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LOI MO DAU

Gido trinh nay dugc bién soan trén co s¢ dé cuong mon hoc Ky Thuat biéu
Khién Ty bong danh cho sinh vién cac nganh thudc Khoa Co khi Ché tao may va sinh
vién thudc cac chuyén nganh Ty Pong Hoa. Noi dung gido trinh bao gom céac kién
thirc co ban vé 1y thuyét diéu khién ty dong hé tuyén tinh va duoc trinh bay trong 7
chuong:

Chuong 1: Téong Quan Vé Piéu Khién Hé Théng

Chuong 2: M6 Hinh Hoa Hé Théng Diéu Khién

Chuong 3: Phan Tich Pic Tinh Caa Cac Phan T Lién Tuc

Chuong 4: Khao Sat Tinh On Dinh Cua Hé Théng

Chuong 5: Phan Tich Hé Théng Bang Phuong Phap S Dung Biéu D6 Bode
Chuong 6: Phan Tich Va Thiét Ké Hé Thong Theo Phuong Phap QDNS
Chuong 7: Anh Hudng Ciia Bo Diéu Khién PID Lén Chat Lugng Hé Théng

Ngay nay, cac cong cu dé diéu khién déu bién ddi nhanh chéng va hoan thién,
nhung nhitng nguyén 1y co ban van khong thay doi hodc thay doi khong dang ké. Cac
van dé duoc dé cap trong sach hudng din nay dua trén cac gido trinh vé Diéu khién tu
dong trong va ngoai nudc nhung duoc tom tit va cd dong giup hoc vién nim dugc
nhing van dé co ban nhat ctia mén hoc.

Do kha nang va kinh nghiém bién soan con han ché nén tai liéu chic chin
khong tranh khoi sai s6t. Rit mong nhan duogc su dong gop ¥ kién cua quy thiy ¢, cac
ban sinh vién va doc gia dé tai liéu ngdy cang duoc hoan thién hon. Cac ¥ kién dong
gop xin goi vé: Khoa Co khi Ché tao may, Truong Pai hoc Su pham Ky thudt Vinh
Long - S6 73 Nguyén Hué, Tp Vinh Long.

Tac gia
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CHUONG 1
TONG QUAN VE PIEU KHIEN HE THONG

1.1. Gi6i thiéu vé hé diéu khién

Ly thuyét diéu khién ma chung ta st dung ngdy hém nay bao gdm 1y thuyét
diéu khién co dién, 1y thuyét diéu khién hién dai va ly thuyét diéu khién bén viing.
Gi4o trinh s& phan tich va thiét ké hé diéu khién dya trén 1y thuyét diéu khién c6 dién,
hién dai va trinh bay ngén gon vé 1y thuyét diéu khién bén viing.

Vao thé ky 19, James Qatt di phat minh ra may diéu tc ly tim (hinh 1.1) dé
diéu téc dong co hoi nude. Va né da dat nén moéng cho diéu khién ty dong. Cac giai
doan phat trién 1y thuyét diéu khién tiép tuc dugc phat huy boi Minorsky, Hazen va
Nyquist. Nam 1922, Minorsky di minh ching tinh 6n dinh cta hé théng l4i cia con
tau dya trén phuong trinh vi phan ctia n6. Nam 1932, Nyquist di xac dinh duoc tinh 6n
dinh cua h¢ vong kin dua trén dap tng vong ho khi ngd vao c¢é dang hinh sin. Nam
1934, Hazen di gi6i thiéu hé chinh co dé diéu khién vi tri khi tin hiéu ngd vao thay
doi.

Power
cylinder

Pilot
valve A Close Engine [—— Load

y Open

Fuel —= IS

-
Oil under .~ :l

pressure

Control
valve

Hinh 1.1 Hé thong diéu toc ly tam

Trong sudt thap nién 40, phuong phap dap ung tan s6 (dic biét 1a phuong phap
v& biéu d6 Bode) dugc dung dé thiét ké hé didu khién vong kin tuyén tinh. Va phuong
phap nay thoa man duoc yéu cau vé chit lugng cua hé théng. Vao nhitng nim 1940 va
1950 bd diéu khién PID dugc sir dung dé diéu khién hé thong trong cong nghiép nhu
diéu khién ap suat, diéu khién nhiét do,...Dau nhitng nam 1940, Ziegler va Nichol da
trinh bay céc luat tinh chinh bd diéu khién PID. Luit nay sau do dugc goi 13 luat tinh
chinh Ziegler-Nichol. Tir cubi nhitng nim 1940 dén nhitng nam 1950, phuong phap

1



quy dao nghiém sé duoc Evans phat trién kha day du.

Phuong phap dap tng tan sd va quy dao nghiém sé 1a van d& cot 15i cua ly
thuvét diéu khién cb dién. Phuong phap nay théa méin dugc cac yéu cau vé chét luong
ctia hé théng. Tir sau nhitng nam 1950, diém ndi bat cta bai toan thiét ké diéu khién da
chuyén sang thiét ké hé diéu khién t6i wu.

Céc dbi tuong hién dai da sb rat phtrc tap v6i nhiéu ngd vao va nhiéu ngd ra. Dé
mod ta dugce hé thong diéu khién hién dai cin c6 nhiéu phuong trinh. Ly thuyét diéu
khién c6 dién thuong 1y twong hoa hé théng voi mot ngd vao va mot ngd ra. Tir nim
1960, khi may tinh ra doi ngudi ta dd sir dung phuong phap bién trang thai dé phan
tich va tong hop hé thdng trong mién thoi gian. V&i phuong phap ndy co thé dap tng
dugc dg phuec tap, d chinh x4c cua cac ddi tuong hién dai.

Trong sudt nhirng nam tir 1960 dén 1980, cac nha khoa hoc da nghién ctru ti mi
vé diéu khién t6i vu. Piéu khién thich nghi va diéu khién dua trén tinh tu hoc ddi voi
cac hé théng phuec tap. Ttr nhitng nam 1980 dén 1990, ly thuyét diéu khién hién dai tap
trung phat trién vé diéu khién bén viing va cac chu dé c¢6 lién quan dén loai diéu khién.

Ly tluyét diéu khién hién dai dua trén viéc phan tich cac h¢ phuong trinh vi
phan trong mién thoi gian. Do cac phuong trinh Vi phan dugc phan tich tir md hinh
thuc cua doi tuong can diéu khién nén viéc thiét ké hé diéu khién tré nén don gian
hon. Tuy nhién tinh 6n dinh cta hé théng dé bi anh hudng boi sai s6 gitta ddi tuong
that va mo hinh. Diéu nay c6 nghia 1a bo diéu khién duoc thiét ké dya trén mé hinh.
Sau d6 bo diéu khién nay dugc ap dung vao diéu khién dbi twong that thi khong on
dinh. bé khic phuc tinh trang trén, trudc hét phai thiét lap bo diéu khién co6 mot day
sai sO chép nhéan duogc. Do do néu sai sb cta hé théng nam trong day da gia dinh thi b
diéu khién duoc thiét ké s& 6n dinh hon. Phuong phap thiét ké dua vao nguyén 1y trén
duogc goi 1a 1y thuyét diéu khién bén vimg. Nguyén 1y nay két hop ca vé dap (mg mién
trong tan s6 va dap tng trong mién thoi gian, tat nhién viéc tinh toan rat phirc tap.

Trude khi dé cap dén hé théng diéu khién, mot s6 thuat nglr co ban can duoc
dinh nghia trude nhu sau:

Pi¢u khién : Diéu khién mot hé thong 1a qué trinh can thiép vao hé thong dé
dap tmg ciia hé dat myc dich dinh trudc. Qua trinh didu khién bao gém cac cong doan:
thu thap thong tin, xir Iy thong tin va tac dong 1én hé théng. Qua trinh diéu khién
khoéng c6 su tham gia truc tiép ciia con ngudi goi 12 diéu khién tr dong.

Vi du 1.1: Xét qué trinh 1ai (diéu khién) mot xe may dé xe ludn chay voi toc do
on dinh 40 km/h. Dé dat duwoc muc dich nay trudc hét mat nguoi lai xe phai quan sat
dong ho téc do dé biét tbe do hién tai ciia xe (thu thap thong tin). Tiép theo, bd ndo s&
so sanh tdc do hién tai véi tdc do mong mubn va ra quyét dinh tang ga néu tdc dd nho
hon 40 km/h va giam ga néu toc do 16n hon 40km/h (xir 1y thong tin). Cudi cling tay
ngudi 1ai xe phai vin tay ga dé thuc hién viéc ting hay giam ga (tic dong vao hé
théng). Két qua la tbc do xe dugc hiéu chinh lai va gitr on dinh nhu mong mubn.
Trong cac hé thong diéu khién tu dong, qua trinh dicu khién ciing dién ra twong tu



nhung cac bd phan: mit, bd nio, tay cta con ngudi duoc thay thé bang cac thiét bi ki
thuat c6 chlrc nang tuong ung.

Tin hiéu: Thong tin trong hé thdng diéu khién dugc thé hién bang cac tin hiéu.
Céc tin hidu c6 thé 1a dong dién, dién ap, cong suat, lyc, ap suat, luu luong, nhiét do,
vi tri, vén tdc, gia tdc,... Moi phﬁn ttr diéu khién nhan tin hiéu vao tir mot sd ph??m tr
ctia hé thdng va tao nén tin hiéu ra dua vao phan tir khac. Hé thdng ciling giao tiép véi
moi1 trrong bén ngoai thong qua cac tin hi€u vao, ra cta nd. Thay vi tén goi tin hi¢u
vao, tin hiéu ra nguodi ta con st dung khai niém tac dong va dép ting voi nghia la: khi
tac dong vao hé thong mét tin hiéu vao thi h¢ thong s& c6 dap tng 1a tin hidu ra. Cac
tin hiéu dugoc mdé hinh hoa toan hoc béng cac ham cua thoi gian, vi du u(t),
y(t),... Trong so dd hé théng, cac tin hiéu vao, ra thuong dugc biéu dién bﬁng cac mui
tén nhu trén hinh 1.2.

Tin hiéu vao { » Phan ti/ ’ } Tin hiéu ra
.

7 A ’ 7 2
(tdc dong) —| Héthong (— (dap ung)

Hinh 1.2 So d6 mé ta tin hiéu vao, ra

Bang 1.1 duéi day trinh bay mot sé d6i twong thuong gip trong ky thuat va cac tin
hi¢u vao, tin hi¢u ra tuong ung.

Bang 1.1
DPai tugng Tin hiéu vao Tin hiéu ra
Dong cd dién Dién dp Vin téc, géc quay
Van Vi tri nong van Luu ludng
Xylanh luc Luu ludng, 4p suit Van tdc, vi tri, Iuc piston
Lo nhiét Coéng suat cAp nhiét | Nhiét do
Chiét 4p Vi tri con truot Pién 4p

1.2 Hé thong diéu khién

Hé thdng gdm ba thanh phan co ban (hinh 1.3) 1a d6i twong diéu khién, thiét bi
do va bo diéu khién.
; Thiét bi diéu khién! l z(1)
. B0 so |
e(t) Bo  u() | Paitugng y(0)
i | dieu knién -

diéu khién

Ym(t)

Thiét bi do

Hinh 1.3 Trinh bay cdu triic co ban ciia mét hé thong diéu khién



Trong do:
r(t) : tin hi€u vao, tin hiéu chuin (reference input), gia tri dat trudce.
y(t): tin hi¢u ra (output), dai lwong can diéu khién, gia tri thuc.
yht(t) : tin hiéu hdi tiép
e(t) : tin hi€u sai léch, sai sb
u(t) : tin hiéu diéu khién
z(t) : tin hi¢u nhiéu
Poi twgng diéu khién (DTDK) : La hé thong vat ly can diéu khién dé c6 dap
{mg mong muén (controlled system). PTPK bao gom da dang céc loai may, thiét bi k¥
thuat, qua trinh cong nghé. DPTDK 1a may, thiét bi thuong dugc dédc trung béng cac co
cAu chép hanh nhu dong co, xylanh, h¢ ban trugt véi tin hi¢u ra la chuyén dong vat ly

nhu vén tde, vi tri, gdc quay, gia tdc, luc. PTPK la qué trinh cong nghé thuong co tin
hiéu ra nhiét do, ap sut, luu luong, ...

Thiét bi do (cam bién): Thuc hién chtrc ning do va chuyén d6i dai luong ra
cua hé thong thanh dang tin hi¢u phu hgp dé thuén ti€n so sanh, xur 1y, hién thi. Sy
chuyén d6i 1a can thiét khi cac tin hiéu vao, ra khong cung ban chat vat 1y: Tin hiéu
vao co thé 1a van tbc, vi tri, nhiét do, luc... trong khi tin hiéu ra da phan 1 tin hiéu
dién. Nguyén tic chung dé do cac dai luong khong dién bang phuong phap dién la
bién d6i chiing thanh tin hiéu dién (dién ap hodc dong dién).

Céc thiét bi do dién hinh 1a:

- Po van tdc: bo phat toe (DC tachometer, AC tachometer, optical tacho.)

- Po lugng dich chuyén (vi tri), géc quay : chiét ap thang, chiét ap xoay, thudc ma
hod, bo ma héa géc quay (rotary encoder),...

- Po nhiét d: cip nhiét ngau (thermo-couple), dién tré nhiét (thermistor).

- bo luu lugng, ap suét : b chuyén ddi luu luong, ap suét.

- Po luc: cam bién luc (loadcell,...)

B9 so: So sanh va phat hién dg sai l¢ch e gitra tin hi¢u vao chun va tin hiéu hoi
tiép (hay gia tri do dugc ciia tin hiéu ra).

Thong thuong, cac thiét bi do thuc hién chuyén doi ti I¢ nén :
Y =Ky (voi K 12 hé sb chuyén doi.)
Néu: K=1 thi: e=r-yp=r1-y

Bo diéu Kkhién: Dung tin hiéu sai léch e dé tao tin hiéu diéu khién u. Thuit toan
dé xac dinh u(t) goi 1a thuat toan diéu khién hay luat diéu khién. Bo diéu khién lién tuc
6 thé thuc hién béng co céu co khi, thiét bi khi nén, mach dién RLC, mach khuéch dai
thuat toan. Bo diéu khién sb thuc chat 13 cic chuong trinh phan mém chay trén vi xir Iy
hay may tinh. Trén so dd, bd diéu khién va bd so duoc biéu dién tach riéng nhung thuc
té bo so thudng chi 13 mot thanh phan ctia bo diéu khién (thiét bi diéu khién).



Nhiéu: Cac tac dong 1én hé thong gy nén cac anh hudng khong mong mudn
duoc goi chung 13 nhidu. Nhidu ludn ton tai va co thé tac dong vao bat cir phan tir ndo
trong hé thong, nhung thudng duoc quan tdm nhiéu nhat 1a cac nhiéu tac dong lén doi
tugng diéu khién, loai nay goi 13 nhifu dau ra hay nhidu phu tai. Trén day ching ta chi
moéi dé cap dén cac thanh phan co ban cia hé théng diéu khién. Trong thuc té, cau tric
hoan chinh cia mot hé thong diéu khién thuong 1a da dang va phuc tap hon. Vi du,
trong h¢ con cé co cAu thiét dat tin hiéu vao chuén, cac co ciu cb vai tro trung gian
giita bo diéu khién va ddi twong nhu van diéu khién, bd khuéch dai cong suat, cac co
cAu dong ngét, chuyén mach, cac mach cach ly, dong co, cac bo truyén dong. Trong hé
théng diéu khién sb con co cac bd chuyén ddi A/D, D/A, card giao tiép,...

Vi du 1.2 : Xét hé thong diéu khién mirc nudc trén hinh 1.4.

Hinh 1.4 H¢ thong diéu khién muwc mede don gidn

Trong hé thong diéu khién ty dong nay, d6i tuong diéu khién 1a bon nudce (1).

Muc tiéu diéu khién 1a gilt mirc nudc trong bon ludn 6n dinh va béng tri s6 H, dat
trudc cho du lugng nudce ti€u thu thay doi nhu thé nao.

- Tin hiéu ra y = h: Mitc nude thuc té.

- Tin hiéu vao r = Hy: Muc nudc yéu cau.
- Nhiéu z : su thay d6i lwong nudc tiéu thy .
- Thiét bj do 1a phao (2); B diéu khién 1a hé thong don bay (3) c6 chirc ning khuéch
dai sai 1éch va diéu khién dong mé van; co ciu tac dong 1 van (4).
- Tin hiéu diéu khién u: Do ning cta van (4).
- Tin hi€u sai l1éch: e=r-y=H, - h
Mirc nudc yéu ciu co thé thay ddi bang cach diéu chinh d6 dai doan ndi tir phao dén
don bay.
1.3 Phén biét giira hé diéu khién vong hé va vong kin

Hé diéu khién vong hé (open-loop system): Diéu khién vong hé 1a diéu khién
khong quan sat ngd ra. Noi cach khac, diéu khién vong ho khong do ngd ra ciing
khong hoi tiép tir tin hiéu ngd ra dé so sanh véi tin hiéu ngd vao. So dd diéu khién
vong hé dugc mo ta nhu hinh 1.5. Dya trén tin hiéu tham khao r(t), bo diéu khién xuat
tin hiéu u(t) dé diéu khién ddi twong voi dap Gmg y(t) ma khong can quan tim dén d6i
tuong c6 chap hanh tin hi¢u diéu khién hay khong. D61 vé1 hé diéu khién vong ho
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thuong duoc dung dé diéu khién cac ddi twong voi dap Gmg khong can d6 chinh xac
cao. Trong doi sdng thuc té co rat nhiu loai hé théng diéu khién vong hé nhu diéu
khién méy giat, diéu khién may nudc nong, diéu khién 16 nudng.... Cac hoat dong cia
may gidt bao gdm: ngam, gidt va xa. Cac hoat dong nay dua trén thoi gian chd dinh
trude. May giat khong do tin hiéu ngd ra nhur do sach cua quan 4o chang han.

y(t)

r(t e(t

B6 diéu khién Doi twong DK

Hinh 1.5 H¢ diéu khién vong ho

Do hé diéu khién vong hd khong so sanh véi tin hiéu ngd vao mong mudn nén
tin hiéu ngd vao s€ tuong ing voi mot diéu kién hoat dong ¢6 dinh. Chinh vi thé d6
chinh xé4c ctia hé théng s& phu thudc vao su can chinh ban dau. Néu c6 nhiéu can thiép
thi hé diéu khién vong ho s& khong hoat dong theo dung tac vu mong mudbn. Noi
chung céac hé théng hoat dong dua trén thoi gian chd déu 1a ho didu khién vong ho.

Hé¢ diéu Kkhién vong kin hay hé diéu khién hoi tiép (Closed-loop control
system): Mot hé thdng duy tri mbi quan hé giita ngd vao mong mudn va ngd ra bang
cach so sanh chung va st dung sy sai biét nay nhu mdt phuong tién dé diéu khién thi
duogc goi 1a hé didu khién vong kin. Noi cach khac, diéu khién vong kin 1a diéu khién
¢ quan sat ngd ra. Hinh 1.6 trinh by so d0 ctia h¢ diéu khién vong kin. Dya trén su
sai biét giita tin hiéu tham khao r(t) va tin hiéu hoi tiép tir y(t), bd diéu khién s& xuat
tin hiéu diéu khién u(t) dé diéu khién dbi twong sao cho y(t) gan giéng vai r(t). Hé diéu
khién vong kin duoc dung dé diéu khién cac d6i twong véi dap tmg can do chinh xac
cao. HE théng diéu khién nhiét d6 1a mot vi du minh chting cho hé diéu khién vong
kin. Nhiét d¢ trong 10 nung dugc do béng cam bién nhiét va so sanh v&i nhiét do mong
mudn (tin hiéu ngd vao 1ap trinh dugc), néu co su sai khac thi bo diéu khién sé& giri tin
hiéu dén bo nung dé diéu chinh nhiét d6 gﬁn v6i nhiét d0 mong mubn. Do tin hiéu ngo
ra dugc quan sat lién tuc va hoi tiép dé so sanh voi tin hiéu tham khéo nén nhidu ngoai
can thiép vao h¢ thong co thé bi loai bé nhd bo didu khién. Chinh diéu nay 1am cho hé
diéu khién vong kin c6 do tin cdy cao.

(1) e(t) y(t)

Bo diéu khién Déi twong DK

c(t)

Cam bién

Hinh 1.6 Hé diéu khién vong kin
Thuén loi cta hé diéu khién vong kin so véi hé vong ho 1a ¢ hdi tiép nén dap
mg cua hé thong it nhay v&i nhidu ngoai ciing nhu su thav doi cac tham s6 bén trong
hé thdng. Néu xét vé tinh on dinh cua hé théng thi hé diéu khién vong ho dé thiét ké
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hon boi vi hé nay khong xem tinh 6n dinh cua hé thng 1a van d& then chdt trong khi
hé diéu khién vong kin thi doi hoi phai c6. Hé diéu khién vong kin hudng t6i sira 16i va
c6 thé 1am cho bién d6 cua tin hiéu diéu khién thay doi.

Chu ¥ rang néu hé théng ¢ cac ngd vao duoc biét trude va khong ¢ nhidu can
thiép vao hé thong thi nén sir dung hé diéu khién vong hé. Hé diéu khién vong kin voi
thuén loi 1a c6 thé ap dung cho h¢ théng c6 ngd vao 1a nhiéu khong biét trude va hodc
céc tham s6 ciia hé thong bi thay ddi. Do ¢ nhiéu thanh phan dugc st dung trong hé
diéu khién vong kin nén chi phi dé thiét ké cho hé nay s& dac hon so véi hé vong ho
tuong ung. Thong thuong ngudi ta két hop gitra diéu khién vong hé va diéu khién
vong kin dé giam chi phi nhung van thoa mén duoc chi tiéu chat luong cta hé théng.

Phan 16n cac phan tich va thiét ké hé diéu khién trong gido trinh nay thi dua
trén hé didu khién vong kin. Mot sé hé diéu khién vong hd duoc sir dung trong nhimng
diéu kién xac dinh nhu khong c6 nhiéu va khé do ngd ra.

Nhitng thuin lgi chinh ciia h¢ diéu khién vong hé:

> Céu trac don gian va dé bao tri.

> Thiét ké ré tién hon so v6i hé diéu khién vong kin twong tng.

> Khong quan tdm dén tinh on dinh ciia hé thong.

> Doi vai cac hé thdng kho do ngd ra hodc khong can do ngd ra chinh xéc .

Nhiing bt lgi chinh ciia hé diéu khién vong hé:

> Nhiéu va nhitng thay di so v6i tinh toan c6 thé xay ra 15i 1am cho ngd ra co thé
khong gidng véi tin hiéu tham khao.

> Pé duy tri chat lwvong mong mudn ddi voi ngd ra thi phai can chinh lai mdi khi
su dung.

» Nhirng thuén loi chinh cua ité diéu khién vong kin

> Nhiéu va cac tham s cta hé thong co thé thay doi nhung dap ung ctia hé thong
van dam bao giéng véi tin hiéu tham khao.

> Do c6 hdi tiép nén bo dicu khién stra sai lién tuc nén khong can can chinh
nhiéu.

> Hé thong co6 do tin cay cao.

Nhing bit loi chinh ciia hé diéu khién vong kin:

CAu trac phire tap va kho bao tri.

Thiét ké dic tién hon so v6i hé diéu khién vong hé twong tmg.

Can phai do chinh x4c ngd ra.

Phu thudc vao tin hiéu hoi tiép. Néu cam bién phan hoi sai tin hiéu hoi tiép thi
bo diéu khién s& dua ra quyét dinh sai; va duong nhién hé théng s& khong 6n
dinh.

YV VY

1.4 Céc nguyén tic diéu khién
Nguyén tic diéu khién thé hién dic diém luong thong tin va phuong thic hinh
thanh tac dong di€u khién trong h¢ thong. C6 ba nguyén tic di€u khién co ban:
Nguyén tac gitr 6n dinh, nguyén tac di€u khién theo chuong trinh va nguyén tac dicu
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khién thich nghi. Khi thiét ké hé théng ta dua vao muc tiéu diéu khién, yéu cdu chat
lwong va gia thanh dé chon nguyén tic diéu khién phu hop nhat.
1.4.1 Nguyén tic giir on dinh: Nguyén tic nay nham giit tin hiéu ra 6n dinh va bang
gi4 tri hang s6 dinh trudc. C6 ba nguyén tac diéu khién giir on dinh:
v' Diéu khién b nhiéu

Pugc ding khi cac tic dong bén ngoai 1én DTPK c6 thé kiém tra va do ludng
dugc, con didc tinh cia DPTPK di duoc xac dinh day du. Bo dicu khién sir dung gia tri
do dugc cua nhidu dé tinh toan tin hiéu diéu khién u(t).

Nguyén tic didu khién nay cd ¥ nghia phong ngira, ngin chin trude. Hé théng
(hinh 1.7) c¢6 kha nang bu trir sai s6 trude khi nhiéu thyc sy gdy anh huong dén tin
hi€u ra. Tuy nhién, vi trong thuc té khong thé du doan va kiém tra hét moi loai nhiéu
nén véi cac hé phirc tap thi diéu khién bu nhidu khong thé cho chét luong cao.

