nhiét chay vao va q, la dong nhiét chay ra, (q-q») dudc tich tu
lai trong phan tr dudi dang noi ning. Ta c6 phuong trinh cAn biing nhiét:

d d
4, - 0, =mc— = C= (2-93)

Vi du 2.12. Xét mot budng trao ddi nhiét nhu md ta trén hinh 2.15. Gid si ring
budng nhiét dudc cich ly d€ loai bd sy that thoat nhiét ra mdi trudng chung quanh,
khong c6 nhiét Ivu trif trong bd phan cdch ly va chat 18dng trong budng dudc tron
hoan hdo tic 12 ¢6 nhiét d6 ddng nhat. Vi vay chi can ding mdt bi€n nhiét do duy
nha't @€ mo ta nhiét do cia chat 1dng trong budng va chi't 16ng chay ra.
Goi: (_Qi _ nhiét dd cda chat 16ng vao & trang thdi xdc 1ap, °K
Q,_ nhiét d6 clia chat 1éng ra & trang thdi xdc 1ap, °K
G _ luu tdc khdi lugng clia chit 18ng & x4c 1ap, kg/s
m _kh&i lugng chat 16ng trong budng, kg
¢ _nhiét dung riéng clia chat 18ng, J/kg. °K
C _nhiét dung, J/°K
R _nhiét trg, °K/W
H _t6c d6 gia nhiét & xdc lap, W
Gid thi€t nhiét do cda chdt 1dng vao dugc giit khong d6i & Q, va toc do gia
nhiét bdi dién trd nung thay ddi dot ngot tt H dén H+h;, trong d6 h; 1a lugng thay
ddi nhé clia toc do gia nhiét. Téc do truyén nhiét trong chi't 18ng lic d6 thay ddi
dot ngdt tir H d€n H+h, . Nhiét do clia chdt 16ng ra sé thay d6i tir Q,dén Q,+q.
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Trong trudng hgp nay ta co :
. . q_1
hp=Geq ; C=mc ; R=——=—
0 =54 h, Gc

Phuong trinh vi phan biéu dién sy cin bing nhiét theo (2-93) :
C%:hi-hO ;  hay RC%+q:Rhi

dt
P Ham truyén gifta g va h; 1a:
Q) . R
H (s RCs+1

véi: Q) =L[a(t)] va H;(9=L[h 1]

B0 nung

néng Qi(s)
—
Hi(s) 1 Qo)
—3 R _— >
_ RCs
lanh Mixer
—
(a) (b)

Hinh 2.15. So dé nguyén Iy va so dé khoi ciia buong trao doi nhiét

Trong thuc t& nhiét d6 cia cha't 16ng chiy vao cé thé dao dong va tic dong
nhu mot nhiéu phu tdi. (N€u mudn nhiét d6 chat 18ng ra khong ddi thi phai lip dit
mot b diéu khién tdc do gia nhiét d€ bu vao su dao dong cia nhiét do cha't 16ng
va0). N&u nhiét do clia chat 1dng vao thay ddi dot ngot tit Q. dén Q, +q; trong
khi toc do gia nhiét H va t6c d6 dong chiy G dugc giit khong ddi. Khi d6 téc do
truyén nhiét s& thay déi tr H d€n H+ ho va nhiét do cia chdt 10ng ra s& thay ddi
tir Q, dén Q, +(q;. Phuong trinh can biing nhiét trong trudng hgp nay la:

dq - dq - dq
—=h-h, U C—/=Gcg, - h, U RC—/+qg=q
0 at CO; 0 at q=q;

dat
P Ham truyén giita q va ¢ 1a:
Q9 - _1 (2-94)
Q(s RCs+1

wong d6: Q) =L[q(t)] va Q(®)=L[g;(1)]

N&u hé thong nhin cd hai tdc dong vao 1a h. va ¢ trong khi td¢c do gia
nhiét H va t6c do dong chiy G dugc giit khong d6i thi su thay d6i ¢ cta nhiét do
chat 16ng ra c6 thé biéu dién bing phuong trinh vi phan:

RC% +q=gq, +Rh (2-95)

S db khdi ctia hé thong nhiét cho trudng hop nay dugc bi€u dién trén hinh 2.15b .
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2.6 Graph tin hiéu

Bén canh phuong phap bi€u dién hé thong diéu khién bing so dd khdi, ngudi
ta con dung graph tin hiéu (so d6 dong tin hiéu) do S.J. Mason dua ra nim 1953.
Phuong phdp nay c6 uvu diém la dua ra dudc cong thifc tdng quit d€ tinh ham
truyén ctia hé thong ¢ cu tric phifc tap ma khong cin phai bi€n d6i sd dd.

1) DPinh nghia
Graph tin hiéu 12 mot s6 dd gdm cdc nhanh va nit.
- Nutt: M&i niit 12 mot diém bi€u dién mot bi€n hay mot tin hiéu trong hé thong.
- Nhéanh: Mdi nhdnh 12 mot dudng ndi tryc ti€p hai nit, trén mdi nhdnh c6 ghi
miii tén chi chiéu cda tin hiéu va ghi ham truyén cho bi€t mdi quan hé giita
tin hi€u & hai naut.
Xi G X,=G.X,

(e, - o

- Niit ngudn: 1a nit chi c6 cdc nhdnh huéng ra.

- Nut dich: 1a ndt chi ¢6 cdc nhanh hudng vao.

- Nut hén hgp: 1a niit c6 cd cdc nhanh ra va cdc nhanh vao.

- Dudng ti€n: 1a dudng gdm cdc nhdnh lién ti€p c6 cling hudng tin hiéu di tir
nit ngudn dén niit dich va chi qua mdi nidt mot 1an. Ham truyén cda mot
dudng ti€n bing tich cdc ham truyén clia cdc nhdnh trén dudng ti€n do.

- Vong kin: 13 dudng khép kin bao gdm cdc nhanh lién ti€p c6 cling mot huéng
tin hiéu va chi di qua mdi nit mot 1An. Him truyén clia mdt vong kin bing
tich cdc ham truyén clia cdc nhanh trén vong kin d6.

2) Dai s6 graph tin hi¢u

- C4c nhédnh ndi ti€p:

X, X5 X3 X GG X3

e, > O > o}

G] G2

(@)
[o]

\

o

- C&4c nhdnh song song:

X1 4 ) X, 0 f‘ Gl: G, fz
- Niit hdn hgp:
Xio G % G X . Xia_ G,G; .
X5 G, X5 GG

X, =X,G,+X,G, ; X, =X,G,=X,G,G, +X,G,G,
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- Khi vong kin:

Xl Gl XQ G2 X3

[o > >
&

(@)
C
(o]
\ 4

1 X, =X,G - "
G 0 X,=XG,G,+X,G,6, U X,=—>1%2 x
71X, = X6, + X6, 1- G,G;
- Su tuong quan gifta s6 dd khdi va graph tin hiéu :
R Y(s)
(s) o E(S) G=(S) SE)(S)
R(s)  E(s) Y(s) 1 G(s)  Y(s)
G(s) > o0—> 0 >
%_ R(s) E(S)\j
H(s) “H(s)
lZ(S)
R E Y(s)
H(s)
lZ(S)
R E Y(s)
(S)% (s) 5o s
H(s)
R(s) Yi(s)
: > Gl] 4’§_>
» G, |
» Gy,
Y(s)
Ra(s) [ G, :
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3) Cong thic Mason
Ham truyén tuong duong ctia hé thong ty dong biu dién bing graph tin
hiéu c6 thé tinh theo cong thic:
1o
==3 RD
D ak. k Dk
trong d6 : Py : Ham truyén ctia dudng ti€n thi k
D: Pinh thitc ctia graph tin hiéu
o o o
i ij ij,m
A L, : Téng cdc ham truyén clia cdc vong kin ¢6 trong so dd graph.
é LiL;: Tdng céc tich ham truyén cda hai vong kin khong dinh nhau.
(khong dinh = khong ¢6 niit nao chung; dinh = c6 it nhAt mot nit chung)
é LiLiLy: Téng cdc tich ham truyén clia ba vong kin khong dinh nhau.
Dy : Dinh thic con thit k, suy ra tt Dbdng cdch bd di cdc vong kin ¢6 dinh véi
dudng tié€n thit k.

Néu hé thong cho & dang so dd khdi, mudn 4p dung dudc cdng thifc Mason,
trudc hét ta phai chuyén so d6 khdi thanh sd d@d graph. Khi chuyén tir sd dd khdi
sang graph tin hiéu can luu y:

- C6 thé gop hai bo tong (hodc hai diém ré) lien nhau thanh mot niit.
- C6 thé gop mét bo tdng va mot diém ré nhdnh lién sau né thanh mot niit.
- Khéng thé gép mot diém ré va mot bo tong lién sau né thanh mot niit.

Vidu 2.13. Tim ham truyén ctia hé thdng c6 sd d6 khdi nhu hinh vé:

A\ 4

Y

H,
[
R(s) Y(s)
G, ﬂ?—@ > G, Gs >
H

1

Gidi. Graph tin hiéu tuong duong :

1 Gy 1
R(s) < -H, ; Y(9)
-1
Hé co hai duong tién: P.=G,G,G,; P,=GG,

Hé c6 ndm vong kin:
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L,=-GG,G,; L,=-GG,; L,=-G,H, ; L,=-G,G,H, ; L=-G,H,
Nhdn xét:

- Cdc vong kin va duong tién c6é chung it nhdt mot nhdanh G, thi sé cé it nhdt hai niit
chung nén chiing dinh nhau. Truong hop nay chi can kiém tra nhanh ham truyén cdc
vong kin va duong tién tuong ting, khong nhdt thiét phdi kiém tra trén graph .

- Cdc vong kin va duong tién khéng cé nhdnh G; nao chung van cé thé dinh nhau &
mot niit hodc khéng dinh, khi @6 can kié€m tra cu thé trén graph.
Hé thdng cho & vi du nay c¢6 5 vong kin déu dinh nhau nén:
D=1- (Ly+L,+L;+ L, + L)
C4 5 vong kin déu dinh véi cdc dudng ti€n P ; va P, nén:
D,=1:D,=1
Ham truyén cda hé thdng tinh theo cdng thiic Mason:
G,G,G, +G,G,
1+G,G,G; +G,G, +G,H, +G,G;H, + G, H,

1
G(9)==(RD, +PD,) =

Vi du 2.14. Tim ham truyén ctia hé thong mo ta bdi so dd graph sau day:

Gidi.
Ham truyén cda cdc dudng tién:
P =G,G,G,G,G5 5 F,=GG:G,Gs ;3 R =GG,G,
Ham truyén clia cdc vong kin :
L,=-G,H;; L,=-G,G,H, ; L,=-G,G,G,H,; L,=-G,G,G,G,H,
Vong mdt khong dinh vao vong hai nén:
D=1- (L, +L,+L;+ L)+ L1,
C4 bon vong kin déu dinh v6i P, va P,. Nhu vay, bd di Ly, Lo, Ls, Ly va
L,L, trong D, ta dugc:
D, =D, =1
Vong L, khong dinh v6i Psnén: D, =1- L,
Ham truyén cda hé thdng tinh theo cdng thiic Mason:
6O =g =5 R0+ RD: +PDy)
— G,G,G,G,G;s +G,G,G, G +G,G,G, (1+G,H, )
1+ G, H, +G,G/H, + GGG, H, +G,G,G,GH, +G,H GG H,
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2.7 Mo hinh phuong trinh trang thai
2.7.1 Khai quat

Dung ham truyén d€ mo t3 va nghién ctu hé thong thuin 1gi hon ding
phuong trinh vi phan nhung vin con mdt s6 han ché:

- Chi 4p dung dudc vdi diéu kién ban dau bing 0.

- Chi md t4 dudc quan hé tuyén tinh mdt vao, mot ra (hé SISO).

- Chi 4p dung dugc cho hé thdng tuyé&n tinh bat bi€n, khong 4p dung dugc
cho hé phi tuy&n hay hé c6 thong s6 bi€n ddi theo thdi gian.

DPé€ gidi quyét cdc van dé trén, ngudi ta dung phuong phap khong gian trang
thdi. Phuong phdp nay st dung ki€n thitfc vé dai s& ma trdn thay cho ham bién
phtc va khdo sat dugc khong chi riéng quan hé giita cac tin hi€u vao, ra ma ca sy
thay ddi cdc bién s6 khac bén trong hé thdng va dnh hudng clia cdc gia tri ban ddu
cda ching tdi tin hiéu ra. Vi du, bén canh tin hiéu ra ca dong cd 12 van tdc ching
ta ciing mudn quan sit ca gia toc, dong dién, tdn hao ning lugng,...

Trang thdi cia hé thong 1a tap hop nhd nhat cdc bi€n (goi 12 bién trang thdi)
ma néu biét gid tri cdc bi€n nay tai thdi di€m t=t,va bi€t cdc tin hiéu vao & t3 t,, ta
hoan toan cé thé xdc dinh dugc ddp Gng cda hé thong tai moi thdi di€m t 3 t,. Vi
hé thong tuyén tinh ba't bi€n, thdi di€ém dau thudng dugc chon 1a t (=0.

Bién trang th4i khong nhat thi€t phai 1a nhitng thong s6 do dudc (bi€n vat 1y).
Céc bi&€n khong dai dién cho cdc dai lugng vat 1y (chi 1a bi€n todn hoc) cling c6
th€ chon 1am bi€n trang thdi. Mot hé thong c6 thé mo t bing cdc md hinh trang
thai khac nhau, tuy theo cich chon bi€n trang thdi. P& mo t3 hé thdng bic n cin
dung n bién trang thdi, hop thanh vécto cot goi 1a vécto trang thdi, ky hiéu la:

X=X, X, .. xn]T (2-96)

Dung bi€n trang thdi ta c6 thé chuyén phuong trinh vi phan bic 7 mo t3 hé

thong thanh hé n phuong trinh vi phan bac nhat vi€t dudi dang ma trin nhu sau :

{ k(t) = Ax(t)+ Br(t)  :phuong trinh trang thai (2-97)
y(t) =Cx(t)+Dr(t)  : phuong trinh dau ra (2-98)

trong do: x(t) 1a vécto trang thai
r(t) 1a tin hiéu vao, y(t) 1a tin hiéu ra cua hé.
- V6i hé tuyé&n tinh b4t bi€n MIMO thi A, B, C, D 12 cdc ma trin hé s6 hiing.
- V6i hé tuyén tinh bat bi€n SISO thi A 1a ma tran, B 1a vecto cdt, C 1a vectd
hang, D 12 mot hiing s6.

z

ay @ -
Ao B2 o A
e...

=)

..Chl; D=d;

™ D> D D
NU

[ ey ey e ey e’
w
I
=

(el e Y ex Y ex Y ex Y an”
@)
|
—
(@)
(@)
\S]

;?:S(D

é
@nl arlz o ann 0
- Né&u hé tuyén tinh bat bi€n SISO c6 ham truyén vdi bic ti s6 nhd hon bic
mAiu sd (goi 12 hé hop thitc chit) thi D = 0.
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Vi du 2.15. Viét phuong trinh trang thdi mo ti hé thong trén hinh 2.16.
k1y1 blyl

ka(y2-y1) Bo(¥,-91)

Hinh 2.16

F(t)

Gidi phéng cdc lién két va viét cdc phuong trinh cin bing luc, ta dugc:

édy, dy, 0 dzy
F-b, 52 Dl 2
ngt dtH 2(y2 yl) rT‘Z
édy, dy,u dzy
b . U 1
bit cdc bién trang thdi :
dy, dyz
X, =V X, =Y, 5 Xg=—2 5 X
1 yl 2 y2 3 dt 4 = dt
Ta viét dugc cdc phuong trinh trang th4i :
¥ =X,
X, =X,
2
&3:d_{l:'i(k1+k2)x1 +ﬁX2- bl+b2X3 +gx4
dt m, m m m
2
=k, Koy B B L FO
da®  m, m, m, m, m
Hay:
1 &(t) = Ax(t) +Br(t)
|
TY(t) =Cx(1)
(:f- 0 0 1 Ol;|
éx, U ek, u € 0 0 0 1 Y
é . u & U € U
Véi: x=€720. J&=§2@;A:g-kl+k2 K  bth &3
gxgg 2&33 g m m m M g
S0 W0 ¢k kb b
e m m, m, m
éou
€pu
e u él 0 0 Ou éy,u_éx, U,
B=é0U; C=g4 ;y(t) = ; r(O=F(t)
élu g) 10 Ou gYZL(l g LJ
é-u
em,H
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2.7.2 Lap phuong trinh trang thai ti phuong trinh vi phan
1) Phuong trinh vi phan khong chita dao ham tin hiéu vao

Xét hé thdng tuyén tinh SISO c¢6 tin hiéu vao r(t), tin hiéu ra y(t), mo ti bsi
phuong trinh vi phan:

dn dn-l
m3+%4dﬂf+m+%w0=baa) (2-99)

2 s 1N ~ s 2 A ~ ~ 2 P . . ~ g
bé yla & vé trdi co hé s6 a,= 1. Néua,?! 1 ta cé thé chia hai vé€ cho a, dé

dua vé dang trén.
Pit n bién trang thdi theo qui tic: Bién sau bang dao ham ciia bién trudc,
bién thit nhét bang tin hiéu ra.
X, =Y(), Xo =X, .. X, =% 4 (2-100)

dn-l dn
= X, = ¥(t), Xg =8(t) ,..., X, = dt”'i/’ %, = dtr)‘/

Thay céc bi&n trang th4i vao phuong trinh vi phin, ta dudc :

K, +a, X, t...+ X, +a5X; =byr (2-101)
K&t hgp (2-100) va (2-101) ta dugc:

1 X =X,

i K, =Xg

[ e (2-102)

: X, =X,

Ky =- 89Xy - X5 = wom 8y 1 X, +hgr
Viét du6i dang ma tran ta dudc:

é%, 0 60 1 O L 0 0 éx 0 é0U
é, U & u é, u é,u
e¥2q 80 0 1 L0 aXq g0y
el u=e\ I O W 4 & u+éldr
e u e u e u e u
hoag 60 00 Lo & 00
gx, H Bay -a -& -a,1H 8x, H 8oH
Pap tng cia hé thong

€X; u

e u

&"2
yt)=[1 0 0 O]él u

e u

&n-10

gxn H

Vay hé phuong trinh trang thdi mé t3 hé thong 1a:
ik =Ax+Br

2-103
%y:CX+Dr ( )
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éx; U €0 1 0 L 04 €0

£X, €0 0 1 L 0 4 g0

Trongdé: x=€ll U; A=é| M N O M a; B=€élu;

&x, H Ga -a -3 - a1 f &boH
C=[10..00] ; D=0.

S db khoi ctia hé thong c6 thé bi€u dién nhu hinh veé:

—Pb()

Hinh 2.17

Vi du 2.16. Xét hé thong co khi trén hinh 2.18. Gia thi€t hé thdng 1a tuyén tinh.
Luc tic dong F(t) tifr bén ngoai 1a tin hiéu vao va khodng dich chuyén y(t) cla
khoi lugng m 12 tin hiéu ra. y(t) dudc do tir vi tri cAn bing.

Theo dinh luat II Newton ta c6 :

d’y o dy
m—-=q F =F(t)- b—-
dtz a | ( ) dt

U rmei+by+ky=F

bit cdc bién trang thdi :

X1 =Y, Xzzﬁlzg( l ly(t)
b X, =8 b

Thay vao phuong trinh vi phan, ta dugc :

k.y(t)

]I&lzxz Hinh 2.18
.I.ﬂ —_EX -EX +iF " .
P2 m™ m™? om
Phuong trinh dau ra : =X r=F |1 -] X2 [<] xi1=y
one i T S b ®— 00
Viét lai dudi dang ma trin : m _ il
oL, - €0 1u,. . é0yg b/m k/
oo §0 ey £ m
A s = A -+ F
.g.& U~ a k bu@ uraly l+
ou & — -UeXou &Y +
< é m ma émi R
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2) Phuong trinh vi phian ¢6 chita dao ham tin hiéu vao
Xét hé thong mo ta bdi phuong trinh vi phin :
d"y d™ly d"r d"tr
—+a,,——+..+ ty=b,—+b, ,——+...+b,r(t (2-104)
dtn n-1 dtn_]_ aOy( ) n dtn n-1 dtn_]_ 0 ( )

Vi tin hiéu vao 1(t), tin hiéu ra y(t). Cdc hé s6 b ,,, b,.1,...,.by c6 thé bing 0.
Dit n bién trang th4i nhu sau:
- Bién thit nhat:  N&u bic v€ phdi < n (téc b,=0), dit x; =y
Néu bac v€ phdi = n (titc b,10), dit x; =y — byr
- Bién thti (i=2,3,...,n): X; =%, 1- b
vadat: K, =-a, X, - 8,.9Xy.1 - m Xy - 89X HD, T

V6i cdch dit bi€n trang thdi nhu trén, ta sé xdc dinh dugc cdc hé so:

1by=b,
i
01 =bn1- @40
fb,=b, ,- a,b;- b
1|, 2= Dn.27 8,901~ 8,500 (2-105)
ol
-:-bn-lzbl' 105 - 8,0y 3- .- &hy- ab,
Tbn =bo- aybn.1- 8, b5 .- @by~ &y
Phuong trinh trang th4i cia hé thong sé 1a :
i k=Ax+Br
i (2-106)
1Y =Cx+Dr
trong do :
60 1 0 L O0u  ébu
é a é, U
o 0o 1 L oY Ebd
A=&l N N O N U;B=@&) U;C=[10..00]; D= by=b,
é a a
g0 0 0 1§ D1t
2 -a -3 ~ a1 &b, H

S db khdi ctia hé thong c6 thé bi€u dién nhu hinh vé:

r(t) ¥ 1 X, v T X v = x, oy
» b, >XR— O +;®_ S __+>®_, o -T-® :
A\ 4 \4
Hinh 2.19 aj ao
I
+
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Vidu 2.17. Vi€t phuong trinh trang thdi ctia hé c6 phuong trinh vi phan :

&(t) +58(t) + 6§(t) +8y(t) =8h(t) + 24r(t) (1)
Gidi. Dit cdc bién trang thdi nhu sau:
IX =y
[ X, =K, - byr
¥X3 =k, - byr
va dit: K3 =-a,X3- X, - 89X +hgr=-5X5- 6X,- 8% +bsr
1Y =X,
Ta dugc: :’ﬁl =%, =X, +byr
(=g, +bk=x,+b,r+b,k
P & =%, +b,k+b#=- 5x;3- 6X,- 8x;+bsr+b,é+b &
P &+5§+6¥+8y=(-5xX5- 6X,- 8x; +bsr+b,&+b,&)
+(5x5 + 5o, r+ S, k) + (6x, + B, r)+ 8x,
U #+58+6¢+8y=bf+ (b,+ D)+ 05+ D+ &) (2)

Pong nhat (2) v6i phuong trinh (1) ta dugc :
ib =0
Vay hé phuong trinh trang thdi ctia hé thong Ia:
if( —x2+b r—x2
,ﬁ( =-5X5- 6X, - 8X; +bsr=-8x; - 6X,- 5X5- 16r
Hay duéi dang ma trén:
éu é0 1 Ouexlu é Ou
e 2U e 0 1V ué qu e 8 U
= §‘8 -6 '59@(39 @‘169
Dép ng clia hé thong :
eXlu
1 =[1 0 0]&x,y

X3
Vi du 2.18. Viét phuong trinh trang thdi cia hé ¢6 phuong trinh vi phan :
§i(t) +8(t) + Ay (t) = 20(t) + 108(t) + 3u(t)
Gidi. Dit cdc bién trang thdi nhu sau:
i X, =Yy-bgu
% X, =X - byu
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va dat: K, =-aX, - 89X +hu=-8x,- 4%, +b,u
Ta dudc: y =X, +bgu
¥ =%, +bybi=x, +b,u+byb
=%, +bli+byli=- 8x,- 4x,+b,u+b,b+b &

p §+8¢+4y=(-8x,- 4x; +b,u+b,li+b &)
+(8x, +8b,u+ 8yt + (4%, + D, u)
U $+8y+4y=bgli+ (b, + &)t P+ D+ bo)u
Pong nhat hé s§ vdi phuong trinh da cho, ta dudc :
16y =2

{b+8,=10 P b;=10- 830:-6
lo,+8,+4,=3 b b,=3 &, &,=
Vay hé phuong trinh trang thdi ctia hé thong Ia:
1% =X, +bju=x,- 6u
}&2 =-8X,- 4x, +b,u=-4x,- 8x,+ 43u
Hay du6i dang ma tran:
eﬁlu 60 1 ueXlu e6u
g= é, ut
eﬁzu g‘ 4 Hexzu g43”
Pép tng cla hé thong:
exu,
y=[1 0]a
&1
2.7.3 Lap phuong trinh trang thai tir ham truyén va so do khéi
Céach 1: Bi€n d6i ham truyén thanh phuong trinh vi phan, sau dé si dung cic
phuong phdp da néu & phan trudc.
Vi du 2.19. Lap phuong trinh trang thdi mo ta hé thong cé sd d6 khoi nhu sau:

r e 2 | 4 y
s S+2 g
1
s+3
Gidi. Ham truyén clia hé thong:
2 4
s’ (s+2) _ 8(s+3)

G = L2 4 1 gs+2)(s+3+8

s (s+2) (s+3)
Y(s) _ 8(s+3) _ 8s+24
R(S) sS(s+3)(s+2)+8 s +552+65+8
b (s® +58% +65+8)Y (S) = (85+ 24)R(9)

68



Bi&n ddi Laplace ngugc hai v& ta thu dugc phuong trinh vi phan:

&(t) +58(t) + 6§(t) +8y(t) =8h(t) + 24r(t)

T két qua & vi du 2.17 ta dudc phuong trinh trang th4i clia hé 1a :

e u é0 1 Ouéeyu é 0y
é u_é ue u é l]
e)&2 O 0 1ue 20 e8 ar
gk, 3‘8 -6 -5fgx;H & 16§

éxlu

1 =[1 0 0]&x,y

&3

Ciach 2: Pit bién trang thdi truc ti€p trén sd do khdi.

Hiy xét bai todn & vi du 2.19 va dit cdc bi€n trang thdi ngay trén sd d6 khoi.

r e g X2 4 X|=y
S S+2 -
X3 1
s+3

V6i cdch dit bié€n trang thdi nhu trén, ta c6 cdc quan hé:
4
X1(5) =——=X,(s
1 ot 2 2(9)

B SXy(8) +2X,(s) = 4X,(9)
B Ky (1) =- 2% (1) +4x,(1) (D)

x2<s>:§E<s>=§[R<s)- X (9]
p SX,(8) =-2X5(s) + 2R(S)
b Xy(t)=- 2x5(t) + 20(1) @)

1
X3(9) zaxl(s)
P X5(9+3X5(9 =X, (9
B Kg(t) = xy(1) - 3x5(t) (3)
K&t hop (1), (2) va (3) ta dugc hé phuong trinh trang th4i:
eﬁl(t) u é&2 4 Ouexl(t) u é0u
eﬁz(t)u €0 0 - 2“ X, () + Syt

a &

Bts(DH 61 0 '3H§X3(t)lﬂ €0

Dép tng clia hé thong :
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trang thai.

(?Xl(t) u
— — u
y©) =x 0 =[1 0 0]g,(t)
exs(t)g
Nhdn xét: Véi cuing mot so d6 khdi, ham truyén, hay phuong trinh vi phian
nhung tiy theo cdch dit cdc bi€n trang thdi ma ta c6 thé 1ap dugc cdc hé phuong
trinh trang th4i khdc nhau. Do d6, mot hé thong c6 thé md td bing nhiéu mo6 hinh

Vidu 2.20 Hay lap phuong trinh trang thdi mo ta hé thong c6 so d6 khdi nhu sau:

8

s(s+2)(s+3)

v

Gidi. V& lai sd d6 khoi ctia hé thdng trén vdi cdc bié€n trang thai dudc dit nhu sau:

r 1 X3

»

X2

»

X]=y

S+2

S+3

V6i cdch dit bién trang thdi nhu trén, ta c6 cdc quan hé:

X,(8) = —Xz(S)

AN
b ()= 3%, (1) B, (1)
Xo(9= X509
b SX,(9+2X,(8) = X5(9)
p K, (1) =- 2%, (1) + x5(t)
Xs(9) {[R(s)- X,(9)]
b X4(9=R(- X:(9
b Ry(t) = x,(1)+ r(t)

K&t hop (1), (2) va (3) ta dugc hé phuong trinh trang th4i:

ek (a &3 8 Ouexy(thu éou
eJ&Z(t”_eo -2 1“ X, (1)
By &1 O OH@%(% el

G, &Y

a é’u

(1)

2)

3)

r(t)

»
»
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éx, ()
Pédp tng cta hé thong:  y(t)=x,(1)=[1 0 O] gxz(t)g
exs(h

Nhdn xét: Néu chuyén d6i thit tu cac khdi trong sd d6 khoi ta s& thu dugc cdc md
hinh trang thai khac nhau.
2.7.4 Tim ham truyén tif phuong trinh trang thai
Cho hé SISO c¢6 md hinh trang thdi :
ik =Ax+Br
} y =Cx+Dr
Bi&n ddi Laplace hai v&€ phuong trinh thit nhi't vdi cdc diéu kién dau bing 0, ta
dudgc :
sX(s) = AX(s)+ BR(s)
U (sI =A)X(s) = BR(s) (v6illa ma trdn don vi)
U X(s) = (sI—A) " BR(s)
Tuong ty, 4nh Laplace ctia phuong trinh thd hai 1a:
Y(s) = CX(s)+ DR(s)
V6i hai két qud trén ta suy ra:
Y(s) = [C(sI-A)"' B + D] R(s)
Ham truyén clia hé thong :

G(9) :%:C(SI - A)'B+D

Nhdn xét :

- P€ tranh phai tinh ma tran nghich ddo, c6 thé ding cong thic:
det(sl - A+BC)
det(sl - A)

- Phuong trinh det(sI-A) = 0 chinh 13 phuong trinh dic tinh clia hé thdng.
No6i cach khac, cac gid tri riéng cia ma trdn A chinh 1a cdc cuc cia G(s).

-1+D

G(s)=C(sl- Ay 'B+D=

Vi du 2.21. Cho hé théng c¢é phuong trinh trang thai :
{e)&l(t) u_e 5 - 1@§Xl l;'+ §2ur(t)
&, §1 0ud.d &4
éxy(t)u

YO=[L 05lg

Hiy xdc dinh ham truyén ctia hé thong.
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Gidi.
Cdch 1: G(s)=C(sl- A)'B (D=0)

N _ el Ou &5 -1n_és+5 1
Ta c6: (sl- A)= g) 1u 8 1 ol a= e 1 Su
u e (

Ap dung cong thitc tinh nghich ddo ma tran cip hai :

M_l w bu _ 1 éd _bL:J
€& d¥ " de(vM) & d
& dj (M)gc ay
s -10 1 é -1y
Ta dudc: (SI—A)'1=;§S HZZ—A E
det(sI—A)gL S+53 s +55+18’L s+5(
1 & -lue 1 é2si
sl- AyB=——— 2 T St
( ) 2 +5s5+18 s+5H0H 2 +5s+152H
1 é2su 2s+1
C(sl- AyY'B=——[1 05a 4=——-—
S A B selt O8g 0% hsern
+
Do d6 : G(S)=22$—:L
s“+5s+1
Cdch 2:
q. él Oy &5 -1y é+5 1

A =sg
o 10781 ol &.1 4

eS +5 lu é2U eS +5 lu é2 lu és+7 2
sl- A+BC= 1 05
e _ u gol<|[ ] -1 SU eo OLJ e -1 SH
G(s)=C(sl - Aytp=JtE - A+ BC) i (D=0)
det(sl - A)

S+7s+2 25+l

G(s) = S
) s? +5s+1 s? +5s+1
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Chuong 3
PAC TINH PONG HOC

Noi dung chuong nay dé cap dén hai van dé:
- Khao sdt dic tinh ddng hoc cia cac khau ddong hoc cd ban.
- Xay dung dic tinh dong hoc, cu thé 13 dic tinh tdn s6 cda hé thong.

O chuong 2, khi xay dung md t4 todn cho cdc phdn t& diéu khi€n ching ta
nhin thiy c¢6 nhitng phin t& mic di khdc nhau vé bin chat vat ly nhung lai ¢
dang mo6 hinh todn hoc gidng nhau (vi du hé 10 xo-khdi lugng-gidm chian, mach
dién LRC, dong co dién DC déu c6 thé md td bing phuong trinh vi phin va ham
truyén bac hai; 10 xo, cdm bi€n, dién trd déu c6 ham truyén ti 1¢,...). D€ thuin tién
cho viéc khéo sat, ngudi ta chia ching thanh tirng nhém va goi 1a khau dong hoc, vi
du khau ti 18, khau qudn tinh bac nhat, khau bac hai,... Mot d6i tuong diéu khién,
bd diéu khi€n, hay toan bd hé thdng ciing c6 thé 13 mot khau dong hoc duy nhat
hoic bao gdm nhiéu khau dong hoc co ban ghép ndi té hdp v6i nhau.

Pic tinh ddng hoc cia khau hay hé thdng chinh 1a sy thay d6i tin hiéu ra theo
thdi gian hay tan s khi ¢6 tin hiéu tdc dong & diu vao. Pic tinh dong hoc xét trong
mién thdi gian va mién tan sd dudc goi tuong tng 1a dic tinh thdi gian va dic tinh
tan sd. Trong thuc t€ cdc tin hiéu tdc dong vao hé thdng dicéu khi€n thudng khong
dudc biét trude. Do d6, d€ khio sit cic dic trung clia diap ng dong hoc ngudi ta
ding mot so tin hiéu vao chuén, dinh trudc, nhuw ham bic thang don vi, ham xung
don vi, hAm d&c don vi, ham sin. Céc tin hiéu nay goi 1a tin hiéu thif hay ham thi.
3.1 Dac tinh thoi gian (dac tinh qua do)

Dic tinh thdi gian clia khau hay hé thong thé hién sy thay ddi tin hiéu ra theo
thdi gian khi c6 tin hiéu chudn tic dong & ddu vio. Pic tinh thdi gian thudng dudc
mo ti bing ham qui d9, ham trong lugng, ddp wng doc. Cong cu todn hoc dé
nghién ctu dic tinh thdi gian 12 phép bién ddi Laplace.

1) Ham qua do
D& thir hé thong dn dinh hod ngudi ta thudng ding tin hiéu vao 1a ham bac
thang don vi 1(t). N&u tin hiéu vao 12 ham bac thang don vi thi tin hiéu ra goi l1a
ddp ving bdc thang hay ham qud dj, ky hi€u 1a h(t).

A h(t)

| 1(t)

t t
0 0 >
Vi khau dong hoc c6 tin hi€u vao x(t), tin hiéu ra y(t), ta c6:

h(®) =Yy t)=1ty

73



Pé€ tim ham qud d6 h(t) khi bi€t ham truyén G(s) ta thyc hién hai budc:
Budc 1: Tim anh Laplace H(s) ctia h(t)

Do:  H(S) = X(9).G(s) = L[(1)].G(s) = éG(s)

New: H(9 = (3-1)
Budc 2: Bién ddi Laplace ngugc ctia H(s) ta c6 ham qua dd h(t)
h(t) = L H(S)] (3-2)
2) Ham trong lugng

Néu tin hiéu vao 1a ham xung don vi d(t) thi tin hiéu ra goi 13 ddp ing xung,
ham qud do xung, hay ham trong lugng, ky hi¢u la g(t).

g
Tuc la: d(t)

g(t) =y(t) X (t)=d(t) L t t

4

N&u bi€t ham truyén G(s) c¢6 thé tim ham trong lugng g(t) nhu sau :
Lg(t
Do G(g) =80l gty
L[d(t)]
Nén g(t)=L[G(9)] (3-3)
Né&u bi€t ham qué dd h(t) ¢6 thé tim ham trong lugng g(t) nhu sau :
Do tin hi€u vao:  d(t) = %
dlh(t)]

Nén tin hiéu ra: g(t) = m

(3-4)

3) P4p vng doc
Ham d6c don vi thudng ding 1am tin hiéu vio d€ thi hé thong diéu khién
theo doi. Khi tin hiéu vao 1a ham d6c don vi thi tin hiéu ra goi 1a ddp itng déc.
4) P4p dng vé6i tin hiéu vao bat ky
Téng quét, mot tin hiéu x(t) xdc dinh va lién tuc vdi t 30 bat ky c6 thé bidu
dién thong qua ham d(t) hodc 1(t) nhu sau:

t t
X(t) = x(1).¢yl(t - 1)t = k(D) dlt - tydit (3-5)
0 0
t
x(t) = @‘%m _t)dt (3-6)
0

Véi:  x(t)1a gid tri x4c dinh ctia ham x(t) tai thdi diém t =t
d(t-t) 12 xung don vi dudc phat tai thdi diém t =t
1(t-t) 12 ham bac thang don vi dugc phét tai thdi diémt=t .
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Dua vao tinh chat x&p chdng clia hé tuyén tinh ta c¢6 thé xdc dinh tin hiéu ra

y(t) thong qua ham trong lugng g(t) hodc ham qué dd h(t) nhu sau:
t

t
y(t) = x()g(t - t)dt = @‘% ht - t)dt (3-7)
0 0
3.2 Piic tinh tan so
Pic tinh tin s& thé hién mdi lién hé giita tin hiéu ra va tin hiéu vio cia hé

thong & trang thdi xdc 14p khi thay ddi tAn sd clia tin hiéu vao dang diéu hoa.
3.2.1 Ham tan sé

Khi tdic dong vao hé thdng mot tin hiéu diéu hoa x =x,sinwt thi ddp @ng cla
hé & trang thdi x4c 14p s& 1a mot tin hiéu tuan hoan c6 cling tan s6, khic bién do va
1éch pha so v6i tin hiéu vao mot géc A, duge mo td bing ham y =y, sin(wt + ).