V4

A 4

»

r —» u

' | BoPK PTPK

<

v

Hinh 1.7 So @6 diéu khién bii nhiéu
v Piéu khién san bang sai léch

Nguyén tic ndy dugc dung khi cac tic dong bén ngoai khong kiém tra va do
ludng dugc, con dic tinh cia DTPK thi chua dugc xac dinh day du. Tin hiéu ra y(t)
dugc do va phan hoi vé so sanh véi tin hiéu vao r(t). Bo diéu khién (hink 1.8) sir dung
d0 sai léch vao-ra dé tinh toan tin hiéu diéu khién u(t), didu chinh lai tin hi¢u ra theo
huéng 1am triét tiéu sai léch. Nguyén tic diéu khién nay c6 tinh linh hoat, thir nghiém
va stra sai. Hé théng c6 thé diéu chinh dé lam triét tiéu anh hudng cta cic nhidu khong
biét trude va/hodc khong do dugc. Nhugc diém ctia no 1a tac dong hicu chinh chi hinh
thanh sau khi d0 sai 1éch d3 ton tai va dugc phat hién, tirc 1a sau khi tin hiéu ra da thuc
sy bi anh hudng. Tin hiéu ra ¢ xac lap khong gilt dugc 6n dinh mot cach tuyét ddi ma
thuong c6 dao dong nho quanh gia tri xac lap.

l z

r e u y

_>(%—> B6 PK PTPK

Hinh 1.8 So do diéu khién san bang sai léch
v DPiéu khién phéi hop

v

A\ 4

Dé ning cao chat luong diéu khién, co thé két hop nguyén tic bu nhibu va
nguyén tic san bang sai 1éch goi 1a diéu khién phdi hop (hink 1.9). Mach bu nhiéu s&
tac dong nhanh dé bu trir sai sb tao ra boi cac nhiu do duogc, con mach diéu khién
phan hdi s& hiéu chinh tiép cac sai sb tao ra bai cac nhidu khong do duoc.
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Hinh 1.9 So' do diéu khién phéi hop
1.4.2 Nguyén tic diéu Khién theo chwong trinh

Nguyén tic ndy gitt cho tin hiéu ra thay d6i dung theo mot ham thoi gian
(chuong trinh) dinh trude.

1.4.3 Nguyén tic diéu khién thich nghi (tw chinh dinh)

Khi can diéu khién cac d6i tugng phirc tap, c6 thong sb d& bi thay dbi do anh
hudng ciia méi trudng, hodc nhiéu ddi twong dong thdi ma phai dam bao cho mot tin
hiéu c6 gia tri cuc tri, hay mot chi tiéu tdi wu nao do... thi cac bo diéu khién vé6i thong
s6 ¢ dinh khong thé dap ung duoc, khi d6 ta phai dung nguyén tic thich nghi. So do
hé thdng thich nghi nhu hinh 1.10. Tin hiéu v(t) chinh dinh lai thong sé ciia bo diéu
khién sao cho hé thich tng v6i moi bién dong ctia moi truong.

yA

\4

Chinh dinh

) l v ——I v
L - - u b/
» Diéu khién — bTbK

A

A

\ 4
v

Hinh 1.10 So do hé thong diéu khién thich nghi
1.5 Cac dang bai toan can ban

C6 ba dang bai toan co ban trong 1y thuyét diéu khién: phén tich hé thong, thiét
ké hé théng va nhan dang hé théng.

e Phan tich hé théng: ddi v6i dang bai toan nay thudng yéu cau tim dap Gmg ngd
ra va danh gia chat luong cua hé thdng dua trén thong sb va cdu trac cua doi
tugng da biét.

e Thiét ké hé théng: ddi voi dang bai toan nay thuong yéu cau thiét ké bo diéu
khién thoa min yéu cdu vé chat luong dya trén cdu tric va thong sd cia dbi
tuong da biét.

e Nhin dang h¢ thong: d6i voi bai toan dang nay hoan toan chua biét trude cau
trac va thong s cua ddi tuong. Do d6 bai toan s& yéu cau tim ciu trac va thong
s6 cua ddi tuong.

Bai toan phan tich hé théng va thiét ké hé thong luon ludn thyc hién duoc trong khi bai
todn nhan dang hé théng khong phai lic nao ciling thuc hién duoc.



Trong 1y thuyét diéu khién ty dong, nguoi ta thudng phan ra 1am nhiéu loai hé théng
khéc nhau nhu:

O
O
O

Hé thdng lién tuc (dugc mo ta bang phuong trinh vi phan).

Hé théng r0i rac (duwoc md ta bang phuong trinh sai phan).

Hé théng tuyén tinh (dwgc mo ta dudi dang phuons trinh vi phan/sai phan tuyén
tinh).

Hé thdng phi tuyén (dugc mé ta dudi dang phuong trinh vi phan/sai phan phi
tuyén).

Hé thong bat bién theo thoi gian (cac hé s cuia phuong trinh vi phan/ sai phan
khong thay ddi theo thoi gian) .

Hé thong thay ddi theo thoi gian (cac hé sb cua phuong trinh vi phan/sai phan
thay doi theo thoi gian)

1.6 Cau hoi on tap chuong 1

1. Hé théng diéu khién tu dong co thé phan loai nhu thé nao?

2. Hé thong diéu khién c6 may phan tir co ban?

3. Hay néu cac quy tac di¢u khién c¢ ban dé diéu khién mdt hé thong diéu khién?

4. Néu cac budc thiét 1ap mot hé thong diéu khién?
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CHUONG 2
MO HINH HOA HE THONG PIEU KHIEN

2.1 Giéi thi¢u
Noi dung chuong ndy nham giai quyét hai van dé:
- Xac dinh mo hinh toan hoc cho cac phﬁn tu.

- Xac lap mbi lién két gitta cdc mo hinh toan hoc riéng thanh mdt mé hinh todn hoc
chung cho toan bd h¢ thong.

Hé thong diéu khién trong thyc té rit da dang. Cac phan tir cia hé thong c6 thé
1a co, dién, nhiét, thuy luc, khi nén,... Dé nghién ciru cac hé thong c6 ban chat vat 1y
khac nhau ching ta can duwa trén mot co sé chung 13 toan hoc. Khi nghién ciru hé thong
trude hét ching ta can biét hé théng gdm nhing thiét bi gi, c6 nhitng phan tir ndo va
tim cach md ta ching bang cic mo hinh toan hoc. M6 hinh can phai dam bao do chinh
xac nhat dinh, phan anh dugc cac dac trung cua hé théng thuc, nhung déng thoi phai
don gian cho viéc biéu dién, phan tich. Trong nhiéu trudng hop, dé c6 mot mo hinh
toan tuong dbi don gian, ching ta phai xem xét bo qua mot vai thudc tinh vat 1y it
quan trong trong hé théng va 1y tuong hoa mét sb hién tuong vat 1y thuc té. Pé mo ta
phan tir va hé théng tuyén tinh bat bién lién tuc ngudi ta thuong ding cac dang mo
hinh todn hoc sau day :

- Phuong trinh vi phan tuyén tinh hé s6 hang.
- Ham truyén
- Phuong trinh trang thai.

Hai dang mé hinh phwong trinh vi phan va ham truyén thich hop véi hé SISO.
M6 hinh phuong trinh trang thai dac biét thich hgp vé1 hé MIMO.
2.2 Phuong trinh vi phan

Téng quat, mdi quan hé giira tin hiéu vao r(t) va tin hiéu ra y(t) ctia hé théng
tuyén tinh bat bién lién tuc c6 thé mé ta bang phwong trinh vi phan :

d"y(v) d" 1y (t)
n gen tan- dtn-1

d™Mr(t)
m  4gm

d™=1r(t)
m-1 dtm—l

+b

+ 4 agy(® = b

+ -+ + byr(t)

S6 mil n 1a bac cua hé thong. Hé théng c6 m < n duoc goi 1a hé thong hop thirc.
Chi c6 cac hé théng hop thirc méi ton tai trong thyuc té. M6 hinh phwong trinh vi phan
duoc xay dung theo phuong phap 1y thuyét, tirc 1a duge thiét 1ap dya trén cac dinh luat
vat 1y biéu dién cac qua trinh dong hoc xay ra bén trong va cac quan hé giao tiép véi
moi trudng bén ngoai ciia hé thdng. Cac dinh luat co ban chi phdi cac phan tir co khi 1a
dinh luat IT Newton, quan h¢ gitra lyc va bién dang, quan h¢ gilta ma sat va van tde.

Céc dinh luat co ban chi phdi cac phan tir dién 1a dinh luat Kirchoff, quan hé
dong dién- dién ap trén di¢n trd, dién cam, tu dién.
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Cac dinh luat co ban chi phdi cac phan tir nhiét 1a dinh luat truyén nhiét va dinh
luat bao toan nang luong.

2.3 M6 hinh héa hé théng co khi (hinh 2.1)

lF(t)
m
l y()

Hinh 2.1 Hé thong co khi mbk

Gia st tai t=0 hé dang & trang thai can bang. Ap dung dinh luat Newton ta cé:
Y Fi=ma
F -ky-bv=ma

dy  d?%y
F-ky-bdt—mdtz

Phuong trinh vi phdn mé ta mbi quan hé giita tin hiéu vao (F) va tin hiéu ra (y) la:

d?y dy
F(t)=m 2 ky(t) + b it

Trong do :

- Tin hi€u vao : lyc F(t) tac dung tir bén ngoai, [N]

- Tin hiéu ra : luvong di dong y(t) cta khdi lugng m, [m]
- m : khdi lugng thiét bi dé 1én bd giam chén, [kg]

- b : hé s6 ma sat nhét (hé s giam chan), [N.s/m]

- k : d6 cung 10 xo, [N/m]
d?y o
> m Tz Luc quan tinh;
d . £
> b d_i,: Luc giam chan;
> ky: Luc dan hoi 16 xo;
2.4 M6 hinh hoéa hé théng dién

Xéc dinh phuong trinh vi phan ctia mach dién RC néi tiép nhu hinh 2.2

u J ! R S \
U,
_|_

o O

Hinh 2.2 H¢ thong dién RC
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- Tin hi¢u vao : dién &p ngd vao u, [Volt]
- Tin hi¢u ra : di¢n ap ra u, gitta hai ban tu dién, [Volt]
Theo dinh luat Kirchoff, ta co:

u= ugtu. = Ritu,

dq( ) dC1( )

ma  c(t) = => du(t) = = (t)_—f dq(t)

: dq(t)
i()="3"
T (2.1) va (2.2) ta duoc:

=>dq(t) = 1dt

du (t)

u(t) == fl d= i(t=c

=> Phuong trinh vi phan mo ta quan h¢ tin hi¢u vao - ra:

du
u(t) = RCd—tC + u.(t)

2.5 M6 hinh héa hé thong nhiét

Hé thdng nhiét lién quan dén truyén nhiét tir mot chat sang mot chat khac. Co
thé dugc phan tich bang tré khang va dung khang thong qua nhiét dung va nhiét tro.

C6 ba cach khac nhau dé truyén nhiét tir mot chat sang mot chit khac: dan nhiét
truc tiép, ddi luu va buc xa. Trong phﬁn nay chi xét dan nhiét truc tiép va ddi luu (buc
xa nhiét chi dang ké khi nhiét do ciia phan phat 14 rat cao so v6i phan thu. Hau hét cac
qua trinh nhiét trong cac hé théng diéu khién qué trinh khong lién quan d&én truyén

nhiét buc xa).

Cong thire din nhiét trie tiép hodc ddi luu:
q=KA®6

Trong do:

Q = luu kuogng nhiét, kcal/s

AO = chénh léch nhiét o, oC

K = hé sb, keal/s oC

Hé s6 K duoc tinh nhu sau:
kA y . ~x «A X
K =— v61 dan nhiét tryc ti€p
AX
= HA véi ddi luu
V6i  k =heé sb dan nhiét, kcal/m.s.oC

A= dién tich trung binh khi dong nhiét dan qua, m2

AX =d6 day cua day dan, m
H = hé s6 dbi luu, keal/m2.°¢

2.1)

(2.2)



¢ Nhiét tré va nhiét dung
Nhiét tr R truyén nhiét giita hai chat c6 thé dugc dinh nghia nhu sau:

sw chénhléchnhiét do,° c

~ sy thay déi toc d6 dong nhiétkcal/s
Nhiét trd d6i v6i dan truyén nhiét tryc tiép hodc truyén nhiét di luu dinh nghia:
d(a6 1
o dwe) 1
dq K
Khi hé s6 dan nhiét ddi lwu 13 hing sb thi nhiét trd hodc 13 cho truyén dan truc tiép
hodc doi luu 1a hang s6, nhié¢t dung duoc xac dinh:

_ sy thay doi nhiétl vutritkcal

sw thay déi nhiét d6,° c
Hay
C=m.c
Trong do m = khéi luong ciia chét, kg
¢ = nhiét dung riéng ctia chat, kcal/kg °C
v' Hé théng nhiét

Xem xét cac hé thdng thé hién trong hinh 2.3. Gia st rang bdn s& bi cach ly dé
tranh sy mat nhiét vi khong khi xung quanh. Va gia sir rang khong c6 luu trir nhiét
trong bé cach ly va trong bé chat 16ng. Do d6, mot nhiét dé duy nhat dugc sir dung dé
mo ta nhiét do cua chét 1ong trong bé va lugng chat 1ong chay ra.

!
L&/\,JNU'O‘C NaNG
; ; ; /.

vy

Hinh 2.3 Hé thong bon nwdc nong

NUOC LANH

/

Oi = nhiét do xac 1ap cta chat 1ong chay vao, oC
00 = nhiét do xac 1ap cua chat long chay ra, oC
G = téc do dong chay xac lap, kg/s

M = khbi luong ciia chat 1ong trong bé, kg

¢ = nhiét dung riéng cua chat 16ng, kcal/kg oC
R = nhiét trd, oC s/kcal

C = nhiét dung, kcal/ oC
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H = tbc d6 nhiét d6 ngd vao xac lap, kcal/s

Gia sir rang nhiét d cua chét long chay vao duoc gitt 6n dinh va téc do nhiét
ngd vao (nhiét dugc cung cp boi gia nhiét) 1a dot ngot thay doi tir H dén H +hi. Trong
d6 hi thé hién cho su thay doi nho doi véi tdc dd nhiét ngd vao. Toc do nhiét ra thay
dbi tir H dén H+h0. Nhiét d6 cua chit 16ng chay ra ciing s& duoc thay ddi tir ©0 dén
00+0. Bdi v6i trudng hop nay ho, C va R duoc tinh nhu sau:

hO = GcO

C=Mc

NUREY

hy Gc

Phuong trinh can bang nhét cta hé théng nay 1a

Cdb = (h; - hy)dt
Hay

C 4 h; - h

dt — 4~ Ho
C6 the viét lai
do
RC—-6 =Rk
dt

Luu y rang thoi hang cia hé thong bang RC hodc M/G gidy. Ham truyén co 0
va h;, duge viét nhu sau:

O(s) R

Hi(s) RCs+1

Trong d6, O(s) va H;(s)lan luot 14 bién doi Laplace ctia O (t) va hy(t).

Trong thuc té, nhiét do cua chat long chay vao co thé dao dong va duogc xem la
nhidu. (Néu hang sd nhiét do dong chay ra khong doi 1a mong mudn, mot bo didu
khién tu dong co thé duoc lip dat dé diéu chinh téc do dong nhiét dé bu trir cho céac
dao dong vé nhiét do cua chat long chay vao). Néu nhiét d6 cua chat long chay vao dot
ngot thay doi tr ©i dén Oi+0i trong khi ty 18 nhiét dau vao H va tdc do dong chay chat
long G duoc giit khong ddi thi toc do dong nhiét chay ra s& thay d6i tir H t6i H +h0 va
nhiét d6 chat 1ong chay ra thay doi tir ©0 toi ©0+6. Phuong trinh can bang nhiét cho
truong hop nay 1a

CdO = (Gcby -hg)dt

Hay
do
Ca = Gc@i - h()

Co thé duoc viét lai
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do
RC—+6 = Gi
dt

Néu hé thdng nhiét nay thay d6i vé nhiét 4o cuia chat 1ong chay vao va téc do
ngo vao lam noéng dau vao trong khi toc d¢ dong chay ra dugc gilt 6n dinh, su thay doi
nhiét 6 & ngd ra c6 thé dugc viét bdi phuong trinh sau:

do
RC— +0 = 6; + Rh;
dt

2.6 Phép bién doi laplace

Pé xac dinh ham tin hi€u ra cua hé théng khi biét ham tin hiéu vao, ta can phai
giai phuong trinh vi phan mo ta hé théng. Phép bién d6i Laplace giup ta giai phuong
trinh vi phan mot cach don gian, thuan lgi hon so vdi cach giai thong thuong.

Bién doi laplace thuc chit 1 chuyén hé thong tir mién thoi gian f(t) sang mién
tan sb F(s)

2.6.1 Dinh nghia:
Cho ham thoi gian f{(t) x4c dinh véi t > 0, bién doi Laplace cua f(t) la:
F(s)= LIf (0] = f, f(te stdt
Trong do:
L - 1a ky hiéu phép bién d6i Laplace.
F(s) - goi 1a anh Laplace hay bién d6i Laplace ctia ham f{(t).
s - 1a bién phtrc, goi 12 bién Laplace.
Piéu kién dé f(t) c6 bién dbi Laplace 1a tich phan & cong thirc dinh nghia (2-2) hoi tu.

Qua trinh toan hoc nguoc lai -Tim ham géc f(t) tr ham anh F(s)- dugc goi la
phép bién ddi Laplace ngugc va ky hiéu 1a L™'. Cho ham phirc F(s), bién déi Laplace
ngugc cua F(s) la:

f(t) = L''[f(s)] = zi $. F(s)etds (t>0)
v6i C 1a duodng cong kin dugc lua chon trong mién s; jla sb 40 don vi.
2.6.2 Tinh chit

a. Tinh don anh

Bién d6i Laplace 1a phép bién ddi mot-mat, tirc 1a Gtmg véi mdi ham f(t) cho
trude chi co duy nhéit mot anh F(s) va nguoc lai.

b. Tinh tuyén tinh

Néu F(s), F1(s), F2(s) 1a anh Laplace cua f(t), f1(t), f2(t) va k 13 hang s6 thi :
L [f1(t) + f2(t)] = F1(s) + F2(s) va L[kf(t)] = kF(s)
L'[F1(s) £ F2(s)] = fl(t) + £2(t) va L'[kF(s)] = kf(t)
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Tinh chét nay xuat phat tir tinh tuyén tinh cua phép tich phan trong cong thirc dinh
nghia bién d6i Laplace va Laplace nguoc.

¢. Anh ciia dao ham
LAy tich phan ting phan [udv=uv - [ vdu
voi  u=e¥=>du=-se™
dv=df(t) => v =1 (t)
ta co:
Jo £'(® eMdt=[f(t) e™ ] + [ f(t) e~Stdt
Ma
11 m,, e SH(t) = 0 => [f(t) ™ |3 = -f(0)
Trong d6: f(0) 1a gia tri cia ham f(t) tai thoi diém t =0
Tir két qua trén ta thiy rang:
LI™(0)] = s" F(s) - XL, s"if 01 (0)
Néu cac diéu kién dau bang 0, ta co cong thirc don gian:
L[f"(t)] = s" E(s)
d. Anh caa tich phin
Tuong tu cach tim dnh cua dao ham, ta co
L|f; fde| ==
e. Pinh 1y gia tri cudi
Néu f(t) c6 anh Laplace 1 F(s) va néu 1 i g, f(t) hiru han thi:
1im,e f(t)=11m,,sF(s)
Dinh ly gia trj guéi gilp ta xac dinh gi4 tri 6n dinh (xéc 13p) clia ham f(t) ma
khong can phai bién doi ngugoc ham F(s). Tuy nhién can luu y 1a néu ham f(t) khong

ton tai trang thai 6n dinh, vi du truong hop f(t) 1a ham sin wt hay ¢* sinwt véi a > 0 thi
dinh 1y gia tri cudi khong ap dung dugc.

2.6.3 Bién doi laplace ciia cac ham co ban

Trong muc nay chiing ta tim bién d6i Laplace ctia cac ham co ban thuong dung
trong phén tich hé thong diéu khién. Ta gia thiét 1a chi xét cac ham f(t) trong mién t >
0 va coi f(t)=0 khi t<0. Diéu nay phu hop véi thuc té vi thong thuong chung ta chi
nghién ctru hoat dong cua hé théng diéu khién sau mot thoi diém d3 duoc lua chon bat
ky va dat 1a t=0. Tin hiéu ra ciia hé théng ¢ moi thoi diém t>0 hoan toan co thé xac
dinh néu biét cac diéu kién ban dau va ham tic dong (tin hiéu vao) & thoi diém t=0.
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a. Him nac

Hinh 2.4 ham ndc

o-w-{5 2

F(s)= [ f(t) e¥dt=[" 1 e™dt

[y — —_ — = _00_
_e 5110 s[e e’]

1
S

b. Ham xung don vi

xét ham xung chir nhat f(t):

A I(t)
h
t
0
Hinh 2.5 Ham xung

f(t) = h[u(t)-u(t-to)] :{O,t <0vat> t,

Néu 14y dién tich ht, bang 1 don vi, thi h =1/ t,. Khi ty = 0 t hi chiéu cao h— oo nhung
dién tich van bang 1. Trudng hop dic biét ndy cua ham xung dugc goi 13 ham xung
don vi, hay ham xung Dirac, ky hiéu 1a o(t).

_ du® _ (0khit #0
0= 4 {oo khit =0

Ham 8(t) ¢6 tinh chat [* §(t)dt=1
v Anh Laplace:
F(s)= L[3(O]= [, 8(De~stdt= [, §(t)e0dt= [ " s(t)dt=1

Ham xung Dirac c¢6 do rong bang 0 va do 16n vo cung nén chi 1a ham toan hoc
thuan tuy, trong thuc t€ chi ton tai cac tin hi¢u gan ding voi xung Dirac. Ham xung
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Dirac thuong dugce dung dé mo ta cac nhidu tac dong trong khoang thdi gian rat ngén
(tire thoi). Ngoai ra, khai niém xung Dirac ciing rat hitu ich dé mé ta qua trinh roi rac
hoa mét tin hiéu lién tyc bat ky nhu chung ta s& dé cap dén sau nay.

c¢. Ham doc

f(t) = r(t)

r(t)

0
Hinh 2.6 Ham doc

F(s)= [ f(De st dt= [, te™ dt= —§ [t de™s)

= — i [[te—st]go _ J'0°° e—st]

Ma
[te ™SSP =11 e (te™5Y) = .0
. t oo . 1
=1i rn-)oo(;) :;:l 1 maoo(g) =0
Vay
F(s) = § [ emstdt
Vi

© L -stdr = Loa -1
J, estdt= -nén F(s) =
d. Him mii f(t) = e™

Fs)=L[e™] = [ e e Stdr= [ " e +abd¢

-1 f0°° d(e~(s+av)

s+a
L feGran]® o _ L o —
s+a [e ]0 s+a (0 1)
-
~ s+a
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2.6.4 Bién ddi Laplace ciia mdt s6 ham thong dung

x(t) X(s) X(1) X(s)
) ) l tn—le—al 1
ot
( (n—1)! (s+a)°
1 ) (0]
1(t) = sinot > -
) s+
1 S
tu(t) — cosmt > >
S ST+®
n! -
tu(t sin(mt)e™ 2
(t) e (@) (s+a) +o
| S+ 0
et cos(ot)e™ .2
o (s+0a) +o
—-at -bt b;(l
e ~-¢ (s+a)(s+D)
i B e ~ e-b! 1
ab a(b-a) bb-a) m

2.6.5 Phép bién doi Laplace ngwoc
Bai toan dit ra 14 tim ham thoi gian y(t) khi biét anh Laplace Y(s).
Thong thuong, anh Laplace Y(s) c6 dang ham hitu ti :

P(s) bpms™+bp_1s™ 1+-+bg
Q(s)  apsM+ap—qsP1+-4ag

Y(s) =

Bién d6i nguoc L'[Y(s)] ¢6 thé tinh bang cong thirc dinh nghia nhung cach nay
phure tap. C6 mot cach tién dung hon, d6 13 phan tich Y(s) thanh tong cac phan thirc
don gian rdi 4p dung céc cong thirc bién dbi co ban cho timg thanh phan cia tong.

y) =LY()] =X, LY(S)]= 2L, vi()

Dang ham y(t) phu thudc vao nghiém ciia mau s6 Q(s). Cac nghiém nay c6 thé
la nghi€ém don (nghi€ém thuc riéng bi¢t), nghi€ém bodi, hodc nghiém phirc. Dudi day
chung ta s& lan luot khao sat cac truong hop cu thé.

a) Mau s6 ciia Y(s) chi cé cac nghiém don
Gid st Q(s) co6 nnghiém don la sy, sy, ..., S, -
Khi d6 c6 thé phan tich :

Q(s) = ay (s =81 )(S =82)...(8 -Sn )

O Ay By Ay
Q(s) S-S; S-S, 5-5; S-S,
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trong d6 Ai (i=1,2,...,n) la cac h¢ $6 héng.
Nhan ca hai vé ctia phuong trinh véi (s-s;), ta duoc:

Aq(s—si) n A, (s—si) A4+ Anp(s—si)
S—s, 5-s, ... —S—Sn

(s-s1) Y(s) =

Néu lay gioi han khi s —si thi tat ca cac thanh phan c¢6 chira (s-si) & vé phai déu bang
0, tir do ta xac dinh duoc:

Ai=ligLg[(s —sDY(S)] = [(s — sDY(S)]|s=si

Tra bang ta co:
L= [ Aj ]:Ai osit
S-S5j

Vay:

y)= Yl Ajesit=A e’ + Aye2t 4 - 4+ A et

Vi du 2.1: Tim bién ddi Laplace nguoc cta Y(s) = ZZZLl
S“+6s+4
Giai
Mau s6 cia Y(s) ¢ a, = 2 va nghiém s = -1; s = -2 nén c¢6 thé phan tich:
2s+1 2s+1 i 2s+1 A Ay
252+65+4 2(s2+3s+2) B 2(s+1)(s+2) T s+l | os+2

Y(s) =

Xac dinh cac hé so

A =lim [+ DY =1im,_, [22(: ;] -
A, =lim, L[+ 2)YE)] =11, [Zz(z:)] =

1 3
Y(s)= 2(s+1)  2(s+2)

Bién dbi [L] nguoc ta dugc:
1 3
Y =L[Y@)]=5e " +e

b. Miu la nghiém boi
Néu Q(s) ¢6 (n-r) nghiém don va mot nghiém boi s, 1ap r 14n, ta phan tich
Q(8) = a (5 =81 )(S -82)--- (S -Snr )(S -8k )’

_ P(S)_ Aq o+ An—r + By + Br—1 + B4
Q(s) S-51 S=Sn—r (S=SER)¥ (S-S 1 (s—sk)

Céc hé s6 Ai (i=1,2,...,n-r) x4c dinh nhu trudng hop nghiém don da biét.
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Céc hé so Bi (i=r,...,2,1) dugc xac dinh bang cach nhan ca hai vé cia phuong
trinh trén voi (s-sy ), sau do6 1ay dao ham bac (r-i) cta ca hai vé roi 1ay gii han khi s—
sk . Ta c6 két qua cudi cung nhu sau:

Nhdin xét

Néu s, 1a nghiém kép, can xéac dinh hai hé s6 B,, B;

By = 11 a5 — 502Y(S)): By = 1 muae [ (5 = 50°Y(9)]
Néu s, 1a nghiém boi ba, can xac dinh ba hé s6 B; , B,, B,

By = 1i gugl(s —s0™Y()]: B2 = 1i mugi [ (s = s:0°Y(s) |
Bi= 1i g[S (s — 510°Y(5)]

Bién d6i Laplace nguroc ham anh Y(s) ta duoc:

-1

yO = X Ajes = Arett + B, —

ekt + ... +B,t &kt + B eskt

2

Vi du 2.2: Cho anh [L], Y(s) = S+ (412’

hay xac dinh ham y(t)
Giai
Mau s6 ctia Y(s) ¢6 hai nghiém don s,= 0 ; s,= -3 va mot nghiém kép s,= -1

Do d6 c6 thé phan tich:

Ay A, B, B
= L4 + +

YO = 5 s T Groz | G
Xac dinh h¢ s:

. 3 —2 2
A =liguelsY(s)] =1im, [(s+3)(S+1)2] T3

. 1 2 1
Ao =il + DY = limas [2s] ==

By = limuoal(s + DXYE) = Himes [ 5] =1

s(s+3)
—2(2s+3) _ l

Bi= Lim [ - DY@ =1im [S (2] =lim [ Fo] = =3

s(s+3)

2 1 1 1
3S 6(S+3) (s+1)2 2(S+1)

Y(s) =
Bién doi Laplace ngugc ta dugc:

_-l _2 1 3t .-t 1 -t
yO=L"[Y($)]= - —e>'-te" -~
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¢. Miu sb ciia Y(s) ¢6 nghiém phirc

Nghiém phtre ludn c6 ting cap lién hop, ta ky hiéu la p;, = a + jw. Gilta ching
c6 mbi quan hé : (s-p;)(s-p) = (s-a-jw)(s-atjw) = (s-a)’ + w’. Truong hop nghiém
phuc ciing c¢6 thé phén tich twong ty nhu truong hop nghiém don nhung dé thuan tién
hon, ta thuong dung cach néu dudi day.
Néu Q(s) ¢ (n-2) nghiém don va 2 nghiém phtc pi2thicod thé phan tich :

Q(s) =y (8 =81 )......(S -Sn2)(8-P1)(s-P2)
=a,(S-S1).....(s -sn_z)[(s-a)z+ u)z]

A1 T An_z Cl(s—a)+C2(o
S-S, S—Sn-2 (S—a)2+(1)2

Y(s) =

Cac hé sb A;, C, va C, c6 thé xac dinh bang phuong phap dong nhat hé sb da thic,
hodc ap dung cong thurc sau :

A=l i mug[(s — sDY(s)]

Ci==1m {[(s = p1)(s = pP2)Y()]ls-p1}
Co=—Re {[(s = p1)(s = P2)Y(S)]lsp1}
Trong do:

Im: phﬁn ao; Re: phén thuc

Bién dbi Laplace nguwoc ham anh Y(s) ta duoc:

y(t) = Y2 Ajesit +Cie*'cosmt + Cre'sinmt

, s \ g A __5(s+1)
Vi du 2.3: x4c dinh ham y(t) khi bi€t anh Laplace Y(s) = S(s212545)
Giai
MaAu sb cua Y (s) c6 mot nghiém don s = 0 va hai nghiém phtrc py, =-1 * 2j

Do d6 ¢6 thé phan tich:

A  Cq(s—1)+2C
Y(s)==+ Ca(s=D)+2C,
S S2+2s+5

5(s+1) ] -1

s2+42s+5

A= TigLols Y(s)] =1 Lo |

Cr== Im {[(s = p1)(s = PRY(S)]lopr} 1 =3 Im (2] ) =1
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1 5(s+1)

1
Co==Re {[(s = P1)(s = P2Y(S)]lspi} 1 =5 Re o |sro} =2
Ciing c6 thé ding phuong phap dong nhat hé s6 da thirc:

v 5(s+1) _ + C,(s—1)+2C, (A+c1)s2+ (2A+C;1+2C,)s+5A
()= 212515 sz+25+5 S s2+2s+5 s(s2+2s+5)
5A=5 A=1
2A+C1+2C2 C2:2
Y(s) = —(s+1)+2(2) _ _1 s+1 2(2)
(s) = S2+2s+5 S (s+1)2+422  (s+1)2+22

Bién ddi Laplace nguoc ta thu duogc:

y(t) = 1- e'cos2t + 2 e'sin2t

=1 +e't\/§(%si n2t % c052§

= 1++/5 e''sin (2t -@)
2.7. Ung dung bién d6i Laplace giai phwong trinh vi phan
Xét hé thong tuyén tinh lién tuc bat bién co tin hiéu vao r(t), tin hiéu ra y(t),
dugce mo ta bang phuong trinh vi phan tuyén tinh hé s6 hang :

d?y(t) d*1y(t) d™r(t) d™~1r(t)
A —qm Tan-1 g Tt apy(t) = bmdt—m by gl

Bai toan dit ra 1a tim nghiém y(t) khi biét trude tin hidu vao r(t) va cac diéu
kién ban dau ctia hé théng. Vi phuong phap co dién thi viéc tim nghiém toan phan
yéu cau phai xac dinh hang s tich phan tir cac diéu kién dau. Néu dung phuong phap
bién d6i Laplace thi diéu nay 1a khong can thiét vi diéu kién dau dd bao gdém trong
bién doi Laplace cua cac thanh phan dao ham. Trinh tu ing dung bién doi Laplace dé
giai phuong trinh vi phan c6 thé tom tét theo so dd dudi day:

+ o+ bor(t)

Phuong trinh vi phan |  9idi truc tiép
------------ » Nghiém y(t)

theo bién t

A

Bién doi Bién doi
Laplace L Laplace ngugc L™

¢ Ham anh

y
Phuong trinh dai s6

theo bién s gidi
phudng trinh dai s&

»
»

P

ghiém Y(s)
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Vi du 2.4: Giai phuong trinh: y"(t) + 3y'(t) + 2y(t) = 0

Vi diéu kién dau y(0) =a va y'(0)=b

Giai

Lay bién ddi Laplace ca hai vé phwong trinh da cho, ta duoc:
[s°Y(s) - sy(0) - Y'(0)] + 3[sY(s) - y(0) ] + 2Y(s) = 0
[s*Y(s) - as - b] + 3[sY(s) - a] + 2Y(s) =0

(s* + 3s + 2)Y(s) = as + (3a+b)

as+(3a+b) as+(3a+b) _ 2a+b a+b
s24+3s+2 (s+1)(s+2) (s+1) (s+2)

Y(s) =

Vay : y(t) =L [Y(s)] = (2atb)e™ - (a+b)e™ véit > 0

Vi du 2.5: Giai phuong trinh vi phan y"(t) + 2y'(t) + 10y(t) = 8r(t)
Vi diéu kién ban dau y(0) = y'(0) = 0, tin hiéu vao r(t) 1a ham nic
Giai

Bién ddi Laplace ca hai vé phwong trinh d3 cho, ta duoc:

(s*+ 2s + 10)Y(s) = 8R(s)
1
Tin hi¢u vao bac thang don vi nén R(s) = 3

8
s(s2+2s+10)

_ 4 4(s+1) (4/3)(3)
55 5[(s+1)2+32] 5[(s+1)2+ 32]

Y(s) =
Ham thoi gian: y(t) = L'[Y(s)]
4 4 4
y(t)= = - —e'cos3t- —e'sin3tvoit>0
5 5 15

Vi du 2.6: Cho mach dién sau
i(t) t=0 R
oS

e

Q
AY|
RAIES

Gia str khi mach dién dong tai thoi diém t = 0 thi V(0)=1.0 V. Tim dong dién
i(t) chay trong mach dién. Trong do V(t) =5V, C= 1puF, R = 1kQ
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Giai:

Ta c¢6 phuong trinh sau
v(t) = Ri+%fi dt

hay Cv(t)= CRi+ [idt

thay cac théng s dau bai di cho vao
5.10°=10". 10% +/ i dt
5.10° =107+ dt

Thue hién phép bién dbi Laplace

i dﬂ)

S

5.107°

=10731 +(
Theo dé bai Vc(0) = 1.0V nén ta co:
—[[idi-1

Ve(0) == fl dt=
[[idt=10°

Thay vao cong thure ta co:
-6
=101+ (s + )
S S

-6 -6 -6
G_l_ 10_3)1 _ 5107° 107 _ 410

S S N

5.10°°

(14 107s) I=4.10"

4107¢ 3 1
1+ 107 3s " s+1000

Thuyec hién tra bang bién d6i Laplace ta tim duoc i(t) nhu sau

i(t) =4. 10710
2.8. Ham truyén

Xet hé‘ thong tuyén tinh lién tuc baflt bién c6 t}'n hiéu vao r(t), tin hiéu ra y(t),
dugc mo ta bang phuong trinh vi phan tuyén tinh hé s6 hang :

d™Mr(t) +b dam- r(t)

ay(® d™y(t)

n dtn +an1 dtn—1

+ .-+ byr(t)

+--+ayy(t)=D>b

Gia thiét cac diéu kién dau bang 0, bién d6i Laplace hai vé ta duqc :
Y(S) (ansn + an_lsn_l + + ao) = R(S) ( bmSm + bm_lsm_l + + bO)
Biéu thirc:

Y(s) _ bms™+bp_1s™ 1+-+bg
R(s) apsM+ap_qs"~1+--+ag

Y(s) =

Pugc goi 1a ham truyén (hay ham truyén dat) cta hé thong.
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2.8.1 Pinh nghia: Ham truyén 1a ti s6 giita anh Laplace cta tin hiéu ra va anh Laplace
ctia tin hiéu vao khi céac diéu kién dau b@ing 0.
Pé c6 ham truyén ta thue hién cac buédc sau day:

1) Viét phuong trinh vi phan mé ta hé théng (hay phan tir).

2) Lay bién ddi Laplace ctia phuong trinh vi phéan, véi gia thiét tat ca cac diéu
kién ban dau bang 0.

3) Lap ti sd tin hiéu ra Y(s) trén tin hiéu vao R(s). Ti sé ndy chinh 1a ham
truyén.
Nhan xét:

- Khai niém ham truyén chi ding cho phan tir va hé thong tuyén tinh bat bién.

- Biéu thac ham truyén chi phu thudc vao céc thong sb a;b; va bac n cua hé
théng ma khong phu thudc vao thé loai va gia tri (bién dd) tin hi¢u vao, tin hi¢u ra nén
c6 thé dung ham truyén dé mo ta hé thong.

- Viéc gia thiét cac diéu kién dau bang 0 1a dya trén quan diém dung ham truyén
dé nghién ctru ban chat dong hoc cua hé théng. bicu kién dau khac 0 chi phan anh dac
tinh dong hoc ung véi cac truong hop riéng cu the.

- Vi ham truyén 1a phan thuc dai sb khong c6 phép vi phan va tich phan nén
dung ham truyén dé nghién ctru hé théng sé thuan loi hon nhiéu so v6i ding phuong
trinh vi phan. V&i khai niém ham truyén, quan hé gitra tin hi¢u vao voi tin hi¢u ra co
thé biéu dién dudi dang phuong trinh dai s6 :

Y(s)=R(s). G(s) (tin hiéu ra = tich cta tin hiéu vao va ham truyén)

bicu nay giup cho cong viéc xac dinh tin hi¢u ra cua hé thong tng véi mot tin
hiéu vao cho trudc dugc don gian hon nhiéu.

> Pa thirc miu s6 ciia ham truyén dwoc goi 1a da thire dic tinh:
AG)=aps" +a,_s"t+ -+ a
> Néu cho miu s ciia ham truyén bang 0, ta c6 phwong trinh dic tinh:
aps"+a,_s" T+ +ay=0
Trén co s¢ khédo sat cac nghiém hodc cac hé¢ sb cua phuong trinh déc tinh, ta c6
thé danh gia tinh on dinh cua hé thong. Van dé xét tinh 6n dinh cua h¢ thong s€ dugc
trinh bay riéng & chuong 4.
> Ham truyén G(s) ciing dugc viét dwéi dang zero-cuc nhu sau:
_ Y(s) _ H{E1(S_ zj) _ (s—21)...(S— Zm)
RGs) — IlLis—pD) (5= p1)--(5—Pn)

Trong do :
Zi (i=1...m) -1a nghiém cua da thuc tu $0, goi la céc zero.

Pi (i=1...n) - 12 nghiém cua da thirc mau sd, goi 1a cac cuc (pole).
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- Pi cling chinh 14 nghiém ctia phuong trinh ddc tinh.

Vi hé thong MIMO c6 q ngd vao va p ngd ra thi ta phai viét ham truyén riéng cho
tung cdp ngod vao-ra:
Yi(s)

Gl‘]:% (1=1,...,p;J:1,---aQ)

Quan hé vao-ra cua h¢ MIMO duoc viét & dang ma tran:

Yi(s)| [Giz  Gag|[|Ry(s)
Y()=G(@)R@B)| ¢ [=] ¢ : :

Y, (s) Gp1 *+ Gpq||Rq(s)
Trong do6:
Y(s)=[Y1(s) .... Yp(s)]T - 1a anh Laplace cia vécto tin hi¢u ra
R(s) =[RI(s) .... Rp(s)]T - la anh Laplace cua vécto tin hi¢u vao

v Gy - Gigq
S . . . N A \ A
G(s) = R® =1 : - : | - 1a ma tran ham truyén
Gp1 - Gpq
Mot hé thdng hay phan tir tuyén tinh c6 tin hiéu vao r(t), tin hiéu ra y(t), sau khi
d3 dugc moé hinh hoa va c6 ham truyén G(s) thudng dugce biéu dién don gian, truc
quan bang mot khdi nhu hinh vé:

R(s) - Y(s) .
o G(s) ) r(t) G(S) y(0)

hay

Cach biéu dién nay rat tién cho viéc cho viéc xdy dung mo hinh ctiia mot hé
thong phirc tap gdm nhi€u khoi ghép noi ti€p, song song hoac phan hoéi. Mot so6 vi du
ve€ cach tim ham truyén

> Nguyén tic chung
- Thanh 1ap phuong trinh vi phan
- Str dung phép bién d6i Laplace dé dua vé dang ham truyén dat theo dinh nghia
Vi du 2.7: Khuéch dai lwc bing canh tay don
F F,

yooo
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Xét phuong trinh can bing momen:

F1(t) a = F2(t)b => F1(s) a= F2(s)b

_Fie _a
GO =5 b

2.8.2 Ham truyén ciia hé théng co khi
< Phan tir chuyén dong thang
a/ Lo xo

v(t) N\

N FANIAN
f(t)D g VI'V AV
M

X(g)

. | F(3)
—_— K —

hay

Trong d6: K 1a hé s6 dan hoi cia 16 xo
Néu ta 4n 10 xo ¢6 chiéu dai L, di dong dugc mot luong X thi can mot luc tac dong 1én
la:

F(t) = Kx(t)

Thong qua bién ddi Laplace to ¢6 ham truyén cia 10 xo nhu sau:

E(g)

.\;(S’ > f‘\ >

Pé di dong pit-tong véi van tdc v, ta can tac dong 1én mot luc 1a £
dx(t)

(0 = fv() = £, =,

trong do f, 12 hé sb giam chan

Thuc hién bién d6i Laplace
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¢/ trong khoi

Khoi hrong

hay

Theo dinh luat I Neoton tong cac lyc & bén ngoai tac dong vao mot trong khoi
s& bang tich cua trong khéi va gia téc ta co

dv(t) d2x(t)
Yf=Ma =M 2
Thuc hién phép bién d6i Laplace ta ¢ ham truyén cua trong khdi 1a
F(s) _
G(s) =835

d/ Thiét bi giam chén
Thiét bi giam chan bao gdm trong khéi — 10 xo - b giam chan

— X

= F(3)

‘ N(s)
fit) >

M+ f5+ X

Z
77
77
7

7

hay

Pé tim dugc ham tmyén cua hé théng trudc tién ta vé biéu dién cac luc tac dong trong
khoi

_|_> x(t) 6}

Ex() < KX(5) +—]
san |
4t M —  f(t) JsX(s) <=— M ——> 7(5)
M% «— Ms? X (s)e—
Hay

Str dung dinh luit Neoton dé viét phuong trinh chuyén dong

2
F(t) = mddx()+k @+ £, 28 dx(t)

Thuyc hién phép bién doi Laplace
(Ms® + s + K) X(s) = F(s)
Tir d6 ta rit ra ham truyén ciia hé thong 1a

F(s) 1
X(s) T Ms2+ fys+K

G(s) =

2.8.3 Ham truyén ciia mach dién
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Trong mach dién c6 cac phan tir co ban 13 dién tré (R), dién cam (L) va tu dién (C).

UR
‘ Up I
1R

— -

a) Pién tré' R

4

R
Di¢n ap roi ty 1€ thudn véi cuong do dong dién I chay qua dién tré:
v(t) = Ri i(t) = i v(t) Z=R
Thong qua phép bién d6i Laplace ta ¢ dwoc ham truyén cua dién tro 1a
G, = 1.1
U R
b) Dién cam L

UL

T-‘

Dién 4p roi trén dién cam la
diy . . 1,1

i b J, v(©dt

Thong qua bién dbi Laplace ta tinh dugc trd khang Z va ham truyén cia dién cam L

v(t)=L

Z=Ls GL=—=—

¢/Tu dién C

i e . !
o

Dién 4p roi trén dién dung la

dv(t)
dt

v(t) Z%foti(t)dt =>i(t)=C

1 1
Z—E ,GC—U—C—CS



d/ Cac phin tir R, L, C mic noi tiép

AAA
A N
v \; Y

N
U,=Ri+L—+U,
dt

L _dUr__di_
Q—C&IdF>h{%k—>m—C
Thuyc hién phép bién doi Laplace ta co
(LCs*+RCs+ 1) U, =U,

Rt ra duoc ham truyén la:

G(s) _Ur__ YLC
Uy s24 s+
L LC

Cac phan tir dién mac song song

d?U,
dt2

A/

C-

Tong tré ciia mach song song duoc tinh 1a

1

1 RLCs%+Ls+R

1 1
VA R Ls 1/Cs RLs

Ham truyén cia hé thong 1a

2, 1 1

G :l— l— S +RCS+LC
(s) vz 1
ES

Vi du 2.8 : BPong co dién mot chiéu kich tir doc lap
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Gia st tir thong @ = const, J [a mémen quan tinh qui vé truc dong co, B 1a hé sb6 ma sat
4 truc

Thanh 1ap ham truyén cua dong co voi:
u: tin hiéu vao 14 dién 4p phan tng
o: tin hiéu ra la goc quay cua truc dong co
Giai
Phuong trinh quan hé vé dién ap phan tng

u=Ri+ L +e,

=K. 9w

Suy ra

u=Ri+ L'j—ti + K Do (2.3)
Phuong trinh quan hé vé momen trén truc dong co:

Ki®; =152 +Bo (2.4)
Thay phuong trinh (2.3) vao (2.4) ta duogc:

u—l(]—+B )+ = (15248 %) ke do

K;® Ko ! dt2
L] d?w . RJ+LB du) ( )
K;® dt? Kj® dt Kj® + Ke®
Voi
L] RJ+LB
BH=—ra = ;a0=(—+ KeCD)
Kj® Kj® Kj®
Ta co

U(s) = (a8 + ;s + a9) o(s)
Ham truyén cua dong co dién mot chiéu 1a:
_w(s) 1
U(s) azs?+ags+ag

2.9 Pai s6 so' d0 khoi

Dai s so d6 khdi 13 thuat toan bién doi twong duong cac so dd khédi. Hai so dd
khéi duoc goi 1a twong dwong nhau néu chung c6 quan hé giita tin hiéu vao, tin hiéu ra
nhu nhau. Dé c6 ham truyén cua hé thdng phirc tap, ta thuong phan chia hé thong
thanh nhiéu khau nho. Tim ham truyén cua cac khau d6. Tiép theo 1a bién dbi so d6
khéi dé 1am xuat hién cac dang két nbi don gian rdi lan lugt tinh cdc ham truyén tuong
duong theo nguyén tic rit gon dan tir trong ra ngoai. Sau diy 13 mot sé quy tic bién
do6i so do khéi thuong dung.
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2.9.1 H¢ ndi tiép

U Y, Y: Y. b U -
—G,5)HGa(s)> = —HGa(s)—>» & — [[G6) |—
1=l

Theo so dd khéi ta co: Y(s) = U(s).Gi(s) Ga(S)... Gy(s)
Ham truyén twong duong: G(s) = % =G1(s) Gy(s)... Gy(s) =T[1T Gi(s)
2.9.2 Hé song song

> Gy(s)

U

n

1=1

A 4
Q
8
»

Theo so dd khéi ta co: Y(s) = U(s) Gi(s) + U(s) Go(s)*+ ...+ U(s) Gy(s)

Ham truyén twong duong: G(s) = % =G(s) + Gy(s) + ...+ Gy(s) = X1 G (5)

2.9.3 H¢ hoi tiép vong

a/ Hoi tiép am

R E
40?)—‘ G(s) >
[y | 1+G(s)H(s
{ H) | +G(s)H(s)
Tir so d6 khdi ta co cac phuong trinh mé ta quan hé vao-ra:

—Y(s)H(s) + R(s) = E(s)
{ E(s)G(s) = Y(s)

[-Y($)H(s)+R(s)]IG(s) = Y(5)

Ham truyén cua hé kin hoi tiép am :
Y(s) _ G(s)
R(s) 1+G(s)H(s)

Gi(s) = (2.5)

Truong hop dic biét khi ham truyén mach phan hdi H(s)=1, ta c6 hé théng hoi tiép am

don vi. Khi d6 cong thire (2.5) tré thanh:

Y _ 6

Gils) = R(s) 1+G(s)
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b/ Hoi tiép dwong

R  E ¥
o N o
—_—
M l-G()HE) '
Bkt

Tir so d6 khéi ta c6 cac phuong trinh mé ta quan hé vao-ra:
{Y(S)H(S) + R(s) = E(s)
E(s)G(s) = Y(s)
[Y(s)H(s)+R(s)]G(s) = Y(5)
Ham truyén:

Y(s) _ G(s)

Gd®) =35 ~ T-eeH®E)

2.9.4 Hé hoi tiép c6 nhilu tac dong

Xét hé hoi tiép (hé kin) c6 so dd khoi:

Néu coi nhiéu z,(t)=2,(t)=0, ta c6 phuong trinh quan hé:
[-Y(s)H(s)TR(5)].Gc(5).G(s) = Y(s)

=> Ham truyén cua tin hiéu vao r(t):

(thuong dugce coi 1a ham truyén ciia hé thong, néu khong tinh dén nhiéu)

Y(S) _ Ge(S)G(s)

Gk =Gr(8) = R(s) 14G¢(s)G(s)H(s)

Néu coi tin hiéu vao r(t)=0 va nhiéu z,(t)=0, ta c6 phuong trinh quan hé:
[-Y(9)H(s)Ge(s) * Zi(s)]. G(s) = Y(s)
Ham truyén nhiéu caa z,(t):

Y(S) __ *G(s)
Z1(s) 1+G¢(s)G(s)H(s)

GZl(s) =

Néu coi tin hiéu vao r(t)=0 va nhiéu z,(t)=0, ta c6 phuong trinh quan hé:
-Y(8)H(8)Gc(s)G(s) £ Zy(s)=Y(s)
Ham truyén nhiéu caa z,(t):

Y(s) _ +1
Zz(s)  1+Gc(s)G(s)H(s)

Gz(s) =

Tong quat, quan hé vao ra cta h¢ kin dugc biéu dién nhu sau:
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Gc(s)G(s)R(s) + Z1(s)G(s) Z3(s)
1+Gc(s)G(s)H(s) = 1+Gc(s)G(s)H(s) = 1+G¢(s)G(s)H(s)

XY=

Nhan xét:

Trong thyc té, hé thong diéu khién ludn c6 sy tac dong cua nhidu. Céc thong sb
trong ham truyén G(s) ctia ddi tuong diéu khién ciing c6 thé thay doi do anh hudng cia
mdi truong, hodc ton tai sai s6 giira mo hinh va ddi tugng thyc té. Tir cac bicu thirc da
néu & trén ta thay néu G.(s)G(s)H(s) >>1 thi cac ham truyén Gy;(s) va Gz(s) s& xap xi
bang 0, tirc 12 anh hudng cia nhidu 1én tin hiéu ra cta hé kin 1a khong dang ké. Day 1a
mot wu diém ciia hé kin so v6i hé hd. Mit khac, néu G.(s)G(s)H(s) >>1 thi Gi(s) =
Y(s) / R(s) »1/ H(s) , do d¢6 tin hiéu ra Y(s) » R(s) / H(s) , tic 1a tin hi€u ra ctia h¢ kin
chi phu thudc vao H(s) ma khong phu thudc vao Ge(s) va G(s). Nhu vay cau triic vong
kin 1am giam dugc anh hudng ctia sy thay d6i hodc sai s cua cac thong sb trong ham
truyén G(s) cua dbi tuong diéu khién. Py 1a vu diém tht hai caa hé kin.