) A X:Xﬂ sinwt y=y, sin(Wt+4E)
P —

a /)

Hinh 3.2 Tin hiéu vao diéu hoa va ddp iing
Téng quét, néu tin hiéu vao la dao dong diéu hoa x = Xoej‘"’t thi § trang thai
xdc 1ap, tin hiéu ra c6 dang y =y, ™*"

Khi cho w thay ddi thi /Eva y, cling thay d6i. Him géc pha AHW) va ti s& bién

do ﬁ(w) chinh 14 cd s d€ nghién cttu dic tinh tin s6 ctia hé thong.

XO
LAy dao ham clia cdc tin hiéu diéu hoa x va y, ta dudc :
dx . o .
PO (jw)' xe€"  (i=1,...m) (3-8)
dl . i i + .
d—tﬁ’ = (jw)' y @™ (i=1,...n) (3-9)

Thay c4c bi€n d6i clia x, y va cdc dao ham clia chiing vao phuong trinh vi phan
tong qudt (2-1) ctia hé thdng rdi sap x&p va rit gon lai, ta dugc:
b GW™ +b,  (GW)™ T+ +D
G(JW) :&e]/E = m(J ) m-l(J ) 0

; — (3-10)
X, a,(jw)" +a,_,(jw)" " +...+a,

Ham G(jw) goila ham truyén tdn sé hay goi tit 12 ham tin sé.
So sanh véi bi€u thitc ham truyén tdng quét ctia hé thong :
Y() _b,s"+b, ,s" +..+Db,
X(s) as +a, s"i+..+a,
Ta th4y, néu khong ké dén diéu kién ban dau thi ham truyén tin sd c¢6 thé xdc
dinh biing cdch thay bi€n s =jw vao bi€u thitc ham truyén. Tic 1a:

G(JW) = G(S) s=jw

G(s) =
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3.2.2 Bi€u dién diic tinh tin so’
1) Bi€u d6 Nyquist
Téng quat G(jw) 1a ham phifc nén c6 thé bi€u dién dudi dang dai s :
G(jw ) = Re(W )+ j Im(w) (3-11)
Véi: Re(w) = Re{G(jw)} : phin thuc ctia ham G(jw)
Im(w) = Im{ G(jw)} : phan 4o ctia ham G(jw)

Hodc dudi dang cuc (dang modun-pha) :

GGw ) =A(w)e ¥ (3-12)

Trong do:
Bién @ A(w) :%(W) :|G(j V\b| :\/ReZ(V\) Hm* (W (3-13)
G6c pha AHw)=DG(jw) = arctg% (3-14)
P Re(w)= A(w) cos AHW) (3-15)
Im(w)= A(w) sin AHWw) (3-16)

Khi cho tin s6 géc W cta tin hiéu vio bién thién tir 0 d€n ¥ thi di€m ngon clia
vectd ham tan s& s& vé thainh mdt dudng cong trén mit phang phitc va dugc goi la
dudng dic tinh tAn bién pha hay con goi 1 bi€u dd Nyquist .

AIm

N0 K Re

W=¥

AHW) W=0

A(W)

Hinh 3.3 Biéu d6é Nyquist
2) Biéu d6 Bode
Biéu d6 Bode gém hai thanh phin :
- Biéu d6 Bode bién d6 : bi€u dién bién d6 logarit L( w) theo tan s& W
L(w) tinh bing decibel [dB] theo cong thirc: L( w)= 201gA(w)
- Biéu @6 Bode pha : biéu dién gid tri géc pha AH W) theo tdn s6 W
G6c pha A w) thudng 1ay don vila do [ ° ]

C4 hai dd thi nay déu c6 truc hoanh 1a tin s6 W [rad/s] nhung khong chia déu
theo thang thadp phan ma chia theo thang logarit, nhd vay chi v6i dd dai truc hoanh
tuong d6i bé ta van bi€u dién dugc mot dai tin s rat I6n. Truc tung 14y theo L( w)
[dB] ciing rat hitu ich: N&u hé thdng gom nhiéu khiu dong hoc ghép ndi ti€p thi
bién d6 tdng hop A(W) sé 1a tich cdc bién dd A;(w) thanh phin, con 14y theo bién
dd logarit thi L(w) 1a téng cic Li(w) thanh phan, nhu vdy rat thuan tién cho viéc
cong biing @6 thi d€ x4y dung dic tinh tan s& ciia toan bo hé thong.
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L(w)tdB

40 TN b e Y
AR N | - 40dBidec !
20 [ oot bR SN
0 I R S : L NS >
01 1 2 3 4 5678910 w(radls)
A
AW fe——— ldec > 1 dec > w(radis)
0° | >

-90°

B
I
!

-180°

Hinh 3.4 Biéu do Bode
Trén bi€u d6 Bode, ngudi ta thudng ding cdc don vi sau :
- decibel, ky hi€¢u dB.
Bién do A(w) c6 gid tri dB tuong tng 1a L(w)=20IgA(w) [dB].
- decade, ky hi¢u dec.
decade 12 khodng cdch giita hai tin s6 cach nhau 10 Ian.

1 dec = lg@= 1g10.
w

. . A z ’ N N ~ N W
P Khodng dec giira hai tan s6 batky w; va w, sé la : Ilg—2 [dec]
Wl

- decibel/decade, ky hi¢u dB/dec
b6 doc clia dudng L(w) dudc tinh bing don vi dB/dec .

4 Lw L(w) 4

L, — 201gK

Wi w'z\ UT \ g

b6 doc clia dudng L(w) c6 thé xdc dinh tir db thi nhu sau:
(L,- L) _ -L,  édBu
W. W
lg—2 lg—2 &dect

h Wy

b6 doc =tga =

Pé don gidn hod viéc x4y dung bi€u dd Bode, ngudi ta thudng thay the dudng
cong L(W) biing cdc dudng tiém cin néu sai s6 nhd hon gidi han cho phép la +3 dB.
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3.3 Pic tinh dong hoc clia ddi tugng diéu khién

P6i tugng diéu khién (hay hé thong dugc diéu khién) 1a cdc thi€t bi, mdy
méc, qué trinh cong nghé cé cic dai lugng ra can dugc diéu khién d€ dat muc tiéu
nhA't dinh, nhu duy tri gi4 tri 6n dinh, khong ddi hoic thay d6i theo mot chuong trinh
dinh trudc.,,..

Tin hiéu vao cda ddi tugng 13 tin hiéu diéu khién u(t) tir bo diéu khién dua
t6i. Tin hiéu ra chinh I3 dai lugng ra y(t) ma ta can diéu khién, vi du 1a nhiét do,
mic, 4p suat, luu lugng, luc, van toc, vi tri, géc quay...

u(®) D3i tugng y(®)
—> LN A
tin hiéu diéu khién diéu khién

tin hiéu ra

Déi tugng diéu khién c6 thé 12 mot khdu dong hoc duy nhit hoic bao gdm
nhiéu khau dong hoc cd ban ghép ndi t& hdp lai. Trong phan nay chiing ta s& khdo
sat dic tinh cda cdc khau dong hoc cd ban, bao gdm: khau ti 1&, khau qudn tinh bac
nhat, khau bac hai, khau tich phan ly tuéng, khau vi phan ly tudng, khau vi phian
bac mot, khau tré,... Trén cd s§ d6, ching ta c6 thé ti€n hanh x4y dung dic tinh
dong hoc cda cdc ddi tugng c6 ciu tric phiic tap.

1) Khau i 1& (khau P )
Khau ti 1& con goi 12 khau khuéch dai, khau &n dinh bac 0, hay khau P.
§ Hamtruyén: G(s)=K
Thong s6 dic trung: K _ goila hé sé khuéch dai hay d¢ loi
§ Vidu thyc t&: 10 xo, don bdy, bd truyén banh ring, bi€n trd, van tuyén tinh; cim
bién, chi€t 4p, mach khuéch dai cdng suat, bd khuéch dai cach ly.

§ Pic tinh thdi gian: * h® g(t)

- Ham qué d6 L —— K.d
h(t) = K.1(t) = K { an-
o—— 0 >

- Ham trong lugng
g(t) = K.d(t) Hinh 3.5 Ham qud dj va

A . ham trong lugng ctia khdu P
§ Dac tinh tan so:

-Ham tins6 G(jw)=K rm A LW) 5010k
- Bién d6 A(w)=K K Re W
b L(w) = 201gK 0 *—> Ov——>
- G6c pha AHw) = arctg Imw) = . o A -AE,(W)
Re(w) Hinh 3.6 Bié¢u do Nyquist

Do d6 khau € 16 ¢6 - va biéu do Bode ciia khdu P

- Bi€u dd Nyquist 12 mdt di€m trén truc hoanh c6 toa d6 (K,jO)
- Biéu d6 Bode bién do6 13 dudng thing song song véi truc hoanh.
- Biéu d6 Bode pha : triing vdi truc hoanh
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2) Khau quan tinh bac nhat (khau PT,)
§ Ham truyén:
K
Ts+1
Thong s6 dic trung: K 12 hé s6 khuéch dai .
T 12 hdng s6 thoi gian cta khau.

G(s) =

§ Vidu : 10 nhiét, hé 10 xo-gidm chan, mach RL, RC, tuabin, m4y phdt dién mot
chiéu, dong co dién khong ddng bo hai pha véi lugng ra 1a toc do quay...

§ Dic tinh thdi gian: Ao
- Ham qué dd h(t): e —
Tir 4nh Laplace ctia ddp Gng : 0.632K |4
H(s) = G(s_ K -
s s(Ts+]) ol t
Ta c6 ham qud do: T g
Hinh 3.7

h(®) =L [HE] =K@- &) Ham qud do ciia khau PT,

Nhdn xét :
1) N&u goi gi4 tri xdc 1ap cuah(t) 1a h(¥) thi: h(¥)= 12@@ h(t) =K

2) Tait=Ttacé h(T)=(1- e 1)K » 0,632K =(63,2%)K
Tic 12 § thdi di€m t =T, tin hiéura dugc 63,2% gia tri xac 1ap (6n dinh).
Tuong tu ta c6 h(2T)=86,5%K; h(3T)=95%K; h(4T)=98,2%K; h(5T)=99,3%K.
Ta thay hiing s6 thdi gian T dic trung cho mitc dd ddp ng nhanh hay chim
ctia khau. Khau c6 T nhd s& nhanh chéng dat dén trang thai 6n dinh, ngudc lai T
16n thi khau cin nhiéu thdi gian mdi dat d€n trang thdi 6n dinh.
3) Néu ké tiép tuyén véi h(t) tai diém 0 va goi géc cla ti€p tuyén d6 1a q thi:
tgg =)o =20
a0 T
- Ham trong lugng :
Nhan dudc bing cdch 14y dao ham
ctia ham qua do :
_dh_K _y7
=4~ 7°

§ PDic tinh tin so :

v

Hinh 3.8
Ham trong lugng ciia khdu PT)

« A e . K
- Ham truyéntansdo G(jw)=G(S)|cjy=—""—"
am truyén tan sd G(jw) ()|s_JW Tl
Nhan tf va mau vé6i (1-Tjw), ta dugc :
G(jw) = KW o)+ jIm@w)

+
W +1 ) TwWe+1
- Biéndo  A(W) =R W)+ Im’ W)=

K

VT2W +1
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) mw) _
- Go6c pha W) = arct = - arctg (Tw
p Aw) = g ReW) g (Tw)
- Bién d6 l16garit L(w)=20lgA(w) =20IgK - 20lg (TW)2 +1
- Pé vé biéu d6 Nyquist ta c6 nhan xét sau:

% K | e K Ko L& KTWo
Se(w) + m )= ST+l 25 STow+1p

_aK(1- TWP) o KTaw  _KEEL- TwW)' +4T'wW K2
CE2ATAW ) 4 T T2 + 1) 4

Mit khdc, khi w=0 ® +¥ thi géc pha AAW) = - arctg(Tw) £ 0. Do d6 bi€u
dd Nyquist cia khau PT, 12 ni¥a dudi cia dudng tron tim (K/2, jO), ban kinh K/2.

- P& vé& biéu dd Bode, ta cho w bién thién tir 0 d&€n +¥ , tinh cdc gid tri L(w)
va AW) tuong ng roi thé hién trén dd thi.

L(w) 4 l £3dB
Imu 20IgK 2

W=¥ w=0 0
45°
-K/2

w=1/T -90°
-E(W) v

Hinh 3.9 Biéu dé Nyquist va biéu dé Bode ciia khdu PT,
Ciing c6 thé v& gan ding bi€u dd Bode bién dd bing hai dudng tiém cin :
Khi w << 1/T thi L(w)» 20IgK P dudng tiém c4n nim ngang.
Khi w >> 1/T thi L(w)» 201gK-201g(WT) P dudng tiém can nghiéng c6 do
ddc - 20 dB/dec
Piém tin s w = 1/T tai giao di€m cla 2 tiém cin goi |4 tan s& gdy. Tai tdn s&
gy, sai s gilta dudng cong L(W) chinh xdc va cdc dudng tiém cin c6 gid tri 16n
nha't DL(w) = - 201g+/2 » -3 dB.

Mot s6 di€ém dic biét :
w=0: Re(w)= K ; Im(w)= 0 ; L(w)= 20IgK ; Aw)=0
w=1/T: Re(w)=K/2;Im(w)=-K/2;L(w)»201gK ; AHw)=-45°
w=+¥: Re(wW)=0;Im(w)=0; AHAw)=-90°
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3) Khau béc hai ( khau PT,)
3a) Khio sat trong mién thoi gian
§ Ham truyén :
K
T?% +2xTs+1
Trong d6, T :hiing s& thdi gian
K : hé sd khuéch dai
X : hé s6 tit dan (hé so suy gidm)

G(s) =

§ Vidu: Céc hé cd khi gdm 10 xo-khdi lugng-gidm chdn, mach dién RLC, dong
cd dién DC diéu khién tdc d bing dién 4p phin tng, ...
§ Pic tinh thoi gian:
Xét nghiém clia phuong trinh dic tinh: T?s’ + 2xTs+1=0
Bigtsd D'=(xT)?- T2=T2(x?- 1)
Ta phéan biét hai trudng hop : Khi x3 1, khau PT, dugc goi 1a khau qudn tinh
bac hai; Khi 0 £ X< 1, khdu PT, dudc goi 1a khau dao dong bic hai.

Khiu quan tinh bac hai

@ Khi X > 1, phuong trinh dic tinh c¢6 hai nghiém thyc riéng biét. Néu ky hiéu hai
nghiémnayla s =-(1/T) vas =-(Q/T,) tas€co:
T, T,=T> va T+T,=2xT
b G(9)=—srs K =_ K _ K
TS +2xTs+1 T°(s- s)(s-s,) (Ts+1 (T,s+)
Do d6é khiu quédn tinh bac hai tuong dudng v6i hai khau quédn tinh bic nhat
ghép ndi ti€p c6 cdc hing s thdi gian T va T, .

K e u
é a
H9 =28 - h ..:K‘?%' TTlT ' 11 +TT2T ' 11‘9
S S(?;+ig?é+i9 ?S 1”12 S+? 17 12 S+T7lﬂ
& T T, € 1 .
b Ham qué do h(t) = Kg‘?[- ey To gun?
Tl'Tz Tl'Tz 4]
dh K
Ham trong lugn ty=—= gtlh_ gtm
ong lugng - 0() == = )

@ Khi X = 1, phuong trinh dic tinh c6 nghiémkép s =s =-(1/T)

b Ham qud do h(t) =K 21- a.?HLEe'“TH
e 8 Tg 0
dh K
Ham trong lugn ty=— = tgt'T
ong lugng - g(t) ==
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Khéiu dao dong bac hai
@ Khi 0 £ X< 1 Phuong trinh déc tinh ¢6 hai nghié m phic.

1 1A 1 L
Véi ky hiéu w, :? ; W=W,4/1- x? : E=arccos X ; taco:

K _ Kw?
T?S +2xTs+1 & +2XW,S+W;

Ham truyén G(S) =

e u

a  (s+xw,)+ Wy

Kw? A 1- x>

p He=C®=_ W el y v

S S(s” +2xw,s+w;) s (S+ XWn) +w? U

é U

Suy ra ham qué do : e G
é t& d:J é e' XWnt l‘J
h(t) =K &.- e """ ccoswt + sinwt:0 =K é&l- sin(wt + /)
é 1- x? H & Jy1-x g

Ham trong lugng :

é 2 l‘J 2 i ]
o)== e = et Wn gt gy
dt as+xw,)’+wW?g w

Céc biéu thic trén cho thi'y dic tinh thdi gian ca khiau dao dong bac hai c6
dang dao dong tit dan. Him qué d6 suy gidm vé gid tri xdc 1ap K va ham trong
lugng suy gidm vé 0. Gid tri X cang 16n, dao dong suy gidm cang nhanh, do d6 X
g0i 12 hé s6 suy gidm hay hé s6 tit dan.

Khi X = 0 thi h(t)= K[1- sin (Wt + 90°)], ddp ing cia khau la dao dong khdng
ddi véi tin s6 W, =1/T. Do d6 W, goi 1a tdn s6 riéng cia khau dao dong bac hai.

@ N&u khio sdt md rong v6i X < 0 thi ddp &ng sé& 12 dao dong ting dan hoic
chuyén dong ting din, h(¥) =¥ nénkhi X <0 khiu bac hai khdng 6n dinh.

20

. \—--——- X= 0; // \{
h t.8 \
$ o 1.6 }—0.5 / V4 -\“\/ g:; / \
_~ 0<x<1 14 O f/ )i 03 / \
T N N\ AN
SEP ht) "~ o1 S/ [
10 = S\
x>1 o8 0.8 - O\ T N\
os || e /] \
N
0 > 0.2 . / . \\ \
(a) o 1t 2 3 4 3 : 7 8 9 10 11 12
t——
(b)

Hinh 3.10 Ham qud dj ciia khdu bdc hai
(a) Tong qudt ; (b) hé sé khuéch dai K=1
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x>1

0

Hinh 3.11 Ham trong luong ciia khdu bdc hai

3b) Khao sit trong mién tan sé
- Ham truyén tan s& clia khau bac hai :

. K
G(JwW) =G(9)|e=iw =
(W) ()|S‘J - T20WP + XTjw+1
Tach phan thuc va phan 4o ta dudc :
. K(1- T2W?) . - 2KxTw .
G = + =Rew)+ jIm
(Jw) (1- TW?)* + 4(xTw)? J(1— TW?)?+ 4(x Tw)? ew)+ Jimw)

K
\/(1— T2W)? + 4(xTw)?
L(w) =20IgA(W) =20IgK - 201gy (1- TPWF )2 +4X T2 v

-Biéndo A(W) =+/Re’(W) +Im?(w) =

_ Im(w) _ XTw
- Pha Aw)= arctgw =-arctg L T
Mot s6 di€ém dic biét :
w=0: Re(w)= K ; Im(w)= 0 ; L(w)=201gK ; AAw)=0
w=w, =1/T: Re(w)=0; Im(w)=-K/2x ; L(w)=201lg(K/2X) ; Aw)=-90°
W=¥: Re(w)=0 ; Im(w)=0 ; A(w)=0; L(w)=-¥ ; AHw)=-180°

Tai tin s6 W, = Wy+/1- 2¢x° thi dao ham dA/dw = 0 nén bién do dat cuc dai
Amax = AWep) =K /(ZXW). Tan s& W, dugc goi 12 tan s6 cdng hudng va chi tdn
tai khi 1- 2x* >0 hay 0£x<0,707. N€u X cang nhd thi dinh cong hudng A .« va
L(Wep,) cang cao. Khi X ® 0 thi We, ® W, va A ® ¥, L(W,)® ¥ . Mdi quan hé
giita Apax va X dugc biéu dién biing d6 thi trén hinh 3.14.

Biéu dd Nyquist va bi€u dd Bode clia khau bic hai tng véi cac gid tri X khac
nhau dugc bi€u dién trén hinh 3.12 va 3.13.

Véi 0,38 £ x £ 0,707, bi€u @6 Bode bién do ctia khau bac hai c6 thé vé gan
ding bing hai dudng tiém can :

§ Khiw << 1/T U wT <<I thi L(w)» 20IgK b dudng tiém cin nim ngang.
§ Khiw >>1/T U wT >>1 thi L(w)» 201gK—20lg /(- w?T?)? = 201gK- 401g(WT)
P dudng tiém cin c6 dd doc —40 dB/dec.
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Hai dudng tiém cdn giao nhau tai tin s W, = 1/ T nén v6i khau bac hai, tin s&
dao dong riéng W, ciing 12 tin sd giy.

A
L(w) =0,05
Im4 [dB] =02
/W= ¥ K Re = gg w
> 0 =45 » >
1 \\ \W_ 0 =15 > Wh
K [—
o N xEL2 e ‘dB/dec
N 10 D SR U~ !
v x=0,8
Wn \
4
\ X=0,4 Amax 00 1

Hinh 3.12 0°
Biéu do Nyquist cia khdu bdc 2
0<x<0,707 P Api>K -90°
x3 0,707 P A=K

-180°

Hinh 3.13
Biéu db Bode ciia khdu bdc 2

Hinh 3.14
MOoi quan hé gita Aqx va X ciia khdu dao déng bdc hai
Nhdn xét:
Hé s6 tit dan X cang bé thi mic dao dong trén bi€u dd6 ham qud do cang
16n, gia tri bién d6 cong hudng A may trén biéu d6 Nyquist va L(W,y) trén biéu d6
Bode cang cao.
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4) Khau tich phan Iy tuéng (khauI)

§

Ham truyén :

K goila hé s6 khuéch dai hay hé sd tich phan, [sec ']

T = 1/K goi Ia hiing s& thdi gian tich phan, [sec]
Vi du : hé van nudc-bé chira, phan tir gidm chan (ma st nhét), bo truyén vitme-
dai 6¢c, bd servo thuy lvc véi phu tdi nhd,...
bic tinh thadi gian :

A A
- Ham qud do h(t) bo dﬁ =K
h(t) = K BL(t)dt = Kt.1(t) K
- Ham trong lugng ¢
o(t)= dh/dt = K. 1(t) 0 —
Pic tinh tan s0 : Hinh 3.15
- Ham tan s6 G(jw) = £ =- jE Ham qud d¢
Jw w ctia khdu tich phdn (1)
P Re(w)=0;Im(w)=-K/w
. K
- Bién d0 A(w)= |G(]W)| =
w
P Khiw=0 bién dd A(w)= ¥
Khi w =¥ bién d6 A(w)=0
- G6c pha AAW) = arctg Im(W) = arctg(-¥)=-p/2
Re(w)

P Tin hiéu ra cta khau tich phan ly tudng ludn chdm pha so véi tin hiéu vao
mot géc bing p /2. Biéu d6 Nyquist 1a nifa truc 40 am.
- Bién d¢6 logarit L(w) = 20IgA(w) = 201g(K/w)= 201gK-20 Igw
Do truc hoanh dudc chia theo thang lgw nén bi€u d6 Bode bién dd 13 dudng

thdng c6 do doc —20 dB/dec va di qua diém c6 toa do (1,201gK); néu K=1 thi L( w)

di qua diém (1,0).

L(W) A

Im 4
201gK

0 Re
A v >

w=¥ 4 4/—p/2 0
A

W:Ol

_900 /BW): _90

Hinh 3.16
Biéu do Nyquist va biéu do Bode ciia khdu tich phéan
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5) Khau tich phian- quan tinh bac nhat (khau IT,)

§ Ham truyén:
G(s) = Ys)_ K
U(s) s(Ts+1)
Trong d6: K 1a hé so tich phan
T 1a hiing s thdi gian
T bi€u thitc ham truyén, ta thi'y khau IT | twong duong v6i khau I va khau PT
ghép ndi tiép.

—> L ——» U —> ﬁ > K, 5
s(Ts+1) s (Ts+1)
§ Dic tinh thdi gian A by ///
e u
e === Z(TK+1):K3%_I+ +1;/TL,J //
S S S S S
t u L K(ET)
- /
h(t) =K[t- T(1- e T)] j
: - T t
Khit® ¥ thi e T® 0.
Hinh 3.17
Do d6 h(t) ¢6 mot dudsng tiem can 1a K(t-T) Ham qud d¢ khau IT)
§ PDictinhtin sd
. K KT . K
G(iw) = = =- -
(W) w(Tjw+1)  w-Tw+j)  TwW+1 JW(T2\1v2+ 1)
PA R -KT Alm y
Phan thuc e(w)=—=—— - W=
' )= 1 2 LA
-K | Re
Phan 40 Im(w) = |
W) WTW +1) |
Poan tin s8 thap: |
lim G(jw) =-KT-j¥ nén A(W)=¥, Aw)=-90° |l w=0
W
Poan tan s cao: Hinh 3.18

. . g AN st khA I
|'®' '¥' G(jw)=-0-j0 nén A(w)=0, AAw)=-180° Biéu do Nyquist khdu IT)
W

P Pudng Nyquist tiém cin vdi dudng thing ding di qua di€m (-KT,j0).
Céc dai lugng L(w) va AAW) trén biu dd Bode ctia khau IT | ¢6 thé xdc dinh
bing cdch cdng cdc dai lugng tuwong Gng cua hai khau I va PT ;. Pudng cong L(W)

chinh xdc c6 thé thay th€ bing 2 tiém cin c6 d6 doc 1an lugt 1a -20 va -40 dB/dec,
giao nhau tai tdn s6 gay We =1/ T (hinh 3.19).
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L(W) A
-20 dB/dec

201gK |------- X
0

v

-40 dB/dec

-/[E(W)A E
-90° | :
-135°
-180°

Hinh 3.19 Biéu do Bode ciia khdu IT,

6) Khau vi phan ly tuéng (khiu D)

- Ham truyén : G(s) =Ks Im 4
- Bic tinh thdi gian: tw=¥
9=C0 K5 "
s s W:O\ \ Re
P h(t)=Kd{) \ >
- Pic tinh tin s0: (a)
GGw) = Kjw Low 1 120 dBJdec_— - EEW
Re(w)=0; A(w)=Im(w)=Kw; 20 lew
AHWw) = arctg(Kw/0) = 90° 201gK
Khiw®¥ thi A(W)® ¥ . R
Bi€u @6 Nyquist 12 nta truc 40 duong nhu 1 M
trén hinh 3.20a. Tin hiéu ra cia khiau D ludn 4
sém pha hon tin hiéu vao mot goc bang 90 ° 90° AEwW=90"
L(w)=20lg(Kw) W
Né&u K=1 thi L(w)=20lg(w) (b) g
Biéu @6 Bode tng vdi K>1 va K=1 dudc vé&
Hinh 3.20

trén hinh 3.20b. N
ren i a) Biéu do Nyquist ciua khdu D

b) Biéu dé Bode ciia khdu D
7) Khau vi phan bac 1
§ Hamtruyén: G(S)=K(Ts+1)

Nhu vy khau vi phidn bic mot chinh 13 t6 hdp ghép song song ctia khau vi
phan 1y twéng G(s)= KTs va khauti1& G,(s)=K.
§ Dic tinh thoi gian:

K(Ts+1 K
S S S Y t
p h(t) = KT.d(t) + K.1(t)

A
h(t)

v
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§ Dic tinh tin so :
G(Gw) = K(Tjw + 1)
Re(w)=K; Im(w)= KTw
P Biéu dd Nyquist 13 nira dudng thing song song vdi truc 4o (hinh 3.21)
Biéndo  A(W)=vVK?+K2T2W? = Ky T2+ 1
-Khi w=0 bién do A(w)=K
- Khi w=¥ bién do A(W)= ¥
Bién do Logarit  L(w)=20lgA(Ww)= 20lgK+ 20Igy TAW? + 1
- Khi WT? << 1, tifc 1a w<< 1/T thi L(w)=20lgK b tiém cin ngang.
- Khi W’T? >>1, titc 1a w>> 1/T thi L(w) = 20IgK + 201gwT
P dudng tiém cin xién c6 do doc +20 dB/dec.
Im KwT
Géc pha AHW)= arctgﬂ = arctg— = arctg(wT)
Re(w) K
Khiw=0thi Aw)=0; Khi w® ¥ thi Aw)=p/2=90°.
Bi€u dd Bode va cdc tiém cin dudc vé trén hinh 3.22. Tin hiéu ra ludn sdm
pha hon tin hiéu vao mot gée tir 0 dén 90 °.

A
alm L(w)
w=¥ <. 20 dB/dec
T 20 1gK :

. 0

GGjw) 90°

Re o
| 45

0 >
w=0 0
Hinh 3.21 Hinh 3.22
Biéu do Nyquist clia Biéu d6 Bode ciia

khdu vi phdn bdc 1 khdu vi phdn bdc 1

8) Khau tré
Khau tré (khau chim tré) 12 khiu dong hoc ma sau mot khodng thdi gian
xdc dinh, lugng ra 1ap lai lugng vao ma khdong bi méo tin hiéu.

§ Vi du : bing tdi vin chuyén (tin hiéu vao, ra 12 luu lugng vat liéu), dudng dng
dan nhiét (tin hiéu vao, ra 1a nhiét lugng), dudng 6ng dan khi nén (tin hiéu vao,
ra 1a 4p sudt) 1a cdc khau tré néu bd qua cic tdn thit trén dudng truyén.

§ MO ta todn :

Lam tré ham tin hiéu vao u(t) mdt khodng thdi gian T ta dugc tin hiéu ra:

y(t) = u(t-T)
Bi&n ddi Laplace ham tré ta dudc: 0 I/u(t_‘T)
Y(s) = L[u(t-T)] = e ™ U(s) _ _

0 T t
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P Hamtruyén: G(S) _YE© _ e’s
U(s)
§ Dic tinh thoi gian:
Ham qud do : h(t) = 1(t-T)
Ham trong lugng : g(t)= dh/dt = d(t-T)
h(t) g(®)

1(t-T)
1 [rreeeeeeeesennenens — d (t-T)

v
v

0 T t 0 T t
Hinh 3.23 Ham qud dé va ham trong lugng ciia khdu tré

§ Dic tinh tin so :

- Ham truyén tin s GGw) = e = coswT—jsinwT

- Bién do A(W)= +/(cosWT)? + (- SnwT)? = 1
_Bién do 16garit L(w) =20 IgA(w) = 20 Ig(1) = 0 dB

inwT
- Géc pha /W) = arctg g*%g: - arctg(tgwT)=-wT

Bién dd ludn biing 1 va géc pha thay ddi tuyén tinh theo W nén biéu d6
Nyquist 1a dudng tron don vi.

L(w) ludn bing 0 nén bi€u d6 Bode bién dd tring v4i truc hoanh. Him géc
pha AAw) ti 1& véi w nhung do truc hoanh w chia theo thang 16garit nén bi€u dd
Bode pha AHw) =-wT la dudng cong.

AIm

/’ \ L(w)
L(w)=0 W
0 1R§ o >
w=0

Hinh 3.24 Biéu do Nyquist va biéu do Bode ciia khdu tré

Céc gid tri dic biét :

limRew)=1 ; limImWw)=0; gbécpha AH0)=0
w® 0 w® 0

lim Re(w) va lim Im(w) :khong ton tai
wl® ¥ wl® ¥
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9) P&i tugng diéu khién cé tré

D6i tugng didu khién c6 tré dugc md t3 bing ham truyén :

Gy (s _YO) G(s)e ™
U(s)
Tuong tng vdi so dd khoi: u(t) Gis) —] ™ y(t)

Trong d6 G(s) 12 ham truyén ctia thanh phan khong tré
§ Dic tinh thdi gian

Néu xdc dinh dugc ham qud d6 h(t) cia thanh phan khong tré thi hAm qua do
cda doi tugng c6 tré s& 1a h(t-T).

V6i ham trong ludng ta cling ¢6 két qua tudng tu.

§ PDictinhtin sd
Ham truyén tin s6 G, (jw) = G(jw)e " = A(w)e™e T
Bién do Ay (W) = Aw)=|G(jw)
Go6c pha A w)= Aw)-wT
Nhu vay, khi ¢6 thém khau tré thi bién d6 A(w) va L(w ) khong thay d6i ma
chi thém goéc 1&€ch pha -wT.

N&u ta bi€t bi€u dd Nyquist ctia phan khong cham tré thi ta c6 thé x4y dung
dugc bi€u dé Nyquist ctia ddi tugng c6 tré. P& lam diéu d6 ta chi viéc quay vecto
G(jw;) di mot géc W;T theo chiéu kim ddéng hd. LAy nhiéu diém w; ta sé vé dudc
toan bo dudng Gp(jw). Khi tan s6 ting 1&n thi W;iT ciing ting trong khi bién do & tan
s6 cao lai gidm vé 0 nén bi€u d6 Nyquist c6 dang duding xodn dc.

Im
Re

wr |
|
|

Gn(Gw)  G(jw)

a) K e—Ts b) K e—Ts C) K e—Ts
Ts+1 (Tis+D(T,s+1) S(T;s+1)

Hinh 3.25 Biéu do Nyquist ciia cdc ddi tuong co tré
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3.4 Pic tinh dong hoc ciia cac bd diéu chinh

Bo diéu chinh (hay khau hiéu chinh) chinh 13 cdc bo diéu khién don gidn
dudc st dung d€ bién ddi ham truyén cda hé thong nhim cai thién dic tinh dong
hoc ctia hé, 1am cho hé thdng c6 dap ng thod man cdc yéu cau chit lugng dinh
trudc.

Tin hiéu vao cda bd diéu chinh 1 tin hiéu sai léch e(t) va tin hiéu ra ctia bd
diéu chinh 1a tin hiéu diéu khién u(t). Sd dd khdi tdng quét clia cic bd diéu chinh
c6 thé biéu dién don gidn nhu hinh vé :

e(t) Bo u(t)
> A aa —»
tin hiéu sai léch di€u chinh tin hiéu diéu khién

Theo loai tin hiéu 1am viéc ngudi ta chia thanh ba loai chinh 12 b diéu chinh
lién tuc, bo diéu chinh on-off (hai vi tri, ba vi tri,...) vd bo diéu chinh s&. B6 diéu
chinh lién tuc c6 thé thyc hién biing cic cd ciu cd khi, thi€t bi khi nén, mach dién
RC, mach khué&ch dai thuit toan. Bd diéu chinh on-off thudng dugc thuc hién bing
cac mach rdle dién tir, role khi nén, chuong trinh PLC. B6 diéu chinh s6 dugc thuc
hién bing cdc chuong trinh phAn mém chay trén vi xif Iy hay m4y tinh PC.

Noi dung phin nay gidi thiéu cdc bd diéu chinh lién tuc di€n hinh bao gébm
bo P, I, PI, PD, PID. Trong thyc t&, cdc hing sdn xuit thiét bi tv dong thudng cung
cap cic bo diéu chinh PID thuong mai ch€ tao bing mach khuéch dai thuit todn.
Céc bo PID dudc thi€t k&€ ch€ tao sin nay rit tién dung. Ngudi sit dung c6 thé chon
ch& do diéu khién P, I, PI, PD, PID tuy theo yéu ciu biing cich tit md cdc thanh
phan chifc ning tuong ¥ng.

1) B diéu chinh tilé (bd P)

B diéu chinh ti 1 tao tin hiéu diéu khi€n u(t) ti 1& v4i tin hiéu sai 1éch e(t).

- Phuong trinh vi phan: u(t) = Kp. e(t)

Trong d6 : Kp goila hé sd khuéch dai
- Ham truyén : Gp(s) = Kp
- Ham tin s6 : G(jw) = Kp

- Pic tinh thdi gian va dic tinh tan s§ tuong ty nhu PTPK loai P

- Ky hiéu bd diéu chinh P : Bén canh cdch ghi ham truyén, ngudi ta con diing
céch dit @6 thi ham qud dd vao trong sd d6 khoi d€ thé hién tryc quan dic tinh
ddong hoc nhu cdc hinh vé dudi day:

Cédch 1: e(t) u(t)
— Kp >
. Kp
Cach 2: e(t) u(t)
.
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B P biing khué&ch dai thuit todn :

Bo P ki€u ddo
R,

G(s):VO_(S):K

-—
<
Z
<
o
0O -——o

Vi)
KP =- &
O J_ RO
R, Bo P ki€u khong dio
e
’ G(9) =K,
Vi — R,
1 Ro \Ve Vo\ KP_1+R_0
o + o

Bo P k&t hdp bd so dién 4p

Gle)=— =k,

V-V,
KP:&
RO
B6 P k&t hdgp bd so dong dién
R, R, 9 Op DC g di¢
o—L 1 G(s) =K
Vr RO () RP
" | o= R
o 4+ o 0

2) B diéu chinh tich phan (b I)
Bo diéu chinh tich phin tao nén tin hiéu diéu khién u(t) ti 1¢ v4i tich phan cia
tin hi€u sai 1€ch e(t).