2.9.5 Chuyén diém ré ra truéc mt khoi

U Y U Y

— G(s) > “ G(s) —>

Y

Ye—- «—G(s)

2.9.6 Chuyén diém ré ra sau mot khoi

U Y U Y

» G(s) — = — G(s)

4

_U. 1/G(s)—>

A

2.9.7 Chuyén b tong (bd so) ra trueéc mot khoi

U Y=U,G -U, U Y=U,G-U,
R e IV oy R
A T U,

2.9.8 Chuyén b tong (bd so) ra sau mot khoi

Ul Y=(U1-U:)G<:>
— U:

2.9.9 Ho4n vi, nhip hoic tach cac bd tong

U,
U Y U Y ] l+
1 - 1 8 o U, 8 Y
SR T+ — T_
U, 'O, U, 'U; U,
Y: UI'U:+U3 Y= UL+U3'U: Y= UI-U:"’U)
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2.9.10 Chuyén vé dang hai tiép don vi

R Y R [1
4’?‘-—'G > o —'E"%—‘GH
H

Luu y: Cdc bién doi sau day la khong twong dwong

v

2.9.11 Chuyén vi tri diém ré nhanh va bj tong:

U;=U1-U: U4=U1+U3

% 4’®_I_’®_’
l., l,

IU} TU’
Vi du 2.9: Diéu khién muc chit 10ng trong bé chta

Cho mot hé théng diéu khién tu dong muc chit 16ng trong bé chira nhu hinh Ve, biét
rang:

(=)
&/
e
()
./
©
)
N

M

I
\

LT: chuyén d6i mic chét 1ong
LIC: b hiéu chinh

LY: chuyén d6i dong dién/ap suat
LV: van diéu chinh tu dong

VT: van diéu khién bang tay

- Ham truyén ctia bo chuyén d6i muc chat 1ong/dong dién

1 .
GLT(S) = 1 voi Tc =1

Tes+
Phuong trinh vi phan biéu dién quan hé gitta luu luong va d6 cao cot chat 1ong 1a:
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e%i” +h(t) = Q) + Qu(t) v6i 6 = 25

- Ham truyén cua ca bo chuyén do6i dong dién sang ap suat va van ty dong la:

Q) __L 4T, =4
N(s) Tys+1

Gy(s) +
Yéu cau:

1. Thanh 1ap so d6 diéu khién ciia hé thong

2. Tim cac ham truyén dat Qpuu(s), Quaal(s), Quoo(s)

3. Gia str chua ¢6 bo diéu khién C(s) =1. Tim gia tr1 xac 1ap cua cdt nudc & ngd ra néu
u(t) =5.1(t) va Q, =2.1(t)
Q.
U e X Q v H

—>®—; C(p) |—» Gvip) —>®~—> G(p) | Gurlp)
I Yo

2.10 Khai niém trang thai va bién trang thai

v =~

2.10.1 Khai niém v@ trang thai

Khai ni€m trang thai co6 trong co s¢ cua cach tiép can hi¢n dai trong mé ta dong
hoc ciia cac hé théng di dugc phat trién 1an dau tién dua ra nim 1936. Sau d6 khéi
niém nay duogc cac nha khoa hoc & Nga va My mg dung rong rii dé giai cac bai toan
diéu khién tu dong.

Trang thai cta h¢ théng dugc dac trung nhu la lugng thong tin tdi thiéu vé heé,
can thiét dé xac dinh hanh vi ciia hé trong tuong lai khi biét tac dong vao. Noi mot
cach khac, trang thai cua hé duoc xac dinh bdi t6 hop céac toa d0 md rong dac trung
cho hé.

Trang thai ctia mot hé thdng 1a tap hop nhé nhat cac bién (goi 1a bién trang thai)
ma néu biét gia tri cia cac bién nay tai thoi diém tyva biét cac tin hidu vao thoi diém t>
t, ta hoan toan c6 thé xac dinh duoc dap ung ctua hé théng tai moi thoi diém t>t,,

Hé théng bac n ¢6 n bién trang thai. Céc bién trang thai co thé chon 1a bién vat
1y hodc khong phai 1a bién vat 1y.

Theo quan diém phan tich va tong hop hé thong thuong, nguoi ta chia cac bién
dic trung hé théng hay c6 quan hé nhat dinh véi né va cac nhém nhu sau:

- Céc bién vao hay cac tdc dong vao u duogc tao ra bdi cac hé théng nam ngoai cac h¢
1
duoc xét.
- Cac bién ra y; dic trung cho dép (mg ciia hé theo cac bién vao di dinh.

- Cac bién trung gian x; dic trung trang thai bén trong ctia hé.
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2.10.2 Khai niém véc to trang thai:

n bién trang thai hop thanh véc to cot
x=[x; Xp - X3]T

goi la véc to trang thai.

- Khéng gian trang thai: khong gian n chiéu 1a khéng gian hop boi cic truc cia cic
bién trang thai.

Vi du ta c6 céac bién trang thai di€n &p cua dién tré Vi va dién ap cua tu dién V¢
céc bién nay s& hinh thanh 2 tryc ctia khong gian trang thai.

bé thudn loi trong thao tac voi cac dai lugng nhicu chi€u, t6 hop cac bién vao
6 thé trinh bay dudi dang véc to cac tac dong vao:

u®) = [u () w® . u®]
T4 hop céc bién ra trinh bay dudi dang vécto ra
yO=y1(®) y2(©) - ya(®OI

Céc td hop céc toa do trung gian, dac trung ndi dung bén trong cua h¢ duoc viét dang
véc to trang thai ciia hé .

X= [Xl Xy e X3]T
Theo dinh nghia trang thai cua h¢ tai thoi diém bat ky t > to, trang thai cua h¢ 1a mdt

ham cua trang thai ban dau x(tO)Vé véc to vao r(ty,t), tic la:

x(t) = F[x(to),u(to,t)] (2.6)
Véc to ra tai thoi diém t co quan hé don tri vi x(t) vau(t ,t)
y(©) = W[x(to),u(to,t)] (2.7)

Céc phuong trinh (2.6) va (2.7) thuong goi 1a phuong trinh trang théi cua hé.

Néu hé thong dugc mé ta boi cac phuong trinh vi phan tuyén tinh ,thi phuong
trinh trang thai cua hé dugc viét dudi dang sau : (Béng cach st dung céc bién trang
thai, ta c6 thé chuyén phuong trinh vi phan bic n mé ta hé théng thanh hé gém n
phuong trinh vi phan bic nhit)

{X’(t) = A(t).x(t) + B(t).u(t)
y(® = C(®.x(t) + D(Hu(t)
trong d0: x (n x1) véc to cac bién trang thai,

u (m x 1) véc to cac bién dau vao

y (rx 1) véc to cac bién dau ra.

A(t) - Ma tran hé thong.

B(t) - Ma tran diéu khién hay ma tran dau vao.

C(t) - Ma tran ra.

39



D(t) - Ma tran vong.

Cac ma trdn ¢ cac phan tir phu thudc vao bién t, 1an lugt c6 kich thude 1a: A(n x n),
B(n x m), C(r x n), D(r x m).

u

0)

Hinh 2.4: So do khoi biéu dién hé thong diéu khién trong khong gian trang théi

Thuc té cac hé théng thire déu c6 tinh quan tinh, do d6 D 1a mot ma tran cé cac phﬁn
tir déu bang khong.

2.10.3 H¢ tuyén tinh h¢ s6 hing.
Hé théng c6 mo hinh trang thai 1a:
x'=Ax+ Bu
y = Cx+Du
Trong d6 cac ma tran A, B, C va D 1a cac ma tran héng $0.

A duoc goi 1a ma tran h¢ thong. Néu s 1am cho phuong trinh det(sI - A) = 0 thi s
duoc goi 1a gia tri riéng ciia ma trin A (ddy chinh 1a diém cuc cta hé théng). 112 ma
tran don vi, s 12 mot sb phtrc, det 1a ki hi€u cua phép tinh dinh thirc ma tran.

e Ung dung biéu dién md hinh toan hoc trén khong gian trang thai

Ung dung hé phuong trinh trang thai dé biéu dién cac hé vat Iy phtic tap. Bude
dau tién 1a chon vécto trang thai, viéc lya chon nay phai tuan theo cac yéu cau sau:

- Céc bién trang thai phai 1a tdi thiéu nhung van phai dam bao biéu dién diy du trang
thai ctia hé thong.

- Céc bién trang thai phai doc lap tuyén tinh.
Vi du 2.10: Cho hé théng vat Iy c6 so 6 nhu sau:

L

—

i(fH

+
v(t) 1
- RDJ;(:) c,\l i)

X4y dung mé hinh trang thai cho dbi tuong.
Giai:

Buwéc 1: Dat tén cac dong dién nhanh bao gom iy, ig va i,
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Buée 2: Chon céac bién trang thai bang cac viét phuong trinh vi phan cho cac phan tir
chtra nang luong bao gdém tu dién C va dién cam L

dve . di
cTe—g o LS-
e ¢ at 'L

Ta chon iL va A la céc bién trang thai, nhung do iC va v, khong phai 1a cac bién trang

thai nén ta phai viét dudi dang t6 hop tuyén tinh cua cac bién trang thai ip va vc, bién
dau vao la v(t).

Budée 3: St dung ly thuyét vé mach dién cu thé 1a viét phuong trinh dga vao dinh luat
Kirchhoff. Tai nut 1 ta co

. . . 1 .
1C:-1R+1L:—EVC+1L
Mat khac ta co
vV =-v _+v(t
LV v

Budc 4: Thay cong thire trén voi nhau ta thu duge cong thirc nhu sau:

dv¢ 1 .
— L= _ vy +
C dt RVC 1L

di
- = _ +
L ” VC v(t)

Hay
dv¢ 1 1
— e — +
d¢ Rce ¢
di 1 1
—=—=V.t-v(t

Budre 5: Rit ra cong thirc cua tin hiéu dau ra iR(t)

. 1
IR=TV
R R c

két qua cuoi cung la

R ENGRET

tin hi€u dau ra

e[z O[]
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Vi du 2.11: Cho mach dién gdm ba phan tir R, Lva C méc ndi tiép nhu hinh

L R
ANN—TF+—
RN

u () i(t) ‘_) “

U, l1a dién &p dat vao mach. Tim mo6 hinh trang thai.

Giai:

()
|

(S

17T+

Ta c6 phuong trinh dién 4p cta mach la:
u=u+u tu
1 R L C
thay cac cong thirc tinh dién ap ctia cac phan tir
. di
u =iR+L—+u, (2.8)
dt
Trong d6  u, =u, =%f idt (2.9)

Trang thai cua mach dugc quyét dinh boi dién ap ra w va dong di¢n 1. Ta goi w vaila

cac bién trang thai.

duz 1

j=(C—=2 =  x;=-X

dt ™
di R. 1 1 1 R 1
—=-—1—-Uu, +-u == X=X -TX;t-u
at L L2t T A T

Dang chinh tac duoc viét nhu sau:
. 1
X1= 0.X1 + EXz + O.u1
R

1 1

1
X =-—X--X;+-u
2= [ X-[X2 T W

Viét h¢ trén dudi dang vécto ma tran

- If% _\ [
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Hay viét gon lai
x'=Ax + Bu

Goi la phuong trinh trang thai ciia hé thong. Khong gian hai chiéu gdm trang thai dong
dién i = x, va dién ap trén tu 1a u, = x; duogc goi la khong gian trang thai.

Vi du 2.12: Cho h¢ thong bén dudi

Ta co
. di 1 0,
+L—+= =
iR Ldt Cfl dt=v(t)

. dg . A
Thay i(t) = d_il vao cong thuc trén ta dugc

d?q dg 1
Ldt2 Rdt cd V()
Ta dat i(t), q(t) 1a cac bién trang thai
dg _ .
ac !
di 1 R. 1
= Tl it v

viét dudi dang vécto ma tran

0 1 i], o
=12 Gk
“LC L L
Dién 4p v 1a bién trang thai dau ra
Vo=— % q—Ri+v
Hay
-1 _ q]
vim|-¢ R|[{] +u
2.10.4 Chuyén tir ham truyén dat sang khong gian trang thai va nguoc lai

> Chuyén tir ham truyén dat sang khong gian trang thai

DPé ¢6 thé mé phong dugc mot hé théng trén may tinh thi mo hinh toan hoc cua
dbi twong phai duoc biéu dién trén khong gian trang thai. Vi vy khi ta da mo hinh cua
d6i tuong biéu dién bang ham truyén dat ta phai chuyén sang phwong trinh trang thai.
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- Chon céc bién trang thai, moi bién trang thai dugc xac dinh bdi dao ham cua bién
trang thai trudc do.

- Ta xét phuong trinh vi phéan sau:

dny o drly

dy
<o T an—1gmoy T targoHagy = bou

Céach thuan tién chon bién trang thai 1a chon bién dau ra

X1y
dy
Xy = E
d?y
X3 =
3 de2
dn—ly
Xn-1 = dtn—l

Lay dao ham hai vé

_dy
X1=

dt
27 de2
37 a3
x' =—dny
nl gen

Biéu dién trén khong gian trang thai

X1= X3
X2 = X3
| B—
X3=X4
1 —
X'n-1 = Xn

X'y = apX] - 41Xy...-8y.1X, T -bou

Bicu dién dudi dang vécto ma tran

r£170 1 0 0 0 0 .. 0Tx]T0]

lx,]1o o 1 0o o o .. o fx/|]o
[0 o o 1 0 o . o fx|]|o]
: =' : : : : : : : : = H U
r.]lo o o o o o 1 |x,

| |-a, -a, -a, -a, -a, -a -a. | x, | 5]
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Viét phuong trinh trang thai dau ra
X1

X2

y=[1 0 0 0o .. o]l™

Xn-1
Xn

Céc budc thyc hién bién doi tir ham truyén sang hé phuong trinh trang thai:

- B1: chuyén tir ham truyén vé phuong trinh vi phan va thyuc hién phép bién doi

Laplace nguoc v6i cac diéu kién dau bang khong.

- B2: Thuc hién chon cac bién trang thai va biéu dién trong khong gian trang thai.
C(s) _ 25
R(s)  s2+5s+4

Vi du 2.13: Mot d6i tuong c6 ham truyén dat 1a G(s) =

Xay dung mé hinh trang thai cho d6i twong. Xac dinh cac gié tri riéng.
Giai

Budce 1: Tim phuong trinh vi phan

C(s).(s* + 55 +4) = 5.R(s) => e 59 4o a5
' ) dt? dt

Buwéc 2: Lya chon cac bién trang thai

X1 =C I
X1 =X
__dc _ =>
X2 = 5~ X1 X, = 25r — 4x; — 5%,

Viét duéi dang vécto ma tran
[0 1 0
{X =2y Zslx+ sl
y=[1 0]x
Tim gia tri riéng
_[s 01 _ 10 11_1s -1
st-a=lo =15 Sl=l s+ s)
det(sl - A)=s(s+5) +4=s"+5s+4=0
A=25-16=9
Cacgiatririénglas, =-1,s,=-4
Vi du 2.14: Cho ham truyén sau:

C(s) _ 24
R(s)  s3+9s2+26s+24

G(s) =

Chuyén doi sang hé phuong trinh trang théi.
Buwdce 1: Tim phuong trinh vi phan
Thuc hién phép nhan chéo
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(s* + 9s% + 265+ 24)C(s) = 24R(s)

Chuyén d6i thanh phuong trinh vi phan bang cach ding phép bién ddi Laplace nguoc

v6i diéu kién dau bang 0
C+9¢ +26¢ =24r
Budre 2: Lua chon bién trang thai

Chon céc bién trang thai nhu sau:

X1:C
Xzzé
X3:.é

Lay dao ham ca hai vé phuong trinh (2.89) ta s& thu dugc hé phuong trinh trang thai

X = X2

Xy = X3

X3 = -24%; - 26X, - 9x3 +24r
y=¢c=x

Viét dudi dang vécto ma tran

X1 0 1 0 1[*1
5l =] 0 0 1 |[X2|+
X3 —-24 =26 -9]Ix3

X1
y=[1 0 0] [le

X3

0
0
24

r

Mo hinh dugc biéu dién nhu sau

X5(0)

r(r)

5 () %O x50 (1)
i J I

24 |«

> Chuyén tir khong gian trang thai sang ham truyén dat
Mo hinh toan hoc trong gian trang thai dugc biéu dién nhu sau:
Xx= Ax + Bu
y=Cx+ Du
Thuc hién chuyén ddi Laplace véi diéu kién dau bang 0

sX(s) = AX(s) + BU(s)
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Y(s) = CX(s) + DU(s)
Tu rat X(s) ra:
(sI - A)X(s) = BU(s) (*)
X(s) = (s — A) BU(s)
Trong d6 I 1a ma tran don vi
Thay X(s) vao (*) rat ra dugc
Y(s) = C(sI - A) BU(s) + DU(s)

-1 \
Ta goi [C(sI — A) BU(s) + DU(s)] 1a ma tran ham truyén boi vi ndé quan hé véi vécto
bién ra Y(s) va vécto bién vao U(s).

Néu U(s) va Y(s) 1a cac dai lwong v6 hudng ta co thé tim ham truyén nhu sau
_Y® _ Ay
T(s) = ) C(sI-A)".B+D

Vi du 2.15: Cho phuong trinh trang thai biét dau ra 1a Y(s) va dau vao 1a U(s)

0 1 0 10
x=]0 0 1 |x+|[0 |u
-1 -2 -3 0
y=[1 0 0]
Giai: Tir ddu bai ta xac dinh cac ma tran A, B, Cva D
0 1 0 10
A=10 0 1 B=]0
-1 -2 -3 0
C=[1 0 0] D=0

-1
Tatim (sI- A)

s 0 0 0 1 0 s -1 0
(sI-A)=[0 s 0]-[0 0 1]2[0 S -1
0 0 s -1 -2 -3 1 2 s+3
s?2+3s+2  s+3 1
-1 s(s+3 s
(sI- A)'l _adj(sl-A) _ [ -s —(2s+1) 52]

det (sI-A) s3+3s2+2s+1

1 .
Thay (sI - A) , B, C, D vao ta dugc ham truyén

10 (s2+3s+2)

T(s) = s3+3s2+2s5+1
2.11 Tuyén tinh hoa

- C4c hé thdng ma ta d3 xét voi gia thuyét 1a tuyén tinh. Trén thyuc t& hau hét cac doi
tuong 13 phi tuyén.
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- Trong hé thdng ciing c6 thé bao gdm ca dai luong phi tuyén va tuyén tinh.

- Do thyc té yéu cau ngudi thiét ké phia tuyén tinh héa mot sé dai lwong phi tuyén dé
st dung.

- Cac buéc thye hién tuyén tinh héa
+ Bude 1: Viét phuong trinh vi phan ciia hé thong. Vi gia thiét tin hidu dau vao nho

+ Buéc 2: Tuyén tinh héa phuong trinh vi phan, dung bién d6i Laplace véi diéu kién
dau bang 0.

2.12 Bai Tap chwong

1. Tim ham truyén ciia hé thong sau

a) G(s) = VO(S)/V i(s) b) G(s)=V O(S)/Vi(s)
10
1Q 17
_|
o) + 10 IH Vo (£ ") + 1H Vol
c) G(s) = VL(s)/V(s) d) G(s) = Xl(s)/F(s)
10 17
x(t
7| 1N/m i g 0
. + 10 g 1Ns/m
v / )
- Z lkg—{zgg——* f(t)
1Ffr 2H v, (1) é
7

¢) G(s) = V,(S)/V ()

1000

V) 100k 1uF

—
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2. Giai phwong trinh vi phan sau
y+3y+6y=0
Vi y(0+) =5; y(0+) = -2; y(0+) = 14

3. Tim ham truyén G(s) ciia hé thong khi biét dwoc dang biéu dién trén khong
gian trang thai

[ 0 1 0] [ 0

ayx'=[{0 0 1]|[x+ Olr; y=[1 0 O0Jx
-3 -2 -5 110
[ 2 3 8] [1

b)x'=| 0 5 3 x+4]r; y=[1 3 6]x
-3 -2 —4] L6
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CHUONG 3
PHAN TICH PAT TINH CUA
CAC PHAN TU LIEN TUC

3.1 Khai niém vé dic tinh dong hoc

Pdac tinh dong cua hé théng mo ta sy thay ddi tin hiéu & dau ra cua hé théng
theo thoi gian khi c¢6 tac dong & dau vao. Trong thuc té cac hé thong dicu khién rat da
dang, tuy nhién nhitng hé théng dugc mé ta bang mé hinh toan hoc c6 dang nhu nhau
s€ ¢o dac tinh dong hoc nhu nhau. Dé khéo sat dic tinh dong cua hé théng tin hiéu vao
thuong dugce chon 1a tin hiéu co ban nhu ham xung don vi, ham nac don vi hay ham
diéu hoa. Tuy theo dang cua tin hi¢u vao thir ma dac tinh dong thu duogc 1a dac tinh
thoi gian hay dic tinh tan sé.

3.2 Dat tinh thoi gian
3.2.1 Ham qua do

Ham qua do ctia mot khau h(t) 1a phan tng cia khau d6i véi tin hiéu vao 13 ham
néc (hinh 3.1). Thuong duoc sir dung dé thir hé théng 6n dinh hoa:

h(t)
1(t)

(a) (b)
Hinh 3.1(a) Tin hiéu dau vio
(b) Ham qua do
Khau dong hoc c6 tin hi¢u vao x(t), tin hiéu ra y(t), ta co:
h(t) = y(® lxo-100
Dé tim ham qué d6 h(t) khi biét ham truyén G(s) ta thuc hién hai budc:
Buwéc 1: Tim anh Laplace H(s) cta h(t)
1

Do:  H(s) X(s).G(s) L[1(t)].G(s) = 3 G(s)

Nén: H(s) = ?

Buwéc 2: Bién doi Laplace nguoc ciia H(s) ta c6 ham quéa do h(t)
h(t) = L"[H(s)]
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3.2.2 Ham trong lugng

Néu tin hiéu vao 1a ham xung don vi o(t) thi tin hi¢u ra goi la dép Gng xung,
ham qua dg xung, hay ham trong luong, ky hi¢u 1a g(t).

Ttrc 1a:
g(t) = y(© lxw=s0
Néu biét ham truyén G(s) c6 thé tim ham trong luong g(t) nhu sau :

Lig®] _
L[§(®)]

Nén tin hi¢u ra g(t) = L'[G(s)]

Do tin hiéu vao G(s) = Llg(t)]

Néu biét ham qua do h(t) c6 thé tim ham trong luong g(t) nhu sau

Do tin hidu vao:  (t) = z(tt)]

d[h
Nén tin hiéu ra: g(t) = dihw)] (t)]
3.2.3. Pap tng doc

Ham dbc don vi thuong dung 1am tin hiéu vao dé thir hé thong diéu khién theo
di. Khi tin hiéu vao 13 ham dbc don vi thi tin hiéu ra goi la dap ung déc.

3.2.4 Pap tng véi tin hi¢u vao bat ky

Téng quat, mot tin hiéu x(t) bt ky co thé biéu dién théng qua ham (t) hodc 1(t) nhu
sau:

x(t) = x(t) ftS(t —1)dt = fotx(T)S(t —1)dt

x() = [; =

Véi:  x(t) 1a gia tri xac dinh ctia ham x(t) tai thoi diém t =1

dx(‘r)

1(t-t)dt

3(t-1) 1a xung don vi dugc phat tai thoi diém t =t

1(t-t) 12 ham bac thang don vi duoc phat tai thoi diém t =1
Dua vao tinh chat xép chdng ciia hé tuyén tinh ta ¢ thé xac dinh tin hiéu ra y(t) thong
qua ham trong lugng g(t) hoac ham qua do h(t) nhu sau:

y(O) = fy x(Dg(t - Ddr = [ &0

h(t-t)dt
, s+1
Vidu: G(s) = S(s+5Y

*Ham trong luong:

=0 =L'6e) =L {2 =1 S+ )

s(s+5) 5s 5(s++5)

-5t

u1|+—\
U'll-h

gt) =
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*Ham qué do:

Cich 1: h(t) = fotg(r)dr = f0t(§ + %e‘s)drz ET — ie‘ST] t

25 0
1 4 4
h()=-t+ —e ' +—
5 25 25
r -1 G(S) -1 s+1 A e 2
Cach 2: h(t) =L [T] =L {m} => thuc hién bién doi1 Laplace ngugc thu dugc

két qua nhu trén
Nhén xét:
Mo té4 toan hoc - Phuong trinh vi phan
- Ham truyén
- Phuong trinh trang thai
Khi biét ham trong lwong hay ham qua do ta co thé biét duoc ham truyén cua hé thong
- G(s) = L[g(®)]

Vi du: Cho hé théng c6 dap tng nac:
h(t) = 1- 3¢ +2¢™
Xéc dinh ham truyén

_[dh®) _ 2t _ a3ty 0 6 _ 6
Gs) L{ dt} L{6e 6e™" } s+2  s+3  (s+2)(s+3)

3.3 Pit tinh tan s ciia cac khau dong hoc dién hinh
3.3.1 Pinh nghia cic khau dong hoc dién hinh

Céc khau dong hoc ma phuong trinh vi phan mo ta qua trinh dong hoc cua
ching c6 bac nhé hon hoic bang hai, dugc goi 1a khau dong hoc dién hinh.