§ Phuong trinh vi phan : u(t) =K, cp(t)dt

N 1
§ Ham truyén : G(s) = U K _ 1
-
Trong dé:

K;: hiing so tich phan
T, = Ki : hiing sd thdi gian tich phan
|
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§ Dic tinh thdi gian va dic tinh tan s6 tuong tv nhuy PTPK dang tich phan.

§ Ky hiéu bd diéu chinhI:
Ki

e(t) % u(t) e(t) | : u(t)

§ B I bing khuéch dai thuit todn:

C Bo I ki€u dio
o—I 11— _K
R —o CE=
lv‘ Vo 1 1
K =-—
© T ° '~ RC
— Bo 1 kiéu khong dio
R,
— 11—+ K
R, G(s) =—

o | p— | + S

R] —_ K 2

Vi CT [1] R, Vol I~ R,C
1 O

3) Bo diéu chinh ti 1é- tich phan (bo PI)

o
<

Bo diéu chinh PI 13 cdu tric ghép song song clia khau P va khau I. Tin hiéu ra
ctia bd PI 12 tong tin hiéu ra ciia hai khau thanh phan.

§ Phuong trinh vi phin : U
u(t)=Kp.e(t) + Ky (p(t)dt e(t) I u(t)
§ Ham truyén : —
K, _Kgs+K up
Gy (9) =Kp +—-=—F I
S S
Hoac:
1+T,.s & 10
Gp (9) =Kp =K, 91+_+
NS e Slhyg
Trong do :
CKp e h© 1
Ty =—— goi la thdi gian hi€u chinh
I hay thdi gian tic dong tré K,
§ Dic tinh thdi gian : Kp] R
® to Tx t

h(t) =K, +K .t =Kpcl+ —=+
e N @
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§ Ham tin so :

. K & . 160
G(JW):KP' J_Iz PQl' J/——=+
w e

TWg
Phan thuc: Re(w)=Kp
Phando:  Im(w K Ke
w T W
| K
Géc pha:  AHw)= arctgm = - arctg—"— =- arctg
Re(w) Kpw T W

Khiw=0 thi Aw)=-p/2
Khiw =¥ thi Aw)=0

P Tin hiéu ra luon #é pha hon tin hiéu vao mot géc tir 0 d&€n p/2 tuy thudc vao gid
tri cdc tham s6 Kp, K; va tin s6 W clia tin hiéu vao. Do dé bd PI dugc x€p vao loai
diéu chinh tr& pha. Mit khdc, bd PI con c6 tinh chi't ctia mot bo loc thong thap : chi
cho tin hiéu vao tan sd thap di qua, tin hiéu tin s6 cao nhanh chéng bi suy gidm.

Biéu d6 Nyquist ctia bo PI nhu hinh 3.26

Bién do: A(W) = /R (W) + Im’ )=

Co i T,y

"N

Bién d¢ 1ogarit: L(w) = IgK, - IgwT,, + Igy/1+ WT,, )’

G6c pha: AHw) = arct
pha: AHw) gRe(W

- arctg——

WT,

Bi€u dd Bode ctia bd PI dugc thé hién trén hinh 3.27.

Im 4
0 Kp Rf’
450 [H ey
G@Gw) 1
-K _
Pl W, =—
TN
lW:O
Hinh 3.26

Biéu do Nyquist ciia bo Pl

L(w)

[dB] N

0
™N

-10

-20

1/Tn.'  © 10
o°

AE(W)

-45°

AV

1 [0) 10

Hinh 3.27
Biéu do Bode ciia bo PI
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Ky hiéu bd PI:

e(t)

—>

u(t)

» K;/s

§ Bo PI bing khuéch dai thuit todn :

K T

e(t) | : u(t)

+1
o—I 1] G(S):Kp"'ﬁ:KP el
R; S STy
V; KP =_ &!KI =- 1
R, R,C
° T T, =R,C
Bo PI kiéu ddo,1
—
K T,s+1
G(s) =K, +—=K,—=
© > 1o (=Ko s " Ts
R
Vi =1+—-2
R'[l] Kp=1 R,
© I Ty =(R,+R;)C

Bé PI kiéu ddo,2

K sT, +1
G(s) =K, +—L =K,
S ST,
KP:_&
R,
K
T, =—2=R,C
N K, 3
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4) Bo diéu chinh ti 1&- vi phan (bd PD)

Bo diéu chinh PD ly tudng 13 ciu triic ghép song song ctia khau P va khau D.
Tin hiéu ra cia bo PD 14 tong tin hiéu ra ctia hai khau thanh phan.

Up

e(t) — u(t)

ll_uD

u(t) = K e(t) + K., . de(t) =K, ge(t)+T

§ Phuong trinh vi phin :

D

Trongdo T, = A goi la thoi gian tdc dong s6m (vugt sGm).
P
§ Ham truyén :
Gpp () =Kp +Ks

hodc: Gpp (s) =Kp (1+ Ty.8)
§ DPic tinh thdi gian: h(t)A
Kp+K K
He =Sm ) _Ke 0= K, + 2
S s :
K v ¢t
p h(t) = Kyd(t) + K A(t) >

Ta thay, & trang thdi xdc 1ap, bd PD Iy twdng lam viéc nhu bd P. 0] trang thai
chuyén ti€p, né 1am viéc nhu bo D, tic 1 tin hiéu ra u(t) ti 1& v6i dao ham cda tin
hi€u vao e(t).

§ Pic tinh tin so :

Ham tan s6 : G(jw)= Kp (1+Ty. jw)
Gocpha: Go6cpha AHw)= arctg (Tyv.w)
w =0 thi AAw) =0 con khi w=¥ thi Aw)=p/2

Dic tinh thdi gian va dic tinh tin s6 cia bo PD tuong tu dic tinh cia PTPK
vi phdn bac 1 (xem trang 87, 88). Tin hi€u ra ctia bo PD luén sém pha hon tin hiéu
vao mdt géc tir 0 d€n p/2 tuy thudc vao gid tri cdc tham s6 Kp, Kp va tin sd W cda
tin hiéu vao. Do d6 bo PD dudc x&p vao loai diéu chinh s6ém pha. Mit khic, bd PD
con c6 tinh chat clia mot bd loc thong cao: chi cho tin hiéu vao tan s& cao di qua,
tin hiéu tin s6 thap nhanh chéng bi suy gidm.

§ Ky hiéu bo PD: Kp
> KP >
e(t) u(t) e(t) u(t)
—_—) —»O0 KD

Y

Kp.s > |
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§ BO PD bing khuéch dai thuit todn :

Bo6 PD ly tudng, ki€u ddo

R,
1 G(s)=Kp + Kps
Vi R] | I ( ) ;; D
—1 Vo Kp,=-—2; K,=-R,C
i — K.
Bo PD/PDT1 kiéu d3o ( khau sém pha, Ty >T))
Bo6 PPT, ki€u ddo (khau tré pha, T | >Ty)
|| ||
[ I 1+sT
Co G G(s) =K, o
o——{—}+—<¢+—T 14 1+sT,
RO R] KP :%
V; >——O 0
Vol TV = ROC:D
O o)

B6 PD/PDT1 kiéu khong ddo ( khdu sém pha )

1+sT.
G(s) =K Y
Ry © " 1+sT,
o
+ KP:
TV :(RO+R1)'CO
V

Tl = ROC:O

(o)

o
O

Bo PD/PDT1 kiéu d3o ( s6m pha, cdc thong s& diéu chinh doc 1ap)

+
—_< ‘ | R, G(s):Kpl ST,
G, 1+sT,
+
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5) Bo diéu chinh ti 1&- vi tich phan (b PID)

Bo diéu chinh PID 1y tudng 13 ciu tric ghép song song cia ba khau: P, 1va D.

- Phuong trinh vi phan cua bo PID ly tudng : Up

hay :

é K
= A d _ b
u(t) Kpé@(tﬁ Po%(t) t+

- bBidc tinh qua do :

u(t) =K,e(t) +K, ce(t)dt +K,

@
O\

»
»

de(t)

e(t) U | u(t)
—

K, de(t)u
dt

N
I
|

O

P

Trong d6

Kp 12 hé s6 khuéch dai ctia bo diéu chinh PID.
K; 12 t6c do tich phan hay hé s& tich phan (s ™).
Kp 12 hé s6 vi phan hay hiing s& thdi gian vi phan (s ).

Ky~ 1 y6i Ty goi 12 thi gian hiéu chinh hay thdi gian tic dong tré.
K, T,
KD

—Db =T, goila thoi gian tic dong sém.

P

Ham truyén ctia bd PID c6 thé biéu dién theo nhiéu céch :

K K. s*+K _s+K
achl: G(S):KP+_|+ KDS: D P |
S S
e G + T+ Ty T, 52
h?2 G(S):Kp'é’l'-i-i"'Tv-Su:Kpl TNS TNTVS
g Tys a TS
1+Ts)(1+T,s
h3: G(S):KR( 1S)( 2S)
S

Kp

trongd(’): KR :T— ;TN :T1+T2 ) TN'Tv:T1+T2

N

u(t) 4

K,

Ty t

v

Hinh 3.28 Ddc tinh qud dé ciia bo PID
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- Pic tinh tin s0:
Biéu db Nyquist va bi€u dd Bode cia bd PID dudc thé hién trén hinh 3.29

60
LWIN,
[dB}| "N i
40

/f
y 4

r

L Y
\

"\
A\ 1

y 0

Kp

Re 0
0,01 0,1 /g1 VG 10 o 100
0 90° -
FE(W)

! 0 ~

-90° -
0,01 01 1 10 o 100

Hinh 3.29 Biéu do Nyquist va biéu do Bode ciia by PID
- Uu diém ctia bo PID :

§ N&u sai léch e(t) cang 16n thi thong qua thanh phian u p(t), tin hiéu diéu
khié€n u(t) cang 16n (vai tro ctia khuéch dai K p).

§ N&u sai léch e(t) chua bing O thi thong qua thanh phan u (t), PID vin con
tao tin hiéu diéu khién (vai tro ctia tich phan K ).

§ N&u toc do thay ddi clia sai léch e(t) cang 16n thi thong qua thanh phan
up(t), phan tng thich hgp cla u(t) s€ cang nhanh (vai trd cia vi phdn K p ).

- Ky hiéu bd PID :

KP KP TN ,Tv

e(t) u(t) e(t | t
Ki/s ) > l/ &’
KD.S

- Bo PID biing khué&ch dai thuit todn :

. C R, C
Ham truyén : —
Vi
G =K, +NL 4K s Ll v,
S R] —e
trong do:
+
P R1C1 RZCZ; K|:' : ; KD_'R2C1
RlCZ RlCZ
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R, R,

e T, U
o) =Keelr si +1is:/T d
R, TSE'_' T . € N 1u
—R5|:I—‘ K,=—¢
o] S 5
Vi Tv =R3C3
i 2 T = R4Cs
B¢ PID/PIDT; kiéu song song, khong ddo,
cdc théng sé diéu chinh déc lap
€(1+sT,)(1+sT,)u
69 = K, SAFST ST )
g Shy(@+sT) g
o—s
J KP =- &
. l Ro
o o Ty =R.C,
- T, =(R, +R).C,
Tl = R1C1
€(1+sT,)(1+sT,)u
69 = K, SAFST ST )
g Shy(@+sT) g
KP =- &
R0
TN = R].Cl
T, =(R,+R,).C,
Tl = R3C2
€(1+sT,)(1+sT,)u
69 = K, SAFST ST )
g Shy(@+sT) g
KP =- &
R0
Ty =R.C,
T, =(R; +R,)C,
Tl = R4C1

B¢ PID/PIDT; kiéu ndi tiép, ddo
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Du6i day 12 hinh ddng ngoai va sd dd ciu tric mot bo diéu chinh PID thuc té&,
dudc ché tao bing cdc mach khuéch dai thuit todn. Cau tric bo PID gém 4 nhém
phan t& : nhém phin ti so sanh tin hiéu vao/ra, nhém phan t& dit chinh hé so
khué&ch dai, nhém phan t& P-I-D, cudi cting 12 nhém mach cong tin hiéu va khau
bido hoa d€ gi6i han gidi gid tri tin hiéu diéu khié€n u(t) xuat ra (0...10V hoic -10
...10V). C4u tric ndy cho phép diéu chinh tirng thong s6 K p, K;, Kp clia bd PID
mot cdch riéng biét, ddc lap.

P
r
y u
|
-{
D R ’
o Phan t tong
Phal} w Pit chinh Phin tit hgp va khau
so sdnh hé so PLD bdo hoa

khuéch dai
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~N O Nk W= O 000NN R WD = O

Ngudn 24V

Mass ngudn (0V)

Ngudn cip cho cdm bién 15V

Mass ngudn ctia cdm bié€n (0V- analogue ground)
Ngd vio tin hiéu vao chudn (gi4 tri dit - setpoint)
Ng6 vao tin hiéu hdi ti€p(gid tri thuc qua do ludng) .
Piém so sdnh (di€m téng hgp cic tin hiéu ngd vao)
beén bdo tin hiéu vao vugt mitc gidi han

Piém do kiém tin hiéu vao chuin

DPiém do kiém tin hié¢u hoi ti€p

Pi€m do kiém tin hiéu d6 sai 1éch

Piém do ki€m ngo ra ti 1& (P)

Piém do kiém ngd ra tich phan (I)

Piém do kiém ngd ra vi phan (D)

Nit xoay chinh tinh Kp

Nt xoay chon tho Kp

bén chi bdo c6 tin hiéu ngd ra P

Nit xoay chinh tinh K

Nt xoay chon thd K;

bén chibdo cé tin hiéu ngd ra |

Nit xoay chinh tinh Kp

Nt xoay chon thd Kp

bén chi bdo c6 tin hiéu ngd ra D

DPiém tdng hgp tin hiéu ra

Niit offset tin hiéu ra (tin hiéu diéu khién u )

Nt chon khodng giGi han bao hoa tin hiéu ra
Ngb ra ctia bo di€u chinh (tin hiéu diéu khién u )
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3.5 Pic tinh tin so ciia hé thong tu dong

Xét hé thong diéu khi€n hd bao gdm nhiéu khau dong hoc cd badn mic ndi
ti€p. Ham truyén ctia hé thong hd sé bing tich cdc khau dong hoc thanh phin va cé
thé bi€u dién & dang téng quit :

K. _rcn)(T]js+1)

@E

il
LN

Gp(s) = i

U}
s O(Tus+1)
i=1 i=1

@5

(2% + 2xTys+1)

mﬁ'l - z . z
Trong d6: (QK; =K _la hé s6 khuéch dai chung ctia h¢ thong.
=

T;, T, T5  _la cdc hiing s thdi gian cda cdc khau.

N+n +n,=n _la bac ciia hé thdng.

Néu thay s=jw vao va tinh ta s& c6:

- o} jén. £ (W)
Gy (jw) =AW= =0 A (We =
i=1
Trong do:

0

i=1

3
Goc pha: AEw) = 8 A(W)

i=1
Hay vi€t dusi dang phan thuc, phan do:
G(jw) =Re(w) +jIm(w)
Thay cdc gid tri w tir 0 dé€n ¥ vao A(W) va AAW) (hoic Re(w) va Im(w)), tinh
gi4 tri rdi thé hién l1&én dd thi ta c6 thé vé dugc bi€u d6 Nyquist ciia hé thong.
Bién do 16garit ctia hé thdng hd:
n n
L(w) =8 20IgA; (W) =8 L; (W
i=1 i=1
Nhu vay biéu @6 Bode ctia hé thong hd bing tdng cic biéu dd Bode clia cic
khau ddng hoc thanh phan. Piéu nay gidp ta dé dang xay dung dudc bi€u d6 Bode
clia hé thdng hé bing phuong phdp cong d6 thi.
Pé vé gin ding bi€u d6 Bode bién dd clia hé thong bing tiém cén ta ti€n
hanh cdc buéc nhu sau:
Xdc dinh cdc tin s& gdy w, :Til; W, =_|_—12,... va siap x€p theo thit tv tin s6
ting dan, gid st ta c6 W< Wo< W3 < ... (hay T;>To> T3> ...)
. Tai diém c6 w =1 trén truc hoanh (vi du goi l1a di€m H) ta v& mot doan thing
HA vudng g6c véi truc hoanh c6 d6 dai HA=201gK.
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-Né&u K>1 thi 201gK>0 nén HA nim phia trén truc hoanh

-Né&u K<1 thi 20lgK<0 nén HA niim phia duéi truc hoanh.

Qua diém A ta vé mot dudng thing c6 do doc -20 dB/dec x N va kéo dai t6i
tan s6 gdy W, . Gid tri N> 0 tuong ¢ng vdi sd khau tich phan ly tudng, gid tri N<O
twdng tng véi s& khau vi phan 1y twdng. néu N=0 (khong c6 cdc khau tich phan, vi
phin 1y tudng) thi doan khdi diu tng véi WE w; sé& 12 dudng nim ngang v6i bién do
L(w)=20IgK = const.

Sau tin s6 W, thi tuy theo vi tri ctia T trong ham truyén, dudng thing nay sé
thay ddi @6 doc nhu sau:

-N&u T, thudc khau vi phan bacl (& tif s6) thi dd doc cong thém +20 dB/dec.
-N&u T, thudc khau PT, (& miu sd) thi dd doc cong thém -20 dB/dec.
-N&u T, thudc khau PT, dao dong (& miu sd) thi d6 doc cong thém -40 dB/dec.
-N&u T, thudc m khau PT, thi do ddc cong thém -20m dB/dec.
Ctt sau mdi tan sd gdy thi do doc lai thay d6i theo nhu quy luat trén.
Vidu : Vé bi€u dd Bode ctia hé thong hd c¢6 ham truyén:
G(s) = K (1;25 "‘21)2
S(Ts+1)(T,s+1)“(T,s” +2XT,s+1)

trong d6 : K>1; T | >T,>T;>T,.
Giai. Trudc tién ta xdc dinh cdc tan s6 giy
Wl wsl w=t o ow, =t
1 Tl ’ 2 T2 ’ 3 T3 ’ 4 T4
va sip x&p theo thif ty i nhd d&n 16n W< Wo< W3 < W,
Sau d6 4p dung quy tic vé dd néu ta dugc bi€u dd Bode nhu hinh 3.30.
Pé vé bi€u @6 Bode pha, ta tinh géc pha tong:

n
AEW) = § A& (W) =-90°- arctg( WI,) +arctg( WI',) -2arctg( W,) -arctg 12):/\,2%
i=1 W,

Vi cdc gia tri w khdc nhau ta tinh gi4 tri géc pha tuong ¥ng va vé dudc biéu
dd Bode pha ctia hé thdng.

A
Lw)dB | _20dB/dec

-40dB/dec

-20dB/dec

1
N
o
ot
w
~
o
9]
o

T

v

-100dB/dec

Hinh 3.30
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Chuong 4
TINH ON PINH CUA HE THONG

4.1 Khai niém
On dinh 12 chi tiéu co ban clia hé thong diéu khién tv dong. Mot hé thong
mudn st dung dugc thi truSc hét phadi dat yéu cau vé 6n dinh. Tinh &n dinh dic
trung cho khd ning duy tri dudc trang thdi cAn bing cta hé khi chiu cdc tdc dong tir
bén ngoai. Do c6 hai ngudn tdc dong tir bén ngodi ma ta thudng quan tim 13 tin
hiéu vao va tin hiéu nhiéu nén tuong Gng ciing c6 hai dinh nghia vé 6n dinh.
- On dinh BIBO: Hé thong dudc goi 1a 6n dinh BIBO (Bounded Input -
Bounded Output) né€u véi tin hiéu vao hitu han thi tin hiéu ra ciing hitu han.
- On dinh tiém cdn (Lyapunov): Hé thong dudc goi 13 &n dinh tai diém can
bing X, néu nhu khi ¢6 mot tdc dong tic thdi ddnh bat hé ra khdi x ( thi sau
d6 hé c6 kha ning ty quay vé di€m cin bing x (ban dau.
D6i v6i hé tuyén tinh thi hai dinh nghia trén 1a tuong duong. Hé tuyé&n tinh chi
ton tai mot diém trang thai cin bing 13 x (=0.
Xét hé thong tuyén tinh ¢ tin hiéu vao r(t), tin hiéu ra y(t), dudc mo ti bing
phuong trinh vi phén :

n n-1 m m-1
. dd;txlft)Jran_ld YO, oy =b, O d™ ()

at"* at™ at™*
Dip ting clia hé thdng x4c dinh biing nghiém y(t) bao gdm hai thanh phan:
y(®) = yo(t) + yqa(t)
§ yo(t) 1a nghiém riéng ctia phuong trinh khi c6 v€ phai, dic trung cho
qua trinh xac lap.
§ yqa(t) 12 nghiém tong qudt clia phuong trinh khi v€ phai bing 0, dic
trung cho qua trinh qua do.
Nghiém riéng y(t) phu thudc tdc dong dau vao. N&u tdc dong diu vao 1 hitu
han thi yo(t) ciing hitu han nén né ludn 12 mot thanh phin 6n dinh. P& xét tinh &n
dinh ctia hé thong ta chi cAn xét ddp ng qud do.
Pép ttng qua dd c6 dang tdng quit :

+by,q +...+byr(t)

n
v =8 Ce™

i=1
trong do:
C; 12 hiing s6 phu thudc vao thong s& ciia hé va diéu kién dau (trang thdi dau).
s; (i=1,2,..,n) 1a nghiém ctia phuong trinh dic tinh:
as'+a St +..+a,=0
s; con goi 1 cuc clia hé thdng.
s; c6 thé 1a so thuc (s; = a;) hay s6 phic (s; = a; £jw,).

T phan tich néu trén, ta c6 cach dinh nghia khdc vé hé 6n dinh:
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Mot hé thdng tuyén tinh dudc goi 13 6n dinh néu qua trinh qua dd tit dan theo
thdi gian. Hé thong khong &n dinh néu qua trinh qud dd ting din. Hé thong & gidi
han 6n dinh, n€u qua trinh qud d6 khong ddi, hoic dao dong vé6i bién do6 khong ddi.

n
Nhu viy, hé ndinhnéu:  limy()=limg Ce'=0
@ ¥ O¥
Xét cac trudng hop cu thé ta thay :

0 néu a; <0 ® hé 6n dinh
imC &t = G néu a; =0, w; =0 ® hé & gidi han 6n dinh
UMGEY =9 AsinWit+E)  nua;=0, Wit 0® hé & gidi han &n dinh
¥ néu a; >0 ® hé khong 6n dinh
t A
qu( ) yqd(t) Yad (t)
<0 —
a; < a;=0 N OA
', _ﬂvﬂvﬂvﬂvu N t,
\/ N~ > | \/ \/ \ »
a) Hé én dinh b) hé & gidi han én dinh c) hé khong én dinh

Hinh 4.1 Cdc dang qud trinh quad dj
Ké&t ludn :

1. Hé thong &n dinh, néu tit ci cdc nghiém clia phuong trinh dic tinh déu c6
phan thyc Am. Né&u biéu dién trén mit phing phic thi cdc nghiém nay nim
bén trdi truc 4o (thudng goi tit 1a nghiém trdi).

2. Hé thdng khong 6n dinh, n€u c6 it nhat mot nghiém cé phin thyc duong.
Nghiém nay nim bén phdi truc 4o (thudng goi tit 1a nghiém phai).

3. Hé thong & gidi han 8n dinh, n€u c6 it nhat mdt nghiém cé phan thyc bing
0 va cdc nghiém con lai c6 phan thyc 4m, téc 1A ¢6 it nhAt mot nghiém nim
trén truc 4o va cdc nghiém con lai ndm bén trai truc do.

»

} Im

) a,>0
a; <0 0 Re

»
>

Mién khong on dinh

oA A .
Mién 6n dinh

Hinh 4.2 Phdn bé nghiém trén mdt phdng phiic s

TU cdc phan tich trén, ta thdy phuong phdp truc ti€p d€ ddnh gid tinh 6n dinh
ctia hé thong 1a gidi phuong trinh dic tinh r6i xét didu phan thuc cia nghiém hoic
xét sy phan b nghiém trén mit phing phic.

P& tranh phdi gidi phuong trinh dic tinh, ta ¢6 cdc phudng phap gidn tiép, tién
16i hon, d6 12 -

- Tiéu chudn &n dinh dai s : bao gdm tiéu chuin Routh, Hurwitz.
- Tiéu chuén &n dinh tan sd : bao gdm tiéu chudn Mikhailov, Nyquist.
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- Phuong phidp quy dao nghiém va phuong phdp chia mién &n dinh. Hai
phuong phap nay thudng diing d€ xét tinh 6n dinh ctia hé thdng khi c6 mot thong s&
bi€n d6i trong mot pham vi nao d6.

4.2 Tiéu chudn on dinh dai s’

Céc tiéu chuin 6n dinh dai s6 tim diéu kién rang budc giita cdc hé so cia
phuong trinh dic tinh d€ hé thong dn dinh. Cédc tiéu chuin nay 4p dung cho hé hd
hay hé kin déu duoc.

4.2.1 Piéu kién can

Piéu kién cin d€ hé thong 6n dinh 12 tit cd cdc hé sd clia phuong trinh dic tinh
déu duong. (N&u cdc hé s6 déu am, ching c¢6 thé d6i thanh duong bing cich nhan
hai v€& cho -1)

Vi du 4.1. Hé thong c¢6 phuong trinh dic tinh:

$+5s23s+1=0 khong 6n dinh vi hé sd a ;<0
st +55°+3s+1=0 khong 6n dinh vi hé sd a ;=0

s'+4s’+5s7+3s+41=0  mdi thda diéu kién can, chua két luan duge.
Piéu kién can c6 thé ki€m ching nhu sau:
Mot da thifc clia s c6 cdc hé so thuc luon c6 thé phan tich thanh céc thira s&
bic nhit nhu (s+a) va bic hai nhu (s *+bs+c) trong d6 a, b, ¢ 12 cdc s6 thuc. Thira s&
bic nhat (s+a) cho nghiém thuc 4m khi va chi khi a duong. Thira s6 bac hai
(s’+bs+c) cho cdc nghiém c6 phin thuc 4m khi va chi khi b va ¢ déu duong. € da
thiic c6 td't cd cdc nghiém c6 phin thuc 4m (hé 6n dinh) thi cdc hé so a, b, c,... trong
td't c4 cdc thira s6 déu phdi duong. Tich clia cdc thira sd bac nhat va bac hai chi bao
gdm cdc hé s duong ludn ludn tao ra mot da thic véi cac hé sd duong, nhung dicu
ngudc lai thi c6 thé khong ding (vi du s*+s” +4s+30=(s+3)(s° - 2s+10)), do d6
phdt bi€u di néu chi 1a diéu kién can.
4.2.2 Tiéu chuan Routh
Cho hé thdng bac n ¢6 phuong trinh dic tinh
as'+a, s"'+..+as+a,=0

Pé xét 6n dinh theo tiéu chudn Routh, trudc tién ta can 1ap bang Routh :

dn ap-2 dn4g

dp-| an-3 an-5
S Lo W Bl o o P! I Lo Rl o Y _ 1806~ GG

G C, Cs
] Q.1 ]
d. = &8n-3 7 Codhn g d. = &5 " C38hng
1 2
G G

- Bang Routh gom (n+1) hang.
- Hai hang diu chita cdc hé so clia PTPT sidp x&p theo hinh |4}, tira , d€na, .
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- Tir hang tht 3 tr§ di, mudn tinh phin ti § cot thi i, ta 14y bon phan ti clia hai
hang nim lién tru6c, bao gdm hai phin tif & cot 1 va hai phin t § cot (i+1). Sip
x&p 4 phan ti theo thif ty tif trén xudng dudi va tir trdi qua phai d€ dugc mot
dinh thic. Tinh s& ddi cla dinh thitc d6 rdi dem chia cho gid tri § cot 1 clia hang
lién trudc hang dang tinh.

Phit biéu :

- Piéu kién cin va di d€ hé thong 6n dinh 14 cdc phin t& & cot thi nha't cia
bang Routh déu duong.

- S6 1an d6i dau cta cdc phan tir & cdt thit nhit bing s6 nghiém ciia phudng
trinh dic tinh c6 phan thuc duong (nim bén phai truc 30).

Nhdn xét:

- Né&u phuong trinh dic tinh ¢6 hé s6 nao d6 4Am hoic bing 0, titc 12 khong thoi
diéu kién can, thi c6 thé k&t luan ngay la hé thong khong 6n dinh ma khong can
duing tiéu chuidn Routh.

- Bang Routh ciing c6 thé két thiic ngay khi & cot 1 ¢c6 hé s6 Am hoic bing 0 va
k&t luan hé thong khong &n dinh.

- C6 thé nhan hay chia tdt cd cic hé s6 trong cing mot hang cda bang Routh véi
mot hiing s6 duong dé don gidn hod viéc tinh todn ma khong lam thay ddi két
qua xét &n dinh.

Vidu 4.2. Xéthé thong c6 phuong trinh dic tinh

P4+ 2834552 +4s+1 =0

Lap bang Routh:
1 5 1
2 4 0
1 5 1 1
_ 2 4:2(5)-1(4):3 _ 2 0:2(1)-1(0):l 0
' 2 2 2 2 2
‘2 4 ‘2 o‘
1 - 0
i, - 3 1 _34)-2@) _10 Q- 3 0_,
3 3 3 3
d.(c,)- c(0
e1: 1( 2)d 1():C2:1 6220 O
1

Vi cdc phan ti & cot 1 déu duong nén hé thdng 6n dinh. TAt cd cdc nghiém
clia phuong trinh dic tinh déu c6 phan thuc Am (nim bén trdi truc 40).
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Vidu 4.3. Xét hé thdng c6 phuong trinh dic tinh

st 4487 +52+85+2=0

Gidi. Lap biang Routh: (cdc 6 trong dudc xem la bing 0)
1 1 2
4 8 0
-1 2
16 0
2

Céc hé s6 & cot 1 khong cuing ddu nén hé khong 6n dinh. Hon nita ching d6i
d4u hai 1an (tir 4 qua -1 va tir -1 qua 16) nén phuong trinh dic tinh c6 2 nghiém c6
phan thyc duong.

Vi du 4.4. Cho hé thong c6 so do khdi nhu hinh (4.3). Hiy xdc dinh khodng gid tri
ctia tham s& K dé hé thong dn dinh.

R(s) Y(s)
— K G(s) > G(9)= 1
_ S(2s+1)(s” +s+1)

Hinh 4.3

\ 4

Gidi. Ham truyén cia hé kin: G (s) = _KGE
1+ K.G(s)
Phuong trinh dic tinh cia hé kin: 1+ K.G(s) =0
U 1+ K =0
S(2s+1)(S* +s+1)
U 2s*+ 35’ +3s+5s+K=0
Bédng Routh:
2 3 K
3 1 0
7/3 K
1 - (9/1K 0
K
Theo tiéu chudn Routh, diéu kién d€ hé thong dn dinh 1a:
i, 9
%1-?K>O 0 O<K<Z
fK >0 9

Cac truong hgp dac biét

Ngay khi & cdt 1 badng Routh c6 hé s6 bing 0 ta c6 thé két ludn 12 hé thong
khong 6n dinh. Tuy nhién d€ xdc dinh ro s nghiém cé phin thuc duong, 4m
va/hoic s6 nghiém 4o thi can xem xét ti€p nhu sau:
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§ Truong hop 1 : N&u hé sd & cot 1 clia hang nao do6 bing 0, nhung cdc hé s6 con
lai ctia hang d6 khac O thi ta thay hé s6 biing 0 d6 bing s6 e duong nhd tuy ¥ va
ti€p tuc tinh.

Vidu 4.5. Xét hé thong c6 phuong trinh dic tinh :
S +25'+35°+68° +55+6=0

Lap bang Routh :

1 3 5
2 6 6
0P e>0 2 0
d; 6 0

€1 0

6e- 4 2d, - 6e _12e- 8- 6€°
dl = , e = =
e d, 6e- 4

Vie>0nhd tuy y nénd, <0; va e;=2khi eé® 0. Do d6 cot 1 c6 hai 1an ddi dau.
Hé khong 6n dinh, ¢6 hai nghiém c6 phan thyc duong.

§ Truong hop 2 : TAt cd cdc hé sd clia hang nao d6 biing 0. N&u cdc hé sd cia
PTPT déu duong, tic 12 di thod diéu kién cin, thi diéu nay cho biét PTPT c6
mdt hodic mot s6 cip nghiém 4o ddi nhau.

- Lap da thitc phu P(s) tif cdc hé s6 clia hang trudc hang c¢6 cdc hé so bing 0,
sau d6 thay cdc hé sd 0 biing cdc hé s6 cla dao ham dP(s)/ds va ti€p tuc tinh.
Nghiém ctia da thic phu P(s) cling chinh 1a nghi€m ctia phuong trinh dic tinh.

Vi du 4.6. Xét hé thong ¢ phuong trinh dic tinh :

S +3s" +58° +155 +4s+12=0

Lap bang Routh :
s’ 1 5 4
st 3 15 12
g’ ob 12 0b 30 0
52 15/2 12
s! 54/5 0
s’ 12

Lap da thitc phu P(s) tif cdc hé so cia hang st

P(s) = 3s* +155° +12

dP(s)
ds

b =12s°+30s P Thay 12 va 30 vao hang s°

Nghiém ctia da thitc phu :
P(s) =3s' +155° +12=3(s* +1)(S° + 4)=0
U s=%j va s==2j

Céc nghiém nay cling chinh 1a nghiém cua phuong trinh dic tinh.
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Két lugn :

- Cic hé s6 cot 1 bang Routh khong d6i ddu nén phuong trinh dic tinh

khong c¢6 nghiém véi phan thyc duong.

- Phuong trinh dic tinh c6 bon nghiém 40, mdt nghiém thyc Am.

- Hé thdng & gidi han 6n dinh.
K&t luan trén c6 thé ki€m ching bing cich bi€u dién phuong trinh dic tinh da

cho duéi dang tich cdc thira s :
S +35' +55° +155° +4s+12=(s+3)(S +1)(F +4)=0

4.2.3 Tiéu chudn Hurwitz
Cho hé théng bic n c6 phuong trinh dic tinh :
as'+a, s"'+..+as+a,=0
Pé xét tinh &n dinh cia hé thong theo tiéu chuidn Hurwitz, cin 14p n dinh
thitc Hurwitz H; (i=1,2,...,n) theo qui tic:
§ Pudng chéo chinh clia dinh thiic H; chita cdc hé s6 tira; dén a; .
§ Cdc hé s6 & cuing mot cot, phia trén dudng chéo chinh c6 chi s§ ting dan,
phia du6i dudng chéo chinh cé chi s6 gidm dan.
§ Cdc vi tri con trong dudc dién s6 0.

[ e
H, |0 L L L L

Phit biéu :
- Piéukién cAn va dd d€ hé thdng &n dinh 13 cdc hé s& clia phuong trinh dic
tinh va cdc dinh thitc Hurwitz déu duong.
N 00 1 H, H
- S6 lan doi d4u trong diy H,, H,, —%,—2 L,
Hl H2

phan thuc duong (nim bén phdi truc 30).