Pic diém cua cac khau dong hoc dién hinh 12 chi c6 mdt dau vao va mot dau ra
nhu hinh 3.2, tin hiéu d4u ra khong anh huéng dén tin hiéu dau vao.

X(s) Y(s)
—>» W) —>

Hinh 3.2 Khau dong hoc chi co mot dau vao va mét dau ra
Céc khau dong hoc dién hinh bao gdm: Khau nguyén ham, khau tich phéan, khau
vi phan, khau tré. Khau nguyén ham gém cac khau: Khau khuéch dai (khau khong
quan tinh), khau quan tinh bac mét, khau quan tinh bac hai (Khau giao dong). Sau day
ta khao sat cac khau dong hoc dién hinh trén.
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3.3.2 Khau ti l¢
- Khau khong quan tinh la khau ma phuong trinh dong hoc c¢6 dang: y = K.x
- Ham truyén dat cua khau. G(s) =K

Cac dac tinh thoi gian.

» Ham qua do : h(t) = K.1(t).
» Ham trong lugng :  g(t) = K.3(t)

g(t)
h(tw K.5(t)
K
0 ? 0 1
(a) (b)

Hinh 3.3 : Ddc tinh thoi gian cua khau ti lé
a) Ham qua do; b) Ham qua do

Cac dic tinh tan so

Lo) 4 [dB]
-20dB/dec
20
lIgo
-
olo) A (46)
+90
1 0 1 Ig«
t + -
10 10° 10' »
-90

Hinh 3.4 Ddc tinh tan sé ciia khdu ti 1¢
(biéu do bode)
> Pic tinh tan sé: G(jo) =K
» Bién dj: M(w) =K = L(n) =20lgK
» Pha: j(w)=0

Céac biéu thirc trén cho théy dac tinh tan s6 cua khau ti 1€ 1a héng sb vai moi ®, do do
biéu dd Bode vé bién d6 1a mot duong song song vdi truc hoanh, cach truc hoanh
201gK; biéu d6 Bode vé pha 13 mot dudng ndm ngang tring véi truc hoanh.
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3.3.3 Khéau tich phéan ly tuéng
5 1
Ham truyén: G(s) = 3

Dac tinh thoi gian:
R
Y(s) = R(s).G(s) = %
> Ham trong luong:  g(t) =L"'[G(s)]=L" [% 1= 1(t)
G 1
> Ham qua do: h(ty=L"[ g 1= L'l[s—z] =t. 1(t)

Vay ham trong lugng va ham qua do cua khau tich phan 1y tuéng tuong Gng la
ham nac don vi va ham dbc don vi. Mot dic diém quan trong can quan tam 13 ham qua
d6 cuia khau tich phan 1y tuéng ting dén vo cling
Aot AP

1

t

Y-

a) Y b) 0 1

Hinh 3.5: Dac tinh thoi gian cua khdu tich phan ly tuong

a) Ham trong luong; b) Ham qua do
Cic dit tinh tin s6
< e SN 1 _ _.i
» Dac tinh tan so: G(o) ” i
1 1
» Bién d0: M(w) = ” => L(w) = 20IgM(w) = ZOlg(g) =-201gw
> Pha: ¢ =-90°

Néu vé& L(o) trong hé toa do vudéng goc thong thuong thi d6 thi L(w) 1a dudng
cong. Tuy nhién do truc hoanh cua biéu d6 Bode duoc chia theo thang logarith co sb
10 nén dé dang thay rang biéu do Bode vé bién d cua khau tich phan 1y tuong la
duong thang co6 do déc —20dB/dec. Biéu d6 Bode vé pha cta khau tich phan 1y tudng
1a duwong nim ngang do j(®) = -90° v6i moi .

L(o) A [dB] olo) A [dO)
-20dB/dec +90" +

k -1 0 1 Ig('l
lge - t t -
- 10" 10° 10 o
© -90°

-20

)

Hinh 3.6: Pdc tinh tan s6 cia khdu tich phan Iy tuwéng (biéu dé bode)
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3.3.4 Khau vi phan ly tuwéng
Ham truyén: G(s) =s
Dac tinh thoi gian:

Y(s) = R(s).G(s) = sR(s)
G(s)

> Ham qué do: h(t)y=L" [T] =L'[1]=3(t)
d
» Ham trong luong: g(t) = T h(t) = 0'(t)
Ham qua do cua khau vi phan 1y tudng ham xung don vi, ham qua d9, chi co
thé mo ta bang biéu thirc toan hoc, khong biéu dién bang db thi dugc.

A h(t)

A

Hinh 3.7 Ham qua do cua khau vi phan ly tuong

> Pic tinh tan sb: G(jo) =jo
» Bién do: M(®) =0 = L(o) = 20lg M(0) = 20lg ®
» Pha: J(@) =+90°

Dic tinh tan s6 cta khau vi phéan 1y tudng hoan toan trai ngugc so véi khau tich
phan 1y tuéng. Biéu dd Bode vé bién do cta khau vi phan Iy tudng 1a dudng thing co
d6 dbc +20dB/dec, biéu d6 Bode vé pha 1a duong nim ngang ¢(o) = +90°

L(o) [dB] ;
+20dB/dec o(m) g [dd]

+90°

-90°t

Hinh 3.8 Pdc tinh tan sé ciia khdu vi phan 1y twéng
3.3.5 Khiu quan tinh bic nhit

. AL I
Ham truyén: G(s) —
Dic tinh thoi gian: Y(s) = R(s).G(s) = =
ac tinh thoi gian: (s) =R(s).G(s) = —
> Ham trong lugng: t—L‘l{ : }le_%lt
am trong luong:  g(t) =L\ 7==y = (t)
\ L an. _ -l 1 .
» Ham qua do: h(t)=L {—S(TS+1)} (1—e 1) 1(t) (3.1)
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Ham trong lugng cua khau quan tinh bac nhat 1a ham mi suy giam vé 0, ham
qua d6 ting theo qui luat ham mii dén gia tri xac 1ap bang 1. Tdc do bién thién cua
ham trong lugng va ham qua d ti 1¢ voi T nén T duoc goi 14 thoi hang ciia khau quan
tinh bac nhat. T cang nho thi dap Gmg cang nhanh, T cang 16n thi dap Gng cang cham.
Hinh 3.9 minh hoa dic tinh thoi gian ctia hai khau quan tinh bac nhét c6 thoi hang
tuong tng 12 T; va T, trong d6 T; < T,. Thay t = T vao biéu thuc (3.1) ta duoc h(T) =
0.63, do d6 thoi hang cta khau quan tinh bac nhét chinh 13 thoi gian can thiét d& ham
quéa do tang 1én bang 63% gia tri xac lap (gia tri xac lap cta h(t) = 1). Mot cach khac
dé xac dinh thoi hang T 1a v& tiép tuyén voi ham qua do tai gdc toa do, khoang cach tir
giao diém cua tiép tuyén ndy voi dudng ndm ngang cé tung d6 bang 1 chinh 1a T.

A9 A N
1T,

\

“r~~

0,631~

\\\ S
e

o

o
4—4

-
o

Hinh 3.9 Pdc tinh thoi gian ciia khdu qudn tinh bdc nhat
a) Ham trong luong; b) Ham qua do

1 1-Tio
Tjo+1 1+T2w2

Dic tinh tin s6:  G(jo) =

N 1
Phan thuc P(w) = TTT202

Ao . —Tw
Phan do: Q(w) = T T2g2

> Bién do: M(0) = /P2(w) + Q%(w)

Hay L() = 20lg (M(w)) = 201g(T2w2+1

Q(w)

> Pha: (p(u))ztg'l[m = -tg(To) (3.3)

Biéu thire (3.2) cho thdy biéu dd Bode bién do 1a mot duong cong. C6 thé vE
gan dung biéu d6 Bode bién d6 bang cac duong tiém can nhu sau:

-Néu 0 < I/T ©® oT < 1: L(ow) ~ -20lgv/1 = 0, do d6 ta co thé v& gan dung
bang duong thang nam trén truc hoanh (d¢ doc bang 0).

-Néu 0> 1/T & oT > 1: L(0) ~ -20lgVw?T2 = -20lgoT, do d6 ta vé gan dung
bang duong thang c6 dd déc —20dB/dec. Nhur phén tich & trén, ta thiy tai tan s6 1/T do
déc cia cac dudng tiém can thay doi, biéu d6 Bode 1a mot dudng gip khiic nén tan sb
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/T goi 14 tan sb gdy cta khiu quan tinh bac nhit. Thay gi tri  vao biéu thirc (3.3) ta
vé duoc biéu d6 Bode vé pha. pé v mot sb diém dic biét nhu sau:

®—->0:0(®)—0
o= 1/T : p(w) - -45°
o = 0 : p(w) = -90°

Hinh 3.10 minh hoa biéu d6 Bode ctia khau quan tinh bac nhat. Puong cong dut
nét & biéu d6 Bode bién do chinh 1a dudng L(w) v& chinh x4c. Sai léch cuc dai giira
duong cong vé& chinh x4c va cac duong tiém can xuat hién tai tan sd gy, tai tin sd nay
gi4 tri chinh x4c cua L(w) 1a -201gy2 ~ -3dB, trong khi gia tri gan dung 1a 0dB, sai
léch nay kha bé co thé bé qua dugc. Do d6 khi phan tich va thiét ké hé thong ty dong
trong mién tan sb ta c6 thé dung biéu dd Bode bién do v& bang cac dudng tiém cén
thay cho biéu d6 Bode bién do vé& chinh xac

L(o) 4 (98]

|
20

-20

Hinh 3.10 Ddc tinh tan s6 ciia khdu quan tinh bac nhat
3.3.6 Khau vi phan bic nhit

Ham truyén: G(s) = Ts+1
Dac tinh thoi gian: Y (s) =R(s).G(s) = R(s)(Ts+1)
> Ham qua do: h(t)=L" [(T‘“‘S—m] = T(t)+1(t)
» Ham trong luong:  g(t) = h'(t) = To'(t) + d(t) (3.4)

Ham quéa d6 cua khau vi phan bac nhit 13 t6 hop tuyén tinh cua ham xung don
vi va ham nac don vi (hinh 3.11). Ta thay rang khau vi phan 1y tuéng va vi phan bac
nhit c6 dic diém chung 1a gia tri ham qua d6 vo cling 16n tai t = 0. Ham trong luong 1a
dao ham cta ham qua do, chi c6 thé mé ta bang biéu thirc toan hoc (3.4), khong biéu
dién bang d6 thi dugc.
Pic tinh tan s6: G(jo) = Tjo +1
Phan thyc: P(o) = 1
Phén 20: Q(0) = To

> Bién do: M(w) = /P2(w) + Q%(w) = /12 + (Tw)?

= L(0) = 20lgM(w) = 20lgyT + T2w? (3.5)
> Pha: () = tg! [%] — tg(Tw) (3.6)
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So sanh biéu thirc (3.5) va (3.54) véi (3.2) va (3.3) ta rat ra dugc két luan: Biéu
dd Bode ctia khau vi phan bac nhit va khiu quan tinh bac nhit d6i xing nhau qua truc
hoanh (h.3.11).

L{w), dB
+20 dB/dec olo), dd

- || SR .
-7 + 90

ol=1-" 0 _ 2 1 Ige
10 10 v 10’ o +45°
-20+ ! 0

a)

Hinh 3.11Biéu do Bode khdu qudn tinh bdc 1
3.3.7 Khau dao dong bac 2

Ham truyén: G(s) = T2s212ETs11 (0<g<])
w3 1
Hay C0) = Frzgogsrat @ =7
Dac tinh thoi gian:
_ ___Rewn _
Y(8) =R(s)-G(s) = s2+2Ewns+wl

2
> Ham trong lwong g(t)=L" [L]

sZ+ZEoons+oofl

wpe”s¢@nt —§w
=> g(t) = \/_ sin [(wpy/1 — 82)t] (3.7)
> Ham qué do h(t) = {1 ‘”—%}

S 52+ZEwns+wn

—> h(t) = 1- -

s1n [(wn/1T—82)t+ 6] (3.8)

Trong d6 do 1éch pha ¢ xac dinh boi 8 = cos™& . Biéu thirc (3.7) va (3.8) cho
thdy dic tinh thoi gian cua khau dao dong bac hai c6 dang dao dong suy giam, ham
trong luong 1a dao dong suy giam vé 0, ham quéa do 1a dao dong suy giam dén gia tri
xac lap la 1
(hinh 3.12).

-Néu £=0: h(t) = 1 - sin(o,t + 90°) , dap Gng cua hé 1a dao dong khong suy
giam voi tan sd o,, do d6 o, goi la tan s6 dao dong tu nhién cua khau dao dong bac
hai.

-Néu 0 < & < 1: dap Gmg cta hé 1a dao dong voi bién do giam dan, & cang 16n
dao dong suy giam cang nhanh, do d6 & goi 1a hé s6 tat (hay hé s suy giam).
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h(t)

g(n

0 VAN ’
V :

Hinh 3.12: Ddc tinh thoi gian cua khdau dao dong bdc hai

0

a) Ham trong lwong b) Ham qua do
1
—T2w2+2ETjw+1

Pic tinh tin s6:  G(jo) =

1
JA-T202)2 +4E2T2 w2

> Bién do: M(o) = |G(jw)| =

=> L(w) = 201gM(0) = -201g,/(1 — T2w?)? + 482T2w? (3.9)

. } 2¢T
> Pha: (o) = 2G(jo) = -tg! (1_ET—2‘:2) (3.10)

RS Biéu thuc (3.9) cho thiy biéu dd Bode bién d6 cua khau dao dong bac hai 1a
mot dudng cong. Twong tu nhu da 1am dbi véi khau quan tinh bac nhat, ta co thé vé
gﬁn ding biéu dd Bode bién do béng cac duong tiém can nhu sau:

Néu o < 1/T oT <1 thi L(w) = -201gy1 =0, do d6 ta c6 thé v& gan ding bang
duong thang nam trén truc hoanh (d6 déc bang 0).

Néu © > 1/T oT > 1 thi L(o) = -20lg\/ (—w2T?2)2= -40lg oT , do d6 ta v& gan
dung bang dudng thang c6 do doc —40dB/dec.

Ta thay rang tai tan s6 1/T d doc ciia cac dudng tiém can thay doi nén tan sb
/T goi 1a tan sd gy cua khau dao dong bac hai. Biéu d6 Bode vé pha cua khau dao
dong bac hai 1a mot duong cong, dé y biéu thire (3.10) ta thdy biéu d6 Bode vé pha co
diém dic biét sau day:
®—=>0:0(®)—0
o= 1/T : p(w) = -90°
o — o : p(w) = -180°

Hinh 3.13 minh hoa biéu d6 Bode cua khiu dao dong bac hai. Cac dudng cong
& biéu d6 Bode bién do chinh 12 dudng L(w) v& chinh xac. Biéu d6 Bode bién do chinh
xac co6 dinh cong huong M, = 1/(2&,/1 — &2 tai tan sb w,= ony/1 — 282, do d6 dé thy
rang néu & cang nho thi dinh cong hudng cang cao. Khi £-0 thi tin sb cong huong
tién dén tan s6 dao dong tu nhién w,~w, =1/T
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L(w), dB

-1 0o | 1 lgo

0]

-90°

-180°

Hinh 3.13 Ddc tinh tan s6 cia khédu dao dong bdc hai
3.3.8 Khau tri hodn (khiu tré)

Ham truyén: G(s) = e™T$

Dic tinh thoi gian: Y(s) = R(s).G(s) = R(s)e™T®
> Ham trong lugng: g(t) =L [e7T5] = §(t-T)
> Ham qué do: ht) =L [ e_:s] ~ 1(t-T)

Pic diém cta khau tré 13 tin hiéu ra tré hon tin hiéu vao mot khoang thoi gian 1a T.

Ao(t) h(t)

-

a) T } b) T

Hinh 3.14 Pdc tinh thoi gian ciia khdu tré
a) Ham trong lwong b) Ham qua do
Pic tinh tin s6:  G(jo) = e T
» Bién d¢: M(o) = |G(jw)| =1
= [ (») = 201gM(®) = -201gl =0

si r(Too))

) — o]
» Pha: ¢(w) = -tan (COS(T(D)

= -tan”(tg(Tw)) = -To 3.11)
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Biéu d6 Bode bién d6 cua khau tri hodn 1a duong thing nam ngang tring voi
truc hoanh do L(®) = 0 v6i moi ®. Dé y rang biéu thirc (3.11) 1a phwong trinh ctia mot
duong thang néu truc hoanh o chia theo thang tuyén tinh. Tuy nhién do truc hoanh cia
biéu dd Bode lai chia theo thang logarith nén biéu d¢6 Bode vé pha cua khau tri hodn 1a
duong cong dang ham mii, xem hinh 3.16a.

olo) dd
L(w), dB Igo
(O]
0|-1 0 A go
10" 10° 10' »

Hinh 3.15 Bdc tinh tan s6 ciia khdu tri hoan
Pic tinh tin sb ciia hé thong

Xét hé théng tu dong c6 ham truyén G(s). Gia sir G(s) co thé phan tich thanh
tich ctia cac ham truyén co ban nhu sau:

G(s) =ITi=1 Gi(s)

Dic tinh tan s6 cia hé théng 1a:  G(jo) = [112; G;(jw)

Bién d¢:

M(0) =1G(w)| = | TTi=1 Gi(iw)| = ITi=11Gi o)

=> M(0) = [T, M;(w)

L(w) = 201gM(w) = 201g[Ti-; M;(®) =20 3i_; 1 #/;(w)

=>L(0) = Xi; Li(®) (3.12)

Biéu thic (3.12) cho thay biéu d6 Bode bién do ciia hé théng bang tong cac
biéu d6 Bode bién do cua cac khau co ban thanh phén.

Pha: ¢(0) = [G(jo) = arg [[Ti=; Gi(j0)] = Ti-; 2 Gi(jw)

=> ¢(0) = Tizy 9i(w) (3.13)

Biéu thtc (3.13) chimg to biéu dd Bode pha cua hé thong bang tong cac biéu dd
Bode pha cila cac khau co ban thanh phan. Tl hai nhan xét trén ta thiy rang dé vé
duoc biéu d6 Bode cua hé théng, ta v& biéu dd Bode cua cac khau thanh phén, sau do
cong dd thi lai. Dua trén nguyén tic cong dd thi, ta c6 phwong phap v& biéu dd Bode
bién d6 gan ding cua hé thong bang cac duong tiém can nhu sau:
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TOM TAT

Chuong nay trinh bay khéi niém déc tinh dong hoc cua hé théng tu dong, bao
gém dac tinh thoi gian va dac tinh tan s6. Pic tinh dong hoc cua cac khau co ban duogc
khao sat va cach xay dung dac tinh dong hoc cua hé¢ théng da duge dé cap dén. Ky su
diéu khién phai nim viing ddc tinh dong hoc ctia cac khiu co ban va cach xdy dung
dac tinh dong hoc cua hé théng méi c6 thé giai quyét tdt bai toan thiét ké hé théng tur
dong s€ trinh bay trong cac chuong sau.
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CHUONG 4
KHAO SAT TINH ON PINH CUA HE THONG

4.1. Khai niém chung

Hé thong dugc goi 1a ¢ trang thai 6n dinh, néu véi tin hi¢u vao bi chan thi dap
g ctia hé ciing bi chin (Bounded Input Bounded Output = BIBO) Yéu cau dau tién
d6i voi mot hé thong DKTD 1a hé thong phai giit dugc trang thai 6n dinh khi chiu tac
dong cua tin hi¢u vao va chiu anh huéng ctia nhiéu 1én hé théng. Hé phi tuyén c6 the
on dinh trong pham vi hep khi d6 1éch ban dau 1a nhé va khong on dinh trong pham vi
rong néu d6 1éch ban dau 1a 16m.

Dbi voi hé tuyén tinh dic tinh cua qua trinh qué d6 khong phu thudc vao gia tri
tac dong kich thich. Tinh 6n dinh ctia hé tuyén tinh khong phu thudc vao thé loai va
gia tri cua tin hiéu vao va trong h¢ tuyén tinh chi tén tai mot trang thai can béng. Phan
biét ba trang thai cAn bang: Bién gidi on dinh, 6n dinh va khong 6n dinh. Trén hinh 4.1
néu thay d6i nhé trang thai can béng cua qua cau, chéng han cho né mot véan tdc ban
dau du bé thi qua cau s& tién t6i mot trang thai cAn bang méi (Hink 4.1a), hoic sé dao
dong quanh vi tri can bang (Hinh 4.1b va d), hoic s& khong tré vé trang thai ban dau
(Hinh 4.1c). Trong truong hop dau, ta ¢é vi tri can bang & bién giéi 6n dinh, trudng
hop sau 12 6n dinh va trudng hop thi ba 1a khong on dinh. Ciing & vi tri b va d trén
hinh 4.1, néu qua cau véi d6 1éch ban dau 1 16n thi ciing s& khong tré vé trang thai can
bang ban dau dugc - Hai trang thai b va d ctia qua cau chi on dinh trong pham vi hep
ma khong 6n dinh trong pham vi rong.

Hinh 4.1 Trang thadi on dinh ciia hé théng

Trong truong hop nay viée khao sat tinh 6n dinh dugc gii han cho cac hé
tuyén tinh bét bién theo thoi gian. D6 1a nhitng hé thong duoc mod ta bang phuong trinh
vi phan tuyén tinh hé s6 hing va c6 thé ap dung dugc nguyén 1y xép chong.

-Khao sat mo hé théng diéu khién tu dong dugc mo ta toan hoc dudi dang ham truyén:

bmp™+---+byp+bg

G(s) = appn+---+aip+ag @.1)
Phuong trinh vi phin twong tmg cua hé thong 1a:
dan d am d
anﬁ'l_"'-l'ald_}t,‘l'aoy: bm dtn:1+"'+b1d_ltl+b0u (4.2)
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Nghiém ctia phuong trinh vi phan 4.2 ¢6 dang tong quat nhu sau:

Y (1) = yo(t) +ya(t) 4.3)
Trong do:
- yo(t) 1a nghiém riéng cua phuong trinh 4.2 c6 vé phai, dic trung cho qué trinh xac 1ap
- Yqd(t) 12 nghiém téng quat cua 4.2, dic trung cho qua trinh qua do

Tinh 6n dinh ctia hé théng chi phu thudc vao qua trinh qua do, con qua trinh xac 1ap 1a
mdt qué trinh 6n dinh.

Dinh nghia

a) Mot hé thong DKTD 6n dinh néu qua trinh qua do tat dan theo thoi gian
I e yqa(® =0

b) Mot hé théng DK TD khong 6n dinh néu qua trinh quéa do ting dan theo thoi gian
1 e Yqa (B) = o0

¢) Mot hé théng DKTD ¢ bién gidi 6n dinh néu qua trinh qua do khong thay déi hay
dao dong khong tit dan

Xét nghiém yqq4 (t) trong 4.3 dang téng quat ctia nghiém qua d6 nhu sau:
Vqa (D) =XiL; CiePi' =¥, yoa;

Vi n 1a bac va p; 1a nghi¢m cua phuong trinh déc tinh
N(p)=a,p"+-+a;p+a, =0

C; 1a cac hang sé ( tinh theo cac diéu kién dau)

Khao sat cac trwong hop nghiém p;

+ p; 1a nghiém thuc

pi = Q; => Yqai = Cie™1*
0,¢;< 0
i Mo Yqd,i = i R0 Ciecxit = Cil Xi= 0
o, (xi> 0

+p; 1a cap nghiém phire lién hgp

Pii= 0 & jB1 => Yqdi T Yaa.ir1 = 2Ae%itcos(Bit + @)
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0,x<0
11 9,00 (Yqd,i + Yqd,i+1) = dao dong, o;= 0

Két luin

1) Hé théng diéu khién ty dong on dinh néu tat ca cac nghiém cta phuong trinh
dac tinh ¢6 phan thuc am

2) Hé thong diéu khién ty dong khong 6n dinh néu co it nhat mot nghiém cua
phuong trinh dic tinh ¢6 phan thuc duong

3) Hé thong diéu khién ti dong & bién gidi on dinh néu co it nhat mot nghiém
cua phuong trinh déc tinh co6 phﬁn thuc béng 0, cac nghi¢m con lai & phﬁn thuc am

4.2. Tiéu chuén 6n dinh dai sé

Diéu kién cin dé hé théng on dinh

Xét mot hé théng diéu khién tu dong c6 phuong trinh déc tinh téng quat nhu sau:
N(p) =app"+...+ajp+ap=0

Phat biéu:

- Pidu kién can dé mot hé théng DKTD tuyén tinh 6n dinh 1 tit ca cac hé sb
cua phuong trinh dac tinh duong

4.2.1 Tiéu chuin Routh

a. Cach thanh 1ap biang Routh

n

p an an-2 aAn-4 eh)
n-1

p Ap-1 an-3 an-s (aO)
n-2

p Cn2,1 Cn2.2
2

p C2,1 C22
1

p C1,1 Ci2
0

p Co,1
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Véi:

b. Quy tic:
Mdi s6 hang trong bang Routh 1a mét ti sb, trong do:

- Tir s6 1a dinh thire bac 2, mang ddu 4m. Cot thir nhat ciia dinh thic 14 ¢t thi
nhit ciia 2 hang dimg sat bén hang c6 s6 hang dang tinh; cot thir hai cta dinh thic 1a
cot dimg sat bén phai sé hang dang tinh ciing ciia 2 hang trén

- Mau s6: Tat ca cac s0 hang trén cung mét hang cé cung mau s6 1a s6 hang &
cOt thir nhat cia hang sat trén c6 s6 hang dang tinh.

c. Phat biéu tiéu chuin Routh

Diéu kién can va du dé hé thong tuyén tinh on dinh 13 tit ca cac sd hang trong
cot thir nhat ciia bang Routh phai dwong

d. Céc tinh chit ciia bang Routh

- C6 the nhan hodc chia tat ca cac sO hang trén cung mot hang ctia Routh véi
mot sO duong.