Hn
H

bing s& nghiém cé
n-1

Vidu 4.7. Xéthé thong bac ba c6 phuong trinh dic tinh :
a3s3 +a,si+as + ap=0

Pé hé n dinh ta phdicé ay, a;,ay,a3 >0 va cdc dinh thitc Hurwitz:

H =a >0
a, &

H, = =aa,- a,a,>0
v tean-an
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a a 0
0
H,=|a, a, 0:0‘:: j%‘: 0+a3:0 a3:a3H2>0
0 a a ’

Tém lai, hé bac ba 8n dinh néu:
ao, aj,az,a3>0
{ a,a, - 4,3, >0
Vidu 4.8. Xéthé thong bac bon ¢6 phuong trinh dic tinh :
a4s4 + a3s3 + a2s2+ a;s+ag=0

P A R . 92 . 2 N
D€ hé on dinh ta phai cé ay, aj,as, a3, a4, >0 va:

H =a >0
a, a

H, = =aa,- a,a,>0
3, az‘ o
a a 0

H3:a0 az a4 :as(aiaz' aOas)_a12a4>O
0 a a
a a 0 O

H4:6lo % & O:a4H3>O
0 a a O
0 a a a,

T6m lai, hé bac bon 6n dinh néu:
ag, aj,a,a3,a4>0
{ as(aiaz - aoas) - a12a4 >0

Nhdn xét:
- Véi hé thong bacl va bac 2 thi diéu kién can (a o, a;,a, >0 ) ciing 1 diéu kién dd.
- Tiéu chuin Hurwitz thudng 4p dung cho hé bac thap (n £4). V4i hé bic cao, viéc
tinh dinh thifc s& ton nhiéu thdi gian.
- Xét hai phuong trinh dic tinh ¢6 hé s6 d6i ngiu :

A(9=a,s"+a, s"'+..+as+a,=0 (1)

A,(5)=a,s" +as" '+..+a, s+a, =0 (2)

Ta thdy A,(s)=s"A;(S'). Vi vay néu s (i=1,2,..,n) 12 nghiém cta phuong
trinh (1) thi Si'1 s€ 12 nghiém cla phuong trinh (2). Nhung vi § va Si'l ludén co6
phin thuc ciing ddu nhau nén néu hé cé phuong trinh dic tinh (1) 6n dinh thi hé c6
phuong trinh dic tinh (2) ciing 6n dinh. Tuong tu ta ¢6 diéu ngugc lai. Do d6 :

Cdc dinh thitc Hurwitz va bdng Routh da trinh bay trong chuong nay cé thé
dp dung dé xét on dinh cho cdc hé théng cé phuong trinh ddc tinh dang (1) hodc (2)
déu duoc.
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4.3 Tiéu chudn dn dinh tan sé
Tiéu chuidn &n dinh tin s& dua trén cdc bi€u dd dic tinh tin s& d€ xét tinh 8n
dinh ciia hé thong.
4.3.1 Nguyén ly géc quay
Xét phuong trinh dédc tinh bac n ¢6 cdc nghiém s; (i=1,2,..,n) :
A(9=a,s" +a, s " +..+as+a,=0
Pa thiic dic tinh A(s) & v& trdi c6 thé viét dusi dang:
A(s) =a,(s- s)(s- Sp)..(s- sp)
Thay s=jw ta dugc da thitc dic tinh tan sd:
A(jw) =&, (jw- s)(w- s5)..(JW- ;)

M3i s6 phitc c6 thé bi€u dién trén mit phing phifc bing mot di€m hoic mot
vécto. Vi du nghiém s; =a;+jw; c6 thé bi€u dién bing di€m s; c6 toa do (a;,jw;) hoic
vectd s; c6 gdc tring vdi goc toa do, thanh phan (j w-s;) biéu dién biing vectd c6 gbc
& diém s; va ngon nim trén truc 4o (xem hinh 4.4). Khi w thay d6i, do dai va géc
clia véctd (jw-s;) ciling thay d6i theo. Néu quy uSc chiéu quay duong 13 chiéu ngugc
kim dong ho thi khi w thay d6i tir -¥ dén +¥ , mdi vécto thanh phan (jw-s;) s& quay
mdt géc 12 +p né€u nghiém tuong ng nim bén trdi truc 4o, 12 - p n€u nghiém tuong
tng nim bén phai truc 40, 1a 0 n€u nghiém tuong tng nim trén truc 3o.

AW

g A _]W A _]W
JW-s;

-5, é"?’
Si 57 S +p

v

)
vo

/T%

)

fw
Hinh 4.4.
Dung ky hiéu Darg d& chi géc quay, ta c6 :

i+p né€u s ndm bén trdi truc do.

: | g Y A 2 2
Darg (jw- s)=i-p néu S nam bén phdi truc do.
Tk 1 0 néu s niim trén truc 4o.

Gia st phuong trinh dic tinh ¢6 m nghi€ém nim bén phai truc 4o va (n-m)
nghiém nam bén trdi truc do0. Khi dé :

m
a Dag (jw-s)=-np

=1 - ¥ <w<¥
Ny :
a Dag (jw-s)=(n- mp
=1 -¥<w<¥
o fgm : o :
Darg A(jw)= q Dag(jw- §)+@a Darg(jw- §)= (n- 2mp
- ¥ <w<¥ =1 - ¥<w<¥ i=1 -¥<w<¥
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Trong thuc t€ ta chi can xét w thay d6i tir 0 d€n +¥. Theo hinh (4.5) ta thdy:
Néu s; 12 nghiém thu'c nim bén trdi truc 4o thi (jw- s;) quay mot géc +p/2
N&u s; va si,; 12 cidp nghiém phic lién hdp nim bén trdi truc 4o thi tdng hai
gbc quay ciia (JW- s;) va (JW- siq) 1a +2p/2 vi:

- ing v4i s ta ¢c6 (Jw- sj) quay mot goc p/2+b

- ing V4i si, ta ¢c6 (JW- siy1) quay mot géc p/2-b
Né€u s; 1a nghiém thuc niim bén phdi truc 4o thi (jW- s;) quay mot géc -p/2
Né€u s; va s;,; 12 cip nghiém phiic lién hdp nim bén phdi truc 4o thi tdng hai
goc quay la -2p/2.

A jW A jW jWA . A

Jw
_p -
/2 F-pcgoati
p -p/2 a b a
.SI P < b » »

Si

N
T
1
1o
?7{
/
ke
D‘
+
o

Hinh 4.5. Géc quay ciia cdc vecto khi W thay doi tir 0 dén +¥
Do d6 néu phuong trinh dic tinh c6 m nghiém nim bén phdi truc 40 va (n-m)
nghiém nim bén trdi truc 4o thi khi w thay ddi tir O dén +¥ :
p

m
a Darg (jw- §)=- m>
-—1 O<w<¥

3 Dag (jw- §)=(n- m)ID

i=1 O<w<¥
n-m p
Darg A(jw)= § Darg (jw- S)+a Darg (w- §)= (n- 2m)
O<w<¥ i=1 O<w<¥ i=1 O<w<¥

4.3.2 Tiéu chudn Mikhailov
Phit biéu:

Piéu kién cin va di d€ hé tuyén tinh bac n 6n dinh 13 dudng dic tinh AGw)
xudt phat tir truc thuc duong va quay n géc phan tu (néi ciach khic 13 bao gdc toa
dd mot géc biing n(p/2)) theo chiéu ngude kim ddng hd khi w thay d6i tir 0 d&én +¥.
Chiing minh:

Xét hé thong bac n c6 phuong trinh dic tinh :
A(9=a," +a, s +..+as+a,=0
Pa thdc dic tinh tan s6:
A(jW) = a, (W) + a4 (W)™ .+ ay(jw)+ ag
Piéu kién cin d€ hé 6n dinh 13 cdc hé sd ctia phuong trinh dic tinh phai
duong. Do d6 khi w=0 thi A(jw)=a,> 0, tdc la dudng dic tinh A(jw) phdi xudt
phat tir diém (a,, jO) nim & nia truc thuc duong.
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Hé thong bac n dn dinh néu tit cd n nghiém déu nim bén trdi truc 40. Theo
nguyén Iy géc quay ta c6 diu phai chitng minh:

. n
Darg A<Jw):7'°

O<w<¥

A
n=2

=N\ Wk
(€ <

WR ¥

i We ¥
H¢ 6n dinh H¢ khong On dinh

Hinh 4.6. Minh hoa tiéu chudn Mikhailov.
Nhdn xét:
- Tiéu chuin Mikhailov c6 thé diing d€ xét 6n dinh cho c4 hé hd va hé kin.
- P& x4y dung dudng dic tinh A(jw) ta thay s= jw vao phuong trinh dic tinh rdi
tdch riéng phan thuc va phan do:
A(jW) = a, (W) + @, 4 (W)™ .t ag(jw)+ ag
= P(w) + jQ(w)
Sau d6 cho w bi&n thién tir 0 d€n +¥ , tinh cdc gid tri P(W) va Q(W) tudng tng
roi thé hién trén dd thi.
Viéc xay dung dudng dac tinh A(jw) clia cac da thitc A(s) ¢6 bac cao 1a phiic
tap hon nhiéu so véi cdc tinh todn dai s & tiéu chuin Routh- Hurwitz. Chinh vi han
ch& nay ma tiéu chuan Mikhailov it dugc diing trong thuc t€.

4.3.3 Tiéu chuin Nyquist

Tiéu chudn Nyquist xét tinh 6n dinh cda hé thong kin thong qua biéu db
Nyquist ciia hé thong hd. Tiéu chuin nay rat hitu dung vi trong nhiéu trudng hop
thuc t&€ viéc tim ham truyén ctia hé kin bing gidi tich rat phic tap, trong khi dic
tinh tan s& hé hd thi c6 thé xdc dinh dugc tir thuc nghiém. Mot vu diém khéc 1a tiéu
chuin Nyquist 4p dung thuin 1di cho cd hé thdng ¢ khau tré.

Xét hé kin hoi ti€p Am nhu trén hinh 4.7a. Néu ngit mach phan hoi & ngay
trude bd so ta ¢c6 hé hd (hé vong hd, hé § trang thdai hd) nhu hinh 4.7b.

R Y R Y
(s) e GGs) (S); (s) X GGs) (S)=
Yh(s) Yn(s)
H(s) |« «—— H(s) |«
a) Hé kin b) Hé ho tuong iing

Hinh 4.7. H¢ kin va hé ho tuong iing
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Phit biéu:
a) Heé kin &n dinh khi hé hd 6n dinh va dudng Nyquist ciia hé hd khong bao
diém (-1,j0).
b) Hé kin 6n dinh khi hé hd khong 6n dinh va dudng Nyquist ciia hé hd bao
di€m (-1,j0) mot géc bing mp theo chiéu ngudc kim ddng hd khi w thay
ddi tir 0 d&€n +¥ ; v6i m 1a s6 nghiém c6 phan thyc duong clia phudng
trinh dac tinh hé hé.
Piém (-1,j0) goi 12 diém tSi han, néu dudng Nyquist hé hd di qua di€m nay thi
hé kin & gidi han 6n dinh.

A
(-1,j0) Im Hinh 4.8. Minh hoa tiéu chudn
9 Nyquist cho ba truong hop hé ho
w=0 on dinh va két qud:
W=¥ R 5 Iin A ;
e (1) Hé kin 6n dinh
@) (2) Hé kin & gidi han én dinh
o2 (3) He kin khong 6n dinh
Chiing minh:
a) Khi hé hé on dinh
Ham truyén ctia hé hd c6 thé biéu dién dudi dang :
B(s)
G, (s)=G(s)H(s) =——
h(S) =G(s)H(s) A

Trong d6 A(s) va B(s) 1a cdc da thic theo s. P& hé thong ton tai va kha thi
trong thuc t€ thi bac clia B(s) £ bac cla A(s).
Ham truyén cda hé kin :

G(s G(s
6. (95O ___CO
1+G(9H(s) 1+G, (9
Phuong trinh déc tinh cia hé hé : A(s)=0

Phuong trinh dic tinh cia hé kin :
B(S) _A®+BE) _ A _,
A(s) A(s) A(s)
Nghiém ctia phuong trinh dic tinh hé kin s€ 1a nghiém cua:
A(8)=A(s)+B(s)=0
Do bic ctia B(s) £ bac clia A(s) nén néu phuong trinh dic tinh hé hd c6 bao
nhiéu nghiém thi phuong trinh dic tinh hé kin ciling ¢6 bdy nhiéu nghiém.

1+ Gy (s) =1+

Goi s; 1a nghiém cla phuong trinh dic tinh hé hd va sf1a nghi€ém cia phuong
trinh dic tinh hé kin vé6i i=1,2,...,n. Ta dugc:
Ay (s) _ K (s- sH(s- sF)...(s- st) _ Pa thirc déc tinh he kin
A(s) (s- s)(s-s,)...(s-s,) Dathirc dac tinh hé hd
trong d6 K 1a hiing s6.

1+Gy (9) =
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Thay s = jw ta c¢6 dang tan so:

1+ 6wy = AW _ ¢ (- SH(w- ). (w-
A(w)  (w- §)(jw- 8)..(jw- s;)

T bi€u thifc trén ta thdy vectd 1+G(jw) dic trung cho m&i quan hé giita hé hd
va hé kin. Him G(jw) 1a ham truyén tin s cda hé hd. Pudng cong G(j W) chinh 1a
dudng Nyquist ctia hé héd. Vectd 1+G(jw) ndi tir diém (-1,jO) t6i dudng cong G(j w).
Géc bao diém (-1,j0) cda dudng G(jw) ciing chinh 1a géc quay cda vectd 1+G(jw).

Khi hé hd 6n dinh, phuong trinh dic tinh A(s)= 0 c6 n nghiém déu & bén trdi
truc 4o nén theo nguyén ly géc quay:

. np
Darg A(jw)=—
O<W<¥ 2 (-1,j0) /I Im W0 Rfr
Hé théng kin mudn &n dinh thi phuong P G(iw) -
i =0 ci 31 ¢cé idm & bé 1+G(Gw e
trinh A, (S) =0 cling phai c¢6 n nghi¢m & bén \
trai truc 4o nén :
_np .
Darg Ay (Jw)=—- Hinh 4.9

O<w<¥
Khi d6 géc quay cua vectd 1+G(jw):
: np n
Darg [1+ G(jw)] = Darg A (jw)- Darg A(jw)= 2- =
O<w<¥ O<w<¥ 0<w<¥ 2 2
Piéu nay déng nghia vdi dudng Nyquist G(j W) ctia hé hd phai khong bao di€m
(_1’.]0) .
b) Khi hé hé khong on dinh
Hé hd khong 6n dinh nén phudng trinh dic tinh hé hd A(s)=0 c6 it nhat mot
nghiém nim bén phdi truc do. Gid sit c6 m nghiém nim bén phdi truc 40 va (n-m)
nghiém nim bén trdi truc do. Theo nguyén Iy géc quay ta co:
Darg A(jw) =- m P, (n- m)p— (n- 2m)p
O<w<¥
Hé kin mudn 6n dinh thi:
: n
Darg Ay (jw) =
O<w<¥ 2
Khi d6 géc quay cua vectd 1+G(jw):
Darg [1+G(jw)| = Darg A, (jw)- Darg A(jw)= n—- (n- 2m)
O<w<¥ O<w<¥ O<w<¥
Piéu nay dong nghia v6i dudng Nyquist G(j W) phdi bao diém (-1,j0) mot géc
ding bing mp khi w thay d6i tir 0 dén +¥.
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Chii y:

- TruSc khi 4p dung tiéu chuidn Nyquist phdi xét xem hé h c6 dn dinh hay
khong. C6 thé gidi phuong trinh dic tinh hé hd hoic 4p dung cic tiéu chuin 6n
dinh dai s6 dé xét hé hd.

- P&i véi cdc hé thong c6 khau tich phan 1y twdng thi hé hd c6 nghiém cuc
bing 0 (nim trén truc 40). PE dp dung tiéu chudn Nyquist, ta vé thém mdt cung
tron - g% c6 bdn kinh v6 cung 16n, v6i gla s6 khau tich phan Iy tudng trong ham
truyén hé hd.

Vidu 4.9. Cho hé hd c6 ham truyén:

G(S) = 10 3 Im
(+3)(s+1.24 1 Re
va bi€u dd Nyquist hé hd nhu hinh bén canh. 1 >

Hiy dung tiéu chudn Nyquist dé€ xét
tinh &n dinh ctia hé kin tuong dng.
Gidi.
Phuong trinh dic tinh hé hé :
(s+3)(s+1,24)° =0

Phuong trinh ¢6 mot nghi€m s =-3 va ndm nghiém s=-1,24 . Cdc nghi€m nay
déu 4m nén hé hd 6n dinh.

Hé hé 6n dinh va dudng Nyquist hé hé khong bao diém (-1; jO) nén theo tiéu
chuidn Nyquist, hé kin tuong @ng ciing 6n dinh.

Vi du 4.10. Cho hé hd c6 ham truyén:

G(s) = 4 i Im

o (0,8s+1(s- 1) TO Re
va biéu dd Nyquist hé hd nhu hinh bén canh. >
Hiy dung tiéu chudn Nyquist dé€ xét
tinh 8n dinh clia hé kin tuong dng.

Gidi.
Phuong trinh dic tinh hé hé :
(0,8s+1)(s- 1)*=0

Phuong trinh nay c6 : mdt nghi€ém thyc 4m

s =-1,25 va ba nghiém thuc duong s=1 nén hé hd Im4

khong n dinh. 9 1+G(Gw) -1 o Re

. He;.I;d khor'lg. on d;Anh Vfl du:dng Nyquist hé W:ﬁw M=y
0 bao diém (-1; jO) mdt géc la p (*3p) theo

chiéu ngugc kim déng hd khi w thay d6i tir 0 dén

¥ nén theo tiéu chuin Nyquist, hé kin tuong Gng

khong &n dinh.
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Vidu 4.11. Xét tinh 6n dinh ctia hé hdi ti€p Am c6 ham truyén cda hé hd 1a:

Gl = ——
S(T,s+1)(T,s+1)

Véi gié tri Ty, T, c6 dinh, tiy theo gi4 tri ctia tham s& K ma bi€u d6 Nyquist
hé hd c6 thé c6 mot trong ba dang sau:

) 3) AIm
(-1,0) -
L N, W=¥ Re
R=¥
w0 N
Hinh 4.10

Trudng hdp nay hé hd & gidi han 6n dinh (c6 1 cyc bing 0, cdc cuc con lai 1a
nghiém thuc 4m). Tuong Gng v4i khau tich phan, ta vé thém cung tron 90 ° ban kinh
vd cling 16n 16i d4p dung tiéu chudn Nyquist tuong tu trudng hop hé hd 6n dinh.

- Trudng hop (1): K nhd, G(jw) khong bao di€ém (-1,j0) P hé kin 6n dinh.

- Trudng hop (2): K=K gh, G(jw) di qua diém (-1,j0) P hé kin & gi6i han 6n dinh.
- Trudng hop (3): K 16n, G(jw) bao di€m (-1,j0) P hé kin khong &n dinh.

4.3.4 P du tri 6n dinh

Trong thyc t€ hé thdng khong nhitng can phdi 6n dinh ma con phai dat mitc
dd On dinh cAn thi€t. P& d4dnh gid mic dd 6n dinh clia hé thong ngudi ta dua ra
khdi niém d6 du trit bién do va do du trit pha.

§ Tan so tai d6 bien dd A(w)=I, tic L(w)=0dB goi 12 tAn sd cit bién w,
Tan sd tai @6 g6c pha AAW)=-p =-180° goila tan s6 citpha wW.

wn

p
Do duy trit bién d6 GM (Gain Margin) dic trung cho mitc dd ti€p cAn gidi han 6n
dinh vé phuong dién bién do.
GM = L
AW p)

hay GM=-L(w.,) (donviladB) ® ding véibi€udd Bode
Nhdn xét: Khi A(w. p) tdng thi GM giam. Gia tri GM=1 (khong don vi) hodc 0
(don vi dB) dic trung cho gidi han 6n dinh. Bién dd A( w) chinh 14 ti s& giita bién do
cta tin hi€u ra va tin hi€u vao sin, do d6 do du trir bi€n do ciing biéu thi mdc cho
phép ting hé s6 khuéch dai K ctia hé hd ma van giit dugc hé kin 8n dinh.

wn

(khong don vi) ® dung vdi bi€u dd Nyquist

§ Do du trit pha PM (Phase Margin) dic trung cho mitc dd ti€p cin gi6i han dn
dinh vé phuong dién géc pha.
PM =180° + A (W,)
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D6 du trit 8n dinh bién d6 va pha c6 thé xdc dinh tir bi€u dé Nyquist hay
biéu dd Bode.

Duia vao biéu do Nyquist:

Tu giao di€ém giita dudng Nyquist va truc thuc 4m ta xdc dinh dudc bién do
A(w.,) =1/GM . Tt giao di€m giita dudng Nyquist va dudng tron don vi ta xac dinh
dugc géc g= PM. N&u dudng Nyquist hoan toan nim bén trong dudng tron don vi
thi PM=¥ . N&u dudng Nyquist khong cit truc thuc Am thi GM=1/0=¥.

} Im A Im

Hinh 4.11 Xdc dinh d6 du trit bién va pha tiv biéu dé Nyquist
Duia vao biéu do Bode:

Do du trit bién GM tinh tir dudng L(w) dén truc w. P9 du trit pha PM tinh tir
dudng thing -p (hay -180°) dén dudng cong AAW).

A
AL(w) dB L(w) dB
0 WC W_p W 0 GM<0 Wc W
GM>0 L g L N

\QM<()

Hinh 4.12 Xdc dinh dj du trit bién va pha trén biéu do Bode

Sau khi xdc dinh dugc d6 du trir bién do GM va do du trit pha PM cua hé hé
ta c¢6 thé xét 8n dinh hé kin nhu sau:
Hé kin 8n dinh néu hé hé c6 do du trit bién va do du trit pha déu duong.
( Hé kin 6n dinh U hé hd ¢c6 GM>0dB va PM>0 °)
Trong thyc t&, d€ ddm bio hé thong hoat ddng &n dinh thi :
b6 dy trit bien GM =10 , 15dB
b6 du trit pha PM =30, 60°
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4.3.5 On dinh ctia hé théng c6 khau tré

Xét cdc hé thdng c6 khau tré nhu hinh vé :

— G(s) > —>(X)—>{ G(s) | TS >
e Ts
a) b)
Hinh 4.13

Ham truyén hé hé trong ca hai trudng hop a) va b):
Gp(s) =G(s)e ™
Ham truyén ctia hé kin:
- Ts

Gya(s) :&_TS Gyp () :m_h
1+G(s)e 1+ G(s)e
Phuong trinh dic tinh hé kin trong ca hai truGng hgp:

1+G(s)e ° =0
T’ T3
2l 3

N&u diing tiéu chuin 6n dinh dai sd cho hé thdng c6 khau tré thi ta phai thay
gin ding € ">bing tdng hitu han (vi du thay € '°=1- Ts), nhu vay viéc tinh todn
phtic tap ma k&t qua xét 6n dinh c6 thé khong chinh x4c. D€ tién 1gi hon, ngudi ta
thudng dung tiéu chuin Nyquist.

Ham truyén tin s6 hé hd :

Gp (jw) = G(jw)e " = Aw)eMe T

Bién do: A, (W)= A(w)=|G(jw)|

Go6c pha: A(w)= AHw)-wT

Nhu vay, khau tré khong 4nh hudng t6i
bién d ma chi tao thém gbc 1é€ch pha - wT.

Dwa vao bi€u d6 Nyquist ctia phin
khong tré ta c6 thé xay dung dudc bi€u dd
Nyquist ciia hé thong c6 tré. P& lam diéu d6
ta chi viéc quay vectds G(jw;) di mdt géc w;T
theo chiéu kim ddng hd. LAy nhiéu diém w; ta
s& vé& dudc toan bd dudng G,(jw). Khi tan s&
tang 1€n thi géc W;T cling ting trong khi bién
dd & tan so cao lai gidm vé 0 nén biu d6
Nyquist c6 dang dudng xoén 6c.

Tur bi€u d6 ta thdy khi c¢6 thém khau cham tré thi d6 du trit Sn dinh cda hé
thdng sé& gidm di.

Khai trién Taylor: € ' =1- Ts+ +L

Hinh 4.14
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Ke Ts
Ts+1
Hiy tim gid tri T gi6i han d€ hé kin hdi ti€p 4m ludn 6n dinh.
Gidi. Xét trudng hdp gidi han 6n dinh, dudng Nyquist di qua di€m (-1,j0), khi d6
tan s6 gidi han Wy, = W, =W_ ,. Ttfc 12 tai tan s8 giGi han Wy, thi bién do A(w)=1 va
gbéc pha AHw)=-p.
Bién do A(w) khong bi 4nh hudng bdi khau tré. Do d6:

Vidu4.12. Choham truyén cia hé hd 1a:  G(S) =

N O A
A =10 = e, 1 gt
p Wy = K_If_l;K>1

1
Géc pha ciia hé thdng khi chua ¢6 khdu tré e '°:

f (wy,) =- arctg(Tyw,,) =- arctgy K*- 1
Géc pha cia hé thdng bao gdm cd khau tré:

AWgh) =f (W) - Tgwyp = - arctg K*- 1- TgWgn =-P

Suy ra gid tri giéi han clia thdi gian tré T :
- _p-arctgVK? -1 T,
gh — -
Wgh VKZ-1

DE h¢ kin luon 6n dinh thi: TE£ Ty,

(p- arctgy K? - 1)

4.4 Phuong phap quy dao nghiém
4.4.1 Khai niém
Quy dao nghiém (QPN) la db thi bi€u dién tip hgp tit cd cdc nghiém cia
phuong trinh dic tinh khi c6 mot thong s6 nao d6 clia hé thong thay d6i tir 0 ® o.
Quy dao nghiém dugc dung d€ khio sit 4nh hudng ctia thong so thay ddi
dé&n chat lugng hé thong, vi du khio sat tinh 8n dinh cda hé thong khi hé s6 khuéch
dai (hay hiing s6 thdi gian,...) thay d6i tir 0 ® o.
Xét hé thong cé sd do khdi nhu hinh vé :

— G(s)
- Hinh 4.15
H(s)

Ham truyén cia hé hd: G, (S) = G()H(s)
Phuong trinh dic tinh cia h¢ kin: 1+ G,(s) =0
U Gy(s)=-1
U [ |Go(s9)|=1 :Diéukiénbiendo
{ ag[Gy(9)] =+ip (i=1,3,5..) :Diéu kién pha

v
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Mudn vé quy dao nghiém khi K 13 thong s6 thay ddi, trudc tién can bién ddi
phuong trinh dic tinh vé dang tuyén tinh theo K :
M(s) _
NS
U N(@+KM(s)=0

1+G,(9=0 U 1+K

Trong d6 M(s) 1a da thitc bac m; N(s) la da thidc bac n. Thong thudng m £n.
Go(s) c6 m zero l1a nghi€m cua M(s)=0 va n cuc la nghiém ctia N(s)=0.

4.4.2 Qui tic xay dung quy dao nghiém
1. S6 nhdnh cla quy dao nghiém = s6 cuc clia G((s) = bac clia phuong trinh
dac tinh = n.
2. C4c nhénh clia quy dao nghiém xua't phit tir cdc cuc ctia G o(s) khi K =0.
3. Khi K® ¥ ¢6 m nhdnh tién t6i m zero cia G(s), con lai (n-m) nhdnh ti€n
td1 ¥ theo cac ti€ém can.
4. GOc cha cac tiém can vdi truc thuc xac dinh béi:

a; =M v6i 1= 1,2,.n-m
n-m
5. Céc tiém can cling giao nhau tai mot di€m trén truc thuc c6 hoanh do:
g 4
_ A cuc- g zero _ 21pi ] 21Zi

Ro
n- m n- m

v4i p; : cuc cia Gy(s) ; z;: zero cia Go(s)
6. Quy dao nghiém do6i xitng qua truc thyc vi cdc nghiém phifc ludn cé tirng
cdp lién hgp.
7. Pi€m tich: 1a diém tai d6 hai nhanh QPN gip nhau va sau d6 tich ra khi
K ting. Piém tich nim trén truc thyc va 1 nghiém céia phuong trinh

—=0.
ds
K=0 K= K=
K=¥ ; K= K=0 * K=0 K=0 7( K=0
(o, O *—> < X > \\( < X
/i\K:O +

K= [ K= K=0 X‘ K=0
o] *—> }/ < X
&( K:O K:¥

Hinh 4.16. Minh hoa cdc dang ciia QPN tai diém tdch
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8. Mot di€m trén truc thuc thudc vé QPN néu tdng s6 lugng diém cuc va zero
cda Gy(s) bén phainé 1a mot so 18.
9. Giao di€m ctia QPN vdi truc 40 c6 thé xdc dinh bing 2 cich :
- Céch 1: Dung tiéu chuin Routh-Hurwitz d€ tim K gi6i han (K oh) roi thay
K,n vao phuong trinh dic tinh va gidi tim nghiém 4do.
- Cich 2: Thay s=jw vao phuong trinh dic tinh rdi cho phan thuc va phan 4o
bing 0, sau d6 gidira tim w va K.
10.Géc xuat phat va géc dén clia cdc nhanh dude xdc dinh tir diéu kién pha
m n
a ag(s- z)-  ag(s- p)==ip
i=1 i=1
Suy ra:
- G6c xudt phét tai cuc s=p; khi K=0 :

Uy _1800"'3. arg(pj z;)- a arg(pJ Pi)
=1 I1J
=180° + (téng céc goc tir cdc zero dén cuc pj)
— (tdng cdc gbc tir cdc cuc con lai d&n cuc pj).

- G6c dén tai zero s= z; khi K=¥ :
. & \
0, =180°- a arg(z; - Zi)+a. ag(z;- py)
il} i=1
11. Gi4 tri K doc theo QPN c¢6 thé x4c dinh tir diéu kién bién do
M S
N( s)

Suy ra gi4 tri K tai di€ém s batky trén QPN :

=1

|M( )| O |Sk p,| _ Tichcédc khodng cich tir diém s, dén céc cuc

| N(S)| O |Sk 2 | TlCh cdc khodng cich tir di€m s, d&n cic zero

i=1

A
Khi hé thong khong c6 zero thi K =Q|s, - p|

Vidu 4.13. Cho hé thong c6 s6 dd khdi nhu hinh vé :

\ 4

Y
R(s) 0k Gs) (S); &9 = 1
_ s(s+1)(s+3)

Hinh 4.17
Hiy vé quy dao nghiém cdia hé thong khi K thay ddi tir 0 ® ¥.
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Gidi. Phuong trinh dic tinh clia hé thong :
K 9
S(s+1(s+3)
S6 nhdnh, diém xuat phat, di€m két thic, cdc tiém can
Cuc: cobacyclap;=0;p,=-1;p3=-3
Zero: khdong cé
Do d6 qu§ dao nghiém gém ba nhdnh xuat phat tir cdc cuc khi K=0.
Khi K® ¥, ba nhdnh ti€n t6i ¥ theo cic tiém cin xdc dinh bdi:
- Go6c gilra cdc tiém can va truc thuc

1+KGis)=0 U 1+

a =220 (2P ia,=p (=2
|
ia,=2 (=3
I 3

- Giao diém gilta cdc ti€m cén va truc thuc c6 hoanh do:
_@cwe- §zer0_[0+(-D+(-3)] _
- n-m - 3-0 -
Xdc dinh diém tich cia QPN
Ta viét lai phuong trinh dic tinh :
s(s+(s+3J)+K=0

4
0 3

U (S>+45° +35)+K =0
U K =-(s®+4s” +39)
= d—K:-(3sz+8s+3)
ds
Do d6: ‘Z—K:o U -(3*+8s+3)=0
S

Giai ra ta dugc hai nghiém s,=-0,451; s,=-2,215
Ta chi nhan gi4 tri phit hop s,= -0,451 1a di€m tdch. Gid tri s,=-2,215 khdng
phit hdp vi diém nay khong thudc vé QPN (ki€m tra tdng s6 cuc va zero cia G ((s)
bén phai diém nay biing 2, 1a s6 chin).
Giao di€m ctia QPN vdi truc 4o
Cdch 1: Dung tiéu chudn Routh

Phuong trinh ddc tinh S* +4s® +3s+K =0
Bédng Routh:
1 3
4 K
3-K/M4 0
K

Theo tiéu chuidn Routh, diéu kién d€ hé &n dinh 1a:

125



Vay hé s6 khuéch dai gidi han 1a K, =12.
Thay K, =12 vao phuong trinh déc tinh ta c6:
$* +4s% +35+12=0
Giai ra ta dugc cac nghiém:
$=-4; S,3=%{/3
Do d6 QPN cit truc 4o tai hai diém: s=+j\/3
tuong ng v4i gid tri gidi han K=12

Cach 2:
Thay s=jw vao PTDT ta dugc 7
(iw)° + 4(jw)? + 3(jw)+ K= 0
- jw3- 4w+ 3jw+ K=0
0 1I AW +K=0 (phin thyc)
f-wP+3v=0 (phdn o) Hinh 4.18

0 jw= OK=0

[

fw=+4/3;K =12

Quy dao nghiém ciia hé thong dudc bi€u dién trén hinh 4.18. Cic diém cuc

cling 12 di€ém xudt phdt dugc ky hiéu bing ddu x . Cdc nghiém khi K=K =12 dudc
ky hiéu biing ddu -. V6i dudng quy dao nghiém ta c6 dudc cdi nhin tryc quan vé su
phu thudc chat lugng hé kin vao thong s6 K. Vi du, do quy dao nghiém cit truc 4o
tai K=12 va nim bén phai truc 4o khi K>12 nén hé thdng s& khong 6n dinh khi
K>12 va & gidi han &n dinh khi K=12 .

Vi du 4.14. Cho hé thong c6 s6 dd khdi nhu hinh vé :

Y 1
RO L = » G(s) Sl G =%~ a
< S s°+6s+13
Hinh 4.19

Hiy vé quy dao nghiém clia hé thong v6i 0< K< ¥ .
Gidi. Phuong trinh dic tinh ctia hé thdng :
1+ K =0
S(s° +6s+13)
Cuc: cébacucla p;=0;pr3=-3 52
Zero: khdong cé
Do d6: Quy dao nghiém gém ba nhdnh xuat phat tir cdc cuc khi K=0.

1+869=0 ©
S
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Khi K® ¥, ba nhdnh ti€n t6i ¥ theo cic tiém cin xdc dinh bdi:
- Go6c gilra cdc tiém can va truc thuc

. _(2-Dp_(2-Dp

| a:
n- m 3-0

wlo

n- 2P
1p’ 3

- Giao diém gifta cdc ti€m cén va truc thuc c6 hoanh do:
_cuc- §zero [0+(-3+j2)+(-3- j2)]- 0 _
- n- m - 3-0 -
Xdc dinh diém tich cia QPN
Viét lai phuong trinh dic tinh :

(s’ +65+13)+K =0
U K =-5(s? +65+13) =- (S° + 65 +139)

RO '2

d_K:_(352+125+13)
ds
Do d6: ‘Z—K:o U -(3°+12s+13)=0
S

Giai ra ta dugc hai nghiém phiic s, =-2+ j0,58 nén QPN khong c6 diém tdch.
Giao di€ém ctia QPN vdi truc 4o:
Thay s=jw vao phuong trinh dic tinh ta dugc:
- jw? - 6w? +13jw+ K= 0
L 1-w+K=0 _ jw=0K=0
Ui U
f-wW+13w=0  fw=%+13;K=78
Vay céc giao di€m cin tim 1a s=+j/13» +j3,6 tudng tng véi K= 78.

G6c xudt phat tir cyc phifc p, (-3+2)) :
Oz =180°- [arg(p, - py) +arg(p, - Ps)]

) 2
ag(p, - py) =ag[(- 3+ j2)- O]= arctg_—3: -33,7

. . 4
ag(p, - Ps) =agl(- 3+ j2)- (- 3- j2)] = arcy = o0®

P q,, =180- (- 33,7+90) =123,7° hay - 56, 3

Hinh 420 XV
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Vi du 4.15. Cho hé hdi ti€p 4m c¢6 ham truyén vong hd :
K(s+5
G,(s) = (5+5)
s(s+ 2)(s° +6s+10)
Hay v€ qu§ dao nghiém véi O< K <¥ .

Gidi.

Phuong trinh dic tinh ctia hé thong :

14+ Gy(s) =0
0 1+ K(s+5) _
s(s+2)(s” + 6s+10)

S& nhdnh, diém xuat phat, di€ém két thic, cdc tiém can

Cuc: coboncucla p;=0;pr=-2;p34=-3 %j

Zero: z;=-5

Quy dao nghiém gém bon nhanh xud't phat tir bon cyc khi K=0.

Khi K® ¥, mot nhanh ti€n dén z,, ba nhdnh con lai ti€n t5i ¥ theo cic tiém
cin xac dinh bdi:

- Go6c gilra cdc tiém can va truc thuc

. _(2-Dp_(2-Dp

a=—;p;—

n-m 4-1 3 3

- Giao diém gifta cdc ti€m cén va truc thuc c6 hoanh do:

_Acue- 3760 [0+(-2+(-3+()+(-3- |- (5)_ ,
n-m 4-1

Ro

2 ) ” .. dK
biém tach la nghi€ém cua phuong trinh o =0
S

Viét lai phuong trinh dic tinh :
s(s+2)(s* +6s+10) + K(s+5)=0
_ S(s+2)(s° +6s+10) _ s’ +85° +225" +20s

U
(s+5) (st+5)
b 0K (3s* +365° +1425° + 220s+100)
ds (s+5)?
) dK ~ 4 3
Do d6: e U 35" +365° +1425° + 220s+100=0
S

Gidi ra ta dugc bon nghiém, nhung chi c6 hai nghiém phu hop
$1=-5,98
{ $,=-0,76
$34= -2,63 £0,64j (loaibd)
Viy qu§ dao nghiém c6 hai diém tich s=-5,98 va s=-0,76.
Giao di€ém ctia QPN vdi truc 4o:

Phuong trinh ddc tinh:
s(s+2)(s* +65+10) + K(s+5) =0
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U  s*+85°+225° +(20+K)s+5K =0 md ey

Thay s=jw vao ta dugc

w* - 8jw? - 22w% + (20+ K)jw+ 5K= 0

L Iwt- 2202 +5K =0 /1

Ui K=¥ T (] Re
T—8vv3+(20+ Kw=0 o \2/3.:( 1<t >
iw=0, k=0 " RN

O fw=+j4,74; K =- 199,63 (loai bd) ‘
lw=+211;K =15,63 \

Vay cdc giao diém can timla s = +j2,11 K=¥

tuong tng véi K= 15,63 .
Hinh 4.21
G6c xudt phat tir cyc phitc p3 (-3+)) :
O3 =180° +arg(ps - ) - [arg(p; - p) +ag(ps - P)+arg(ps - Py )]

arg(ps - ) =arg[(- 3+ )+ 5] = arctg% = 26,6°
. 1

ag(ps- p) =arg[(- 3+j)- O]= arctg_—3=- 18,4°
: 1

arg(pS - p2) = al’g[(- 3+ J)+ 2] = arctgj-: - 45°

arg(ps - Pa) = argl(- 3+ J)- (- 3- )= arctg%z o0’

Suy ra:
Op3 =180+(26,6) - (- 18,4- 45+90) =180°

Vi du 4.16. Cho hé hdi ti€p 4m c¢6 ham truyén vong hd :

GO (S) = &
S(s+6)(s+a)

Hiy vé quy dao nghiém ctia hé thong khi hé s6 a thay ddi tir 0 ® ¥.