- Sb 1an ddi dau cua cac sd hang trong cot thir nhat ctia hang Routh bang s6
nghiém cua phwong trinh dic tinh c¢6 phan thyc dwong.

- Néu trong cot thir nhat cia bang Routh c6 mot sb hang bang 0 thi hé thong
cling khong 6n dinh. Dé xac dinh sb nghiém am, cé thé thay s6 0 béng sb € >0 rat bé
dé tiép tuc xac dinh cac sd hang con lai.

- Néu tat ca cac s6 hang trén ciing 1 hang ctia bang Routh bang 0 thi hé thong &
bién gidi 6n dinh .

- Trudng hop hé thdng c6 khau tré, co thé trién khai Fourrier ham mii nhu sau:

_ _ 2
e Pr—+ RO CPO7,
1! 2!
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Vi du 4.1: Cho phuong trinh dic tinh ctia hé thong :

st 428+ 87 +4s+3=0

Lap bang Routh:
1 8 3
2 4 0
6 3
3 0
3

Hé thong 6n dinh vi tat ca cac sb hang trong cot thir nhat duong

Truwong hop 1: S6 0 & ¢t thir nhat

Néu c6 s6 0 & cot thir nhét thi viéc tao ra hang tiép theo s& chia cho s 0. Bé
tranh truong hop ndy ta gan mot gia tri € dé thay thé s 0. Sau d6 dung & dé tinh toan
va xét ddu cho € (+ €).

Vi du 4.2: Xac dinh tinh on dinh cua ham truyén hé kin sau:

10

G(s) =
) s542s54+3s34+652+4+55+3

Lap bang Routh va xét dau

s 1 3 5
st 2 6 3
s 0=¢ 72 0
S2 6e—7 3 O
€
—_6e2 _
sl 6e2+42s—42¢ 0 0
12e—14
s’ 3 0 0

Nhin bang xét dau ca trong hai truong hop thi & ¢t thir nhat doi ddu hai lan co
nghia 14 phuong trinh dac tinh cé hai nghiém nam bén phai truc 40. Do vay hé thong
trén 1a khong 6n dinh.
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Truong hop 2: Cé6 mot hang toan s6 khong

Khi gip truong hop ndy ta dau tién ta quay lai hang phia trén hang cé toan s6 0
va thanh 14p mot da thirc phy ma sir dung cac gia tri cua hang d6 1am hé sb. Da thic
bat dau véi luy thira ctia s & cot ki hidu s va bo bién tiép theo va thyuc hién ha bac da
thirc phu.

Vi du 4.3: Xdac dinh s0 nghiém nam bén phai truc 4o cua h¢ kin sau:

10
G(s) = s54+7s4+653+42524+8s5+56
Lap bang Routh
s 1 6 8
s* 7 1 2 6 6 8
S & A4 1 4 v 3 8 6 0
s 3 8 0
s! 13 0 0
N 8 0 0
Pa thire phu: P(s) =s* + 65> +8
Lay vi phan da thtrc phu:
dpP
% =45’ + 125 +0 (4.4

Str dung céc hé sb trong da thirc (4.4) dé thay thé hang co toan s 0. Sau khi
thay va tinh todn ta thay cot dau tién cac h¢ s6 déu duong do vay khong c6 diém cuc
nao nam bén phai tryc ao.

4.2.2 Tiéu chuin o6n dinh Huroitz
a/ Phat biéu

Diéu kién can va du dé hé théng tuyén tinh 6n dinh 13 cac hé sb a, va cac dinh
thirc Hurwitz duong.
b/ Cach thanh 13p dinh thirc Huroitz
Dinh thirc Hureitz 13p tir ma trdn hé s6 theo quy tic sau:

- Theo dudng chéo ctia ma tran, viét cac h¢ so tur a déna .
n

- Phia trén duong chéo, cac h¢ s6 tang dan, phia dudi giam dan.

- Cac h¢ s6 nho hon aj va 16n hon a, déu bang 0.
Ma tran c6 dang nhu sau:
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a as as - 0
ag ay, a; - 0
0 a a - 0
0 0 0 - a

Céc dinh thuc Hurwitz duong tuong trng voi :

Al =4 >0
A=]2 % 0
= = - >
2 |a0 az| d1d; - dpd3

a; a3z 4ds

A3 =[dp QA2 Ayl = 31(3233 - 3134) - a%ao + asa;ag > 0
0 a; aj

An—1 >0

An: ap. An—l >0

Luru y: Khi khao sat tinh 6n dinh vé6i a >0, néu c6 hé sé bat ky nao 4m (a < 0 ) thi du
dé két luan 1a hé khong 6n dinh.
Véi diéu kién a > 0 (1= 0,1,2...n) thi chi cAn xét A > 0 v6ii=2, ... n-1 1a duoc, vi A =
a,A=a.A

1 n n n-1
° Tiéu chuan 6n dinh Hurwitz chi la mot dang biéu dién khac cua tiéu chuan
Routh. N6 chi dung véi hé thdng c6 phuong trinh dic tinh bac thap (dudi bac 4).
4.3 Sir dung tiéu chuan Routh — Huroitz dé thiét ké sy 6n dinh
Vidu 4.5

Cho hé thong sau

R(s) E(s) = C(s)
+ s(s+7)(s+11)

Vé6i hé sb khuéch dai chua biét, tim pham vi ciua hé sé khuéch dai K dé hé
thng 6n dinh, khong 6n dinh va & bién gii 6n dinh
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Giai:

Ham truyén cua h¢ kin 1a :

Gs) = s3+185f+77s+K

Thanh 18p bang Routh

s’ 1 77
s? 18 K
g! 13&1(;—1(

s’ K

Gia thiét K > 0. Cac phan tir trong cot du tién déu duong ngoai trir & hang s1.

Gia tri c6 thé duong, am hay bang khong tuy thudc vao gia tri ciia K.

Néu K < 1386 thi tat ca cac phan tir ciia cot dau tién déu dwong, khong c6 su
ddi dau do vay cac diém cuc nam bén tréi truc ao. Viay h¢ théng on dinh véi K < 1386.

Neéu K > 1386 thi phan tir & hang s1 am va trong c0t dau tién co6 sy doi dau hai
lan do vay c6 hai nghiém nam bén phai truc 40 va mot nghi€ém nam bén trai truc do.

Diéu niy c6 nghia 1a hé théng khong 6n dinh khi K > 1386.

Néu K = 1386 thi s& xuat hién sd o & hang sl quay lai hang s2 va thay K =

1386.
Sau do lap da thirc phu

P(s) = 18s” + 1386
Lay vi phan

S0 =365 +0

Thay cac hé sd trong da thirc (4.5) vao bang Routh

S’ 1 77
S? 18 1386
s! 36

s’ 1386

4.5)
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Nhan xét:
- Cac phan tir trong cOt thtr nhat déu duong va khong cé sy d6i dau.

- Pa thitc c6 bac chan (sz) c6 hai nghiém nam trén truc 4o va nghiém con lai
nam bén trai truc ao.

- Do vay hé théng ¢ bién giéi 6n dinh khi K = 1386.
4.4 Tiéu chuan on dinh tin so

Tiéu chuan on dinh tan so0 dua trén cac biéu do dac tinh tan soO dé xét tinh on
dinh cua h¢ thong.

4.4.1 Nguyén ly géc quay

Xét phuong trinh dac tinh bac n ¢6 cac nghiém s; (i=1,2,...,n) :
A(s) = a,8" + a, 8"+, .+a;stay =0

Da thirc dic tinh A(s) & vé trai co thé viét dudi dang:

A(8) = an(s-51)(8-52)...(5-5n)

Thay s=jo ta dugc da thire dédc tinh tan so:

A(jo) = a,(jo - 51)(o - 52)...(o - s,)

M&i sd phirc co thé biéu dién trén mit phang phirc bang mot diém hodc mot
vécto. Vi du nghiém s; =aHjm; co thé biéu dién béng diém s; co toa do (a;,jo;) hoac
vecto s; co goc trung véi gde toa do, thanh phan (jo-s;) biéu dién bang vecto c6 gbc &
diém s; va ngon nam trén truc 4o (xem hinh 4.2). Khi o thay doi, do dai va goc cua
vécto (jm-s;) ciing thay ddi theo. Néu quy udc chiéu quay dwong 13 chiéu nguoc kim
dong ho thi khi o thay doi tir -co dén +oo , mdi vécto thanh phan (jo-s;) s& quay mot
goc 1a +p néu nghiém tuong (mg nam bén trai truc 4o, 1a -p néu nghiém twong tmg
nam bén phai truc 4o, 13 0 néu nghiém twong tmg nam trén truc o.

A0

t ®

Hinh 4.2 Biéu dién sé phitc trén mdt phang phirc
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Dung ky hiéu Darg dé chi gbc quay, ta co :

+1 néu s; nam bént ratmc ao
Aarg(jw — s;) =4 —m néu s; ndm bénphai t mc do
0 néu s; nam béntrén mc do

Gia sir phuong trinh dic tinh ¢c6 m nghiém nam bén phai truc 4o va (n-m)
nghiém nam bén trai truc do0. Khi do6 :

2 Aarg(jo —s;) = —mm,véi— o0 < w <
YitAargjw —s) = (n—m)m,véi— oo < w < o

Aar gAGw — s;) = S5 Aar g (jo — 5;) +E2, Aar g (o — ;) = (n-2m)m
Trong thyc té ta chi can xét o thay d6i tir 0 dén +oo. Theo hinh (4.5) ta thay:
e Néu si la nghiém thyc nam bén tréi truc 4o thi (jo- s;) quay mot goc +p/2

e Néu sivas+1 1a cip nghiém phirc lién hop ndm bén trai truc o thi tong hai goc
quay cua (jo- s;) va (jo- s;+1) 1a +2p/2 vi :

- Ung véi s; ta c6 (jo- s;) quay mdt goc p/2+b
- Ung véi si+1 ta co (jo- si+1) quay mot goc p/2-b

e Néus; la nghiém thuc nam bén phai tryc 4o thi (jo- s;) quay mot goc -p/2
e Néu s; va s;+1 1a cd@p nghiém phuc lién hop nam bén phai truc ao thi téng hai
goc quay la -2p/2.

jo

Hinh 4.3. Géc quay ciia cdc vecto khi o thay doi tir 0 dén +oo

Do d6 néu phuong trinh dic tinh c6 m nghiém nam bén phai truc 40 va (n-m)
nghiém nam bén tréi truc 4o thi khi o thay doi tir 0 dén +oo :

2 Aarg(jo —s;p) = —mg ,V0i— o0 < @ < ©
YoM Aarg(jo —si) = (n — m)g,vc'ri —0< W<

RargAGw — s) = SI" Aar g (o — ;) 512, Aar g(joo — 57) = (n-2m)°

72



4.4.2 Tiéu chuin Mikhailov
Phit biéu:

Diéu kién can va du dé hé tuyén tinh bac n 6n dinh 14 dudng dic tinh A(jo) xuét
phat tir truc thuc dwong va quay n goc phan tu (ndi cach khac 1a bao gbe toa d6 mot
goc bang n(p/2)) theo chiéu ngugc kim déng ho khi o thay doi tir 0 dén +oo.

Chirng minh:

Xét hé théng bac n ¢ phuong trinh dic tinh :
A(s) = a,s" + a, ;8" +.. .+a;stay =0

Pa thuc dic tinh tan sd:

A(jo) = a,(0)" + ag.1(jo)" + ...+ a(jo) + a

Piéu kién can dé hé on dinh 1a cac hé s6 cia phuong trinh didc tinh phai duong.
Do d6 khi ® = 0 thi A( jo) =ay > 0, tc 1a dudng dic tinh A(jo) phai xuat phat tir
diém (ay, jo) ndm & nira tryc thuc duong.

H¢ théng bac n On dinh néu tit ca n nghiém déu nam bén trai truc 0. Theo
nguyén 1y goc quay ta c6 diéu phai ching minh: Aar g Ajw) = nz—n

n=2 1 Im T Im

T n=1

i‘l X @—x
H¢ on djnh H¢ khong on dinh

Hinh 4.4 Minh hoa tiéu chudn Mikhailov.

Nhin xét:

- Tiéu chuin Mikhailov c6 thé dung dé xét 6n dinh cho ca hé ho va hé kin.

- bé xdy dung dudng dic tinh A(jo) ta thay s= jo vao phuong trinh dic tinh roi
tach riéng phan thuc va phan 4o:

A(jo) = a,(o)" + ap (o) + ...+ a(jo) + ag = P(w) +jQ(w)

Sau d6 cho o bién thién tir 0 dén +oo , tinh cac gia tri P(®) va Q(®) tuong tng
10i thé hién trén dod thi.

Vi¢c xay dung duong dic tinh A(jo) cta cac da thirc A(s) c6 bac cao la phuc
tap hon nhiéu so voi céc tinh todn dai s6 ¢ ti€éu chuan Routh- Hurwitz. Chinh vi han
ché nay ma tiéu chuan Mikhailov it duoc dung trong thuc té.
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4.4.3 Tiéu chuin Nyquist

Tiéu chuan Nyquist xét tinh on dinh ctia hé thong kin thong qua biéu d6
Nyquist ctia hé thdng hé. Tiéu chudn nay rat hiru dung vi trong nhiéu truong hop thuc
té viéc tim ham truyén ctia hé kin bang giai tich rat phirc tap, trong khi dic tinh tan s6
hé ho thi c6 thé xac dinh duoc tir thuyc nghiém. Mot vu diém khac 13 tiéu chuin
Nyquist ¢ thé ap dung cho ca hé thdng c6 khau tré.

Xét hé théng kin hoi tiép 4m nhu trén hinh 4.5a. Néu ngit mach phan hdi &
ngay trudc bd so ta co h¢ hd (hay h¢ vong héd) nhu hinh 4.5b.

R(s) e Y(s) R(s) Y(s)
— G(s) > —>®—> G(s) >
Yi(s) Yi(s)
H(s) |e < H(s) |
a) H¢ kin b) H¢ ho tuong ung

Hinh 4.5 Hé kin va hé ho twong ung
Phat biéu:
a) Hé kin 6n dinh khi hé hé 6n dinh va dudng Nyquist ciia hé hé khong bao
diém (-1,jo).

b) Hé kin 6n dinh khi hé hé khong 6n dinh va duong Nyquist ctia hé hd bao
diém (-1,j,) mdt goc bang mp theo chidu nguoc kim déng hd khi o thay ddi tir 0 dén
+oo ; véi m 13 sb nghiém co6 phan thuc duong ciia phuong trinh dic tinh hé hé. Diém (-
1,jo) goi 1a diém t&i han, néu dudng Nyquist hé ho di qua diém nay thi hé kin ¢ gi6i
han 6n dinh

4
(-1,j0)
=0

(3)

/7D)

\
Hinh 4.6 Minh hoa tiéu chuanNyquist cho ba trwong hop hé hé 6n dinh va két qua:
(1) Hé kin on dinh
(2) Hé kin o gioi han on dinh
(3) Hé kin khong on dinh
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Chirng minh:
a) Khi hé hé on dinh

Ham truyén ctia hé ho c6 the biéu dien dudi dang :

- O]

Gi(s) = GOH() = 73

Trong d6 A(s) va B(s) 1a cac da thiic theo s. Dé hé thong ton tai va kha thi trong
thue té thi bic ciia B(s) nho hon bac cta A(s).
Ham truyén cta hé kin :

G8) __GO®

1+G(s)H(s) 1+Gp(s)
Phuong trinh dédc tinh ciia hé hé : A(s)=0

Gi(s) =

Phuong trinh déc tinh cta hé kin :

B(s) _ A()+B(S) _ A(S) _

GO =" 307 Tam a®

Nghiém cta phuong trinh ddc tinh hé kin s€ 1a nghiém cua:

Ak (5) = A(s) + B(s) = 0

Do bac ctia B(s) nho hon bac ciia A(s) nén néu phuong trinh dic tinh hé ho c6
bao nhi€u nghiém thi phuong trinh déc tinh h¢ kin ciing co béy nhiéu nghiém. Goi s;la
nghi¢m cia phuong trinh dac tinh hé ho va si' la nghi¢m cta phuong trinh déc tinh hé
kin vo11=1,2,...,n. Ta duoc:

Ar(s) , (s—st)(s—s3)..(s—sp) _dathircdicti nbhéki n
A(s) (s—s1)(s—s3)...(s—sp)  dathirc dic ti nhhé ho

1+ Gy(s) =

Trong d6 k 1a hang sé.
Thay s = jo ta ¢6 dang tan so:

A(o) _ (jo—s1)(jw—s5)..(s—sn)
A(jw) (jo—s1)(jw—s2)...(s—sn)

1 +Gp(jo) =

Ttr biéu thire trén ta thiy vecto 1+G(jo) dic trung cho mbi quan hé gitta hé ho
va hé kin. Him G(jo) 12 ham truyén tin s6 ctia hé ho. Puong cong G(jo) chinh la
duong Nyquist ctia hé hd. Vecto 1+G(jo) ndi tir diém (-1,jy) t6i duong cong G(jo).
Goc bao diém (-1,jo) cua duong G(jo) ciing chinh 1 goc quay cia vecto 1+G(jo). Khi
hé ho 6n dinh, phuong trinh dac tinh A(s) = 0 c6 n nghiém déu & bén trai truc 40 nén
theo nguyén 1y goc quay:

Aar g Ajw) = nz—“
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Khi dé géc quay cua vecto 1+G(jo):

Aarg1l + G(jw)] = Aar Ay (jw) — Aarg A(jw) = % - % =0
Diéu nay dong nghia véi duong Nyquist G(j @) ctia hé hd phai khong bao diém (-1,j,) .
b) Khi hé ho khéng on dinh

Hé ho khong 6n dinh nén phuong trinh dic tinh hé ho A(s) = 0 ¢6 it nhat mot
nghiém nam bén phai truc 4o0. Gia sir c6 m nghiém nam bén phai tryc 40 va (n-m)
nghiém nam bén trai truc a0. Theo nguyén 1y gbc quay ta cé:

AargA(jw) = —mg + (n-m)g = (n-zm)g

Hé kin mudn 6n dinh thi:
Dargh, (o) = 22
Khi d6 géc quay cua vecto 1+G(jo):

Aarg1l+ G(jw)]=AargA(jw) - AargA(jw) = ng — (n— Zm)g= nm

Diéu nay dong nghia véi dudng Nyquist G(j ) phai bao diém (-1,j,) mot goc
dung bang mp khi o thay ddi tir 0 dén +oo.
Chu y:

- Truée khi 4p dung tiéu chuin Nyquist phai xét xem hé hé c6 6n dinh hay
khong. C6 thé giai phuong trinh dic tinh hé hé hodc ap dung céc tiéu chuan 6n dinh
dai sO dé xét hé ho.

- P6i v6i cac hé thdng c6 khau tich phan Iy tuong thi hé hé c¢6 nghiém cuc bang
0 (ndm trén tryc 40). Dé ap dung tiéu chuin Nyquist, ta v& thém mot cung tron -yg co

béan kinh v cing 16n, vé6i y 1a s6 khau tich phan 1y tuéng trong ham truyén hé ho.
Vi du 4.6. Cho hé hd ¢6 ham truyén:

B 10
 (s+3)(s+1.24)5

G(s)

Va biéu dd Nyquist hé h nhu hinh bén canh. Hay dung tiéu chuan Nyquist dé
xét tinh 6n dinh cta hé kin tuong tng.
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Giai
Phuong trinh dac tinh hé hé :

(s+3)(s+1,24)° =0

Phuong trinh c6 mot nghi€ém s =-3 va nam nghiém s=-1,24 . Cac nghi¢m nay
déu 4m nén hé ho 6n dinh. Hé hé 6n dinh va dudng Nyquist hé ho khong bao diém (-1;
jo) nén theo tiéu chuan Nyquist, hé kin twong mg ciing 6n dinh.
Vi du 4.7: Cho hé hé c6 ham truyén:

4

Gs) = (0.8s+1)(s—1)3

Va biéu dd Nyquist hé ho nhu hinh bén canh. Hay dung tiéu chuin Nyquist dé
xéttinh 6n dinh cua hé kin twong tng.

Im

Giai
Phuong trinh déc tinh cia hé :

0,85+ 1)(s + 1)’ =0

Phuong trinh nay c6 : mot nghi€ém thuc am s =-1,25 va ba nghiém thuc duong
s=1 nén hé ho khong 6n dinh. Hé h khong on dinh va duong Nyquist hé ho bao diém
(-1; jo) mot goc 1a p (# 3m) theo chiéu nguoc kim dong hd khi @ thay ddi tir 0 dén oo
nén theo tiéu chuin Nyquist, hé kin trong tng khong 6n dinh.

Im

_1+G(jo) -1 |0 Re

wzg \—ﬂ\w;x

Vi du 4.8. Xét tinh 6n dinh ctia hé hoi tiép 4m c6 ham truyén ciia hé ho 1a:

k
s(T1s+1)(Tys+1)

G(s) =

Véi gia tri Ty, T, ¢d dinh, tuy theo gia tri cua tham s6 K ma biéu d6 Nyquist h¢
hé c6 thé c6 mot trong ba dang sau:

77



Truong hop nay hé ho ¢ gioi han 6n dinh (c6 1 cuc béng 0, cac cuc con lai la
nghiém thyc am). Tuong Ung véi khau tich phan, ta v€ thém cung tron 90 ° ban kinh
v6 cuing 16n rdi 4p dung tiéu chuin Nyquist twong tu trudng hop hé hé 6n dinh.

- Trudng hop (1): K nho, G(jo) khong bao diém (-1,j0) => hé kin 6n dinh.
- Trudng hop (2): K=K gh , G(jo) di qua diém (-1,j0) => hé kin & gidi han 6n
dinh.
- Trudng hop (3): K 16n, G(jo) bao diém (-1,j0) => hé kin khong 6n dinh.
4.4.4 D) du trir 6n dinh
Trong thuc té hé théng khong nhitng can phai 6n dinh ma con phai dat mirc
dd 6n dinh can thiét. D& danh gia muc do 6n dinh cua hé théng nguoi ta dua ra
khai ni¢m d¢ dy trlr bién do va d¢ du trir pha.
e Tan s tai d6 bién d6 A(w)=1, tirc L(w)= 0 dB goi 1a tan sd cét bién o,
e Tan s0 tai do goc pha @(w)= - = -180° goi la tan so cat pha w_,,

e DO du trit bién do0 GM (Gain Margin) dac trung cho muc do tiép can gioil han
6n dinh vé phuong dién bién do.

1
A(w-m)

GM =

(khong don vi) — dungvi biéu d6 Nyqui st

Hay GM= -L(w_,) (donviladB) — dungvdibiéu do Bode

Nhin xét: Khi A(w_;) tang thi GM giam. Gia tri GM=1 (khong don vi) hodc 0 (don vi
dB) dic trung cho gidi han 6n dinh. Bién d6 A( ®) chinh 14 ti sé giita bién do cua tin
hi€u ra va tin hi¢u vao sin, do d6 d¢ du trir bién do cling biéu thi mirc cho phép tang hé
s6 khuéch dai K ma van giir duoc hé théng 6n dinh.

e DG du trir pha PM (Phase Margin) dic trung cho murc d tiép can gidi han on

dinh vé phuong dién goc pha.

PM = 180° + B(w,)
Do du trit 6n dinh bién d6 va pha cé thé xac dinh tir biéu dd Nyquist hay biéu d6 Bode.
Duwea vao biéu do Nyquist:

Tur giao diém gifra duong Nyquist va truc thuc am ta xac dinh dugc bién do

78



A(o-p ) = 1/GM. T giao diém giira dudng Nyquist va dudng tron don vi ta xac dinh
dugc goc y = PM. Néu duong Nyquist hoan toan nam bén trong duong tron don vi
thi PM = oo.

Hinh 4.7 xdc dinh @ dw tri bién va pha tir biéu do Nyquist
Duwa vao biéu do Bode:

Do du trir bién GM tinh tir duong L(w) dén truc ©. Do du trir pha PM tinh tir
duong thang -p (=-180°) dén dudng cong I(w).

A

Hinh 4.8 xdc dinh @ dw trit bién va pha trén biéu dé Bode
Sau khi xac dinh dugc do du trit bién dd GM va d¢ du trir pha PM cua hé ho
ta c6 thé xét 6n dinh hé kin nhu sau:

Hé kin 6n dinh néu hé ho c6 do du trir bién va do du trit pha déu duong. ( Hé
kin 6n dinh hé hé c6 GM>0 dB va PM>0 °)

Trong thyc té, @& dam bao hé thong hoat dong 6n dinh thi :
Do du trir bién GM=10,15dB
Do du trit pha PM =30, 60°
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4.4.5 On dinh ciia h¢ thong c6 khau tré

Xét cac hé théng c6 khau tré nhu hinh vé :

A 4
|
-
w
v

v

—0@—» G(s)

| e-Ts |

—(X)— G(s)

a) b)

Hinh 4.9 so do khoi ciia khdu tré
Ham truyén hé hé trong ca hai trudng hop a) va b):

G(s) G(s)e™Ts

Gia(s) = TrG(s)e"Ts G(s) = 1G(5)e-Ts

Phuong trinh déc tinh hé kin trong ca hai truong hop:

14+G(s)e™ =0

.z . T?s2  T3s3
Khai trién Taylor: ¢ = 1-TsA TERTEACE

Néu dung ti€u chuan 6n dinh dai s6 cho hé théng c6 khau tré thi ta phai thay
gan ding e bang tong hitu han (vi du thay e-Ts =1- Ts ), nhu vay viéc tinh toan phirc
tap ma két qua xét 6n dinh c6 thé khong chinh xac. Dé tién loi hon, nguoi ta thuong
dung tiéu chuan Nyquist.