Gidi.
Phuong trinh dic tinh ctia hé thong :
1+ Go(s) =0
@] + L =
s(s+6)(st+a)
U s(s+6)(s+a)+400=0
U  $$+65°+400+as(s+6)=0

o 1+ 3as(s+6) =
s’ +6¢° +400
Céc cuc: p,=-10; p,=2+6j; p3=2- 6]

Céczero: z,=0; z,=-6
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Quy dao nghiém gdm ba nhdnh xuat phat tir cdc cuc khi a=0. Khi a ® ¥, hai
nhdnh ti€n dén cdc zero, mot nhanh con lai ti€n téi ¥ theo tiém cin.
Go6c gifra ti€ém can va truc thuc
a, = (2i-Dp _(2-Dp b
n- m 3-2
Pudng tiém cin chinh 13 truc thuc nén khong can tinh giao diém gitta tiém
can va truc thuc.

a =p=180° (i=1)

2 . , .. da
biém tach la nghi€ém cua phuong trinh s =0

Viét lai phuong trinh dic tinh :  $° +65% +400+as(s+6) =0

s3 +65% +400
b a=- -
s° +6s
b da_s'+125°+365" - 800s- 2400
ds (s® +65)°
%:o U s*+12s® +365° - 800s- 2400=0

Gidi ra ta dugc bon nghiém
s =-29 (chon)
:'Sz =+6,9 (loai bo)
Is,,=-8+j7,48 (loaibd)
Ta chi chon nghiém phil hgp s=-2,9 12 di€m tich.
Giao di€m ctia QPN vdi truc 4o:
Phuong trinh ddc tinh:
s® +65° +400+as(s+6) =0
U  S+(6+a)s’ +6as+400=0
Thay s=jw vao ta dugc
- jw? - (6+ a)w? + 6aw+ 400= 0
}-(6+a)w +400=0

O
f-w?+6av=0
Gidi ra ta dugc:
iw=0; a=%¥

lw=+585: a=57
lw=+8,38; a=-117 (loaibd)

Vay céc giao diém cAn tim 12 s=+5,85, tuong &ng v4i gid tri gidi han a=5,7
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G6c xudt phat tai cuc phitc p,(2+j6):
Op2 =180° + %arg(pz - Z)- ? 2arg(laz - p)
arg(p, - z;) =arg[(2+ j6)- O] = arctgg: 71,6°
ag(p, - 2;) = argl(2+ 16)+ 6= arctg = 36,9
ag(p, - py) = ag(2+ j6)+ 10]= arctg > = 26,6
aq(p, - ps) = agl(2+ j6)- (2- j6))= arcigs= o0

P 0, =180+(71,6+36,9)- (26,6+90) =171,9°

A

a=¥ a=

10 8 -6 -4

Hinh 4.22
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Chuong 5
CHAT LUQONG HE THONG PIEU KHIEN

5.1 C4c chi tiéu chat lugng

Yéu ciu dau tién ctia mot hé thdng diéu khién 13 &n dinh. Tuy nhién, yéu
cau nay chua di dé ddm bio hé thong hoat dong tot. Trong thuc t&, hé thong con
phai dong thdi thod min nhiéu yéu ciu khic, bao gdm cdc chi tiéu chit lugng cla
ddp tng qua do (chat lugng ddong hoc) va sai sd x4c 1ap (chat lugng tinh hoc), kha
ning chong nhiéu,...

Thong thudng, chit lugng dong va tinh hoc cia cdc hé thong diéu khién
dugc ddnh gia thong qua ddp dng qud do ddi véi tin hiéu vao bic thang don vi vi
dé thuc hién va di chinh xdc (N&u biét dude ddp ng véi tin hiéu vao bac thang
don vi thi c6 thé tinh dugc ddp ¥ng clia tin hiéu vao bat ky).

Khi tdc dong vao hé thdng mot tin hiéu bac thang don vi 1(t) thi ddp dng
diu ra sé c6 dang dién hinh 12 dao dong tit din nhu trén hinh 5.1.

4 y(®
Ymaxp---9]--- -
| AN
N R e S e i B
90%y (¥)1=~|
_ b i b
10%y(¥)f
0

Hinh 5.1 Cdc thong sé chdt lugng ciia ddp iing qud do
Cha't lugng cda hé thong dugc ddnh gid qua cdc thdong s6 (chi tiéu) sau:

- Thoi gian qua dd tg hay tee¢ (settling time) : 13 thdi gian cAn thiét dé tin hi¢u
ra dat va duy tri dugc gid tri xdc 1ap y(¥) vdi sai s6 cho phép *2% (hoidc +5% ).

- Do vot 16 s% hay POT (d6 qué diéu chinh, Percent Overshoot): 12 sai 1éch
giffa gia tri cuc dai va gid tri xdc 14p cda dap ng, tinh theo phan trim :

- y(¥
POT =59 = Yma " Y¥) 15005 (5-1)
y(¥)
Hai chi tiéu d6 vot 16 va thdi gian qua d6 thudng trai ngudc nhau: d€ c6 do

vot 18 nhd thi thdi gian qud dd sé& 16n va ngudc lai.

- Sai s6 xdc l1ap e(¥) hay e (steady-state error): 12 sai léch giita tin hiéu vao
va tin hiéu hdi ti€p & trang thdi x4c 1ap. Sai s6 xdc 1ap dic trung cho dd chinh xdc
cia hé thong diéu khién.
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Tong quit: e(¥)= tlg@rg et) = Isgg sE(s) (5-2)
V&i hé hdi ti€p Am don vi va tin hiéu vao 1a ham 1(t) thi:
&¥)=1-y(¥)=1- limh()=1- lim G (s) (5-3)
Ngoai cdc thong sd trén, ngudi ta con xét dén cdc thong s6 phu 1a:
- Thdi gian ting trudng t. (rise time) : La thdi gian cin thiét d€ dap dng ting tir
10% dén 90% gid tri x4c 1ap y(¥).
- Thdi gian d€ y(t) dat 50% gia tri xac 1ap tq (delay time).
- Thai gian 1é€n dinh tyhay tpeak : thdi gian cAn dé dap tng dat gid tri cuc dai.
- S0 chu ky dao dong tru6c khi ddp dng dat gid tri x4c 14p.
5.2 Phan tich sai sé xac lap
Sai s6 xdc 1ap khong nhitng phu thudc vao ciu tric va thdng sd clia hé
thdng ma con phu thudc vao loai tin hiéu vao.
Xét hé thdng hdi ti€p Am c6 sd d6 nhu hinh 5.2.

R(s) E(s) Y(s)
G(s) >

Hinh 5.2

- H(s)

Ham truyén cda hé thdng & trang thdi hd (hé hd) :
Gy () =G(9)H(9)

Ham truyén ctia hé kin:

Y(s)_  G(9

R(S) 1+G(SH(9

Sai s cda hé thong viét theo dang todn tit Laplace:

Gy (9) =

_ _ R(S)G(s)H(s) R(s)
=R(9)- Y(S)H(s) = R(s)- S C
EO =R YERO=RO T 5 9h 58 = I e9HE
Sai so xdc lap:
L L ey SR(s)
e(¥) = ng e(t) = ng SE(s) = |Sgg 4 GEOHE (5-4)
1) Tin hiéu vao bac thang don vi
r(t)=1(t) P R(s)=1/s
: S 1 1
b e¥)=lm— > =
®01+G(S)H(s) s 1+!5|®rr3 G(s)H(s)
Néu goi K, = ls'@”(} G(S)H(s) 12 hé s6 sai s6 vi tr thi :
_ 1 i
e(¥)= 15K, (5-5)
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2) Tin hiéu vao 1a ham doc don vi
(=t P R(E==
S
1 1

b e¥)=lim——> —_ ~=_
©01+G(s)H(s) s limsG(s)H(s)

Néu goi K, =limsG(s)H(s) 1a hé s& sai s6 van toc thi :
s® 0

-1 i
e(¥) =2 (5-6)

\%

3) Tin hiéu vao la ham parabol

(=210 P RO -1

- q

— i S = L
b e<¥>—Lgum-s'ngsze<s>H<s>

w

Né&u goi K, = |i®rr01 SG(s)H(S) 1a hé s sai s6 gia toc thi :

_1 _
o¥) = (5-7)

a
Nhdn xét:
Tuy theo s& khau tich phin Iy tudng c6 trong ham truyén hé hd G(s)H(s) ma
Kp, Ky, Ky ¢6 gid tri nhu bang sau:

S6 khau tich phan

Kp Ky K,
c6 trong G(s)H(s)
0 < ¥ (hitu han) 0 0
1 ¥ < ¥ (hitu han) 0
2 ¥ ¥ < ¥ (hitu han)
33 ¥ ¥ ¥

- Né&u hé hd khong cé khau tich phan 1y tudng thi hé thong kin theo kip su

thay d6i cia tin hiéu vao 1(t) v6i sai s6 e(¥)= va khong theo kip su thay

P
ddi cda tin hiéu vao 1a ham d6c va ham parabol.

- N&u hé hd c6 mot khau tich phan Iy twdng thi hé thong kin theo kip su thay
ddi ctia tin hiéu vao 1(t) vdi sai s6 e(¥)=0 va theo kip su thay ddi clia tin hiéu vao
12 ham d&c v6i sai s6 e(¥)=1/K,, va khong theo kip su thay ddi clia tin hiéu vao
12 ham parabol. Hé thdng loai nay dudc goi 1a hé vo sai bic mot.

- N&u hé hd c6 hai khau tich phan 1y twdng thi hé théng kin theo kip su thay
ddi ctia tin hiéu vao 1(t) va ham doc vdi sai s6 e(¥)=0 va theo kip su thay ddi clia
tin hi€u vao 1a ham parabol vdi sai s €(¥)=1/K,. H¢ thdng loai nay dugc goi la
hé vo sai bac hai.
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- N&u hé hd c6 ba khau tich phan Iy twdng thi hé thong kin theo kip su thay
ddi cta tin hiéu vao 1(t), ham ddc va ham parabol vdi sai s6 e( ¥)=0 . Hé thong
loai nay dugc goi la hé vo sai bac ba.

- Hé thong c¢6 n khau tich phan 1y twdng goi 1a hé vo sai bac n.

5.3 Phan tich dap dng qua do
1) Hé béc hai
Viéc khdo sat ddp ng clia hé bac hai rit dugc quan tAm vi:

- Nhiéu hé thong trong thuc t€ c¢6 ham truyén bic hai, nhu mach RLC, dong

cd DC diéu khién toc d6 bing dién 4p phin wng, cic hé cd khi mbk ...

- Cdc hé thong bic cao c6 thé dugc xap xi vé hé bac hai d€ ti€n hanh phan

tich va thi€t k& sd bd v6i mot do chinh x4c hop 1y.

Xét hé bac hai ¢6 ham truyén dang:

G (9=r D= W,
R(s) T FxXTs+l & + 2XW, S+ W’

R(s) _ E(s) W2 Y(s) . R(s) Wa Y(s)

n n
» U —> —>
%_ S(S+ 2xw,,) S + 2XW, S+ W},

Tin hiéu vao la ham bac thang don vi r(t)=1(t).
Tu chuong 3 ta biét :
@ Khi x> 1, hé c6 hai cuc thyc riéng biét: s, =-(1/T,) va s =-(1/T))
v6i T T,=T> vd T;+T,=2xT.

bédp tng qud d6 khong dao dong :

(t) 1- L -t/Ty +L.e- t/T, (5-8)

@ Khix=1, hé cb ciap cu’c thuc, boi: S =S,=-1/T)=-w,
bédp tng qud d6 khong dao dong :
y(t)=1- e VT %e‘”T =1- ¢ "t . w_te Vit (5-9)

@ Khi 0<x<1hé c6 cip cuc phitc lién hgp s, =- XW,, £ jw,/1- X

Piép ttng qua dd 12 dao dong tit dan:

o} - XWnt
y(t)=1- €* coswt+ smwt— 1- sin(wt + /) (5-10)
P 1- X
. _1 . 2
trong do : W, =T ; W=W,4/1- X° ; AE=arccos X ; (5-11)

Chiing ta sé& phan tich trudng hop di€n hinh 14 ddp ¢ng dao dong tit dan.
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a) Do vot 16 POT :

Do vot 16 x4y ra tai thdi diém tuong tng véi di€m cuc dai 16n nhat cia y(t).
Do d6 can tinh dao ham ctia y(t) va gidi phuong trinh dao haim dé tim cuc tri.

e 0 e 0
i .9 . XW :
%:ane Xt ¢ ooswt + ——= —sinwt *+ e Xt ow sinwt- —CosWt%
L S 1- x P § 1- x P
= Yo W gt ginwg
dt  J1- %2
n
Y_op =" o012, (5-12)
dt w

n= 2k (k=0,1,2...) : Gng véi cic cuc tiéu,
n=2k+1 : @ng vGi cdc cuc dai.
bi€m cyc dai 16n nhdt tng v6in=1va t=t , =p/w nén:

v

Yimax =
Do vot 16 : POT:M:Ymax -1
y(¥)
- pX/Af1- X2
b POT = e( P ).100% (5-13)
Pit b=+1- x? thi: | POT =& ™'®) 100% (5-13b)

Ta tha'y d6 vot 16 POT clia hé bic hai dao dong chi phu thudc hé s6 tit din X.
Khi x ting thi POT gidm va ngugc lai.
V61 x=0,7 thi POT =4,6%
Vé6i x=0,3 thi POT =37,2% .

mg————————7 71— 20 T 7N
\ ] N VA
B0 , , ; 1.8 / o 7 \
1] LR _ Wﬁ e 1.6 ~-0.5 / 0.2
ol G(S)_sz+2xw S+W, N/ 0 / \
Y _ S T T 14 XN/ ~ 0.4 N
i - 12 i : e
e Y(t) 1.0 6.7 - : e .
T 0.8 o8 / A — - \
- 0.6 |—-i //10 ><-//// \
|l W N / \
_ I ZSEha \
0 P . _i - I . 'H \K
@ 01 02 €3 04 0F 06 07 08 08 1 6 1 2 3 4 5 6 7 8 9 10 1 12
X—» t —
Hinh 5.3 Hinh 5.4
DPuong cong POT theo X Ddp ving qud do hé bdc 2
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b) Thoi gian qua do
- Theo tiéu chuin 2% :

|ymin,max - y(¥ )| =2% 0

b =10 2,4 e (5-14)
pX pX

Do d6 s6 1an dao dong quanh gid tri xdc 14p trong thdi gian qué do:

e(- npx/ \/17 )

=0,02

n_2 s N .
= 5 =—1- x* : dudgc quy tron vé sO nguyén gan nhat.
PX
Thdi gian qua dd theo tiéu chuin 2%:
n 4 4
t =P, b | ti=—" (5-15)
W XW, XW,

- Theo tiéu chudn 5% :

Tinh todn tuong tu ta co6: te=—— (5-16)
XW,
¢) Thai gian ting trudng :
budgc tinh theo cong thitc:
t, :i(L 589x° - 0,1562x° +0,924x +1, 0141) (5-17)
Wn

2) Hé bac cao

Hé bac cao c6 nhiéu hon hai cuc. Pdp tng tuong ng vdi cdc cuc nim cing
xa truc 4o suy gidm cang nhanh. Do d6 c6 thé xap xi hé bac cao vé hé bac hai véi
hai cu'c nim gin truc 4o nhat, goi 12 cdp cuc tréi hay cip cuc quyét dinh.

4 Im cip cyc troi 4 Im
S \A
Xomommomos W, /1- X X
1 X D
> Re | ! Re
I > : X : >
- O\
i X |
G X - W,/1- X X
Hinh 5.5 Cdp cuc cua Hinh 5.6
hé bdc hai dao dong Cdp cuc trji ciia hé bdc 5

Po6 du trit 6n dinh : T rong mién thdi gian, dd dv trit 6n dinh mdudc dinh nghia 1a
khodng cdch tir truc 40 d&€n nghiém cuc (thyc hodc phitc) gan nhat. N6i cach khic,
hé c¢6 @6 du trit 8n dinh m U Re(s;) £ -m véi s, (i=1,2,..n) 1a cdc cuc clia hé.

N&u m cang 16n thi qué trinh qud d6 cang nhanh vé xdc lap, tinh &n dinh cla
hé cang cao.
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Vidy5.1. Chohé théng c6 ham truydn:  G(8) =0
s” +20s+1600

Hay tim POT ; tg theo chuin 2%
Gidi.
Taco: w, = /1600 = 40
2Xw, =20 P x=0,25

b=41- x? =4/1- 0,25% = 0,968
Px_02P_ e
b 0,968

-px

Povotls: POT=eP = %8 100% = 44,43%

Thoi gian qud do:  tg = va = © 25A)f (0) =
n ’ .

Vidu 5.2. Cho hé théng c6 sd dd nhu hinh 5.7. Xac dinh gi4 tri hé s K va a d€ hé
c6O W, = Srad/s va x=0,7 .

r € K y
S(s+4)

»
»

) 4

Hinh 5.7

1+as

Gidi. Ham truyén cia hé thong :

K
s+4 K
G (9)= S|(<(1+)as) ~ g
1+ s +(4+Ka)s+K
S(s+4)
oxW, - 4 ;
Suyra: wZ=K=25: a= xv;% _20,7(5)-4_ 0.12
Vidu 5.3. Xéthé thong c6 s6 dd khdi nhu hinh vé .
r=1(t e y
© G (s) »  G(s) >
a) Khdo sat dip ng clia hé thong véi :
Bo6 diéu khién P : Ge(s) = Kp=1
e - N o« 2 20
bo6i tuong diéu khién PT, : G(s) = —
01 tugng di€u khi€n PT, (s) Zrer 0
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2 - , g . N o N ~ A A o
b) Khao st tinh 0n dinh va sai sd xdc 1ap ctia hé vdi :

Bo diéu khién P : G(s)=Kp>0tuyy
y . . K
Pé6i tugng diéu khién PT, : G(s) =
ne ? ® =g raxTsr1

Gidi.
a) Khdo sit hé thong v6i Kp=1.
Ham truyén cda hé thong:

20
_Y(©) _ KpGs) _ P+gs+12 - 20
G, (9) = = = =
R(S) 1+KpG(s) 1, 20 S” +8s+32
s? +8s+12
Ham qud do h(t) =y,
Anh Laplace ctia ham qué do:
G, (s 20 20
H(9 = Lty =26 = -—
S S(s®+8s+32) Ss[(s+4) +47]
538 (s+4) 4 O

" TR (v (@7 (o (47

b h(t)=L[H()] :5(1- e“ cos4t - & sin4t)

8
=2 g (cos4t +sin4t)
8 8
=2 —5\/§e"‘t sin(4t +45°)
8 8
e . 5
A ac lap: h(¥)=Ilimh(t)==
Gi4 tri xac lap (¥) tér;l (t) 3
i 5 3
Sai s0 xéc lap: e(¥)=1-h(¥)=1- gzg >0

D€ tinh todn d6 vot 16 va cdc chi tiéu thdi gian, ta cAn chuyén ham truyén cda
hé vé dang chuin cia hé bac hai nhu sau:
20 KW

S +85+32 %+ 2XW, S+W2

Véi: K, =20/32=5/8: hé s6 khuéch dai clia hé.

Gy (s) =

Do hé tuyén tinh thod nguyén 1y x&p chong nén hé s6 khuéch dai K , chi ¢6
tic dung nhan ti 1& bién d0, hoan toan khong lam thay d6i dang dudng dap tng
qud dod. Do d@6 K, chi lam thay ddi gid tri xdac 1ap h(¥) va sai s6 xdc lap e(¥). K,
khong 4nh hudng t6i d6 vot 16 POT (vi tinh theo %) va cdc thdng sd thdi gian clia
hé thdng, cdc thdong s6 nay dugc tinh tuong tw nhu khi K , =1.
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W, =/32=4./2=5,657

b=4/1- x? =/1- (1/2) =+/2/2=0,707
E:O,7O7p:p:3’14
b 0,707

(- px/+/1- xz) %

bovotlo: POT=¢ =e ” =€ P.100%=4,32%

Thoi gian 1en dinh: they =2 =—P-= 220,785 sec

W W,
Thoi gian qud do:  tg » 4 4 =1
Xw, 4
(N€u gidi phuong trinh: h(t) = § - i e sin(4t+45°) = g (1+£0,02)

, ta c6 gid tri chinh xdc 1a tg =1,05 sec)
Thdi gian ting trudng:

=t (1,589 - 0,1562x" +0,924x +1,0141) = 0,38 sec

Wh

DPép tng ctia hé thong v6i Kp=1 dugc vé trén hinh 5.8 (a).

(b)
Hinh 5.8 Ddp ving qud dé ciia hé thong cho & vi du 5.3

b) Khio sdt hé thong khi hé s8 khuéch dai K p >0 thay ddi tuy §.

Ham truyén cla hé :

KK,

T?%? +2xTs+1  _ KK,

KK, 0 T22+2xTs+1+KK,
8T232 +2XTs+1g

G, (s) =
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Phuong trinh dic tinh cla hé:
T?S +2xTs+1+KK, =0
Ta bi€t diéu kién cin va di dé hé bac hai n dinh 13 cdc hé s6 cia phuong
trinh dic tinh déu duong. Do dé hé thdng ludn &n dinh véi moi gia tri K p>0
Theo dinh 1y gi4 tri cudi:

. KK
h)=1imG = P <1 " Kp>0
(¥) lim Kk (S) 1+ KK, p>
Do d6 sai s6 xdc lap:
1
e(¥)=1-h(¥) =——>0 " Kp>0
(¥) (¥) 1+KK. P

Pip ttng ctia hé kin khi K thay d6i dugc vé trén hinh 5.8(b).
Nhdn xét:
- Né&u ding bd P két hop véi ddi tugng diéu khién loai PT |, PT, thi hé kin 8n
dinh " Kp>0 va ludn c6 sai s6 xdc lap e(¥) 1 0. Khi ting hé s6 khué&ch dai
Kp thi sai s6 xdc l1ap s& gidm, rit ngdn dugc thdi gian qua dd nhung lai lam
ting tinh dao dong clia ddp ng (tic 1 ting do vot 16).
- Né&u diing bo P két hop vdi d6i tuong c6 bac ham truyén >2 (vi du, ddi tugng
gdm n; khau PT, ndi ti€p vdi n, khiau PT,,...) thi phuong trinh dic tinh cta hé
kin cling c¢6 bac>2, vi vay khi ting Kp vuot qué gid tri gidi han, hé thong sé&
mat &n dinh.

Tém lai, bd dicu chinh P v6i hé s& Kp chon phit hop cho phép ddp tng cla
hé kin nhanh chéng dat gia tri x4c 1ap vdi sai s6 nhat dinh (tr ir trudng hop ham
truyén hé hd c6 khau I thi hé kin c6 sai sd x4c 1ap bing 0).

Vidu 5.4. Xéthé thong c6 s6 dd khdi nhu hinh vé:

| BOPD |
LK [ |
o e | | 20 y
g i Kifs | & +85+12 g
- : KD.S :
L e — -

a) Khdo sdt ddp tng clia hé thong véi :
B6 diéu khién PID c6 thongsé Kp=12; K;=36; Kp =1.
20
s*+8s+12
b) Giit nguyén Kp = 12 ; Kp= 1 va thay d6i gid tri K; >0 tuy y.

Dai tugng diéu khién PT,: G(s) =

2 2 , e . N s ANz A 2 A ~
Khao sdt tinh 6n dinh va sai s6 xdc 1ap cua hé thong.
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Giai. a) Khio sit hé thong véi Kp =12; K; =36; Kp =1.
Ham truyén ctia bo PID:
Kps® +Kps+K, % +12s+36
S S

K
Gpip(8) =Kp +—-+Kps=
S

Ham truyén mach hé:

&’ +12s+360x 20 0

S) =Gpp(9).G(s

Gy, (8) =Gpp (9)-G(s) = g S 085 T8t 125
_ads+6)°0e 20 0_ 20(s+6)
§ s KAty s+

Ham truyén clia hé thong:
6.(9=TO - Cap(CO) _ 20(s+6)
R(s) 1+ Gpp(9) G(s) s? +225+120
Anh Laplace ctia ham qué do:

HE =L[h@p = CK& =206+ 20s+6)
S(s? +225+120) S(s+10)(s+12)

Mau s6 ctia H(s) ¢6 3 nghiém don s=0; s=—10; s=—12
Do d6 c6 thé phan tich:
Hg = 2068 AL Ay L A
s(s+10)(s+12) s s+10 s+12

A= lim{sH() = lim 20"
®0 (s+10)(s+12)

= lim [(s+10)H(9] = lim 225*0) _-80_
s® - 10 s®-10 s(s+12) -20

20(s+6) _-120 _
4 S(s+10) 24

I|m [(s+12)H(s)] -5

p H()_—+ 4 >
S s+10 s+12

P Hamqud do:  h(t) =L {H(s)] =1+ 4e 1 - 5¢ 12
Gid tr xdc 14p : h(¥) =limh(t) =1
Saiso xdclap: e¥)=1- h(¥)=0
b) Khio sit hé thong véi Kp=12; Kp=1; K;>0
Ham truyén ctia hé thong :

& +12s+K, 6 20 §
-GSO _ s fP4Bs+125 _ 20(*+125+K,)
1+ Gpyp (9).G(S) & +12s+K, 0 20 & S +285% + 2525+ 20K,
$ s E+8s+12p

1+
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Phuong trinh dic tinh cla hé:
s® +285% + 2525+ 20K, =0

Lap bang Routh :
1 252
28 20K,
(28)(252) - 20K, 0
28
20K, 0

Theo tiéu chudn Routh, diéu kién cin va di dé hé thdng 6n dinh 1a cdc hé
s6 & cot thit nhat cia bang Routh déu duong. Tic 1a:
1(28)(252) - 20K, >0

| 0<K, <352,8
120K, >0
Do d6 hé thdng kin chi 8n dinh khi thong s& K | ¢6 gi4 tri trong gi6i han:
0<K, <3528
Vi hé thong dn dinh ta ¢6 thé dp dung dinh 1y gid tri cudi :
: : 20K
h¥)=I =1 =—1=1
¥) =0 sHE= 1IN GO 50,
b e¥)=I1-h¥)=0 " 0<K;<Ky,=3528

Nhan xét

- N&u chi st dung riéng thanh phan Kp thi sai s6 xdc 1ap e(¥) ludn ton tai
(1 0). Ting Kp sé& 1am ting tdc dd ddp dng clia hé kin, gidm thJi gian qud do va
sai s0 xdc l1ap nhung lai l1am ting tinh dao ddng cla hé (ting do vot 16). V§i doi
tuong c6 bac ham truyén > bac 2 thi khi K p ting qud cao, hé thong s& mit 6n dinh.

- N&u sit dung thém thanh phin K thi trong pham vi hé thdng con 8n dinh, sai
s6 xdc l1dp e(¥) luon bing 0. Tiang K; s& 1am ting toc do ddp ¢ng ciia hé kin, gidm
thdi gian qua d6 nhung lai Iam ting do vot 16 . Khi K ting qud gidi han, hé thdng
s& mat &n dinh.

- Thanh phan Kp c6 tdc dung lam gidm dao dong, gidm d6 vot 16 nhung
khong dnh hudng dén sai sd xdc 14p cda hé thong. Tin hiéu ra cda thanh phan K pti
1é vdi dao ham cida e(t) nén tdc dung hiéu chinh ctia n6 chii y&u la § giai doan diu
ctia dap tng qua do.

Phdi hdp ca ba thanh phan Kp, Kp, K; véi gid tri dude lua chon thich hdp, ta
c6 thé hiéu chinh d€ hé thdng kin 6n dinh, sai s6 e( ¥)=0, thdi gian qud do va do
vot 16 dat yéu cau mong mudn.
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5.4 Cic tiéu chuén t&i vu hoa dap Wng qua do

Bén canh phuong phdp triuc ti€p dé€ danh gid chit lugng qua dd 1a tim va
phan tich ham quéd d6 biing cdch gidi phuong trinh vi phan hay tng dung phép bi€n
ddi Laplace ngugc, ngudi ta con ding phuong phdp gidn ti€p 12 ddnh gid dva vao
céc tiéu chudn t6i wvu hod. Cédc tiéu chudn nay tim diéu kién d€ ddp ¢ng clia hé dat
dugc sy dung hoa tdt nhat gitta thdi gian qud dd va do vot 16. Hé thong dat chat
lugng tt nhat khi gid tri cdc tich phan dudi day 12 cyc tiéu.
1) Tiéu chuin IAE (Integral of the Absolute magnitude of the Error criterion —

LN A s A . A e T A A . N
Tiéu chuan tich phan cta tri tuyét do1 bién do sai so )
¥

S = 6e(t)|dt ® min
0
Poi véi hé bac hai: S; ® min khi x=0,707

2) Tiéu chuéin ISE (Integral of the Square of the Error criterion — Tiéu chuén tich
phan clia binh phudng sai s8 )

S =i‘)§2 (t)dt ® min

Pdi v6i hé bac hai: S, ® min khi x=0,5
3) Tiéu chuin ITAE (Integral of Time multiplied by the Absolute value of the
Error criterion — Tiéu chuén tich phan clia tich thdi gian va tri tuyét d6i sai s0)

83=i‘j|e(t)| dt ® min

Pdi v6i hé bac hai: S; ® min khi x=0,707
Trong ba tiéu chudn trén, tiéu chudn ITAE dugc st dung nhiéu nhat.
Pé ddp tng qua d6 cda hé kin bac n 12 t6i wu theo tiéu chuidn ITAE va hé kin
c6 sai s& xdc 1ap vi tri bing 0 thi ham truyén hé kin bic n phai c6 i s6 1a
w," va da thdc mau s6 (cling chinh 1a da thic dic tinh ctia hé kin) c¢6 dang

nhu bang sau :

Bac MaAu s6 ham truyén
1 S+W,
2 S +1,414w,S+ W,
3 S’ +1,75w, 8" +2,15W's + W
4 s'+2,1w. S’ +3,4WS” +2,7Ws + il
5 S +2,8w.s' +5Ws’ +55W S +3,4\ls +W
6 S +3,25W,S° +6,6W s’ +8,6 WS’ +7,45W s +3,95 s +W
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Vi du 5.5.
- Hé kin bac hai sé& c6 sai s6 xdc 1ap vi tri e(¥)=0 va ITAE cuc tiéu néu c6
ham truyén:

w2

n

G, (s) =
(8 s? +1,414w, 5+ W>

A . A ~ P . ~ ~ A . , N o R A 2
- Heé kin bac ba s€ c6 sai s0 xdc lap vi tri e(¥)=0 va ITAE cyc ti€u né€u co
ham truyén:

W’

n

G (s) =
=3 +1,75w,8° + 2,15W2s+ W

Pé ddp tng qua d6 cda hé kin bac n 12 t5i wu theo tiéu chuidn ITAE va hé kin
c6 sai s xdc 14p van tdc bing 0 thi hAm truyén hé kin bic n phdi c6 dang:
_ e
G, (s) = n n-1
s"+a, 8" +..+a,

Trong dé da thitc mAu s& cia ham truyén dudc 14y theo bang sau :

Bac MaAu s6 ham truyén
2 S +3,2W, S+ W,
3 S’ +1,75w, 8 +3,25W'S + W,
4 s'+2,41w,S° +4,93W s +5,14W's +Ww,
5 S +2,19w,s' +6,5WS’ +6,3Ws +5,24 s +W
6 S +6,12w, 8> +13,42wWs' +17,16 WS’ +14,14 S 46,76 Ws +\
Vi du 5.6.

- Hé kin bac hai s& c6 sai s6 xdc 14p van toc e(¥)=0 va ITAE cuc ti€u néu c6
ham truyén:

3,2wW, S+ W
S +3,2w,S+W?

Gy(s) =

- Hé kin bac ba sé& c6 sai s& xdc l1ap van toc e(¥)=0 va ITAE cuc tiéu néu c6
ham truyén:
3,25W s +wW>

S®+1,75w, 8" + 3,25W s+ W

Gy(s) =
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5.5 Giai phuong trinh trang thai
1) Phuong phap giai tich
Xét hé thong c6 md hinh trang thi:
1 K(t) = Ax(t) + Bu(t) (5-18)
1y(t) = Cx(t) + Du(t) (5-19)
Bai to4n ditra Ia xdc dinh ddp ¢ng y(t) cia hé thong khi bi€t tin hiéu vao u(t)
va diéu kién ddu (trang thdi ddu) x(0). P& tim y(t), truSc tién ta phdi tinh dugc
nghiém x(t) cia phuong trinh trang thai (5-18), sau d6 thay x(t) vira tim dudc vao
phuong trinh dau ra (5-19).

Bi&n ddi Laplace hai v& phuong trinh (5-18), ta dudc:
sX(s) - x(0) = AX(s) + BU(s)

p (sI- A) X(s) = x(0) + BU(s)
p X(s)=(sl- A)Y*x(0)+(sl- Ay tBU(S) (5-20)
Pit F(s)=(sl- A) !, thay vao biéu thic (5-20) ta dugc:
X(s) =F (9)x(0) + F (5)BU(s) (5-21)
Bi&n ddi Laplace ngugc hai v& clia (5-21) ta dugc:
t
x(t) =F ()x(0) + (F (t- t)Bu(t)dt (5-22)
0
trongdé:  F(t)=LF ()]=L1[(s- A)Y?Y] (5-23)
- Né&u diéu kién dau bing O thi :
t
x(t) = ¢F (t- t)Bu(t)dt (5-24)
0
- N&u tin hiéu vaou(t)=0 thi:  x(t) =F (t)x(0) (5-25)

Ma tran F (t) dugc goi 12 ma trdn qud d¢ hay ma trgn chuyén trang thdi ciia
hé thdng. Tinh F(t) theo cdng thitc (5-23) twong ddi khé, vi phdi tinh ma trin
nghich ddo va bi€n ddi Laplace ngugc. P& tién Idi hon, ta c6 thé tinh F (t) theo
ciach néu dudi day.

Ta thay khi u(t)=0 phuong trinh (5-18) c6 dang thuin nhat:

X(t) = Ax(t) (5-26)
Nghiém cia (5-26) 1a: x(t) = €*'x(0) (5-27)
So sanh (5-27) va (5-25) ta dudc:
F(t)=e™ (5-28)
Theo dinh ly Cayley - Hamilton, ta c6:
F(t)=eM=C,l+ C A+ C,A%+ ..+ C, ,A™! (5-29)

Thay A=l v6il 1a gia tri riéng clia ma trdn A (tdc la nghiém cia phuong
trinh det(l 1- A)=0) vao bi€u thic (5-29) ta sé tinh dugc cdc hé s6 C;
(i=1,2,..,n-1).
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Tém lai, &€ tinh dap ng cda hé thdng theo phuong phip bi€n trang thdi ta

thuc hién cac budc :

1- Tinh ma trdn qua dd F (t) theo cong thic (5-23) hodc (5-29) .

2- Tinh nghiém x(t) theo cong thic (5-22) hodc (5-24).

3- Thay x(t) vio phudng trinh (5-19) d& tinh y(t).
Y(s) _ 2
U(S) <2+3s+2
1- Thanh lap hé phuong trinh trang thdi mo t4 hé thong trén.
2- Tim ddp &ng ctia hé thdng khi tin hiéu vao u(t)=1(t) theo phuong

phap bi&n trang thdi, gid st diéu kién diu biing 0.

Vi du 5.7. Cho hé thong c6 ham truyén: G(s) =

Gidi. 1- Thanh lap hé phuong trinh trang thai:
Tir ham truyén ta dudc :
(s> +3s+2)Y(s) = 2U(s)
p §+3¢+2y=2u
Ditcdc bi€ntrang thdi: X, =Y, X, =X
Ta dudc:
1% =X,
}&2 =-2X;- 3X,+2u

Suy ra phuong trinh trang thdi:
i k=Ax+Bu 20 1y
' Véi A=g .