Ham truyén tan s6 hé ho

Giu(jo) = G(jm)e 1T = A(w)el® e i@T
Biém d6: Ap(®)=A(m) = |G(jw)|
Goc pha: Dh(o) = 0(o) - oT

Nhu vay, khau tré khong anh hudng téi bién do ma chi tao thém goc léch pha -
oT. Dua vao biéu d6 Nyquist ciia phan khong tré ta c6 thé xay dung duoc biéu do
Nyquist cta hé thdng co tré. Bé lam didu d6 ta chi viée quay vecto G(jo;) di mot goc
o;T theo chiéu kim ddng hd. Lay nhiéu diém o; ta s& v& duoc toan bd dudng Gy(jo).
Khi tan s ting 18n thi goc o;T ciing ting trong khi bién do & tan sb cao lai giam vé 0
nén biéu d6 Nyquist ¢6 dang dudng xoan c.

Gu(j®)

Hinh 4.10 Khéu tré biéu dién dwdi dang biéu dé Nyquist
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Tir biéu d0 ta thay khi c6 thém khau cham tré thi 6 dy trit 6n dinh cta hé théng
s€ giam di.

Vi du 4.9. Cho ham truyén ciia hé ho 1a:

Hay tim gia tri T giéi han dé hé kin hdi tiép am ludn on dinh.
Giai.

Xét trudong hop gisi han on dinh, duong Nyquist di qua diém (-1,jo), khi d6 tan
s6 gi6i han Ogh = ®; =0, . Tuc la tai tan sd gi6i han ogh thi bién d6 A(w)=1 va goc
pha

d(w) =-1
Bién d6 A(w) khong bi 4nh hudng bai khau tré. Do do:

K
le(Dgh+

K
= =1

2,2
Tl(ogh+1

A(og) = |G(jwgn)| =

VKZ-1

;. K>1
T,

=> (g =
Goc pha cia hé théng khi chwa co khau tré e ™

(D((ogh) = —arct@T,wgy) = —arctgK? — 1
Goc pha cua hé théng bao gom ca khau tré:

@((Dgh) = (Z)((A)gh) — Tghwgh = —arct gKZ —1— Tghwkkgh = —T

Suy ra gia tri giéi han cua thoi gian tré T :

—arctg/K2-1 T
Tgn == = \/ﬁ(ﬂ—arcthz—l)

(l)gh

D¢ hé kin luén 6n dinh thi: T < Ty,
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4.5 Bai tap

1. xét tinh 6n dinh cua hé c6 PTPT nhu sau

a, 28t + 557+ 32+ 25" +1=0

b, 3s* + 75 - 382 + 25 +1

c, 28"+ 85+ 25" +4s+1=0

d,58° +4* + 85’ + 82+ 7s +4 =0

2 Xéc dinh tinh 6n dinh cua hé théng bﬁng tiéu chuan Hurwitz co phuong trinh dac
trung sau

a, st+4ad+382°+ 25" +1=0

Y(s) 1
>R(s) s3+43s2+3s+2+k
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CHUONG 5
PHAN TiCH HE THONG BANG
PHUONG PHAP SU DUNG BIEU PO BODE

5.1 Phwong phap vé biéu dé Bode bién dd bing cac dwong tiém cin
5.1.1 Mét s6 diic tinh ciia biéu dd bode

- Biéu d6 Bode 1a phuong phap biéu dién DTTS cia hé théng dudi dang bién
do va pha

- Biéu db Bode biéu dién DTTS cua hé thong mot cach gan dung
- V& biéu d6 Bode 13 vé& cac khau co ban trong hé thong

Tin sé cat: La tan sé ma tai d6 bién d6 cua DTTS bang 1 hay
M(o.) =|G(jw )| =1=>L(w,) =0

Tan sé cit pha (w_,): La tan s6 ma tai d6 pha ciia DTTS bang -180°
@(w_) = —180 < @(w_,) = —mrad

Dé dw trit bién GM (Gain Margin): La bién do theo tin sb ma tai d6 pha ciia DTTS
bang -180° hay

GM = = GM = -L(ow_p)

M(w_1)
D¢ du trit pha PM (Phase Margin):
PM = 180" + @(w.)
Diéu kién dé hé thong on dinh
+PM>0
+GM=-L(w_y)>0
5.2 C4c budc dé vé biéu d Bode
Gia str ham truyén cia hé thong c6 dang:
G(s) = KII Gi(s)
Buwéc 1: Xac dinh tit ca cac tan sd gy o; = 1/T;, va sap xép theo tht ty ting dan: o, <
0, < O3.....
Buéde 2: Néu tat ca cac tan sd o; > 1thi biéu d6 Bode gan dang phai qua diém A c6 toa
do:
{ w=1
L(w) =201 gK
Buwéc 3: Qua diém A, v& duong thing c6 do dbc:
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(- 20 dB/dec x a) néu G(s) c¢6 a khau tich phan Iy tuéng
(+ 20 dB/dec x b) néu G(s) c6 b khau vi phan Iy tuong
Puong thing nay kéo dai dén tan s gy ké tiép
Budre 4: Tai tan s6 gdy w;= 1/T; do dbc cua duong tiém can dugc cong thém:
(- 20 dB/dec x B ) néu o; 14 tin sd gdy ciia khau quan tinh bac mot.
(+ 20 dB/dec x B ) néu o; 14 tin sé gdy ctia khau vi phin bac mot.
(-40 dB/dec x B ) néu o;1a tan sb giy cua khau dao dong bac hai.
(+40 dB/dec x B ) néu ; 14 tan sb gy ctia khau vi phan béc hai, (T?s? + 2ETs+ 1) .
(B 1 s6 nghiém boi tai ; )

Puong thang nay kéo dai dén tan s gy ké tiép.

Buwéc 5: Lap lai bude 4 cho dén khi v& xong duong tiém can tai tan s6 gy cudi cling.

Vi du 5.1: V& biéu d6 Bode cuia hé théng c¢6 ham truyén sau:
100(0.1s+1)
S(0.01s+1)

Xac dinh d6 du trir bién GM va d¢ du trit pha PM
Giai:

G(s) =

Ham truyén hé théng ¢6 thé dugce viét lai nhu sau

G(s) = 100 (O Is +l)m

Phuong trinh c6 dang sau

G(s) =K = (T1s+1)T —

Trong d6 K =100, T, = 0.1, T,=0.01
Céc tan sb giy

1
w; = =10 rad/s
T1 01
1

1
W, = =100 rad/s
T, ~ 001

Biéu do Bode bién di qua diém A

{ w = 1rad/s

L(w) = 201 gK) = 201 £100) = 40dB/s
Xac dinh thém diém xuét phat chinh xéc tai © =10
100(0.1x 0.1j+1)
j 01(0.01x0.1j+1)

L(w) =201 gG(0.1j)| = 20lg
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100+j V100241
L(w) = 20lg |—’| = 20lg|-——e
—0.0001+0.1j \/0.00012+0.12
Suy ra

L(w) = 60 dB/dec

Goc pha cua Bode pha
() =-90°+ tan™ (T, ») - tan™ (T, o)
@(0.1)=-90°+ tan™ (0.1 x 0.1) - tan'(0.01 x 0.1) = -89.4844"
@(1)=-90"+tan" (0.1x 1) - tan"'(0.01 x 1) = -84.8623°
@(10) =-90"+ tan™ (0.1 x 10) - tan™'(0.01 x 10) = -50.7106"
@(100) =-90°+ tan™ (0.1 x 100) - tan™(0.01 x 100) = -50.7106"
@(1000) = -90°+ tan™ (0.1 x 1000) - tan"'(0.01 x 1000) = -84.8623"

f102w§+104
— 4 2
/10 *wit+we

Tan soO cat

=1

100(0.1 X jwc+1) _| 10jwc+100
jwc(0.01Xjwe+1)

1G(wc)| =

-0.01w2—jw,

Hay

10w+ (1-10%) w2-10*=0
Giai phwong trinh tring phuong, tan s cat duge xac dinh w. = 995037 7rad
Hay Igo.=3
Pha tai tan sb cét

@(®;) =-90"+ tan (T, ®,) - tan™ (Tro,)

=-90° + tan™ (0.1 x 995.0377) - tan™ (0.01 x 995.0377) = -84.8369°

Tir cac ké qua tinh todn trén, biéu d6 Bode dugc v& nhu hinh 5.1

L(w)[dB]

w, = 995.0377 rad
40

-20 dB/dec
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o(w)[d0]

-45°

Hinh 5.1 Biéu d6 Bode bién va Bode pha ciia hé thong

Biéu d6 Bode bién

Do biéu d6 Bode bién di di qua diém A nén cin xac dinh thém 1 diém tha hai
dé ké duoc duong tiém can dau tién. Thong thudng ngudi ta s& xac dinh diém xuat
phat ¢o gia tri ® nhoé hon gia tri ® & diém A. Trong bai toan nay gi tri xuit phat duoc
chon tai ® = 10" rad/s. Qua hai diém L(10™") = 60dB va L(10") = 40dB duong tiém can
dau tién duge xac dinh béng cach vé mot doan théng tir 60dB trén truc tung di qua
diém A va ding lai ¢ tAng s gdy dau tién & ; = 10" rad/s. Dién d6 déc 1én trén dudng
tiém can 1a -20dB ( do khau dau tién 1a khau tich phan 1y tuong). Khau tiép theo can
v€ la khau sém pha bac 1 ¢6 do dbc +20dB nén téng Bode bién hién tai la 0dB. Do do
ké mot duong thang xuat phat tai ©; song song voi truc hoanh va dimg lai & ting s6
gy thtr hai w,. Sau d6 dién gia tri 0dB 1én dudng tiém can thr hai. Khau cudi cung
trong ham truyén 1a khau dao dong bac nhat nén Bode bién s& déc xudng -20dB. Hon
nita tan s cit bién da tim duoc tai ©, = 997.04 rad/s. Do d6 tai ®, ké mot doan théng
cit truc hoanh tai ®.. Sau do dién gia tri -20dB 1én duong ti€m can cudi cung nay. pé
v& Bode bién chi can vé duong cong lién tuc doc theo cac duong tiém cén vira xac
dinh & trén.

Biéu d6 Bode pha

Cach vé& biéu dd Bode pha don gian hon Bode bién. Ddi voi d6 thi nay chi can
xac dinh dugc goc pha theo tan sb. Sau d6 ndi nhitng diém tai goc pha tim dugc laivoi
nhau s& xac dinh duoc biéu d6 Bode pha. Chu ¥ rang néu cho cang nhiéu tan sd thi
biéu dd Bode pha cang chinh xac

Dua trén biéu dd Bode bién va pha, do du trit bién va pha dugc xac dinh nhu
sau:

Do dy trir pha
PM = 180° + ¢(w,) = 180° - 84.8369° = 95.1631°
Do dy trit bién

GM = -L(w_,)>0
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5.3 Thiét ké bo diéu khién dung phwong phap dap ng tn sb

Doi v6i bat ky bai toan thiét ké hé théng, ngudi thiét ké c6 thé sir dung nhiéu
phuong phap khac nhau mién sao tim ra duge dap ung cia hé thong mong mudn

Trong thiét ké hé théng, chit lugng ctia dap tng 1a rat quan trong. Céc yéu cau
vé chat lugng cua dép ing nhu do du trit bién, do duy trir pha, hé s6 khuéch dai, tan sb
cit, tan s6 cong huong, bang thong ( udc luong tée do ctia dap tng) va sai sb xac lap
phai co. Sau khi hé hé duogc thiét ké, cac cuc va zero cua hé kin s& duge xac dinh. Cac
dic tinh cua dap ung qua do phai duoc kiém tra dé hé sau khi thiét ké phai thoai méan
céc yéu cau trong mién thoi gian. Néu thiét ké chua thoa man thi phai phan tich va
thiét ké lai cho dén khi dat yéu cau.

C6 hai céach thiét ké trong mién tan s6 13 do thi cuc va biéu d6 Bode. Khi thém
mot khau bu vao hé théng , d0 thi cuc s& khong gilt dugc dang dd thi ban dau. Do dé
nguoi thiét ké phai v& lai mot d6 thi méi. Didu nay sé mat nhidu thoi gian va khong
thuén loi. Nguoc lai, khau bu co6 thé duogc thém vao biéu dd Bode ban diu mot cach d&
dang ma khong can vé& lai. Néu do loi ctia hé théng vong hé thay doi thi dudng cong
ctia Bode bién chi doi 1én hodc xuéng ma khong lam thay doi do doc ciia dudng cong.
Tuong ty nhu thé, dudng cong ctia Bode pha ciing van giit dugc dang ban dau.

Phuong phép tong quat cho viéc thiét ké hé théng dwa vao biéu do Bode: Pau
tién phai hiéu chinh do loi hé ho dé dat duoc sai s6 xac 1ap nhu yéu cau. Sau do vé
duong cong cua Bode bién va Bode pha cta h¢ hd chua cé khau bu.

5.3.1 Phuwong phap bu so6m pha

1+aTs
1+Ts

G.(s) = k¢ (a>1)

Dic tinh cta khau bu sém pha: Bang thong ctia hé sau khi thiét ké s& rong hon

Budce 1: x4c dinh d6 loi khuéch dai k. dé thoa man y€u cau ve sai soO xac lap cua bai
toan.

Budrc 2: V& biéu dd Bode cho ham truyén k.G(s) véi G(s) 1a hé ho
Budée 3: Xéac dinh tan s cat bién ciia k.G(s) v6i diéu kién
Ik G(joo)| =1

Budc 4: Xac dinh do du trit pha cua hé trudce khi hiéu chinh k.G(s) nhu sau

PM =180 + @(w®,)
Buwéc 5: Xac dinh d6 du trit pha can bu

@max=PM -PM + 6
V,('ri PM’ 1a do du trir pha mong mudn va 0 1a do bu sai s tir 5° dén 20° ( nguoti thiét
ké s€ Iya chon mdt gia tri nam trong day nay).

Chii y: Néu goc pha can bu 16n hon 70° thi khong thé thiét ké dwoc khau bu nay
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Budc 6: X4c dinh gia tri a cua Zero trong khau bu
_ 1+si (QPmax)
1-si (@max)

Bude 7: Xac dinh tan sb cit mdi cua hé sau khi hiéu chinh oy,
. 1
L(o;) = -101g(a) hay [k .G(jwcq)| = =

Buéc 8: Xac dinh hing s6 T trong khau bu
1

T=
wcrva

Bude 9: Kiém tra lai hé théng 6 thoa man diéu kién vé do du trit bién hay chua. Néu

thoa mén thi dimg lai va nguoc lai thi quay vé bude 5 dé chon lai d6 bu sai s6 va tiéd

tuc tinh toan.

Do dic tinh ctia biéu d6 Bode cho phép tinh gan dung nén nguoi thiét ké cé thé
tim ra goc pha tai tan s6 cit hé ho, do du trix pha hay tan s0 cat méi cua khau bu tir

biéu do nay

Vi du 5.2: Thiét ké khau bu sém pha sao cho hé théng duoc mo ta ¢ hinh 5.2 thoa min

k= 50,PM" > 40°, GM">15dB

R(s) 5 Y(s)
. s(s+5) o

Hinh 5.2 hé kin véi hoi tiép don vi
Giai
1+aTs

Khau bu tré pha c6 dang G(s) = k. e

(> 1)

Buée 1: Theo d@ bai cho k', =50 nén tinh hiéu ngd vao dugc hiéu 1a ham dbc

* . . 1+aT 5
K, =11in,sG.(s)G(s)F(s) =11, skcﬁs(ﬁs) =10
Hay k. =10
Budérc 2: V& biéu dd Bode c6 ham truyén
50
kG(s) = s(s+5)

Ham truyén trén co6 thé dugc viét lai nhu sau

1,1
(%54_1) s Tys+1

K.G(s)= 10+ v6i k=10, T, = 1/5

Tan so gay
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o =Ti= 5 rad/s
1

Diém ma Bode bién sé& di qua
{ w=1
L(w) =201 gk) + 20(-1)1 gw) =201 £10) + 20(—1)1 g1) = 20dB

Xac dinh diém xuét phat ciia Bode bién tai © = 10

50

Liw) = 20al6(0.1)1- 200

| =40dB
Bode pha dugc xac dinh nhu sau:

@(®) =-90 -tan” (T, o)
Suy ra

¢(0.1) = -90 -tan™ (%) = -91.15°
(1) =-90 tan™ (3)=-101.31°
©(10) = -90 -tan"" (% )=-153.43°

¢(100) = -90 -tan™ (-2°) =-177.14"

Tan soO cat bién trude khi bu

50

G(wej)|= —| =

1G(wc))l oo (@ 15)
Hay

50

—|=1

We /w%+25
Hay

we + 2502+ 502 =0
it x= o°, vdi x>0
Giai ra duoc

x; = -64 (loai)

X, =39
Suy ra ®, = v3 9= 6.25 rad/s
Budére 3: Xac dinh tan s cat bién cia k.G(s) v6i diéu kién |k G(jw.)| =1
& budc 2 di tim duogc tan sd cat cia K G(s) 1a o, =3 9= 6.25 rad/s
Budc 4: Xac dinh do du trir pha cua h¢ trudce khi bu k.G(s) nhu sau
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PM = 180 + ((e>) = 180 -90 - tan (T} 0,) = 180 -90-tan (3 6.25) = 38.7"
Buére 5: Xéac dinh goc pha can bu
Pmax = PM" - PM + 6 = 40-38.7+10.7=12°, chon 6 =10.7°

Budce 6: Xac dinh gié tri a cia zero trong khau bu

o= 1+si (@max)  1+sin(12%)
1-sin(@max) 1-sin129)

Bwéc 7: Xac dinh tan so cat moi cia hé sau khi bu oy

1.5

50 | 3 50

Wc1j(wc1j+5) ®e1 ’w%1+25

, 1
keG(we)| === =0.8
=>0.67we;+16.75w%;-2500=0
Giai ra duoc o, = 7rad/s
Buéc 8: Xac dinh hing s6 T trong khau bu
1 1

T= =——==0.12
weiva  7V15
Viy khau bu som pha duoc thiét ké nhu sau
_ o 1+aTs 1415x0.12s _ .. 1+0.18s
Ge(s) = ke 1+Ts ro01zs 10 T3 o012

5.3.2 Phwrong phap bu tré pha

Khau bu sém pha c6 dang nhu sau

1+aTs
1-aTs ’

Gils) = ke (@< 1)

Dic tinh cta khau tré pha: 1am giam bién d6 & vung tan s cao, bang thong cua
h¢ sau khi thiét ké s& hep hon

Budc 1: x4c dinh d¢ loi khuéch dai k. dé théa man yéu cau vé sai s6 xac lap cua bai
toan.

Buére 2: V& biéu dd Bode cho ham truyén k.G(s) véi G(s) 1a hé ho
Budre 3: Xac dinh tan sb cit bién cua hé sau khi bu o
@(0)=-180°+PM" + 6

Vé6i PM' 1a do du trit pha mong mudn va 0 1a do bu sai sé tir 5° dén 20° (nguoi thiét ké
s& lya chon mdt gia tri nam trong day nay).

Budce 4: Xac dinh gié tri a cia zero trong khau bu
. 1
L(ec1) = -20 Ig(a) hay [k G(jwc1)| ==
Bwéc 5: chon zero cua khau bu thoa man
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1 <<
— Q)
oT cl

Tir ddy nguoit thiét ké s& tim ra duoc gia tri oT
Buére 6: Xac dinh hang s6 T trong khau bu
1 1

T QT

Tir ddy nguoi thiét ké s& tim ra duoc gid tri T

Bude 7: Kiém tra lai hé théng ¢ thoa min diéu kién vé do du trit bién hay chua. Néu
thoa man thi dung lai va ngugc lai thi quay vé bude 3 dé chon lai d6 bu sai sb va tiép

tuc tinh toan

Do déc tinh cua biéu d6 Bode cho phép tinh gan dung nén nguoi thiét ké co thé
tim ra tan sO cat madi, goc pha tai tan so cat moi, do 1on cua Bode bién tai tan so cat

moi tu biéu do nay.

Vi du 5.3: Thiét ké khau tr& pha sao cho hé thdng dugc md ta & hinh 5.3 théa man

k., =10,PM" > 40°, GM">10dB

R(s) m 10 Y(s)
{col— rne+

Hinh 5.3 Hé kin véi hoi tiép don vi
Giai
1+aTs
1-aTs’

Khau bu tré pha c6 dang G(s) = ke (a<1)

Buwée 1: Theo dé bai cho k', =50 nén tinh hiéu ngd vao dugc hiéu 1a ham déc
1+aTs 10

c =10
1+Ts s(s+1)(s+3)

K'y=1im,gs G.(s) G(s) F(s)=11nm,osk

Hay k.=3
Budre 2: V& biéu d6 Bode c¢6 ham truyén
30
kG(s) = s(s+1)(s+3)

Ham truyén trén co6 thé dugc viét lai nhu sau

K G( ) 10 11 1 1 1 1
S = — = —_—
¢ Ss+1 (%5+1) s Tys+1Tys+V

voik=10,T,=1vaT,=1/3

Tan so gay

1
® === 1 rad/s
1
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1
@ === 3 rad/s
2

Diém ma Bode bién s& di qua
{ w=1/10
L(w) =201 gk) + 20(—1)1 gw) = 201 £10) + 20(—1)1g1/10) = 40dB
Xac dinh diém xuét phat cua Bode bién tai ® = 102
30

L) =201g|G(0-1)|=20lg 0.01j(0.01j+1)(0.01j+3) = 60dB

Bode pha dugc x4c dinh nhu sau:
@(®) =-90 -tan” (T ) -tan™" (T,o)
Suy ra

0.0
©(0.01) = -90 ~tan” (0.01) -tan’" (Tl ) =-90.76"
0.1
@(0.1) = -90 -tan-1 (0.1) tan-1 (=) = -97.620
(1) =-90 -tan-1 (1) -tan-1 (<) = -151.70
(10) = -90 -tan-1 (10) -tan-1 (X0) = -247.590

100
(100) = -90 -tan-1 (100) -tan-1 (=) = -267.710

Tan so cat bién trudce khi bu

30
Gw)|= [——— ; |=
G = | S+ Dwa+3)
Hay
30
=]
Wc /m%+1 ’m%+9
Hay

0l +4wi +3w2—900=0
Pit x= o2, v6i x>0
Giai ra duoc
x; =-6.1997 + 8.2893j (loai)
Xy =-6.1997 - 8.2893j (loai)
x3 = 8.3995

Suy ra o, = 3rad/s



Bude 3: Xac dinh tAn sb cit bién cta hé sau khi bu o,

@(0e) =-180" + PM" + 0 =-180" +40° + 5° = -135"

@(0c1) =-90 -tan” (T o) -tan™" (T,0) = @(®) =-90 -tan™ (o) -tan™ (§ We1)
Do do

tan” (o) + tan™ (g we) =45
lay tg hai vé & phwong trinh trén duoc

tg( tan (w¢1) + tan'l(g wer) = tg (45°)

tg(tan_l(wcl))+tg(tan_1(%)

1- tg(tan~1(wcq)) tg(tan™1 (%) =1

Wc1
(l)cl+ 3

=1

1-wep st
Wi+ 40, -3=0
Suy ra
¢ = -4.65 rad/s (loai) hodc w.; = 0.65 rad/s

Budce 4: Xac dinh gié tri a cua zero trong khau bu

. 1
|kcG(]wc1)| = <
30

wc1j(Wc1j+1)(Wc1j+3)

30
=> =

Thay o.; = 0.65rad/s vao biéu thirc trén ta duoc

o

ISE

30 1

0.65v0.6524910.652+1 «

Suy ra a=0.08

Bwéc 5: Chon zero cua khau bu théa man

1
— <<®g = 0.65
aT

Chon — = 0.06, «T = 16.67
oT

Buéc 6: Xac dinh hang sd T trong khau bu

2 = —=0.08 x 0.06 = 0.0048
T aT

Suyra T =208
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Vay khéu bu tré pha duoc thiét ké nhu sau

1+aTs _ ,)1+16.67s

=k
Ge(s) = ke 1+Ts ~ 14208s

5.3.3 Phuong phap bu sém tré pha

Y
Gl(s) V(S)

Hinh 5.4 so dé khoi ciia khdu bii sém tré pha
Néu bai toan yéu cau thiét ké ca khau bu som pha va tré pha (hink 5.4) thi trinh
tu thiét ké duoc thuc hién nhu sau:
Gc(s) = G(5).Geafs), trong do G(s) 1a khau bu sém pha va G, (s) 1a khau bu tré pha

Buwéc 1: thiét ké khau bu som pha Gq;(s) thoa mén yéu cau vé d6 du trit bién, d6 du trix
pha nhu hinh 5.5

R Y
Z ‘ G1() =

Hinh 5.5 so dé khoi ciia khdu bii sém pha

Buére 2: thiét ké khau bu tré pha G(s) trong hinh 5.6 thoa min yéu cau vé sai s6 xac
1ap bang cach dit G(s) = G (s).Gy(s)

R Y

Hinh 5.6 so do khoi ciia khdu bui tré pha
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5.4 Bai tap

L 5 10
1. V& biéu db Bode bién ¢6 ham truyén G(s) = 100————
s(s+100)
. . ; 4
2. Cho hé thong c6 so do nhu hinh 5.38 sau véi ham truyén hé ho 1a G(s) = S612)

4 Y(s)

N
\.\/ s(s +2)

a. V& biéu d6 Bode cho hé trén

R(s)

b. Néu thém mot khau bu ¢6 so dd nhu hinh trén, sao cho hé c6 d6 duy trit pha 16n hon
50°, @6 du trit bién do 1a 10dB va k, = 20s™. Hay xac dinh khau bu da cho.