). 5o €0
&2 -3 &

U
B 1, C=[1 (]
&2y

} y =Cx
2a) Tinh ma trdn qué do F (t).
Cdch 1: Ding ma tran nghich ddo va bi€n d6i Laplace ngudc.
F()=L'F (9]=L"[(s- A)?]
21 Ou é0 1y és -1
Ta co: SI—A=S(Ael g-g H:g E
Q0 1 &2 -35 & s+3f

b F()=(sl- A)*?

1 é&+3 1 és+3 10

i e SN e rvane SR

S +3s+28-2 sy (stD(s+t2)g-2 s

é s+3 1 ué2 1 1 1
_de+D(s+2) (s+D(s+Dy_gs+D (s+2) (s+D) (s+2)y
é -2 S u é -2 N 2 -1 N 2 U

Es+)(s+2) (s+D(s+2Y s+ (s+2) (s+) (s+2)

LAy Laplace ngudc tirng thanh phan cia ma tran F (t) ta dudc :
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(26 _ 62t) (e-t _ e-2t) U

Ft)=L*[F
O=L7[FE]=¢ @( 2et+2e?) (-et +2e2ta

Cdch 2: Duing ma trdn ham mil.

Vi hé thong bic hai, ta c6:

U

U

(@)

F(t)=e"=Cyl+CA (5-30)
Céc tri riéng cia A la nghlem ctiia phuong trinh det( | I-A)=0
¢l Ou é0 1uo - d -1u
g? g, =0 U det g 0=

g) 1 - 3Uﬂ 62 | + 3u
1243 +2=0
ily=-1
}l =.2

Thay A=1; vao bi€u thifc ma tran qua do (5-30) ta dudgc :

jet=Ccy+Cl, g } e€'=Cy- C g }Co=2¢"-¢e?

| | |
je2=C,+Cl, je€2=C,- 2C i C =e'-e?%

Thay Cy, C; va A vao (5-30) ta dugc:

b

) .6l Ou | é0 1y
Fi)=(2e"-e®)a  grEe'-e™)g 0
&0 14 &2 -3

é (Ze-t _ e—2t) (e-t _ e-2t) U

F=¢ 2t 24
@(Ze +264) (-et+2e?y

2b) Nghiém clia phuong trinh trang thai véi di€u kién diu bing O :
t

x(t) = (‘)c (t- t)Bu(t)dt

te (2 (t-t) -2(t-t)) (e-(t-t) -2(t- t)) U0y
d e (t-1) 4 o 2t- t)) e (t-1) 4 9@ 2At- t))g&U

14 at

te 2(e (t-t) _ -2(t-t)) l‘J

@2( e (t-1) +2€ 2(t- t))g

u

Ze (t- t) Ze 2(t- t))dt u
ed u_€l- 2e +e2tu _éx (D)
u=g 2t

ed 2e (1) 4 4o 2At- t))dtu g2e’-2¢ g gxz(t)u
u

u

>CD>

Pép tng caa hé thng:
y(t) =x, () =1- 2t +&
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2) Phueng phap so

Pé€ tim nghiém clia phuong trinh trang thdi bing mdy tinh, ngudi ta thudng
st dung cdc phuong phip s6 nhu phuong phdp Runge—Kutta, Runge—Kutta — Gill,
phuong phép Euler va Euler cdi ti€n. Trong muc nay ching ta sé nghién citu mot
dié€n hinh 12 phuong phiap Runge—Kutta d€ tinh todn dap ng ¥ng vdi tin hiéu vao
bac thang.

Gi4 st can tim nghiém cda phuong trinh vi phan v huéng:
dx .
E:f(x’t) v6i x(0) =xo (5-31)

Gia st trong mit phing t-x , di€m (t;,x;)dd dugc bi€t va cin tim diém
(t;s1,Xi41) nhu trén hinh 5.9a). Khoang thdi gian gia ting (t;,; - t;) =h la khodng
thdi gian tinh todn va thudng dugc goi 1a chu ky 14y mau.

A A A

X X X ﬁ

(tir1-Xi41) f ks
ST S 4 7y — | ks
(t,%;) : () gl (t,X;) ‘I l
Xit----49 ' .
5 : h|h h|h
: Cot 22N 2 2 t
t tisg t tisg 6 ti+£ Git g
2
(a) (b) (c)

Hinh 5.9 Minh hoa phuong phdp Runge- Kutta

Theo phuong phap Runge-Kutta, v6i gid tri (t;,X;) da bi€t, c6 thé x4c dinh
gid tri X;,; tai thdi di€ém t =t,,, theo trinh ty cdc budc nhu sau:
Buéc 1 Tai di€m (t;,x;) xdc dinh d6 doc clia dudng cong. P9 dSc nay bing
f(t,,x;). St dung d6 doc nay d€ vé dudng thing tir di€ém (t;,X;) va xdc dinh k|
(xem hinh 5.9b) vdi k; 12 sy thay d6i gid tri ca x tai t=t,,; n€u d6 ddc ndy vin
duy tri trong toan b6 khoang thdi gian h. Tic la:

ki =hf(t;,x)

. g 1 1 o 4 . n ” 1 . .
Budc 2  Tai diem (% +5h,xi +5k1)’ G do6 t ting mot khoang Eh va x ting

;kl, xdc dinh do doc clia dudng cong. PO doc nay biang f(t; +;h,xi +;k1). S

dung do doc nay dé vé dudng thing tir di€ém (t,,X;) va xdc dinh k, (xem hinh 5.9¢)

1a sy thay ddi clia x tai diém t=t,,q, tic la:

k2:h.f(ti+;h,xi+;k1)
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2, . - R l l ~ . A ~ 2 N
Budc3 Tuong ty, tai dieém (t; +E h, X; +5k2) xdc dinh d6 doc cia dudng cong.

Po doc nay 1a f(t, +;h,xi +;k2). Sit dung d6 déc nay d€ vé dudng thing tr

di€m (t;,x;) va xdc dinh k3 (xem hinh 5.9¢) 12 sy thay ddi cla x tai diém t=t,,,
tuc la:
1 1
ks =hf(t, +5h’ X; +5k2)

2, . - QR l l ~ . A ~ 2 \,
Budc 4 Tuong tu, tai diem (t; +5h,xi +5k3) xdc dinh d6 doc cta dudng

cong. Py doc nay 1a f(t; +; h, X; +;k3). St dung d6 doc nay d€ vé dudng thing
tir di€m (t;,X;) vd xdc dinh ky (xem hinh 5.9c) 13 sy thay d8i cda x tai diém
t=t,,,, tdcla:
1 1
k, =hf(t +5h,xi +5k3)

Buéc 5
Xic dinh trung binh trong s& ctia k |, ks, k3, k4 v6i trong so tuong tng 13 1, 2,
2val.Tacé:

1
DX = X4 - X :6(k1+ 2k +2k3 + ky)
Nhu vay, gid tri cda X;,; c¢6 thé xdc dinh theo bi€u thifc:
1
Xivg =X +DX; =X +E(k1 + 2k, + 2Kzt Ky) (5-32)
Phuong trinh (5-32) dudc goi 1a phuong trinh Runge-Kutta bac 4 vi n6 lién

quan dén 4 gid tri cda k. Phuong trinh Runge-Kutta bic 3 lién quan dén ba gid tri
cia k c6 thé xdc dinh nhu sau:

Xis1 = X; +%(kl + 4K, + K3) (5-33)

Phuong trinh  Runge-Kutta bic 4 thudng dugc diung d€ tinh nghiém cia
phuong trinh vi phan. P€ c6 nghiém tinh todn clia phuong trinh vi phan (5-31) ta
dich gia tri cda X;,; dén X;.
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5.6 Tinh diéu khién dugc va quan sat dugc
1) Tinh diéu khién dugc

Cho hé théng tuyén tinh m6 ta bdi phuong trinh trang thii cip n:
ik=Ax+Bu

5-34
%y:Cx+Du ( )

Hé thong (5-34) dugc goi 1a diéu khién dudc hoan toan néu tdn tai it nha't
mot tin hiéu diéu khién u(t) c6 kha ning chuyén hé tir trang thai ban dau x(t o) dén
trang thai cudi x(T) bat ky trong khodng thdi gian hitu han [t o, T].

Kh4i niém diéu khién dugc do Kalman dinh nghia nim 1960 va clng véi
dinh nghia d6 6ng da dua ra tiéu chuin xét tinh diéu khién dugc cda hé tuyé&n tinh
bat bi€n nhu sau:

Lap ma trdn C, goi 12 ma trdn diéu khién duoc:

C=[B AB A’B .. A"'B] (5-35)
Piéu kién can va di d€ hé tuyén tinh (5-34) diéu khién dudgc la:
rank(C ) =n

V&i hé thong SISO thi C 12 ma tran vudng cap n. Do d6 diéu kién trén tuong
duong véi:

det(C )t 0
Vi du 5.8. Cho hé thong mo ta bdi phuong trinh trang théi:
ik=Ax+Bu
}y:Cx
Ve O 1 AY Ve AY
Vei A=g a Bzgoﬂ; C=[1 0
2 -3
& U U
Vi hé bac hai ta ¢é6 ma tran diéu khién dugc :
C=[B AB]

_ 600 60 10 €0 2
Eoll &2 -3l & -6
Vi det(C)=-410

nén rank(C)=2

o= ey e

Do d6 hé thong trén diéu khién dugc hoan toan.
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2) Tinh quan sat dugc

Quan sat mot tin hiéu trong hé théng dugc hiéu 1a x4c dinh gid tri tin hiéu
nhd do tryc ti€p tin hiéu d6 (nhd cdc thi€t bi cAm bi€n) hoic thdong qua céc tin hiéu
do dugc khdc. Vi du van tdc c6 thé quan st dudc (x4c dinh dudc) nhd do truc ti€p
bing bd phdt toc hodc gidn ti€p tir viéc do lugng dich chuyén trong mot khodng
thdi gian, gia tdc xdc dinh dugc tir viéc do van tdc, cong suit chan dodn dugc nhd
viéc do dong di€n va dién 4p.

Hé thong (5-34) dudc goi 1a quan st dudc hoan toan tai thdi diém t, néu
vdi moi T >ty, ta ludn c6 thé xdc dinh dudc trang thai ddu x(t,) tir cdc tin hiéu vao
ra u(t), y(t) trong khoang thoi gian [t, T].

Pé€ ki€m tra tinh quan sat dugc ciia hé thong (5-34) ta thanh 1ap ma trdn O,
goi la ma tran quan sat dugc:

¢ cu
e u
~ CA ~
-6 u -
0 & I (5-36)
e u
&A™ 0

Piéu kién can va di d€ hé thong quan sat dugc 1a:
rank(O )= n
V6i hé thong SISO thi ma trdn O 13 ma trin vudng cip n. Do d6 diéu kién
trén tr§ thanh :

det(0)1 0
Vidu 5.9. Cho hé thong md td bdi phuong trinh trang thdi:
ik=Ax+Bu
} y =CXx
Ve O 1\ Ve AY
Vei A=g a Bzgoﬂ; C=[1 0
€2 -30 &20

Vi hé bac hai da cho ta ¢c6 ma tran quan sit dugc :

ey & 1o ow
Al gl o]é2 33; & 14

Vi det(0)=110
nén rank(0)=2
Do d6 hé thong quan sat dude hoan toan.
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Chuong 6
THIET KE VA HIEU CHINH
HE THONG PIEU KHIEN

Thié&t k& hé thong diéu khi€n bao gdm viéc lua chon bo diéu chinh thich hgp
cho d6i tugng diéu khién va xdc dinh cdc thong sd clia bd diéu chinh d€ hé thong
lam viéc 6n dinh, dat dudc muc tiéu diéu khién. Hé thong diéu khién thudng doi
héi cdc yéu cAu chat lugng co ban sau day:

- Hé thong phai lam viéc &n dinh dudi tac ddng cida tin hiéu vao (tin hi€u dat)
va tdc dong clia nhiéu.
- Sai 1éch tinh cta hé bing 0 hoidc tin hiéu ra bim theo dudc tin hiéu vao trén

mdt dai tin sd cing rong cang tot .

- Pdap tng nhanh véi sy thay ddi clia tri s6 dit chinh. Pat cdc chi tiéu vé thoi
gian qud do, do vot 16 cho phép, do dy trit bién, du trit pha...
- Hé thong nhanh chéng khit dugc dnh hudng clia nhiéu.

6.1. Chon bd diéu chinh
Theo kinh nghiém thyc t&, ngudi ta thudng chon nhu sau:
- Bo diéu chinh P
Bo6 diéu chinh P thich hgp cho cic d6i tugng diéu khién 6n dinh bac 1 (PT ),
bac 2 (PT,) hoic bac n va cic d6i tugng diéu khién khong Sn dinh.
- B diéu chinh I
Bo diéu chinh I thich hop cho cdc d6i tugng diéu khién Sn dinh bac 0 (khau
P), bac 1(PT,) va ddi tugng diéu khién c6 khau dich tré.
- Bo diéu chinh PI va PID
Bo6 diéu chinh PI va PID thich hgp cho cic d6i tugng diéu khién 6n dinh bac
2 (PT,)va bacn.

6.2. Xac dinh thong so ctia b diéu chinh
C6 nhiéu phuong phap d€ xdc dinh thong s6 tdi uu cia bd diéu chinh PID
nhung tién ich hon cd trong tng dung thuc t&€ vin 1a cdc phuong phdp thuc nghiém :
§ Phuong phéap Ziegler-Nichols ,
§ Phuong phdap Chien, Hrones va Reswick

6.2.1 Phuong phap Ziegler - Nichols :
Ziegler va Nichols dua ra phuong phap xdc dinh thong so t6i uu clia by PID

hoic tir ddp tng qud dd cla doi tugng hodc tir d4p ng qud do clia hé thong kin.
1) Dung dap ng qua do cliia doi twgng

Phuong phdp ndy con ¢6 tén 1a phudng phdp thit nhat clia Ziegler - Nichols. N6
c6 nhiém vu x4c dinh cdc thong s& Kp, Ty, Ty cho cdc bo diéu chinh P, PI va PID
trén cd sd d6i tuong c6 thé mo ta xap xi bdi khau bac nhat cé tré:

Ke

G(s) =
() Ts+1
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sao cho hé thong nhanh chéng vé trang thdi xdc 1ap va dd vot 18 S .. khong
vugt qua mot gidi han cho phép, khoang 40% so vGi h( ¥ )= !g@ry h(t):

_ [Nmax - h(¥)
max — h(¥)

Ba tham s6 T, (thdi gian tré), K (hé s6 khuéch dai) va T (hiing so thdi gian
quédn tinh) ctia md hinh x4p xi ¢6 thé xdc dinh gin ding tir d6 thi ham qud do h(t)
clia ddi tugng. N&u ddi tugng c6 dang nhu hinh (6.1a) mo t4 thi tir dd thi ham h(t)
d6 ta doc ra dudc:

- T, 1a khoang thGi gian tin hi€u ra h(t) chua ¢c6 phan &ng ngay vdi tin hiéu

kich thich 1(t) tai ddu vao.
- Kla gid tri gi6i han h(¥)=!(i®rl1 h(t).

£ 40%

- Goi A la diém két thic khodng thdi gian tré, tic 14 diém trén truc hoanh c6
hoanh d6 bing T,. Khi d6 T 12 khodng cin thiét sau T, d€ ti€p tuyén clia h(t)
tai A dat dugc gié tri K.

A a) 4 b)
KA eeee=== KF-———g-——e=====
|
| |
|
| t : t
I > ] >
SRR e
T, T T T

Hinh 6.1 Xdc dinh tham s6 cho mé hinh xdp xi bdc nhdt cé tré

Trudng hgp ham qua d6 h(t) khong c6 dang 1y tudng nhu § hinh (8.1a), nhung
c6 dang gan gidng hinh chit S ctia khdu quédn tinh bac 2 hoic bic n nhu md t3 &
hinh (6.1b) thi ba tham s6 K, T, T dudc x4c dinh x4p xi nhu sau :

- Ka gia tri gidi han h(¥).

- Ké dudng ti€p tuyé&n clia h(t) tai di€ém udn ctia né. Khi @6 T sé 12 hoanh do

giao di€m ctlia ti€p tuy€n véi truc hoanh va T 1a khodng thdi gian can thiét
dé dudng ti€p tuyén di dugc tir gia tri 0 t6i dugc gid tri K.

Nhu vay ta thdy diéu kién dé dp dung duoc phwong phdp xdp xi mé hinh bdc
nhdt cé tré ciia déi tugng la doi tuong phdi én dinh, khong cé dao dong va it nhdt
ham qud do ciia né phdi cé dang chit S. Sau khi da c6 cdc tham s6 cho mo hinh xap
xi clia d6i tuong, ta chon cdc thdng sd ciia bd diéu chinh theo bang 6.1 nhu sau :

B0 diéu chinh Kp Tx Ty
T
P KT, : :
T 10
09— iy
PI KT, 3 t _
121
PID KT, 2T, 0,5T,
Bang 6.1
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Tir bang (6.1), ta x4c dinh dudc cic thong sd khic ctia bo diéu chinh nhu sau :

; K
- Hé so tich phan: K; = _I_—P

N

- Hés6 viphan: Kp =Kp. Ty

2) Dung dap @ng qua dd cua hé kin

Phuong phap nay con cé tén la phuong phap thi hai cua Ziegler — Nichols,
dugc 4p dung cho cdc ddi tugng cé khau tich phan 1y tudng nhu mifc chat 1dng
trong bon chifa, vi tri hé truyén dong ding dong co,.... Phuong phdp nay st dung cic
gid tri t6i han thu dugc tir thyc nghiém dap dng qua d6 cua hé kin.

Trudc tién, st dung bd P lip vao hé kin (hodc dung bd PID va chinh céc
thanh phan K; va Kp vé gia tri 0). Khéi dong qud trinh véi hé s6 khuéch dai K p
thap, sau d6 ting din Kp t6i gid tri t6i han Kpey d€ hé kin & ché dd gidi han 6n
dinh, tc 1a tin hiéu ra h(t) c6 dang dao dong dié¢u hoa. X4c dinh chu ky t6i han T
ctia dao dong.

Do y —

KPcrit > ,21 tu'(_j.riqg > | 1

di€u khién /\: /\

- . : !

Hinh 6.2 Xdc dinh hé s6 khuéch dai téi han

- X4c dinh thdng s6 ctia bd diéu chinh theo bdng 6.2 nhu sau :

B diéu chinh Kp Tx Ty
p 0,5 Kpesic - -
PI 0,45 Kpesie 0,83 T it -
PID 0,6 Kperit 0,5 T it 0,125 Ty
Badng 6.2

6.2.2 Phuong phap Chien, Hrones va Reswick

Vé mit nguyén ly, phuong phdap Chien, Hrones va Reswick gin giong vdi
phuong phdp thit nhat clia Ziegler — Nichols, nhung né khong st dung md hinh
tham s6 gan ding dang qudn tinh bic nhat ¢6 tré ma s dung truc ti€p dang ham
qud d6 cta d6i tuong diéu khién.

Phuong phdp Chien, Hrones va Reswick ciing gi thiét ring ddi tuong 1a 6n
dinh, ham quéd d6 khong dao dong va c6 dang hinh chit S . Tuy nhién phuong phap
nay thich hop véi cdc d6i tugng bac rat cao nhu quéan tinh bicn :

K
(Ts+2)"
cu thé€ 1a nhitng d6i tuong véi ham qud do h(t) théa min : Ty /T, >3

G(s) =
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trong d6 T, 12 hoanh d6 giao di€m ti€p tuyén ctia h(t) tai diém uon U véi
truc hoanh va T, 1a khodng thdi gian can thi€t d€ ti€p tuyé&n d6 di dugc tir 0 dén gid
ri K = lim h(t).

®¥

A h(t)
Kbkl ___.
Hinh 6.3 Ham qud dé doi tuong U | E>3
thich hop cho phuong phdp Chien, LT,
Hrones va Reswick | I ¢ .
i )
T, Ty '

T dang ham qué do h(t) cia do6i tugng v4i hai tham s8 T, va T, thdéa min,
Chien, Hrones va Reswick da dua ra bon cdch x4c dinh thong s bo diéu chinh cho
bon yéu cau chi't huong khac nhau nhu sau:

1) Yéu cau t&i vu theo nhiéu (gidm 4dnh hudng nhiéu) va hé kin khong c6 do vot 18.

2) Yéu cau tdi uu theo nhiu (gidm dnh hudng nhiéu) va hé kin c6 d6 vot 16 £ 20%.
3) Yéu ciu tdi vu theo tin hiéu dit (gidm sai Iéch bam) va hé kin khong c6 dd vot 16.
4) Yéu cau tdi vu theo tin hiéu dit (gidm sai 1éch bam) va hé kin c6 dd vot 16E 20%.

bép tng hé kin dang chit S, | DPédp tng hé kin dang dao dong
Bo diéu | Thong khong c6 dd vot 16 tat dan, do vot 16 £20%
chinh sO T6i vu theo | T6i uu theo tin | T6i vu theo | Tdi uu theo tin
nhiéu z hi€u dat x nhiéu z hi€u dat x
T
p K, | 03 03y 0,7 u 0.7 T
TgK TgK TgK TgK
T
K 0,6 Ty 0,35 Ty 0,7 Ty 0,6 -4
PI P TgK TgK TgK TgK
Ty AT, 12T, 23T, T,
K, 0,95 Ty 0,6 Ty 1,2 Ty 0,95 Ty
TgK TgK TgK TgK
PID Ts 24T, T, 2T, 1,35T,
Ty 0,42 T, 0,5 T, 0,42 T, 0,47 T,

Bdng 6.3 Théng s6 b diéu chinh theo phuong phdp Chien, Hrones va Reswick

Tir bang 6.3, ta x4c dinh cdc hé sd khdc ctia bo diéu chinh nhu sau :

¢ K
- Hé s6 tich phan: K; = =%
N
- Hés6 viphan: Kp =Kp. Ty
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6.2.3. Phuong phap giai tich
Mot phuong phép khic cling thudng dung trong thi€t k&€ bd PID 1a phuong

phép giai tich.
Vidu. Cho hé thong diéu khién nhu hinh vé:
r
PID o 500 y
_ s® +20s+500

Hiy xdc dinh thong s6 clia by diéu chinh PID sao cho hé thong thod man
yéu cau : Hé c6 cip cuc phitc v6i x=0,6 vad w, =10. Hé s6 van téc Ky = 100.

Gidi. Ham truyén ctia bd PID can thiét ké:
K,
G.(5) =Kp+—L+Ks
S

Heé s6 van toc cia hé sau khi hiéu chinh:

v =limsG, (5)G(s) =lim Sg?( +?I+K S;Z +25(§;O+500;

P Ky=K;
Theo yéu ciu dé ra Ky = 100 nén suy ra: K;=100
Phuong trinh dic tinh ctia hé sau khi hiéu chinh 1a:
1+G_(s)G(s) =0

TN K|+KS 500  §_

U =0
& D> e + 205 +500

v S(SZ+205+500)+500(KDS +K,s+K,)=0

U  $+(20+500K,)s* + (500+ 500K ,)s+500K, =0  (¥)

Péhé c6 x=0,6 va W, =10 thi phuong trinh dic tinh (¥) phai c6 dang:
(s+a)(s*+2xw,s+w, *)=0
U (s+a)(s’ +12s+100) =0
U $* +(a+12)s* + (12a+100)s+100a=0 (¥%)
DPdng nhi't cdc hé sd clia cdc phuong trinh (¥) va (¥*) ta dudc:
i 20+500K, =a+12

500 +500K , =12a+100

I 500K, =100a
V6i Ky =100, giai hé phuong trinh trén ta dugc:

| a=500
. K, =112
K =0,98
Do d6 ham truyén ctia bo PID can thi€t k& 1a:

G.(s) = 1L2+%0+098s
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Chuong 7
HE THONG PIEU KHIEN ROT RAC

7.1 Gidi thiéu chung
7.1.1 Tin hiéu va hé thong roi rac

Lugng ti hod 12 qud trinh bi&€n ddi tin hiéu lién tuc thanh tin hiéu rdi rac. Tuy
thudc vao phuong phédp lugng ti¥ hod tin hiéu ma ta ¢6 cdc hé thong xit 1y tin hiéu
khac nhau. Phuong phdp lugng ti hod theo thdi gian cho tin hi€u rdi rac ¢6 dang
diay xung vdi bién do lién tuc, thdi gian rdi rac. Hé thong xit 1y loai tin hiéu nay
goi 12 hé r5i rac. Néu phép lugng tif hod dugc tién hanh theo thdi gian va cd theo
bién dd thi k€t qui nhan dugc 1a tin hiéu s8. Hé thong xit 1y tin hiéu s& goi 1a hé
s6. Trong hé thong rdi rac va hé thong s, bién dd tin hiéu chi ton tai & cdc thdi
di€m rdi rac cach déu nhau ding bing mdt chu ky 14y miu tin hiéu. V& mit todn
hoc, tin hiéu rdi rac va tin hiéu s& dudc biéu dién biing diy gi4 tri bién do {x(0),
x(T), x(2T),...} va ky hiéu don gidn 12 x(kT) hay x(k), trong d6 k 12 s6 nguyén, T 1a
chu ky 14y miu.

4

| x(t)

0110---=--=--- EaEk N
01012z S s e
0100-
001 1=z
0010+
0001
ot 0 - 0000 , .
t 0 T 2T 3T .. kT 0 T 2T 3T .. kT

A
A X(kT) ' 0111- X(kT)

Tin hiéu lién tuc Tin hiéu rdi rac Tin hiéu s6
(lién tuc thdi gian, bién dd) (rdi rac thdi gian) (rdi rac thdi gian, bi€én do)

Hinh 7.1 Luong tit hod va md hod tin hiéu

Do st phét trién manh mé cda cdc bo vi xit 1y va mdy tinh s6 v6i gia thanh
ngay cang ha, tdc d6 xir Iy va dd tin cdy ngay cang cao nén cic hé diéu khién s&
ngay cang dugc st dung rong rdi trong diéu khién tu dong. So v6i hé diéu khién
lién tuc thi hé diéu khi€n s6 c¢6 nhiéu uu diém hon nhu uyén chuyén, linh hoat, dé
dang thay d6i thuat todn diéu khi€n, dé dang 4p dung céc thuit todn diéu khién
phiic tap biing cich 1ap trinh. Hon nifa, cic mdy tinh s& con c6 kh3 ning diéu
khién nhiéu d6i tugng cling mot lic.

Hinh 7.2 trinh bay sd dd khoi don gidn hod clia mot hé thdng diéu khién so.
Trong hé thdng c6 hai loai tin hiéu: tin hiéu lién tuc r(t), e(t), u(t), y(t) va tin hiéu
s6 r(kT), y(kT), u(kT). Trung tAm ctia hé thong 12 bo diéu khién s6 (mdy tinh hoic
bd vi xit 1y) c6 chifc ning x& 1y thong tin phdn hoi tir cAm bién va xuit ra tin hiéu
diéu khién ddi tuong. Vi cdm bién va d6i tugng 13 cdc thanh phan lién tuc nén cin
st dung bd chuyén ddi A/D va D/A d€ giao ti€p véi mdy tinh.
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Pé€ phan tich va thi€t k€ hé thong diéu khién sd trudc tién ta phdi mo t3 todn
hoc dugc qud trinh chuyén ddi A/D va D/A. Tuy nhién, hién nay khong c6 phudng
phdp nao cho phép mo ta chinh xdc qud trinh chuyén d6i phi tuyén A/D va D/A do
c6 sai sO lugng tir hod bién do. Vi vay thay vi khdo sdt hé thong s6 & hinh 7.2 ta
khdo sit hé thdng rdi rac tuong tng & hinh 7.3. Néu bd qua sai s lugng ti bién do
thi c6 thé xem tin hiéu s& 1a tin hiéu rdi rac va ta c6 thé dung ly thuyét diéu khién
rdi rac trinh bay trong chuong nay d€ md ta, phan tich va thi€t k& hé thong so.

r(t) (kT) niet) (t)
iy A ac A u(t y

—»| AD Bo dicu BNy ECA e >

—> khién so

(KT) .

Y AD |« Cim bi€n |«

Hinh 7.2 So do khéi hé thong diéu khién s&
e(kT u(kT)

r(t e()| L4 %1y i |u® y(©)
L’®—’ |/, Xuly [, Gid » DPTPK >

mau rdirac dir liéu

I Cam bién |«

Hinh 7.3 So do khéi hé thong diéu khién roi rac

7.1.2 Khéau ldy miu

Khau 14y miu c6 tic dung bi€n di tin hiéu lién tuc thanh tin hiéu rdi rac
theo thdi gian. Khau 14y miu 1y tudng hoat dong nhu mdt khod dién ti¥ vé6i thdi
gian d6ng ngit rit nhd so vdi chu ky 14y mau.

S(t)“
x(t) T x*(t) 1
o e e
—————— J -T 0 T2T3T ... KT
x(t) x*(t) AN

Hinh 7.4 Qud trinh l&y mdu tin hiéu
Xét bo 14y miu c¢6 dau vao 13 tin hiéu lién tuc x(t) va ddu ra 13 tin hiéu rdi
rac x*(t). Qué trinh 14y miu c6 thé mo ta bing bi€u thic todn hoc sau:
x*(t) = x(t). s(t) (7-1)
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trong d6 s(t) 12 ham 14y miu, c6 dang chudi xung don vi :
¥
s(t)= g d(t- kT) (7-2)
k=-¥
d(t- KT) 1a xung don vi phdt tai thdi diém kT
Gia st x(t)=0 khi t <0, biéu thitc 14y miu trd thanh :

¥ ¥
x* (1) = & x(t).d(t- kT) = § x(KT)d(t- kT) (7-3)
k=0 k=0
Bi&n ddi Laplace ca hai v€ phuong trinh trén ta dudc :
¥
X*(s) = § x(kT)e kTs (7-4)
k=0

Trong cdc hé théng diéu khién sé thuc t&, néu bé qua sai s6 luong tit hod thi
cdc bo chuyén doi ADC chinh la cdc khdu 1dy mdu.
7.1.3 Khau giit dir liéu

Khau gitt dit liéu 1a khau chuyén tin hiéu rJi rac theo thdi gian thanh tin hiéu
lién tuc theo thdi gian. Khau giit dit liéu c6 nhiéu dang khdc nhau, don gidn nhat
va st dung nhiéu nhat 12 khau giit bic 0 (Zero Order Hold - ZOH).

X*(1) ZOH Xo(t)

A
x*t)| ¥~

.

O] 1 21 31 a1 57 6T 77 |

v

XO(t) 7 - RS A

v~

v

0 ;I'2T 3T 4T 5T 6T 7T 0 T
Hinh 7.5 Khdu giit bdc 0 (ZOH)
Néu tin hiéu vao x;(t) ctia khAu ZOH la xung don vi thi tin hiéu ra x ,(t) 1a
xung vudng cé bién do 1a 1,do rong 1a T, tidc 1a:  x ,(t)= 1(t)-1(t=T)
Xi(s)=L[d(D)] =1
e—TS _'1_ E{TS
S S

&®=umquﬂ=§

Ham truyén ctia khAu ZOH :
X, (3 _1-e™
Gron(e)=—2—==
zon (9) X, (9 S
Trong cdc hé théng diéu khién sé thuc t&, néu bé qua sai s6 luong tit hod thi
cdc by chuyén doi DAC chinh la cdc khdu giit bdac 0 ( ZOH).

(7-5)
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7.2. Phép bién ddi Z
Biing cich st dung phép bié€n ddi Laplace ta c6 thé mo td qud trinh 14y miu
va giit dit liéu. Tuy nhién cdc biéu thiic mo t3 lai chita hAm €* nén néu ta si¥ dung
dé md t3 hé thong rdi rac thi khi phan tich, thi€t k€ hé thong sé gip nhiéu kho
khin. D€ gidi quyét van dé nay, ngudi ta dung phép bién ddi Z.
7.2.1 Dinh nghia
Cho tin hiéu r5i rac x(k). Bi€n ddi Z cta x(k) 1a :

X(2) = Z[x(K)] = 5 x(k)z ¥ (7-6)
k=-¥

trong d6: z=e'®
Néu x(k)=0 khi k<0 thi bi€u thic dinh nghia trd thanh :

X(2) =Z[x(k)] = g. x(k)z
k=0

Mién hoi tu ctia X(z) 1a tap hgp tit cd cdc gid tri z sao cho X(z) hitu han.
N&u so sdnh véi biéu thitc 14y mau ctda tin hiéu lién tuc x(t):

¥
X*(s) = § x(kT)e kTs

k=0
Ta thdy:
¥
X@)=a x(Kz“=X*(9)|__1s (7-7)
k=0

Qu4 trinh ngugc lai d€ tim ham r&i rac x(k) tir ham phic X(z) dudc goi 1a
phép bién ddi Z ngudc, ky hiéula 2"
Cho ham phic X(z). Bi€n d6i Z ngudc clia X(z) 1a:
] 1. )
x(K) = Z X (2)] = — X (2).2 dz (7-8)
2p] ¢
Véi C 1a dudng cong kin bat ky thudc mién hoi tu clia X(z) va bao goc toa
do.
7.2.2 Céc tinh chit co ban

1) Tinh tuyé€n tinh
n€u X(z) = Z[x(k)] va X(z) = Z[x2(k)]
thi  Z [a;x;(k) +ax2(k)] = a1 X;(2) + a,X,(2)

2) Pinh 1y ham chuyén dich

) x(k) x(k-n)
néu X(z)=7Z[x(k)]
thi  Z[x(k- n)]=2"X(2)
Z[x(k+n)] =2"X(2) k n K

3) Pinh Iy ti 1& (thay d6i thang tf 1& khi nhan diy x(k) v6i ham mi a *)
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néu X(z)=2Z[x®)] thi  Z[a*x(K)] =x§§9
a

4) Pao ham trong mién Z

néu X(2)=Zx®] i Zkxd]= -z %@

dz

5) Pinh 1y gid tri diu
néu X(z)=Z[x(k)] thi x(0)= |g§ X(2)
V4
6) Pinh Iy gid tri cudi
Su X(z)=Z[x(k)] thi x¥)=Ilimx(k)=lim@1- zY)X(z
néu X(z) =Z[x(0)] thi x(¥)= lim x(k) =lim@- Z*)X(2)
7.2.3 Bién déi Z cta cidc ham co ban

1) Ham xung Dirac

il &u k=
d(K) = : ne/u 0 1 dk)
10 néuklO
3 012 3...k
Z[d(k)] = é d(k)z ¥ =d(0)z°=1
k=0
2) Ham bac thang don vi
il néut30 410
1(t) “10 nut<o l—
) neut< _
Rdi rac hod vé6i chu ky T ta dudc: t
oIl néukso 1w
MI=1y ek <o
Theo dinh nghia: 101 23..K

¥
ZIK = UKz =1+z + 722+ .+ 7¥
k=0

Néu |z <1 (hay|g>1) thi biéu thic trén 1a tSng cdia cap 56 nhan lui vo

1 y4
171 z-1 (|4>D

T k&t qua trén va 4p dung dinh 1y tf 1€ ta suy ra:

han. P Z[1(K)] =

3) Ham mii

X(k) —g kaT.l(k) — \‘ll e kal né/u k30
10 néu k <0

¥
X@)=Q x(K)z =1+ Tz +e® 72+
k=0
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1 z
=1+ (¥ 2) 1+ (e72) % +...= = (|e7 2| >1)
@D+ @) = T |
4) Ham déc
kT
ikT néu k30
X(k) =KkT.1(k)={ ,
R=KLU=T) e k>0 k
¥ 0
X(2)=Q kT.z¥=0+Tz +2Tz2+3Tz 3 +..,
k=0
-1
—Tri+27 4322+ )= 2= T2 (| >1)
1-(z7)° (z-1)
Bdng tom tdt cdc 4nh Laplace va Z co ban :
TT x(t) x(k)= x(kT) X(s) X(z)
1 1 1(k 1 .
- (t) (k) S 21
2. dt) | dk)={1,0,0,..) 1 1
1 z
- at - akT R
3. e e s+a 7- @ ar
4 t k T z
ar a Ts- Ina z- a
Tz
5 t KT 2 P
1 e Tz
a akT - = c
6 te kTe (S+a)2 (Z_ e aT)Z
- ar
7. 1-¢d 1- e &T 2 2-e )
s(s+a) (z- D(z- €F)
- at +a _ o ar
€ T CosSWt | . aT S z(z- €% coswT)
8 e ' cos(WKT) | 77— 3
S(WkT) (s+a)” +W’ 7% - 2z& ¥ coswT + e 27
Cal o -al o
e “sinwt | T W Z- e sinwT
9. e *'snWwWkT) | —=———=
(WkT) (s+a)* +W 7% - 2z ¥ coswT + e 27
L a z(Az+B)
e _ B
@ 2@ b z-D(z-eT)(z-€e")
1 -aT -bT
- at - - _b@-e%)-all-e")
O e ssas+h) | AT ae-a
B = ae-aT(l_ e-bT)_ be—bT(l_ e—aT)
ab(b- a)
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7.2.4 Tim X(z) t* anh Laplace X(s)
Tur 4nh Laplcae X(s) ctia tin hiéu lién tuc x(t) ta c6 thé thanh 1ap dnh X(z)
cua tin hiéu rdi rac x(k) theo cac budc nhu sau:
Bu6cl: Phan tich X(s) thanh tdng cdc thanh phan don gidn X ((s), Xx(s),...
Bu6c2: Tra bang bién ddi Z d€ dude X 1(z), Xx(2),... tng v6i X(s), Xa(s),...

Vidu7.1. Hiy tim X(z) khi bi&t :

a K 1
- . = — X e ———————
@) X(9) s(s+a) b) X(9) s*(s+a) ve) X(9) (s+a)(s+b)
Gidi.
N L, < - ar
@) X(2) = Zg a u_Zel 1 u_ z z _ z(-e7)

Css+a)l 8 s+all z-1 z-e¥ (z-D(z-e ™)
Nhén xét: T két qua trén ta suy ra:
é K uaeKoe a U_aKo z(1eaT)

ZSS(SJfa)u §ap ess+a)l ap(z-1(z-e )

K U K_é 1 a 1u
b) X(2)= Ze—u —Za——+—- =
&(sta)y o &s+a) & si

K arz ya 0
2

y4
+ - -
e (z-1) z-14

e
&z-
K&aT+e ¥ - Dz +(1- € - aTe’ ™)z 0
2¢ (z- D2 (z-€7) s
é 1 l‘J é 1 1 1 1 u
Seras+b)l “&b-a) (sva) (@ b) (s+b)l
é 1 1 u+Ze 1 1 g
&b- a) (s+a)g  &@a- b) (s+h)f
_ 1 z 1 z z(e " - e )
(b-a) (z-€) (a-b)(z-€"T) (b-a)(z- €T)(z- ")

c) X(2)=Z

7.2.5 Tim bién ddi Z ngugc

Tim bi€n d6i Z ngudc ctia him X(z) chinh 13 di tim chudi gid tri goc hay ham
rdi rac gdc x(k). Diing cong thirc dinh nghia d€ tim bi€n ddi Z ngudc rit phic tap
nén ta thudng dung cdc cdch sau day :
Cach 1: Phdn tich X(z) thanh tong cdc phdn thitc don gidn va tra bdng bién doi Z.

Vidu 7.2. Cho X(2)=—>%— . Tim x(K).
(z- D(z- 2
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Gidi. Phan tich X(z) thanh t6ng:

>e-1 106 -z Z
X = =
(2) (2)82—1+z-2;z z-1+z—2

Tra bang bi€n d6i Z ta dudc:
x(k)=Z X(2)]=- 1 + 2 =- 1+ 2¥

Céch 2: Khai trién X(z) thanh chudi luy thira theo 77
Theo cdng thitc dinh nghia phép bién ddi Z :
¥
X(2) = & x(K)Z* =x(0)2° + x@)z L+ x(2)z % +...
k=0
Ta thay ddy gid tri x(k) chinh la cdc hé s6 ctia chudi.

Vidu7.3. ChoX(z)=— 2% . Timx(k).
(z- D(z- 2

Z _ Z
(z-D(z-2) Z°-3z+2
Thuc hién phép chia da thic ta dugc :

Gidi. X(z)=

z 72 37+ 2
7-3+ 277! 7z
+3-27" +3z7°
+3-977'+ 6277
+7z71- 6272 +72°7
+727'- 2127%+1477
+1527 1477 +15z2 7
+15272- 452743027

Kétqui: X(2)=z'+3z2+7z23+152%+...
Suy ra chudi gid tri x(k):
x(0)=0; x(1)=1; x(2)=3; x(3)=7 ; x(4)=15; ...

Cach 3: Phuong phdp Residue (tinh thdng du)
Né&u X(z) ¢6 n cuc z,2,,..Z, ta s& c6 chudi gid tri goc x(k) nhu sau:
n
x(k) =@ RegX(2)2"]
i=1 4
Néu z; 1a cuc bac mot (riéng ré&, khdng lip) thi:

RegX(2)2"] = lim[X(2)2*(z- 2)]

Néu z; 14 cyc bac m (Iip m 1an) thi:

m-1
RegX(2)z“ ] = 1 jim d

(m- 1! 7 W[X(Z)Zk'l(Z- z)]
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Vidu7.4. ChoX(z)=—> . Tim x(k).

(z- D(z- 2
Gidi. Do X(z) c6 hai diém cuc1a z, =1 va z, =2 c6 bac bing 1 nén :
K
Res[X(z)zk 1= I|m— =- 1
®1Z- 2
K
Res[X(z)zk 1= I|m— =2

2z-1
Suy ra: x(K) = - 1€ + 2
7.3. Ham truyén hé rdirac
7.3.1 Tim ham truyén tit phuong trinh sai phan

1(k) A y(k)
—— | Hg¢ thong rdirac ——»

Xét hé thong rdi rac véi tin hiéu vao r(k), tin hiéu ra y(k) dudc md t3 bing
phuong trinh sai phan :

a,y(k+n)+a,_y(k+n-1) +...+ ayy(k) = b, r(k+m)+ b, r(k+ m2)+ ...+ byr(k)

hay: anYk+en t@n1Yken-1t -t A0Yk = bmrk+m + bm- Mmoot bOrk

trong @5 n 3 m, n goi 12 bac cla hé thdng rdi rac.
Bi€n ddi Z hai v€ ta dugc:
a,2"Y(2)+a, Z" Y (2)+...+a,Y(2) =b,z"R(2) +b,, z™ 'R(2) +...+bR(2)
U (a,z" +a, ;2" +..+a,)Y(2) = (b, 2" + b 2™ +.. +b)R(2)
Y(2) _byz" +by 2™+ 4D,

-’ @ R(z) a,z"+a, 2" +..+a, 7
G(z) duoc goi la ham truyén ciia hé thong roi rac.
Ham truyén ciing c6 thé bién d6i vé dang:
G(2) = Y(2) _Z " ™[by, +by 2 M+ bz ™+ bz M 710
R(2) a,+a, z'+..+az "+az "

Hai cdch bi€u dién trén 13 twong duong nhau, trong thuc t& cich biéu dién
tht hai dudc st dung nhiéu hon.
Vidu7.5. Tim ham truyén ca hé thdng md t3 bdi phuong trinh sai phin :
y(k+3)+5y(k+ 2)- 8y(k+1)+ 3y(k)= 2r(k+ 2)+ r(k)
Gidi. Bié&n ddi Z hai v€ clia phuong trinh sai phan ta dudc:
(2* +52° - 8z+3)Y (2) = (22 +DR(2)
Y@) 272 +1

p G(z) = =
(@) R(z) Zz°+5z°-8z+3
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Y(2) _ Z2(2+2?) _ z'(2+7?)
R(z) Z°(1+5z'-8z%+3z°% 1+5z'-822+3z°

U G(»=

7.3.2 Tim ham truyén tir s¢ do khaoi

1) Hai khéi néi tiép qua khdu ldy mdu

U(s)  U*(s) Y*#(s) U Y
——"—Gi(s) " Ga(s) —"—> ([ _(Z), Gi(2) »G,(2) l),
Hinh 7.6
Y
G(2) —%—Z[Gﬁ)] 2[G,(8)] =G,(2).G,(2)

2) Hai khéi noi truc tiép

U(s)  U*(s) Y*(s) . U(z) Y(z)
——— 3 Gis) ¥ Gs) ——> U — GGy(z) |——
Hinh 7.7
Y(z
G@) = ﬁ = Z[G,(9.G,(9)] = GiGx(2)
3) Hé ho c6 khdu ZOH
UGs) U*(s) Y(s)
—%—» ZOH— G(s) — U —>U(Z) G(z) _>Y(Z)
Hinh 7.8
Y(z él- e’
6(2) =12 =7[6,,, (9.6 = ze—e( )LJ
U(2) S
- (- z 2€GE)u_az-10 eG(S)u

g s H Sz 58s H

4) Hé kin-cdu triic 1

Rs) T Y(s) R(z) Y(z)
— —» ZOH —>| G(s) > —> G(2) >
_ U _
Hinh 7.9

Y9 _ G2

Ham truyén hé kin: G, (2) = =
R(z) 1+G(2)

az-106_éG(s)u

€zp&sH

Ham truyénhé hé: G(z) =
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5) Hé kin-cdu triic 2

R(s) T Y(s)

—> —» ZOH G(s) >
- Hinh 7.10
H(s)

Ham truyén hé kin:
Y(2) _  G(2)
R(z) 1+GH(2)

v

G (2) =

Trong d6 : G(z) = gz; 1% EGS) E

- 1@ éG(s)H(s)g

GH(z2) = e
Ezg8 s H
6) Hé kin-cdu triic 3
r(t) y(©)
—> A/D —»{ D(z) —»{ D/A —»{ G(s) >
- Bo DK s6 Doi tugng
lién tuc
H(s)
N Hinh 7.11
U
R(s) T Y(s)

y

Ab(?—/—b D(z) —»| ZOH G(s) >
H(s)

Ham truyén hé kin:
Y(z) _  D(2)G(2)
R(z) 1+D(2)GH(2)

G.(2)=

Trong d6 : G(z) = gz; 1%2 EGS) E

az- 106 éG(s)H(s)g

CR@= %8 s #
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Vidu7.6. Tim ham truyén clia hé thdng c6 sd d6 khdi nhu hinh vé:

R(s) T K Y(s)

—»(?—/—> 7ZOH >
S+a

ChoK=1; a=6; T=0,l1sec.

Gidgi. Ham truyén hé hg :

aaloeKUaezloaeKoeal‘J

G(z Zae——
(2)= 8 Z es(s+a)u 8 yA %ag es(s+a)u
_az-1oaKo z(1-e%) _aKo(-e™)
&z ®apz-V(z-e€¥) Sapz-e)
Thay K=1; a=6; T=0,1 ta dudc :
1- e°T 0,4512 0,0752
cy=4-e) _ _

6(z- €°7) 6(z- 0,5488) z- 0,5488

Ham truyén hé kin:
0,0752
G(z) _ z-05488 _ 0,0752
1+G(z) ,, 00752 ~ z-0,4736
z- 0,5488

Gy (2) =

Vidu7.7. Tim ham truyén clia hé thdng c6 sd d6 khdi nhu hinh vé:

R(s) T K Y(s)

—»(%_)—/—> Z0OH > (s+a)s+h)

Cho K=10, a= 1, b=5, Chuky 14y miu T=0,1.

Gidi. Ham truyén hé kin :

Y(z G(z

6. (=YD . 6@
R(z) 1+G(2)
& - 10 i K

G(z

@=8  ssrasebl]

aZ-16 Kz(Az+B) _ K(Az+ B)

_8 z 3(z- D(z- €T)z- €") (z- € )(z- €"T)

_b@- €@)- al- €M)
B ab(b- a)

' B:%-aT(l_ e—bT)_ be bT(l- e—aT)
’ ab(b- a)

169



Thay K=10; a= 1, b=5, T=0,1 ta dudc:

G(2) = 0,04117z+0,03372
(z- 0,9048)(z- 0,6065)
Do d6 ham truyén hé kin :
0,04117z+0,03372
G, (2) = (27 0.9048)(z- 0,6065) _ 0,041172+0,03372
1+ 0,04117z +0,03372 7° - 147z +0,5825
(z- 0,9048)(z - 0,6065)

Vidu7.8. Tim ham truyén cda hé thdng cé so dd khdi nhu hinh vé:

R(s) T K Y(s)
—»{ D(z) ZOH >

\ 4

s(s+a)

Cho D(z) = 10; K =20;a=5, chuky 14y miu T=0,1.
Gidi. Ham truyén hé kin :
Y(2 _ D(9)G(2)
R(z) 1+D(Z)G(Z)
- 10 1
G(z
()= &z g .s(s+a)[\g
_az-16,1Kee 1 a 160
= 2Zi— <.z
&z g ,a 8(s+a) sq\;
_Kaz-1lo® z N arz  z o0
L& 7z gz-eT (z-1)% z-1y

G (2) =

K oz- ng(aT+eaT Dz+(1- € - aTe ®)uo
&z g (z- D*(z- €7) a
HaT +e& ¥ - Dz+(1- €™ - aTe )0

_K
o & (z-D(z- e ”
Thé gi4 tri cda K, a, T vao ta dudc:
G(2) = 0,08522z +0,07216 _ 0,08522z +0,07216
(z- 1)(z- 0,6065)  z2- 1,6065z +0,6065
Do d6 ham truyén hé kin 1a:
(10)(0, 08522z +0,07216)
D(2)G(z) _  z?-1,6065z+0,6065 _ 0,8522z+0,7216

< o6 1, 10)0,005222 +0,07216) ™ 075432 +1328
- 1,6065z + 0,6065

170



7.4 Mo hinh trang thai hé rdirac
7.4.1 Lap phuong trinh trang thai ti phudng trinh sai phan
1) V& phai khong chifa sai phan cta tin hi¢u vao
Xét hé thdng rdi rac c¢6 quan hé giita tin hiéu vao va tin hiéu ra mo t3 bdi
phuong trinh sai phén:
y(k+n)+a, _,y(k+n- )+..+a,y(k)=Db,r(k) (7-11)
Tuwong ty nhu dd 1am véi hé lién tuc, ta ciing dit cdc bién trang thdi d€ bién
ddi tuong duong phuong trinh sai phdn bic n § trén thanh n phudng trinh sai phan
bac nhAt.
bit cdc bié€n trang thdi nhu sau:
x,(k) = y(k)
X,(K)=x,(k+D)=y(k+1)
X3(k) =X, (k+1))=y(k+2)
L
X,(K)=x,,(k+D)=y(k+n-1) b x,(k+1)=y(k+n)
Thay vao phuong trinh sai phin bic n ta dudc:
X (K+2) 8, X, (K) + . 2, (K) + 0%, (K) = Byr(K)
P X, (k+D=-a,,%,(K)- .m aX,(K)- 3pX, (K)+ byr(k)
K&t hgp phuong trinh trén véi cdc bi€u thifc dit bi€n trang thdi ta dugc:
1, (k+) = X, (K)
%x2<k +1) = %,(K)
I

D a(k 1) = X, (K)
FXo(k+1) = - 80%,(K) - 3%, (K)- .- @, X, (K)+ byr(K)

Viét lai dudi dang ma tran:

éx,(k+)u 60 1 0 L O 0 véxy(k)u é0u
é a é ué u énd
éxz(k"'l)u éO 0 1 L 0 0 uéxz(k)a éou
é | u=¢e\ M M M M I Gaé M Ga+élur(k)
e u e ue u e, u
A n-1(k+1)[] é 0 0 L 0 1 uéan(k)u éOu
Ex,(k+DH &a -a -3 L -a,, -a,HEx,(K)H E%H
DPép tng ctia hé thong:

& %,(K)

e u

éxz(k)u

yk)=[L 0 L 0 0[é N

é a

éxn-l(k)u

gx,(k) H
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Ta dudc hé phuong trinh trang thii:
i X(k +1) = Ax(k) + Br(k)

1y(k) =Cr(k)
trong do:
éx,(K) U €0 1 0 L 0 0§ €0y
£x,(K) § €0 0 1 L 0 0§ g0
x(k)=& I a; A=él 00w I G; B=éld
.0k &0 0 0 L 0 14 g0y
&x,(k) f ga -a -a L -3, -a.f &,
C=[1 0 L 0 0.

Vidu 7.9. Cho hé th6ng mé td bdi phuong trinh sai phan:

y(k +2) +5y(k +1)+ 3y(k) = 2r(k)

Hiy viét phuong trinh trang thi cia hé thong.
Gidi. Dit céc bién trang thai:

X (K)=y(k); X, (K)=x (k+1)=y(k+1)
thi: X, (k+1) = y(k+2)=2r(k)- 5y(k+1)- 3y(K)
hay viét lai la:

X, (k+1) =X, (k)
X, (K +1) = - 3%, (K)- 5%, (K)+ 2r(K)
Phuong trinh trang théi la:
{ x(k +1) = g g _ ééx(k) ¥ gﬁr(k)
y(k)=[1 0]x(K)
2) V& phai chita sai phin cuia tin hiéu vao
Xét hé thong rdi rac mod td bdi phuong trinh sai phan:
y(k+n)+a, _,y(k+n- D)+..+ayy(k)=Db,r(k+n)+ b, r(k+ n- D+ ..+ byr(k)
bit cdc bié€n trang thdi nhu sau:
1%,(K) = y(k) - bor(k)
X, (K) =X, (k+1)- byr(k)
} X3(K) =X, (k+1)- b,r(k)

%Xn(k) = Xn-l(k +1) - bn-lr(k)
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va dat :

X (K+1) =+ a1 X, (K)+ ... 3%, (K) - 8y, (K)+b,r(K)
Ta s€ xac dinh dudc:

10, =b,

I

I bl = bn-l - an-lbo
b

I bz - bn-2 - an-lbl_ an-zbo

.:.M

fb,=by-a, b,,- a, b, ,- .- ab;- ap,
Tu d6 ta c6 phuong trinh trang théi :

i X(k+1) = Ax(k) + Br(k)

1y(k) = Cx(k) + Dr(K)

trong do :
éeo 1 O L 0 u &b, o
é U C =
éO 0 1 L 0 i gb2+
A=¢l M W O I U; B=¢ Il =; C=[10..00]; D= by=b,
é a c, =
(:90 0 o .. 1 4 gbn_l?
oy ~a -3 .. -alfl &b, g

7.4.2 Lap phuong trinh trang thai tir hAm truyén
Cho hé thdng m6 ta bdi ham truyén:
Y@ _b,z"+b, z™ +..+D,

m<n 7-12
R(z) z"+a, ,z2"'+..+a, ( ) 12

G(2)

Cich 1: Bi€n d6i ham truyén thanh phuong trinh sai phan, rdi 1dp phuong trinh
trang thai tir phuong trinh sai phan.
Céch 2: bit bién phu E(z) sao cho:
Y(2)=(b,z" +b, ,z" " +..+b,)E(2)
R(2)=(z"+a, 2" +..+3,)E(2)
T dinh 1y vé ham chuyén dich (trang 161), suy ra:
y(k) =b,e(k+m)+b, ;e(k+ m- D+ ..+ bye(k)
r(k)=e(k+n)+a,_,e(k+n- D+..+a,ek)
Dit cdc bié€n trang thai:

X, (k) = e(k)
X,(K)=x,(k+1)=e(k+1)
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L
X,(K)=X, ,(k+1)=e(k+n- 1)
Tu d6 ta c6 phuong trinh trang thai:
X, (k+1)=x;,(k)
X, (K +1) =X;(k)
X3 (k+1) =X, (k)

Xq (K+1)=-80%, (k) - &, (K)- .- &, ;% (k)+r(k)

Hay § dang ma tran:

éx(k+)u é0 1 0 L O ueX(k)u €0u
Skl €0 0 1 L 0 Byl &
é u=¢el [ o W aée | g+eMur(k)
X (k+Dj 80 0 0 0 1 gax..(Kg &
&, k+) § &a -a -a L -a,Hex,(k)H &Y
Pép tng cia hé thong:

& x,(K) 0

‘?x2<k>3
y(k)=[b, b, .. b, o] U

o 1<k>u

gx, (k)

Vidu 7.10. Cho hé thong rdi rac c6 ham truyén:

Y(s)  22°+3z+4

G(2) = =
2) R(s) Z2+5z°+62+7

Tim m6 hinh khong gian trang thai ctiia hé.
Gidi. Dit bién phu E(z) sao cho:
Y(2) =(22® + 3z + 4)E(2)
R(z) = (2® +52° + 62+ 7)E(2)

‘1y(k) = 2e(k + 2) + 3e(k + 1) + 4e(Kk)
1r(K) = e(k + 3) + Be(k + 2)+ 6e(k + 1)+ 7e(K)
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Dit cdc bi€n trang th4i:
X, (k) = e(k)
X, (K) =X, (k+1) = e(k +1)
X5(K)=x,(k+D)=ek+2)
Tu d6 ta c6 phuong trinh trang thai:
X, (k+1) =X, (k)
X, (K +1) =X;(k)
X3(k+1)=-7x,(K)- 6x;,(K)- 5% (k)+ r(k)
0] dang ma tran:
eXl(k +1)u O 1 OueXl(k)u é0u)
(:exz(k +1)g go 0 178%, (K)g+ goﬂr(k)
exs(k+)y &7 6 5E|§X3(k)EI elg
Phuong trinh dép tGng :
éx, (k)u
— é a
y(k)=[4 3 2|z, (K)g
exs(K)g

7.5 Phan tich h¢ thong diéu khién roi rac
7.5.1 Tinh 8n dinh ctia hé thong rdi rac

Khi kh3o sat hé lién tuc, chiing ta di biét 1a: Hé thong diéu khién lién tuc sé&
on dinh néu tit cd cdc nghiém clia phuong trinh dic tinh déu nim bén trdi mit
phing phitc ( titc 1a a; = Re(s;) <0) .

V6i hé i rac, do z= e ™" nén ta c¢6 két lun tuong dng:

H¢ théng diéu khién roi rac sé on dinh néu tdt cd cdc nghiém ciia phuong
trinh ddc tinh déu ndm trong vong tron don v (tiic la |z;| <1).

Im(s) «® Im(z)

. A
/ / Re(s) / __ 5/ ) )1 Re(2)
//Mten on dmh / /

Mat phflng S Mit phflng Z

Hinh 7.12 Quan hé giita cdc mdt phdng Z-S
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7.5.2 Tiéu chudn Routh-Hurwitz mé rong
P& st dung dugc cdc tiéu chuin 6n dinh Routh—Hurwitz ciia hé lién tuc cho
viéc xét tinh 6n dinh cda hé rdi rac ta phdi dung phép d6i bién :
_w+l
S w-1

(7-13)

Phép ddi bién nay bi€n mién ngoai vong tron don vi trong mit phing Z thanh
ntta phdi ciia mit phing W, va mién bén trong vong tron don vi thanh ni¥a trdi mit
phing W.

Thong qua phép bi€n d6i z-w, phuong trinh dic tinh F(z) = 0 clia hé sé& dudc
bi€n ddi thanh phuong trinh dic tinh F(w) = 0 va ta c6 thé s dung cdc tiéu chuin
Routh—Hurwitz v§i phuong trinh dédc tinh F(w) = 0 nay.

[—)
3

~
N

~

z® w Im(w)

b

/?? | R 7 Re(w)

>

\

k
\\

"’//////

Mit phing Z Mit phing W

\

_

Hinh 7.13 Quan hé gita cdc mdt phdang Z-W

Vidu 7.11 Xét tinh 8n dinh clia hé thdng rdi rac c6 phudng trinh dic tinh :
62> +22° +4z+1=0

2. A7 W +1 N , 9, N
boibién z= wol phuong trinh ddc tinh trd thanh:
w

3
63&W+1o +23&W+1o aEW 10+1 0
gw 1lg SW lg 8W
O  6(w+1)°%+2(w+1)%(w- 1)+4(w+1)(w- D%+ (w-1)°=0
U 6w +3w?+3w+1)+ 2w’ +w?- w- 1)+
Aw3- w?- w+l)+(w3- 3w?+3w-1)=0
0 13w+13w2+15w+7w =0
Lap bang Routh:
13 15
13 7
8 0
7

Do tit ca cdc hé sd & cot 1 bdng Routh déu duong nén hé &n dinh.
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Hodc: 1ap cdc dinh thitc Hurwitz:

H,=a =15>0
a & [15 1

Hy=| * °|= =15(13)- 7(13)>0
8 @ |7 1
a a; O

Hy=|a, & O|=aH,=13H,>0
0 a o

Do cédc dinh thiic déu duong nén hé thdng 6n dinh.

7.5.3 Tiéu chudn Nyquist-Bode mé rong
Ta khong thé st dung truc ti€p tiéu chuin 6n dinh Bode ctia hé lién tuc cho
hé ri rac trong mat phing Z vi m&i quan hé giita z va s 1a z = e **. Tuy nhién ta ¢6
thé st dung tiéu chuin Bode cho hé rdi rac khi thyc hién phép d6i bién :
S = 1+(T/2)w
1- (T/2)w
Vi phép bi€n ddi nay, mién bén trong clia vong tron don vi trong mit phing
7 dugc dnh xa thanh nita trdi mit phing W.
Sau khi thuc hién cdc phép bién d8i G(s) ——» G(z)——» G(w) ta thay
w=jv va dugc ham tin s6 G(jv). V& biéu d6 Bode v6i G(jv) va 4p dung tiéu chuin
on dinh Bode nhu trudng hdp hé lién tuc.

(7-14)

7.5.4 Dap dng qua do hé roirac

Pip tng qua dd clia hé thong i rac c6 thé xdc dinh bing cich tinh Y(z),
sau d6 diing phép bi€n ddi Z ngugc dé€ tim ham thdi gian y(k).

Céc hé thong bic cao c6 thé xap xi gdn ding vé hé bac hai cé cip cuc troi.
V6i hé lién tuc, cip cuc troi 13 cidp cuc nim gan truc 4o nhat. VSi hé rdi rac, do
z=e"" nén cip cuc trdi 1a cidp cyc nim gin vong tron don vi nhat.

Xét hé thdng hdi ti€p 4m don vi c¢6 so dd nhu hinh vé:

RS) o T Y(s)

a(%—/—» D(z) ZOH G(s)

Pidp tng qui d6 cda hé véi tin hiéu vao bac thang don vi s& c6 dang dién
hinh nhu sau :
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4 yk)
Ymaxp-----ogmsi ooy e(¥)
03] S S N IS --------------- Loy
2 I =2
: t
0 e g

Hinh 7.14 Ddp ting qud do cia hé roi rac

Thoi gian qud di ts hay tee (settling time): 12 thdi gian cAn thi€t d€ tin hiéu
ra dat va duy tri dugc gid tri xdc 1ap v6i sai s6 cho phép. Thong thudng sai s6 cho
phépla + 2% hodc + 5%.

Dj vot 16" S % hay POT (dd qué diéu chinh, Percent Overshoot): 13 sai léch
giffa gi4 tri cuc dai va gid tri xdc 14p cla dap @ng, tinh theo phan trim :

POT = 9% = Yma " Y(*¥) 15004 (7-15)
y(¥)

trong d6: ymax 1a gid tri cuc dai cia y(k).

y(¥) la gid tri x4ac lap cua y(k).

Sai 50 xdc lgp dudc tinh theo cong thifc:
¥)=limeKk)=liml- z)E -1
o(¥) = lim e(k) = lim(1- 2 )E(2) (7-16)
hodc: (¥)=r(¥)- y(¥) (7-17)
Néu tin hiéu vao bac thang don vi r(t)= 1(t) thi :
r¥)=1 va: R(2=z/(z-1)=1@1-zY
Theo dinh 1y gi4 tri cudi:
¥)=limyk)=liml- z1)Y
y(¥) = limy(k)=lim@d- Z7)Y(z)
=lim@- z YR =i
im(l- z YR(2)G, (2) = MG, (2)

Do ds: e(¥) =r(¥)- y(¥)=1- limG,(2) (7-18)

Vidu 7.12 Cho hé thdng rdi rac:
R(s) T - - Y(s)

—»(?—/—» D(z) ZOH |—»| G(s)

1 L x
trong d6: G(S) :TG; D(z) = 10; Chuky lay mau T=0,01.
S

Tim ddp ¢ng va sai s6 x4c 1ap cda hé vdi tin hiéu vao bic thang r(t)=1(t).
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o - 10 éG(s)u

S 7 58 s f

az-16,¢ 1 U_sz-16ad6 (- e6T)
_8 zZ g eS(S+6)H S_B,gGg(z (z- €°T)
_ (- €°T) _ 0,009706
" 6(z- ) z-0,9418
Ham truyén hé kin:
Y(z) _ D(2)G(z) _ 10G(z) _ 0,09706
R(z) 1+D(2)G(z) 1+10G(z) z- 0,8447

Gidi. G(z2) =

Gy (2) =

Tin hiéu vao: rt)=4t) b R(2)=—

ez 00, 09706 0
P Y@ER@OG@ =g e s

Y (2) _ 0,09706 _ A N A,
z (z-D(z- 0,8447) (z-1) (z-0,8447)
A, =lim (z- )Y = jim 909706 _ 4 eo5
2®1 y4 z®1 z- 0,8447
A,= lim (z- O8447)Y(Z) lim 299706 _ 5 605
2® 0,8447 ®08447 7-1
b Y(2) = 0,625z ] 0,625z 0 5 5 5
z-1 z-0,8447 | PO IO =
Bi&n ddi Z ngudc ta dudc: a5 | T R B
y(k) = (0,625)(1 - 0,8447) n’—z"—\
0l :_. . _..Q’..O5. . : : s
= = = A 0o A
Y06 = imy(9 = limG, @) =025 SN
- = o1 e D?__,_«. JE 03 0.z5 o
hOéC: T -1 peen

_ i _ Lk Ky — _
Y(¥) = lim y(k) = 0,625]im 1" - 0,8447°) =0,625(L- 0) = 0,625
Sai so xdc lap:
e(¥)=1- y(¥)=0,375
Pdp ting clia hé ng vdi cdc chu ky 14y mau T khic nhau dugc bi€u dién
trén hinh v&. Gid tri T cang nhd thi dudng bi€u dién cang tron va cang gidng véi
dap tng cia hé lién tuc.
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Vi du 7.13. Cho hé thdng :

R(s) T Y(s)
—»(%)J—» ZOH —»| G(s) >
K

trong d6: G(s) = " ); K=20; a=5; T=0,lsec.
a

Tim ddp Gng va sai s6 xdc 1ap clia hé vdi tin hiéu vao bac thang r(t)=1(t).

Gidi.
az-16_éG(S)u_az-16_€é K U
€z 58sH &z 5 &26+a)l
_ K&aT+e¥ -z+(1- €@ - aTe aT)o
T A% Z-D(z-e ) .
Thé gi4 tri cda K, a, T vao ta dudc:
G(z) = 0,08522z +0,07216 _ 0,08522z +0,07216
(z- 1)(z- 0,6065)  z? - 1,6065z + 0, 6065
Ham truyén hé kin:
G (2) = G(z) _ 0,08522z+0,07216
1+G(z) z*-1,521z+0,6787
Pdp tng cua hé kin:

G(2) =

(xem vidu 7.8)

xe z 0a,08522z +0,07216 o
Y(2) =R(2).Gy(2) =
&z- 15872 - 1,5212 +0,6787
_ 0,085227% +0,072167
Y(2) = 3 2
7% - 2.5217% +2.1997z - 0,6787
=0,0852z 1 +0,2870z % +0,5362z 2 +0,7783z % +0,97752°°

+111632 % +1,19217" 7 +1,21342 8 +1,19422°° +1,15062 *°

Nhu vay:

y(k)= {0; 0,0852; 0,2870; 0,5632; 0,7783; 0,9775; 1,1163; 1.1921; 1,2134;
1,1942; 1,1506; 1,0974; 1,0459; 1,0037; 0,9745; 0,9587; 0,9545;
0,9588; 0,9682; 0,9796; 0,9905; 0,9994; 1,0056; 1,0089; ... }

bap ung xac lap: " : : : :
y¥)=limy(k)=lmGy (2)

Sai so xdc lap:

1 P P
(1) SRS ISP Ry S S
\ H i H

6(¥):1- y(¥):1' 1=0 nE
Thoi gian qué dd (sai s6 £2%): !

teens=20T=2 sec "
tai d6 y(20) = 0,9905
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7.6 Thi&t k& bo diéu khién PID s§’
7.6.1 Khai quat

C6 nhiu so @6 diéu khién khdc nhau c6 thé dp dung cho hé rdi rac. So dd
diéu khién thudng diing nhi't trong cong nghiép 1a hiéu chinh ndi ti€p véi bo didu
khién PID s6.

Thi&t k& bd diéu khi€n PID s& 12 x4c dinh ham truyén vdi cdc thong s tdi uu
ctia bd PID s& dé hé thong thod man yéu ciu vé do 6n dinh, chat lugng qua do, sai
s6 xdc lap.

Thuc t€ bd PID s6 néi riéng va cdc bo diéu khién s6 néi chung chinh 1a cic
thuit todn phan mém chay trén may tinh PC hay vi x& 1y. Tir ham truyén ctia bd
diéu khién ta suy ra dugc phuong trinh sai phdn mo td quan hé giita ngd vao va
ngd ra cda bo diéu khién. Quan hé nay dugc st dung d€ 1ap trinh phdn mém diéu
khi€n chay trén mdy tinh hoic vi x& 1y.

7.6.2 Mo ta toan by PID so

r(t) e(t), e(k 1 uk) Déi tugng y(t)
—>( ) PID so6 » ZOH »| diéu khién >
T lién tuc

Hinh 7.15 Piéu khién vdi b PID s6
XuAt phét tir mo td todn hoc ciia bo PID lién tuc:
u(t) =up(t) +u (t) +Uup (1)

= er( ) +K Og(t)d(t) +K de(t) (7-19)

Khi chuyén sang md hinh rdi rac ctia bd PID s& thi u(t) thay bing u =uk).
u, =up +ul +uP (7-20)
1) Khau ti 1€ up(t) = Kp e(t) dudc thay bing :
up = Kpe
Up(2)
E(2)

2) Khau vi phan ug(t) =K ae(t) dugc thay bing sai phan 1ui :
p D D dt

P Ham truyén: Gp(2) = =Kp (7-21)

Bién d8i Z hai v€& ta dudc:

E(2)- 7'E(2) _
T

Kpz-1
D(1 zZE(z) = ?—E()

Up(2) =Kp
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Up(2) _Kpaz-18 (7-22)
E(2) T 8 Z g

P Hamtruyén: Gp(2) =
t
3) Khéu tich phin u;(H)=K, cg(t)dt c6 nhiéu cdch tinh :

K
a) Tich phin chit nhatlui : u = Klé Te =u, ,+K Te,
i=1

k
b) Tich phan chi¥ nhatt6i: ul =K, § Te.,=ul ,+K,Te, ,
i=1

+
c¢) Tich phan hinh thang: uk =K, a Tel 12 T& Uk 1.|.'|'ek 12 €k
i=1

G-DT  iT G-DT  iT G-DT  iT
b) )

Hinh 7.16. Minh hoa ba cdch tinh tich phdn sé
Trong ba cach tinh tich phan trinh bay & trén, tich phan hinh thang cho két qué
chinh x4c nhat, do d6 thyc t€ ngudi ta thudng sit dung cong thic:
+
ul =ul  +T ST
Bi&n ddi Z hai vé:
] K\T/_.
U,(2) =2 'U(2) +—é(z 'E(2)+E(2))
_KT&+z'0_KTaz+ls
E(2) Zelzg 282 lg
Tl cdc him truyén cd badn vira phan tich § trén, ta rit ra dugc ham truyén cla

bd PI, PD, PID s6 nhu sau:

+
Gy (2) =K, + uT @2 +10 (7-24)
2 &z-1p

P Hamtruyén: G,(2)=

KpaZ- 10
Gpn(2) =Ky +—2 7-25
pp(2) PT T 8 Z 5 ( )
+
Gp.D(Z)=Kp+KTaEZ 10, Kooz~ 10 (7-26)
2 &%z- lg TS 72 5
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Kp

E(z) KT z+1 V@)
Sl SR [ S5 NG et
2 z-1
_ KD Z_l o

T Z g

Hinh 7.17 So do khoi bé PID s6

7.6.3 Xac dinh thong s6 bo PID sé biing thu'c nghiém

Tuong tu nhu & phuong phdp thuc nghi€ém cua Zigler-Nichole, Takahashi ciing
dua ra phuong phdp x4c dinh ba tham s§ K, Ty, Ty ciia bo PID s6 hoic tir ddp
tng quéi do clia ddi tugng hoidc tir ddp tng clia hé kin.
1) St dung ddp Wng qua do clia doi tugng

Piéu kién dé€ 4p dung dugc phuong phap Takahashi 12 d6i tugng phai dn dinh,
c6 ham qud do h(t) di tir 0 va c6 dang hinh chit S, khdng vot 18.

k |

Hinh 7.18

Hinh 7.18 bi€u dién dang h(t) chung cho nhitng ddi tuong c6 thé dp dung dudc
phuong phdp Takahashi. Tt dudng h(t) d6 ta 1y dudc cdc gid tri :

- k 12 hé s6 khuéch dai clia doi tugng, dugc xdc dinh tir h(t) theo k = limh(t)

- T, 1a gi tri xap xi cda thdi gian tré. N6 13 giao diém cla dudng ti€p tuyén
vdi h(t) tai di€m udn véi truc thdi gian.

- T, 1a gid tri ddc trung cla qud trinh qud do. NG 1a thdi gian cin thiét dé
dudng ti€p tuy&n véi h(t) tai di€m udn di dudc tir 0 tdi k.

- Tosq, 12 di€m thdi gian ma h(t) dat dugc gia tri 0,95k.

Thoi gian 14y mau T c6 thé chon tir @6 thi h(t) cia ddi tugng nhu sau:

L. N o Ty T T
-Xacdinhtr T, : Néu _I_—<12 thi €“£T£7“

u

- Xdc dinh tr T, : 18y T£01T,
- Xédc dinh tf Tosg, :  0,05Tggy, £ T £ 0,1Tgg,
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N6i chung, n€u nhu thdi gian 18y miu T dugc chon da thod man T £ 2T, thi
ba tham s8 Kp, Ty, Ty clia PID s8 s& dugc xdc dinh tir k, T, T, nhu sau:

Loai diéu khién Kp Tn Ty
TQ
' Ko (7, +T) - -
09T, s
PI To | 33387, +-2
KS agl'u +79 8 “ 2 17 -
e 2g
12T .2
g 28, + 19
PID Ke (T, +T) &' 25 | 05(T,+T)
T,+T
Kp : Hé s6 khué&ch dai cia bo diéu khién sd.
T, :% : Thdi gian vugt s6m
P
K, e
T, e : Tho1 gian gitt tré

2) St dung ddp Wng cua hé kin

Phuong phdp ndy thudng 4p dung cho cdc doi tugng cé khau tich phan, vi du
muc chat 1dng trong bon chita, vi tri hé truyén dong ding dong co... Pap tng qua
dd clia cdc ddi tugng nay ting dan, khong c6 dang &n dinh chit S nén ta phai diing

dap tng cia hé kin.

1) Tru6c tién di€u chinh thanh phan tich phin va vi phan dén tri s6 t&i thiéu,
téc 12 K; =0 va Kp = 0. Sau d6 khdi dong qud trinh v6i do khuéch dai thap K p.
Tang dan Kp dé&n gid tri t6i han Ky, dé hé kin cé ddp ng dao dong diéu hoa. Xdc

dinh (do) chu ky T, ctia dao ddng.
2) X4c dinh Kp, Ty, Ty ctia bd PID sd nhu sau:

B diéu chinh Kp Tx Ty
p 0,50 Ky, _ _
PI 0,45 Ky, 0,83 Ty, _

PID 0,60K ¢, 0,50 Ty, 0,125 T,
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PHU LUC
ONG DUNG MATLAB
KHAO SAT HE THONG NIEU KHIEN TO NONG

Noi dung phu luc nady gidi thiéu by cdng cu Control System Toolbox caa Matlab, bao

gom tap hop cac ham (Iénh) chuyén ding trong mé phong va phan tich ke théng diéu khién.

Sau khi khoi dong Matlab, cirasd 1énh Command window xut hién cling dau nhac >> .

Tai day chdng tathyc hién viéc nhap Iénh va nhan két qua tinh toan. Sau khi nhap céu lénh
va két thiic bang dong tac nhan phim Enter, Matlab s thuc thi vatra vé két qua ngay dudi
dong 1énh. Ngoai ra, ban c6 thé gb 1énh >>edit dé vao cira sd Editor, viét, luu va chay toan
bo chuwong trinh cung ltc (thay vi gd tirng 1énh tai command window). Buéc dau lam quen
v6i Matlab tacan chiy mot sd diém sau:

- Matlab phan biét chit hoa va chir thuong. N6i chung céc lénh Matlab lubn viét bang
chir thuong. Céc bién do ngudi dung tu dat ¢d thé 1a chir hoa hay thuong tuy .

- D4au % ding dé ghi cht thich. Dong ky tu sau diu % s& khong dugc Matlab xir 1y.

- Binh thuong Matlab ludn hién thi két qua cau lénh. Néu khéng mudn hién thi ban
g6 thém dau cham phay (;) vao cubi cau lenh.

- MGi lénh c6 thé co nhiéu chac niang va da dang vé ci phép. Trong tai liéu ndy chi
giéi thiéu cach ding co ban. Bé tim hiéu va khai théc hét cac chac niang cua lénh,
ban gd >> help ténlénh hoac >>doc ténlénh.

8.1 MO TA PHAN TO VA HE THONG TUYEN TiNH
8.1.1 Mo ta phan to lien tuc

1) Phan tir dwoc mo ta todn bang md hinh ham truyén :

_Y(S) _bys" + by, 8"+ + by
U as +a, s " +..+a,

G(s)

c6 thé md ta trong Matlab bang 2 cach :
Cach 1: Dung lénhtf vai cl phdp:
SYS = tf(NUM,DEN)
Trong 46, ( SYS latén cuaphan tir hay hé théng.
NUM =[ by bm1 ... bp] % dathacta sb
DEN=[ah 8n1 ... &] % dathtc mausb
Ghi chd : Khi s dung, céc chit in hoatrong cti phdp 1énh c6 thé doi tén tuy .
Vi du 8-1: ) , .
>>sysl=tf(5[168]) % dotu solab,=5nén cdthé nhap [5] hay 5 déu duoc.
Transfer function:

SN2+6s+8
~ Céch 2: Dung Iénh's = tf(s") dé khai b4 md hinh ham truyén va bién s, sau d6 nhap
biéu thirc todn cuaa ham truyen.
Vidu 82 >>s=tf('s); sys2=5*(st1)/((s+4)*(s+3)"2)
Transfer function:

"3+10s"2+33s+ 36
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>> Kp=5; Ki=0.1; Kd=3;
>>s=1tf('s) ; Gpid=Kp+Ki/stKd*s
Transfer function:

3s2+5s5+0.1

2) Phan tir dugc mé ta todn bang mé hinh zero-orc :
G(s) =K (s- z))(s- 2) ..(s- Zp)
(- Pu(S- Po) (S~ Pp)
c6 thé md ta trong Matlab bang lénh zpk Vvéi ¢l phép:
SYS = zpk(Z,P,K)

Trong dé:
Z=[21 22 ... Zn) % vécto céc zero (nghiém caatir s5)
P=[p1 P2 ... pr] % vécto cac cuc (pole, nghiém ciia mau so)
K=bm/a, % Do loi (gain)

Néu tir s ham truyén khdng cé nghiém thi lay Z=[ ] (matran rong)
Vi du 8-3:
>>sys3=zpk ([],[-2-4],5)
Zerolpole/gain:

(st2) (s+4)
Néu biét ham truyén, ta cd thé tim céc zero va cuc nhu sau:

z=zero(SYS) % Tim vecto z chira cac zero ciahé SYS
[z,K]= zero(SYS) % Tim vecto zvado loi K ciahé SYS
p=pole(SYS) % Tim vecto p chira cac cuc ciahé SYS
Vi du 8-4:
>>7= zero(sys2) % sys2damota ¢ vidu 8-2
z=-1
>>p=pole(sys2)
p=-
-3
b -3 N
3) Phan tir dwgc mo ta toan bang mé hinh trang thai :
| k=Ax+Bu
% y=Cx+Du

Trong dé: A,B,C,D lacac matrantrang thai. ’
ulatin hiéu vao, y latin hiéu ra, x la bién trang thai
c6 thé md ta trong Matlab bang lénh ss véi ¢l phép:
SYS=ss (A,B,C,D)
Vidu 8-5: >>A=[-2-4;20]; B=[1,0] ; C=[0.51] ; D=0;
>>sys4 =ss(A,B,C,D)
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x1 X2
x1 -2 -4
X2 2 0
b=
u
x1 1
X2 0
c=
x1 X2
y 0.5 1
d=
u
y 0

Continuous-time model.
4) Phan tir ¢6 tré : Ciing duoc MO ta bing céc Iénh tf, zpk, ss nhung c6 thém tham
'inputdelay’ haic 'outputdelay' dé khai bao thoi gian tré.
Vidu 8.6: Mota phan ti tré cd ham truyén G(s) = e 0:2S *4/(s+50)
>> G_delay = tf(4,[1 50],'inputdelay’,0.2)
Transfer function:

exp(-0.2*s) * ---------

5) Chuyén d6i gitra cac dang md hinh
Céc dang md hinh c6 thé chuyén d6i qua lai bang céc lénh ss, tf, zpk :
SYSS= s5(SYS); SYST=tf(SYS); SYSZ=zpk(SYS)

trong do:
SYS : mod hinh bt ky s model

SYSS : md hinh ss '// %
SYST : mo6 hinh tf
SYSZ : mo hinh zpk tf model —— zpk model

Vidu 8-7:
>> G3=tf(sys3) % chuyén sys3 cd md hinh zpk & vi du 8-3 vé dang ham truyén
Transfer function:
sN2+6s+8
>>GA=tf(sysd) % chuyén sys4 c6 mé hinh ss & vi du 8-5 vé dang ham truyén
Transfer function:
0.5s+2

N2+25+8
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8.1.2 Mo ta phan t0 rdi rac

§ Céc ham md ta phan tir tuyén tinh roi rac c6 dang tuong tu nhu khi md ta phan tir lién tuc
nhung cé thém théng tin vé thoi gian lay mau T (T>0). Néu chua xéc dinh thoi gian lay
mau thi dat T=-1.

SYS = tf(NUM,DEN,T)
SYS = zpk(Z,P,K,T)
SYS=ss (A,B,C,D,T)
Vi du 8-8:
>>sys=1f([14],(128],01) %hay >>z=tf('2,0.1); sys= (z+4)/ (z*2+ 2* 2+ 8)
Transfer function:

Z"2+2z+8
Sampling time: 0.1
>> sys=tf(4,[1 3 5],-1)
Transfer function:

7"2+3z+5
Sampling time: unspecified
§ CAthé chuyén md hinh kg lién tyuc thanh mé hinh ke roi rac bang lénh c2d:
SYSD=c2d(SYSC,T)
trong d6: SYSC lamd hinh ¢ lién tuc (continuous system)
SYSD lamo hinh F¢ roi rac (discrete system)
T lathoi gian lay mau
Hozc chuyén mé hinh Fg roi rac thanh mé hinh e lién tuc bang Iénh d2c :
SYSC=d2c(SYSD)

Vi du 8-9:
>>Gs=tf([13],[128]); % mdta hé lién tyc ¢ ham truyén Gs
>> Gz=c2d(Gs,0.1) % chuyén Gs thanh heé roi rac co ham truyén Gz

Transfer function:
0.1034 z - 0.07638

"2 -1.747 z + 0.8187
Sampling time: 0.1
>> Gs= d2¢(G2) % chuyén tré lai hé lién tuc

Transfer function:
s+3

S\2+2s+8
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8.2 KET NOI CAC PHAN TO

Céc dang mo hinh c6 thé chuyén doi vakét ndi 1an nhau, tuy nhién thir ty uu tién trong
Matlab lan luot 1& ss model > tf model > zpk model . Ngha la: khi két noi mot md hinh ss
v6i mo hinh tf haic zpk thi ket qua cudi cling 2 dugc Matlab bicu dien ¢ dang ss; Tuong ty,
khi két noi mot mo hinh tf vai m6 hinh zpk ta nhin duoc két qua & dang tf .

1) Ghép néi tiép 2 phan ti : DUNg 1énh series hoac toan tir “*”
SYS = series (SYS1,SYS2)

U SYS = SYS1* SYS2

Lénh series chi tinh duoc ham truyén tuong duong cia 2 phan tir ndi tiép, con todn ti
“*” c0thé 8p dung cho so phan ta ndi tiep bat ky (2,3,4,...).

Vi du 8-10: Tim ham truyén caa ba phan ti ndi tiép

>> G1=tf(1,[14]) ; G2=tf(1,[10]); G3 =tf(1,[13]) ;
>>G12= series (G1,G2) ; G = series (G12,G3)
% hoac >> G = series(series (G1,G2),G3)
% hoac >>G=G1*G2*G3

Két qua :
Transfer function:
SN3+7sM2+12s

2) Téi gian hoa ham truyén :
Lénh minreal ¢4 t&c dung lam t6i gian hda ham truyén caa hé thong bang céch loai bo

bt céc cap zero/cyc gibng nhau. Vi hé ¢6 md hinh trang théi, 1énh minreal s3 loai bo cac
bién khéng dieu khién duoc hodac khéng quan sat duoc.

Ca phap : SYS=minreal(SYS)
Vi du 8-11:
>>G1=tf([12],[14]); G2=1tf(2[12]);
>> G12= series (G1,G2)

Transfer function:
2s+4

S"2+6s+8
>>G12= minreal (G12)
Transfer function:

3) Ghép song song 2 phan ti : DUng Iénh parallel hozc toan tir “+”
SYS = parallel (SYS1,SYS2)
U SYS = SYS1+ SYS2

Lénh parallel chi tinh dugc ham truyeén twong duong cua 2 phan tir ghép song song, con
toan tir “+” ¢0 thé ap dung cho s6 phan tur song song bat ky (2,3,4,...).
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Vidy 812 >> G1=1f(1,[14]) ; G2=tf(1,[1 0]); G3=tf(1,[1 3]) ;
>>G12= parallel (G1,G2) ; G = paralel (G12,G3);
% hoac >>G = parallel (parallel (G1,G2), G3)
% hoac >>G =G1+ G2 + G3
K&t qué :
Transfer function:
3s2+14s+12

N3+7N2+12s
4) Timm0 td toan ciza mgch vong kin : Dung lénh feedback
- Phan hoi am:
U--->0---> SYSL [----+--->y
- | y = SYSK * u
+----- [ SYS2 |<---+

SYSK = feedback(SYS1,5YS2)
V 6i mach phan hdi amdon vi (SYS2=1) thi: SYSK = feedback(SYS1,1)
- Phan hoi duong:
SYSK =feedback(SYS1,5YS2,1) % cdthém ky kiéu “,1” sau SY S2
V 6i mach phan hdi duong don vi (SYS2=1) thi: SYSK = feedback(SYS1,1,1)
5) Tim md td toan cria h¢ théng phic tap
Céch 10 Bién doi so do khoi dé 1am xuat hign c&c dang ket ndi don gian roi dung cac
[énh series , parallel, feedback hay cac toanta “*”, “+" dé lan luot rdt gon so d6 khoi tur
trong rangoai.

Céch 2: Dung céc lénh append vaconnect, theo thir tu cac budc nhu sau:

1) V& so do khoi cia h¢ thong vadéanh s thir tu céc khéi (cac phan tir, céc hé con).
Vi du can xac dinh ham truyen caa hé thong gom 7 khoi sau :

— X5 Gl(s) G2(s) » G3(s) > Ga(s) |
® -1 & - ® @
G6(s) |« G7(s)
G5(s) |« @ @

®

Viéc danh s thtr ty cac khéi theo quy tac : tir tréi qua phai, tir trén xudng dudi (hoac tir
dudi 1én trén).
2) M0 td cac hé con SYSi trong Matlab bang céch ding céc lénh tf, ss, zpk d& néu &
phan truac.
3) Dung Iénh append dé khai béo cho Matlab céc hé con tham giavao hé théng:

SYSA= append(SYS1,SYS2,SYS3,SYS4,SYS5,SYS6,SYS7);
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4) Lap matran két ni céc hé con va chi dinh céc ngd vao, ra cia hé thong:

MJdi hang cia matran két ndi Q twong (rng véi mot hé con. S6 hang dau caa mdi hang
lachi sb caahé con, cac sb hang tiép theo biéu thi két ndi gitra ngd vao caa hé con d6 Vi
ngd ra cua cac hé con khac. Vi du ngd vao ciahé 2 langd racuahé 1 vahé 5, hé 5 lai la
phan hoi am, do d6 s6 hang dau trong hang 1a 2, hai s5 hang ké trong hang 1a 1 va-5, cac
sb 0 duoc thém vao dé tao Q la matran chir nhat.

Q=[10000
500
600
6 3-7
000
000
740007

o O WDN
W W NN P

input=1; % vi ngd vao cua hé thong la ngd vao ciakhdi 1
output=4; % vi ngd ra caahé thong l1angd ra cua khéi 4
5) Dung lénh connect tim mé ta todn ciatoan hé thong theo cli phép:
SYS = connect(SYSA,Q,input,output)
Céch 3. V& so do he théng trong mdi truong SIMULINK cia Matlab (kich haat bing
[énh simulink) r6i dung Iénhlinmod dé trich xuat cac matran A,B,C,D caa hé thong :
[A,B,C,D] = linmod ('model_filename’)

’ Trong d6 tham sb 'model_filename' 1atén @a file mé hinh. Vi di, sau khi v& so d6 hé
thong trong SIMULINK taluu lai thanh file “ht1.mdI” thi ding énhlinmod nhu sau :

[A,B,C,D] = linmod (ht1’)
Sau d6 tuy nhu cau c6 thé tim mo ta hé théng dudi dang m6 hinh trang thai:
SYS =ss (A,B,C,D)
Hoac chuyén vé dang ham truyén: SYS =tf(SYS)
Véi he théng roi rac tadung l1énh dlinmod thay cho Iénh linmod
[A,B,C,D] =dlinmod ('model_filename’,T)
Vi du 8-13: Tim ham truyén ciia hé thong co so do khéi nhu hinh V&

Gs 8s J
s+2 |
; ry I S I B B Y A
d s+1| [Als+2| B | s g
Gy G2 Gs Ga

Gidi:
~ Céch 1: Trudc tién tacan bién doi so d6 khoi vé dang tuong duong dé xuat hién cac dang
ket noi co ban, sau d6 méi &p dung dugc cac ham ket noi, trong ty nhu tinh toan dai 0 so
do6 khoi trong ly thuyet dieu khién tu dong.

191



s+2 s+2
r G @ 1 1] Y
—> 20 —> “*+—> > = >
. s+1 s+2 S
- G: G: Gs Ga
Chuong trinh Matlab:
g1=20;
g2=tf(1,[1 1)]);
g3=tf(1,[1 2);
g4=tf(1,[1 Q));
g5=tf([8 0],[1 2]);
gtd1=feedback(g2,95* g3,1); % mach hoi tiép duong
gtd2=feedback(g1* gtd1,1); % mach hoi tiép &m don vi
SY S=feedback(gtd2* g3* g4,1); % mach hoi tiép &m don vi
SYS=minreal(SYS) % tbi gian hod ham truyén
Két qua :
Transfer function:

20s+40

M +255"3+80s"2+104s+40
~ Céch 2: Tinh ham truyen cua h¢ thong truc tiép tir so do khdi dé cho ban dau, khong can
thiet phai bien doi so do.
Chuong trinh Matlab :
g1=20;
g2=tf(1,[1 1]);
g3=tf(1,[1 2]);
g4=tf(1,[1 Q]);
g5=tf([8 0],[1 2]);
SY SA=append(gl,92,93,04,95);
Q=[1-2-4 % ngd vao cuakhdi 1 1angd racuacac khbi phan hdi am 2 va4
215 % ngdvaocuakhdi 21angd raciacac khbi 1vas
320 % ngdvao cuakhdi 31angd racaakhdi 2
430 % ngdvaocuakhdi 4langdracia khéi 3
530]; % ngdvaocuakhdi5langdracaa khdi 3
input=1; % ngd vao caa hé théng 1a ngd vao caa khéi 1
output=4; % ngd racua hé thong 1angd ra caakhdi 4
SY S=connect(SY SA, Q, input,output);
SYS=minreal (SYS)
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K&t qué :
Transfer function:
20s+ 40

M +25s"3+80s2+104s+40

Cach 3: Thuc hién hai buréc :

@ Budcl: V& so d6 hé théng trong mdi truong Simulink aia MATLAB (kich hoat
bang Iénh >>simulink ), luu tén file 1a‘ baitap _sdk1.mdl’.

8s

S+2 <
Transfer Fcn5

1 1 1
— » — i  JED)
s+1 s+2 S
Outl
Transfer Fcn2 Transfer Fcn 3 Transfer Fcn4

@ Budc 2: Nhap vathuc thi doan chuong trinh sau :

>>[A,B,C,D]=linmod('baitap_sdk1");
>>sys=ss(A,B,C,D);
>>sys=tf(sys);
>>sys=minreal (sys)
K&t qué :

Transfer function:
20s+ 40

M +255"3+80s2+104s+40

8.3 TINH TOAN VA VE BIEU NO NAP ONG THOI GIAN
1) Nap 6ng bac thang
Lénh step duing dé tinh toan vavé dép ung bac thang (ham quado)

LENH Y NGHIA
step(SYS) V& biéu do dap ung bac thang caa hé thdng, khoang thoi
gian do Matlab tu dong xéc dinh.
step(SYS,T) : V& biéu do dap ung bac thang caa hé thong trong thoi

giantr0dénT

step(SYS1,SYS2,..,T) | V& dép trng caanhiéu hé théng trén cling 1 hé truc toa do
[y, t]=step(SYS) Tra vé day giatri y twong trng véi vecto thoi gian t

SYS,SYS1,SYS2, ... cdthé Iahe lién tuc hodc roi rac cd md hinh dang tf, zpk, hoac ss bét
ky nhu datrinh bay ¢ phan truéc.
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Sau khi V& biéu d6 ta c6 thé xéc dinh céc thdng sd quan trong caa duong dap ang nhu
thoi gian tang (Risetime, 10 , 90%), thoi gian quéa do (Settlingtime, = 29%), do vot 16
(Overshoot), gidtri xac 1ap y(¥)... bing cach nhip phai chudt vao viing trong bat ky trén do
thi dé xuat hién menu danh sach tha xuong (popup-menu) va chon muc tuong trng.

Hinh dudi ddy minh haa két qua sau khi nhap chudt phai vao viing tréng trén do thi valan
lwot chon Characteristics > Settling Time, saudd nhip chudt tréi vao dau tron vira xuat hién
trén do thi dé hién thi giatri thoi gian quado.

- Bé hién thi d6 vot 16, chon Characteristics > Peak Response >...

- Bé hién thi giatri xac 1ap y(¥), chon Characteristics > Steady State >...

=) Figure 1 ) ] ]

File Edit Wiew Insert Tools Deskiop ‘Window Help

DEeEES K RAM® |2 08| 0O

Slep Responze
4.4 System: h ,

[ Peak amplitude: 116
Crwvershoot (%) 168.3

At titne (=zec) 0.364
12 F B

+ System: h
| =ettling Time (zec) 0.503

0& |

Amplitude

Systems (] I i

1
|
|
|

05 | '
| (e ETEN Y W Peak Response
| iGrid

04 ' N )
| Mormalize Risndime
' v Full Wigw Steady Stake
|

Uz ' Properties. .. 1
| —|—I

a I | I il I
0 0.z 0.4 0.6 0.5 1 1.2
Time [sec)

Néu ban nhap chudt tréi vao diem bat ky trén duong dép (ing, MATLAB s hien thi
céc giatri hoanh do, tung do (tuong trng la thoi gian va biéndo) tai diem d6. Neu ban nhap
trai roi ré chudt doc theo duong dap ung, cac giatri trén st hien thi lién tiep.

beé tim dap ung béac thang cua h¢ thong duéi dang ham so theo thai gian t (thay vi
dang d6 thi) khi biet ham truyén G caa hé, tacd thé dp dung cac ham xu 1y biéu thac chir nhu
sau:

[n,d]=tfdata(G,v"); % tim vécto hé sb caata vamau sb ham truyén G.

symss % khai béo bién symbolic (bén chi) las

num=poly2sym(n,s); % o biéu thirc symbolic aiatir sd theo bién s

den=poly2sym(d,s); % tao biéu thirc symbolic aia mau s theo bién s

G=num/den % biéu dién ham truyén G dudi dang biéu thirc symbolic
Y=Gl/s % anh Laplace Y (s) cia ham quado
y=ilaplace(Y) % ham quado y(t)

2) Nap 6ng xung
Dung Iénhimpulse dé tinh vavé d&p wng xung (ham trong luong) cia hé thong.
Cua phap cialénhimpulse giong nhu Iénh step.
impulse(SYS)
impulse(SYS,T)
impulse(SYS1,SYS2,...T)
[y,t]l=impulse(SYS)
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3) Nap 6ng tin hieu vao bat ky
- DUNng IénhIsim dé tim dép ang thoi gian caa hé thong déi véi tin hiéu vao bat ky.
Isim(SYS,u,t) : V& d&p ung véi tin higu vao u bt ky trong khoang thoi gian t.
[y.t] = Isim(SYS,u,t) : tra vé ddy giatri dép angy tuong ang vai vecto thoi gian t.
- Mot sb vi du tao tin hiéu vao:

>>t=0:0.01:1;

>>u= ones(size(t)); plot(t,u) % unit step (bac thang don vi) u=1(t)
>>u= 5*ones(size(t)); % step (bac thang) u=5(t)

>>y= [1;zeros(100,1)]; % impulse (xung nhpn don vi)
>>U=t; % ramp (ham dic)

>S>U=t12; % parabol

>>u= square(4*t) ; % xung vudng

>>u =sin(t) % song sin

C6 thé tao nhanh céc tin higu vao dang song bang ham gensig :

[u,t] = gensig(typ,tau)
[u,t] = gensig (typ,tau,Tf,Ts)

Bang tham s5 typ tacé the khai béo loai tin higu: séng sin ('sin'), séng vudng ('squar €),
hogc day xung nhon ('pulse’). Tin hi¢u do gensig tao ra co bién do chuan la 1don vi. Chu ky
cua tin hieu duoc khai bao nho tham 6 tau. Tf [a khoang thoi gian tac dong va Ts la thoi
gian lay mau (chu ky lay mau). Vécto thoi gian t dugc Matlab ty dong chon hoic tinh theo Tf
vaTs.

8.4 TINH TOAN VA VE BIEU NO NAP ONG TAN SO
~ Chét luong cua h¢ kin trong mién tan so dugc danh gia quadép ing tan 0, cu the 1a
biéu d6 Nyquist vabiéu d6 Bode cua hé hé tuong tng.
Céc cau tric 1énh sau day thuong dung dé tinh vavé dép tng tan sb :

LENH Y NGHIA
nyquist(SYS) V& biéu do Nyquist ciahé SYS
bode(SYS) V& biéu d6 Bode ciahé SYS

V& biéu d6 Bode va hién thi giatri dy trit bién do, du
trir pha,... ngay trén biéu do

[Gm,Pm Wgm ,Wpm]= | Tinh toan d6 dy trir biéndo, du trit pha, tan b cit
margin(SYS) bién, tin sb cit pha

margin(SYS)

Giatri dy trir bién d6 Gm do ham margin tinh rala giati tu nhién (khdng don vi) , dé
chuyén doi sang giatrj dB (decibel) tadung cong thirc Gm_dB= 20*0g10(Gm).

Vi hé rdi rac , ham bode S8 8p dung thuat toan bién déi z = "7 (trong d6 T 14 thoi
gian liy mau) dé anh xa vong tron don vi thanh truc tan s thyc . Do ham truyén tan sd cia
hé roi rac cd tinh tuan hoan véi chu ky 2p/T nén véi hé roi rac, ham bode chi tinh dép ting
cho nhitng diém tan sd nho hon tan sb téi han p/T.
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8.5 GIAO DIEN LTIViewer

Giao dién d6 hoa LTIViewer dugc kich hoat bang Iénh Itiview. Vi giao dién
LTIViewer ban co thé ciing mot |ic khao sét dic tinh dong hoc cua nhiéu hé théng tuyén tinh
bat bién, vadéi voi mdi hé thdng lai co thé vé duoc tat ca cac dang dic tinh dong hoc. Do co
thé vé& duoc trén cling mot cirasd nén ban cé thé dé dang nhan thiy dugc méi lién ke gitta cac
dang dac tinh dong hoc, vi du dép trng xung la dao ham caa dép rng bac thang, dinh cong
huang trén biéu ¢ Bode co bién do cang cao thi do vot 16 trén dép ang bac thang cang cao,
s lién ke gitra biéu d6 Bode va biéu do Nyquist,...

Mot sb cach thuong diing cua lénh Itiview :

LENH Y NGHIA

V& céc biéu do chi dinh boi tham &5 PLOTTYPE..
PLOTTYPE c6thé la'step', 'impulse’, 'nyquist’,

Itiview(PLOTTYPE, SYS) bode,... hoic té hop {'step’: ‘impulse’; 'nyquist';

bode,...}
Itiview(SYS1,SYS2,...,.SYSN) V& biéu d6 step ciia nhiéu hé théng
Itiview(PLOTTYPE,SYS1,SYS2,...,.SYSN) xéétz%‘;g'eu do chi dinh boi PLOTTY PE caa nhicu

Vi du 8-14:

>> G=tf(10,[1 2 10])

Transfer function:

2+2s+10

>> |tiview({ 'step’;'impul se';'nyquist’;'bode’} ,G)

<) LTI Viewer
File Edit ‘Window Help

D& &L

Step Responze Impulze Response
15

Tu menu edit hoic tur
popup-menu khi nhip chuot - I .
phai trong cra so LTIViewer,
ban c6 thé chon lva cac thiét

Amplitude
Amplitude

0s

dat vé ciu hinh nhr s luong ; . . 3 . .
d6 thi, loai dd thi, hién thi : e - : Y e :
hoac tat hién thi cac théng sb
X ~ , A . Myquist Diagram Bode Diagram
chat lugng trén cac do thi,... 2 , g 1
] § 0 g
% g " e
z = 100 . .
= @ 0
-2 : . " . E 480 ; ;
-1 08 0 05 1 iz 10! 102 10! 10

Real Axiz Frequency (radisec)

LTI Wiewver ‘
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8.6 Vi DU ONG DUNG
Vide 815 Cho hé thong cd so dd khéi nhu hinh vé

r=1(t) e PID 20 y
$? +12s+ 20

\ 4
v

Chon Kp=16; K, =60; Kp =1
Viét chuong trinh Matlab thec hién cac yéu cau sau:
a) Tim hém‘truyén, ham quado vasai $ xéc 1ap e(¥) caahé théng.
b) V& biéu d6 ham quado vaxéac dinh giatri xac lap y(¥), do vot 16, thoi gian quado.
Gidi. Chuong trinh Matlab:
Kp =16; Ki =60; Kd =1;
s=tf('s); Ge=Kp + Ki/s+ Kd*s; 9% ham truyén bo PID
% Ge=tf ([1 16 60],[1 O]) % mot cach khac dé khai béo ham truyén bo PID

G=tf(20,[1 12 20)); % ham truyén cia ddi tugng
Gk=feedback(Gc*G,1) ; % ham truyén hé kin
Gk=minreal (Gk) % t6i gian hoa ham truyén hé kin.
sai sox|=1-dcgain(Gk) % Tinh sai 5 x&c lap
step(Gk) % V& biéu d6 dap tng qua do
symss
[n,d]=tfdata(Gk,'); » | | Step Respanse
n=poly2sym(n,s); T 063
d=int16(d); 12f e Coe D202 wr—
d=poly2sym(d.s); i o
Gk:n/d : Settling Time (gzcs;eglﬁlg‘:c E
Y=GkK/s; 8 | | 1
y=ilaplace(Y) E i i |
Két qua khi chay chuong trinh: | |
Transfer function: : : .
20s+ 120 | | |
"""""""" i i
2 +225+120 0 i e s o8
SaISOX| - 0 Time (sec]
Gk = (20* $+120)/(5"2+22* $+120)
y = 1-5*exp(-12*t)+4* exp(-10*t) % y(t) =1- 5e 1% + 4 1%

Tir d6 thi step taxéc dinh duoc céc théng sb chét luong :
Giatri xac lap (Final value) =1
Do vot 16 (Overshoot) = 8,78%
Thoi gian quado ( settling time) = 0,461 sec
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Vidu 816 Xé&c dinhdo du trit 6n dinh biéndo va phacaahé théng cho ¢ vi du 8-15.
Gigi. Chuong trinh Matlab:
Ge=tf ([116 60], [1 Q]); % hamtruyén by PID

G=tf(20,[1 12 20]); % ham truyén caa di tuong
Gh=Gc*G; % ham truyén hé ho
Gh=minreal (Gh) % toi gian hoa ham truyen
nyquist (Gh) % V & bicu do Nyquist i¢ hd
figure(2); margin(Gh) % V¢é bieu d6 Bode hé¢ ho
Két qua :
Transfer function: % ham truyén hé ho
20s+ 120
h2+2s
Nyquist Diagram System: Gh
100 T T T T T T Phaze Margin (deg); 79.4 =
Delay Margin (zec) 00663
S0F At frequency (radizec): 20.7 |
Clozed Loop Stable? Yes
0
o 0
&
> -100
£ 150
g
£ 200
250
-300
_350 L L L L L L L L L
20 18 16 4 12 10 8 6 4 2 0
Real Axis
Bode Diagram
Gm = Inf, Pm =794 deg (at 20.7 rad/sec)
60 S ——— S — S —
=)
Y
y
P
8
oo

Frequency (rad/sec)
Tir biéu d6 ta x&c dinh duoc do du trir bién d6 GM = ¥ ; d6 du trit pha
PM=79,4°, tan s cit bién wc = 20,7 rad/sec, tin sb cat phaw (1g0:) = ¥ (khong ton tai,
vi biéu @6 Bode pha khéng cit duong thing -180°).
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Vidu 8-17 Khao sét dép (ing qué do cua hé thong cho ¢ vi du 8-15 vai cé&c giatrj thay doi
caathdng so6 bo PID, vi du:

a) Kp:16, Kp=1; K, =1 C) Kp:16, Kp =1; K| =100
b) Kp:16, Kp =1; K| =20 d) Kp:16, Kp =1; K| =300
Gidgi. Céch 1: Lan luot khai béo tirng bo PID vatinh cac ham truyén hé kin.
G=tf(20,[1 12 20Q])
Gel=tf (116 1], [1 O]) , Gkl=feedback(Gcl*G,1)
Ge2=tf ([116 20], [1 Q]) ; Gk2=feedback(Gc2*G,1)
Ge3=tf ([1 16 100], [1 0O]) ; Gk3=feedback(Gc3* G,1)
Ge4=tf ([1 16 300], [1 0O]) ; Gk4=feedback(Gc4d* G,1)
step(Gk1,'b-', Gk2,'g--', Gk3,'m-.", Gk4,k:', 1) % vé do thi dap ung qua do.
legend('Ki=1','’Ki=20",'Ki=100','Ki=300") ; grid %40 cht thich va 6 luéi cho do thi.
Gidi thich: Lénh step & trén vé cac duong dép ung trong khoang t=0, 1(sec) két hop
vé6i chi dinh mau sic (b=blue; g=green; m=magenta; k=black) vané & (-, --, -. , :).

Pon gian hon, co thé dung lénh: step(Gk1,Gk2,Gk3,Gk4,1).Khi d6, Matlab s ty dong

chon mau theo thu tu : blue, green, red, cyan, magenta,... va mac dinh lakiéu nét lién (-).

Céch 2: Khai béo bang vong lap

G=tf(20,[1 12 20]); Kp=16;Kd=1; Ki=[1, 20, 100, 300];
for n=1:length(Ki)
Gpid=tf([Kd Kp Ki(n)],[1 Q]);
eval (['Gk',num2str(n),' =feedback(Gpid* G,1)])

end
step(Gk1,'b-',Gk2,'g', GK3,'r-.' Gk, 'k:" 1):
legend('Ki=1',Ki=20''Ki=100','Ki=300"; grid
Két gU'czl . Step Response

LT
o

=
o

Amplitude

=
=

=
[

0 0.1 02 03 04 05 06 07 08 09 1
Time {sec)

Ding chudt phai dé thao tac trén d thi, ta cd thé xéac dinh dugc céc théng s chat

lwong cia duong dap ung tuong tu nhu & vi du 8-15.

Ciing c6 thé nhap cac cong thirc da néu ¢ chuong 5 vao Matlab dé thyc hién tinh toan

vakiém tra céc théng sd chit lwong trén do thi.

Tir 46 thi ta thay khi ting K, thi d6 vot 16 POT s tang nhung sai D e(¥)=0, ngay ca

truong hop K; =1 néu vé dép ang trong thoi gian dai hon ta sé thay rd hé ciing vé x&c 1ap véi
sai $H e(¥) bang 0 nhung thoi gian quadé Ion: 17,8 sec). Néu tang K; vuot qua gia tri gioi
han thi hé kin ¢ mat on dinh.
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Vi du 8.18 Cho hé théng rdi rac:

R(s)

D(z)

Y(s)

Z0OH >

—»%—T/—»

1 . o
trong dé: G(s) = P ; D(2) = 10; Chu ky lay mau T=0,01. Tin hiéu vao r(t)=1(t)
S

1) Tim ham truyén dat vasai sd xéc lap caahé .
2) V& dap tng bac thang va xac dinh giatri xac lap, thoi gian quado.
3) Tim day giatri tin hiéu ray(t) khi t thay doi tir 0.1 dén 0.2

Gidgi. Chuong trinh Matlab:
Gs=tf(1,[1 6]);
Gz=c2d(Gs,0.01);

Dz=10;
Gk=feedback(Dz* Gz,1);
Gk=minreal (GK)
sai sox| =1-dcgai n(Gk)
step(Gk,0.4)
[y,t]=step(Gk,[0.1: 0.01: 0.2]);
, _t=[yt]
Két qua :
Transfer function:
0.09706
z-0.8447
Sampling time: 0.01
saisox| =
0.3750
y_t=
0.5094
0.5274
0.5425
0.5553
0.5661
0.5753
0.5830
0.5895
0.5950
0.5997
0.6036

0.1000
0.1100
0.1200
0.1300
0.1400
0.1500
0.1600
0.1700
0.1800
0.1900
0.2000

i

G

k]

Ampiudc

d -

A3

Fhep Pezponse

System; L5k =
Fingl Malue: LB
e |

~ Sysiem: Gk
J l-'_I Sebtling Torwe [zac] 0.24
1 1 1 1 1
] 005 | [RE il 225 03 0.35 04
Tl (6]
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