1

3. Cho hé thong c6 so d6 khéi nhu hinh 5.39 v6i hé ho 1a G(s) = SeTDO55D)

R(s) N 4 Y(s)

\r s(s + 1)(0.5s + 1)

a. V& biéu d6 Bode cho hé trén

b. Néu thém mot khau bu & so d6 hinh trén sao cho hé c6 do du trit pha 16n hon 40°,
d6 du trir bién 1a 10dB va k, =5s™'. Hay xac dinh khau bu di cho.

k

4. Cho hé thong c6 hoi tiép don vi v6i hé hé 1a G(s) = SGHD(612)

a. V& biéu d6 Bode cho hé trén

b. Thiét ké khau bu sém tré pha cho h¢ trén sao cho hé c6 d6 du trir pha 16n hon 50°,
do du trir bién 1a 10dB va k, = 10s™
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CHUONG 6
PHAN TICH VA THIET KE HE THONG
THEO PHUONG PHAP QUY PAO NGHIEM SO

6.1 Gioi thiéu

Dic tinh cua dap ing qua do ddi v6i hé théng vong kin cé lién quan dén cac
cuc ctia hé vong kin. Néu hé hé théng co do loi hoi tiép thi vi tri cia cac cuc vong kin
s& phuc thudc vao d6 loi ndy. Do d6, ddi v6i cac hé thong don gian thi viéc diéu chinh
dd loi c6 thé di chuyén cac cuc vong dén cac vi ri tham khao. Va lic nay bai toan thiét
ké tré thanh bai toan chon céc gia tri d§ loi thich hop

Céc cuc vong kin 1a nghiém cua phuong trinh dac trung. Tuy nhién néu hé
thdng c6 phuong trinh dic trung v6i bac 16n hon 3 thi viée tim nghiém s& rt kho khin
va thuong phai sy dung trg gitip cua cac cong cu trén may tinh. Mot phuong phap don
gian hon dé ¢ thé tim duoc nghiém cua phuong trinh dic trung 14 quy dao nghiém sb.
Vé6i phuong phap nay, nghiém cta phuong trinh dic trung dugc v& dua vao tit ca cac
tham s6 cua hé théng. Va nghiém twong Gmg véi cac gia tri cu thé ciia tham sb nay xac
dinh bang d6 hinh.

Bang cach sir dung phuong phap quy dao nghiém sé (QDNS), ngudi thiét ké c6
thé tién doan duoc anh huong cua cac cuc khi do loi thay ddi hodc thém cac cu vong
hé va Zero vong ho. Trong thiét ké hé diéu khién lién tuc, QDNS to ra rat hiéu qua vi
n6 chi ra dugc cac cuc va zero cua hé vong hd. Do d6 day 1a phuong phap xap xi va
cho két qua nhanh
6.2 Vé Qui dao nghiém s6 doi véi hé thong cé hoi tiép am don vi

QDNS la tap hop tit ca cac nghiém cua phuong trinh dic trung (PTDT) khi
k € (0 = o)

Cho h¢ théng héi tiép 4m nhu hinh 6.1

R(s) N\ 6(9) Y(s)

F(s)

Hinh 6.1 hé kin véi hoi tiép don vi am
Ham truyén ctia hé kin duoc thiét 1ap nhu sau

Y(s) _ G(s)
R(s) 1+G(s)F(s)

PTDT cuia hé théng 1 4+ G(s)F(s) = 0. Hay PTDT c6 dang
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NGs) _
I+k —= DEs) =0

Trong d6 N(s) 1a da thurc tir s6 theo s, D(s) 1a da thirc mau s6 theo s, k 1 hang sb
N(s)

=1
D(s)

biéu kién bién do |k

Diéu kién vé pha tan™ (k %) =+ 180°(21+1), trong d6 1=0, 1, 2, ......

% Cac buéc vé QDNS dbi véi hé thong c6 hdi tiép Am don vi

Qui tic 1: Xac dinh s6 nhanh QDNS = bac caa PTPT = sb cuc cua k g(S;
Qui tic 2:

+ k = 0 cac nhanh QDNS XuAt phat tir cy cua K E(S;

+ k = 00, m nhanh QDNS tién dén n zero cua kK —= NES;

+n-m nhanh con lai tién dén oo theo tiém can ( xem qui tic 5.6)

Qui tic 3: QPNS dbi ximg qua truc thyuc

Qui tic 4: k>0, diém thudoc QDNS nam bén trai cac sb 1é cua cuc va zero
Qui tic 5: Goc tao bai truc thuc va duong tiém can cua QDNS dugc xéc dinh

B= +ZT 1 1,2,
n-—-m

Trong dé n 1a s cuc va m 1a so zero
Qui tac 6: Tam cua tiém can hay giao gitra truc thyc véi duong tiém can tai A duoc
xac dinh bdi

n m
Zi:l pl_Z]zl Zj
n—m

OA =

Trong d6 pi 1a cuc thir i va z; la zero thir j
Qui tic 7: Diém tach nhap cia QDNS (néu cd) nam trén tryc thyc la nghiém phuong
trinh

dk _

ds
Qui tic 8: Giao diém giita QDNS véi truc a0 duge xac dinh bang cach thay s = jo vao
PTPT. Sau d6 cho phan thyc bang 0 va phan sb a0 bang 0 dé xac dinh gia tri cia @ va
k. Hodc ciing co thé xac dinh giao diém giita QDPNS véi tru a0 duge xac dinh bang
cach lap bang Routh
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N a a, a e A a,

st a a; as - a3 ap|

™ b, b, b; bum 0
0

S? C C) C3 0

s' d, ds 0

s? € 0

Cho gi tri tai dong s' va cot 1 ciia bang Routh bang khong s& tim duoc gié tri
ctia k. Cho dong s voi phuong trinh ¢;s* + ¢, = 0 s& tim dugc gia trj giao gitta QDNS

VOl tru 4o.
N(

Qui tic 9: Dbi véi k—s) c¢6 cuc phire thi can phai xac dinh goc xuét phat cia QPNS

D(s)
tai cuc phuc p;. Goc nay duoc xac dinh boi

6;=180" + X%, ar 8(pj —z;))— YL ar gpj — zi)
i#j

Vi du 6.1: Cho hé thdng c6 so do khdi nhu hinh bén dudi

RsL /M K ¥(s)

\]/ s(s+ 1)(s+ 2)

V& QDNS cho hé thdng trén trong trudng hop k>0

Giai

k
Y(s) _ SGEDGE)

- k
R(S) 1+s(s+1)(s+2)
(6.1)

Tt phuong trinh (6.1), PTPT duogc xac dinh nhu sau:
k —
1+s(s+1)(s+2)
__ k.
s(s+1)(s+2)

(6.2)

cO cac cu va zero nhu sau:

+ Céc cuc: pl =0, p2=-1, p3 =-2
+ Cac zero: khong co
Biéu dién céac cuc va zero 1én trén mit phang phtic nhu hinh

+ Tam ti€ém can tai A
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in1Pi~Zj217  0+(—1)+(-2)-0
n—-m 3-0

OA = -1

Trén mat phéng phtrc biéu dién tdm tiém cén tai gia tri -1 trén truc truc thuc ( xem hinh
6.3)

+ Goc tiém can

p=+E0 vsi1=0,1
B = 555
8, = i(2x(;)0+1)n: _g

Tt tam tiém cdn vua tim dugc, dung thudce do xac dinh gbée ti€ém can (goc hop
boi truc hoanh va tam ti€ém can) va vé duong tiém can tuong ung véi goc tinh duoc ¢
trén va biéu dién I1én trén mat phang phirc nhu hinh 6.3

+ Piém tach nhap:

Tir phuong trinh (6.2), chuyén k sang vé trai va cac gia tri con lai sang vé phai dugc

k= -s(s+1)(s+2) = -s° - 3s% - 25 (6.3)
sau d6 ldy dao ham cua k theo s ctia phuong trinh (6.3) dugc

dk 5 .

ds—-3s -6s-2=0

Giai phuong trinh 3s% + 6s + 2 = 0 duoc diém tach nhap
S, =-1.5774 ( k<0, vi diém tach nay nam bén trai s6 chin cua cac cuc va Zero)
S, =-0.4226 (k>0, vi diém tach nay nam bén trai sb 1¢ ciia cac cuc va zero)

Do yéu cau cia bai toan 1a v& QDNS trong truong hop k>0 nén diém tach nhap
tai s, bi loai. Tiép theo 1a biéu dién diém tach s, 1én trén mat phang phirc nhu hinh 6.3.
bay 1a mot diém tach vi gitra 2 cyc s = 0 va s = -2 khong cd zero nao. Ma doi voi
QDNS thi nhanh cua n6 phai xuat phat ttr mot cuc va két thiic & zero. Tuy nhién do bai
toan nay khong co zero nén khong thé két thiic dugc. vay nhanh cia QDNS sé tach va
tién ra vo cung doc theo dudng ti¢m can
+ Giao diém gitra QPNS véi truc 4o
Cach 1

Phuong trinh 6.2 ¢6 thé viét twong duwong nhu sau:

k —
1+s(s+1)(s+2)

=>s(s+1)(s+2) +tk=0
=>5’+ 35+ 25 +tk =0
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Thay s = jo vao PTDT vira trién khai ¢ trén duoc
Hqo’ - 3w’ + 2jo + k=0
=k-30"+Qo-0)j=0
Cho phan thuc va phéan 4o ctia phuong trinh 4.4 bang 0 dugc:
{(0(2 —w?) =0
k—3w?=0
{w =0
k=0

looh

Cach 2
Tu PTDT co
$+3s2+2s+k=0

duc trén PTDT thanh 1dp bang Routh

s’ 3 k 0

s? 1 2 0

s' k-6 0

s’ 2

Giao diém gifra truc 4o 1a nghiém ctia phuong trinh tai dong 2 ciia bang
S2+2=0
=@ +2=0
=>0=1V2

Gid tricuak taidongs; =0 & k-6 =0=>k=6

Biéu dién gia tri s= i\/7j lén trén miat phang phirc ma tai d6 nhanh cia QDNS
giao voi truc 4o (xem hinh 4.3)

Do hé da cho khong c6 zero nén gitra hai cyc s=0 va s=-1 c6 mot di€m tach va
hai nhanh cua QDNS sé di ra tir diém nay. Nhanh tha nhat cia QDNS s& xuit phat tir
cuc s=0 qua diém tach va tién ra vo cung doc theo duong tiém cén ( cit trcu 40 tai s=
\/7]'). Nhénh thir hai cia QDNS s& xut phat tir cuc s= -1 qua diém tach va tién ra vo
cung doc theo duong tiém can ( cit truc 4o tai s= -\/7]'). Nhanh thir ba cia QDNS xuét
phat tr cuc s = -2 va tién ra -oo doc theo truc hoanh ( c6 mot duong tiém can nam
trung voi truc hoanh).
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Giao QDNS vai
truc ao

Puong tiém can
Goc tiém can

Tamtiém can (-1)

Diém tach (-0.4226) itk = 6)

\

\
3

Nhanh QDNS

Hinh 6.3 QPNS ciia hé ¢6 so do & hinh 6.2
Vi du 6.2 Cho h¢ thong nhu hinh bén dudi

R(s) N\ k(s+1) Y(s)

\r s(s2 +4s +10)

V& QDNS cua hé thong trén voi k>0
Tu hinh, PTDT duoc xac dinh nhu sau

k(s+1)
s3+4s2+10s

(6.4)

Tu phuong trinh (6.4), cac cu va zero dugc xac dinh nhu sau

+ Cac cuc pl = 0; p2 = -2+2.4495j; p3 = -2-2.4495;j

+ Cac zero z1=-1

Biéu dién cac cuc va zero 1én trén mat phang phic nhu hinh 6.4

+ Tam ti€ém can tai A

_ ZitiPi—XjZ17  0+(-2+2.4495)+(-2-2.4495)-1 3
n-m 3-1 2

Trén mat phéng phtc biéu dién tam tiém can tai gid tri -3/2 trén truc thuc

+ Goc tiém can

B= + &% ysi1=0,1
-m
_ (2x0+D)m _T
Bi= 3-1 2
_ (2x1+D)m _ 3m
Bi= 3-1 2
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_ 2x(-D+)m __m
o 3-1 2

B

Tur tdm ti€ém can vura tim dugc, dung thude do xac dinh goéc ti€ém can (géc hop
bdi truc hoanh va tam tiém can) va vé duong tiém can tuong ung véi goc tinh dugc ¢
trén va biéu dién 1én trén mat phang phirc nhu hinh 6.4

+ Piém tach nhap

Tur phuong trinh 6.4, xac dinh ham k theo s nhu sau

k(s+1
T
s3+4s2+10s
s3+4s2+10s
k=————7—
s+1
dk ((3sz+85+10)(s+1)—s3—452—105) 0
ds (s+1)2
2534752485410
(s+1)2

Giai phuong trinh trén c6 nghi¢m
s1 =-2.7046 (loai, vi diém nay nam bén trai sé chin cac cyc va zero, k<0)

s2 = -0.3977 + 1.3002j; s3= 0.3977 -1.3002j (loai, vi diém ndy nam bén trai s6 chin
cac cuc va zero, k<0).

Vay khong c6 diém tach nhap dbi véi QDNS
+ Giao diém gitra QDNS véi truc 4o
Tt phuong trinh 6.4, hé¢ c6 PTDT
s3> +4s>+10s+ k(s + 1) =0
Thay s =jo vao phuong trinh déc trung tren dugc
Hjo’ - 40” + 10jo + k(jot+1) =0
=> 4o’ + k+jo(-o’ + 10 + k) =0
Hay
4o’ +k+jo(-o’ +10+k) =0 (6.5)
Cho phan thuc va phan 4o ctia phuong trinh (6.5) bang 0 ta dugc

{ —4w?*+k=0
w(-w?*+10+k) =0

(2o
10
{w = +/10
k= —-10
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Do k tim dugc déu 4m nén khong thoa man yéuc au cia bai toan ( v QDNS
cho truong hop k>0). Do d6 QPNS khong giao voi truc 4o.
+ Goc xuat phat

Do hé co cuc phitc nén can xac dinh goc xuat phat tai cuc p;, = -242.4495j.

Tuy nhién trong bai toan nay cuc phirc duoc chon dé tinh gbc xuat phat 1a p, = -
2+2.4495j. Géc xuat phat duoc tinh nhu sau

0, = 180" + arg(p; - z) -arg(p, - p1) - arg(pz - ps)
= 180" + arg(-2+2.4495] +1) - arg(-2+2.4495j - 0) - arg(-2+2.4495] + 2+2.4495j)
= 180" + arg(-1+2.4495j) - arg(-2+2.4495j) - arg(4.899j)
= 180" + 112.2076° - 129.2314° - 90° = 72.9762°

Biéu dién goc xuit phat 1én trén mit phang phirc tai diém p,, ké mot tia song
song Vi truc thuc va ding thudc do goc hop boi tia vira vé va diém p, dé xac dinh
duong tiém can. Do QDNS c6 tinh chat d6i ximg qua truc thuc nén viée vé goc xuét
phat tai p; bang cach 1ay ddi xtimg qua truc thuc ctia diém p, (xem hinh 6.4). Giira cuc
tai s=0 va zero tai s =-1 khong c6 diém tach vi QDNS s& xuit phat rur cuc s=0 va két
thic & zero s=-1 (nhanh QDNS thir nhat). Hia nhanh con lai xuit phat tir cuc p; va p,
tién ra vo cung doc theo dudng tiém can. Nhanh cua QDNS khong cit truc thuc (xem
hinh 6.4).

72.9762°

()
N
-
o

Hinh 6.4 Quy dao nghiém sé ciia hé thong
6.3 V& QDNS dbi véi hé hoi tiép dwong

QDNS cua hé c6 hdi tiép duong 13 tap hop tit ca cac nghiém cia PTDT khi k €
(0— —o)
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Cho hé héi tiép duong nhu hinh 6.5

R(s) N\ 6(s) Y(s)
\L F(S)

Hinh 6.5 hé thong hoi tiép dwong

T hinh 6.5, ham truyén hé kin dugc thiét 1ap nhu sau
Ham truyén ctia hé kin duoc thiét 1ap nhu sau

Y(s) . G(s)
R(s) 1-G(s)F(s)
PTDT cuia hé théng 1 — G(s)F(s) = 0. Hay PTDT c6 dang
N(s)

l-k%=0

Trong d6 N(s) 1a da thic tir s theo s, D(s) 1a da thire mau s6 theo s, k 14 hang s6
NG)
D(s)

Piéu kién v& pha tan'l(k %) = + 180°(21), trong d6 1=0, 1,2, ......

Diéu kién bién do |k =1

% Cac budc vé QPNS ddi véi hé thong cé hoi tiép dwong don vi (trwong hop
k<0)

Qui tiic 1: Xac dinh s6 nhanh QDNS = béc cia PTPT = sb cuc clia k%

Qui tic 2:

+k = 0 cdc nhanh QDNS xuét phat tit cu cua k%

+ k = 00, m nhanh QDNS tién dén n zero cia k%

+n-m nhanh con lai tién dén oo theo tiém can ( xem qui tac 5,6)
Qui tiic 3: QDNS ddi xtng qua tryc thuc
Qui tic 4: k>0, diém thudéc QDNS nam bén trai cac s6 1é ciia cuc va zero

Qui tic 5: Goc tao béi truc thuc va duong tiém can cia QDNS dugc xac dinh

2l

BZ iﬁ’ I= 0, 1,2

Trong d6 n 1a s6 cuc va m 1a s6 zero

Qui tiic 6: TAm cua tiém cén hay giao gitra truc thuc véi duong tiém can tai A duoc
xac dinh bai
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Z?:]_ pl_Z]rr=11 Zj

n—-m

OA =

Trong do pi la cuc thu I va zj 1a zero thirj

Qui tic 7: Diém tach nhap ctia QDNS (néu c6) nam trén truc thyuc 1a nghiém phuong
trinh
dk
= 0
Qui tic 8: Giao diém giira QDNS véi truc 4o duge xac dinh bang cach thay s = jo vao
PTDT. Sau d6 cho phan thyc bang 0 va phan s 4o bang 0 dé xac dinh gia tri clia ® va
k. Hodc ciing co thé xac dinh giao diém giita QPNS véi tru a0 duge xac dinh bang
cach 1ap bang Routh

St a a, a A0 a,

s a a3 as an3 .1

s"™? b, b, b; b 0
0

S* C1 CH C3 0

S' d, ds 0

s’ e 0

Cho gi4 trj tai dong s' va cot 1 ctia bang Routh bang khong sé& tim duoc gia trj cua k.
Cho dong s® voi phuong trinh ¢;s” + ¢, = 0 s& tim duogc gia tri giao gitta QPNS vdi tru
0.
Qui tic 9: Dbi véi k% c6 cuc phue thi can phai xac dinh géc xuit phat cia QDNS
tai cuc phuc p;. Goc nay duoc xac dinh boi

6, =180" + X2, arg(p; — z) — i argp; — z)

i#]j

Vi du 6.3: Cho hé thdng c6 so d6 khéi v6i hoi tiép duong (trudng hop k>0) nhu hinh
6.6

R(s) N\ k(s +3) Y(s)

s(s+1)(s+2)(s+4)

hinh 6.6 Hé théng hoi tiép dwong
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hé théng trén c6 thé chuyén thanh hé théng voi trudng hop k > 0 nhu hinh 6.7

R(s) 7™\ k(s + 3) - | Yo

s(s+1)(s+2)(s+4)

Hinh 6.7 chuyén hé thong tir truong hop k<0 sang truong hop k>0
Giai
Buwée 1: C6 4 nhanh QDNS
+ C6 4 cuc tai pl=0; p2=-1; p3=-2; p4=-4
+ Co6 1 zero tai z1 = -3

Buwdc 2: Goc tao bdi truc thuc va dudng tiém can cua QDPNS duoc xac dinh nhu sau:

B=+2"1-0,1,2
2x 0xm

Br=+=—--=0
2x1xw 2

Br= - =23m

Budc 3: Tam cua ti€ém can hay giao gitra truc thuc voi duong tiém cén tai A dugc xac
dinh bai
ILiPi-2217  0-1-2-4-(-3) _ 4

OA = =
n—-m 4-1 3

Buwéc 4: Diém tach nhap ciia QPNS (néu c6) nam trén truc thyc 1a nghiém ctia phuong
trinh
dk
= 0
Phuong trinh déc trung

. k(s+3) B
s(s+1)(s+2)(s+4) B

_ s*+753+14s%+8s
(s+3)2
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suy ra

dk _ 3s*+2653+77s2+84s+24
ds (s+3)2

Giai ra duoc
S1=-3.3110 + 0.6812j (k<0)
S2=-3.3110 - 0.6812j (k<0)
S3=-1.6097 (k<0)
S4=-0.4349 (k>0)
Budre 5: giao diém QDNS véi truc a0
Tt hinh 4.9, PTPT duogc xac dinh
s+ 75 + 148 + (8-k)s - 3k =0
thay s=jo vao PTDT duoc

o - 3k + (8-k-700%) @j =0

hay
{ w3 —3k=0
B-k—70)Hw=0
Suy ra
w?—3k=0
w=0k=0
8-k

w = T’k: —31839k=-161k=1

Tir yéu cau cua bai toan 1a v& QDNS trong trwong hg k<0 nén k chi nhan 2 gia
tri 12 k=-318.39 (0=6.8) va k=-1.61(0=1.2)

QDNS bao gém 4 nhanh. Gitra hai cuc lién tiép tai s=0 va s=-1 c6 mot diém
tach vi khong cé zero dé kéthucuc. Do d6 s& c6 hai nhanh cia QDNS di qua diém tach
nay. Nhanh thir nhat xuat phat tir cuc s=0 qua diém tach va tién ra vo cing doc theo
duong tiém can. Nhanh thtr hai xuét phat tir cuc s=-2 va két thic & zero s=-3. Nhanh
QDNS thtr tu xuét phét tir cuc s = -4 va tién ra am vo cung doc theo duong tiém cén
(c6 mot duong tiém can nam trung voi tryc hoanh).
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6.4 Thiét ké bo diéu khién ding QDNS

- Thiét ké bd déu khién: 13 bd sung vao hé thong mot vai thanh phan dé hé
thong théa man mot sb yéu cau vé chat lugng nhu d 6n dinh, d§ vot 16, sai sb xac lap
cua dap ung...

- Céc thanh phan duoc dung dé b sung: sém pha, tré pham sém tré pha, ti 18,
tich phan ti 1€, vi phan ti I¢, vi tich phan ti 1¢

- Phuong phap thiét ké: tuy theo ddc thu cua hé thong, nguoi thiét ké co thé
diung QDNS, gian d6 Bode hay phwong phéap gan cuc, LQR....

Gia sir cho hé thdng trude khi thiét ké nhu hinh 6.8

R(s) C‘r\ G(s) Y(s)

Hinh 6.8 Hé thong trudc khi thiét ké

Hé thong sau khi thiét ké duoc thém vao mot khau Ge(s) ndi tiép véi ham
truyén hé ho G(s) dugc trinh bay ¢ hinh 6.9. Khau bu nay phai dugc thiét ké dya trén
tiéu chuén vé chit luong.

R(s) O Sole) 66s) Y(s)

Hinh 6.9 Hé thong sau khi thiét ké
6.5. Phwong phap bu sém pha

Cho h¢ théng dugc thiét ké bang phuong phap bu sém pha nhu hinh 6.10

RS Gel(s) G(s) L

Hinh 6.10 Hé thong truéce khi thiét ké

Trong d6 khau bu sém pha cé dang:

1

_1 STtar
GC(S)—kcH—l(O(> 1)
T
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Yéu cdu thiét ké: cdi thi¢n ddp irmg
Cic bude thiét ké khau bi sém pha

Budce 1: Xac dinh cdp nghiém cuc trdi quyét dinh dyc vao biéu thirc

S1,2 = -E®, ij(DnV 1—¢g2

Céac cong thirc lién quan dé xac dinh hé s6 dao dong tit dan € va tan sé dao dong ty
nhién o,
Thoi gian qua do theo tiéu chuan 5%

T _3
W ewop

Thoi gian qua do theo tiéu chuan 2%

4
Toq=—
M ey

Hay thoi gian qué do dua vao chu ki T
1
Tqa =t In( - )

b6 vot 16 POT

POTZGXP(— =T )

1—¢2

Budée 2: xac dinh géc pha can bu dé cap cuc troi quyét dinh nam trén QDNS
O =-180° + XL, arg(s; —z;) — X, arg(s; — z)
Trong d6 p; va z; 1an luot laa cyuc thir I va zero thir I ciia G(s) trudce khi thiét ké khau bu
Buwére 3: xac dinh vi tri cuc va zero cua khau bu dua trén QDNS
Buéc 4: Xac dinh hé sb khuéch dai k,
|Ge(s)G(S)s=s1 = 1

Vi du 6.4: thiét ké khau bu Ge(s) ctia hé théng dugce cho ¢ hinh 6.11 dé dap tng cua
hé thong sau khi hiéu chinh thoa d6 vot 16 dudi 20%, thoi gian qua do dudi 0.5s ( theo
tiéu chuan 2%).
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RS

Gcl(s) S(Ssz 5 Yes)

Hinh 6.11 So dé khoi hé thong
Do yéu cau ciia bai toan 13 cai thién dap ing nén khau bu Ge(s) ¢6 dang

1
+_
2 f(a>1)

T

Ge(s) =Ge(s) =k,

s+
Budec 1: X4c dinh cdp nghi€ém cuc trdi quyét dinh

Theo yéu ciu cta bai toan 1a POT < 20% nén

POT = exp(— =) < 20%

Hay —

ET
<1In(0.2
s~ 1n(0-2)

ET

— <1.6
V1—€2
€>045

Vi € > 0.45 nén € duoc chon 1a 0.707
Hon nita bai toan yéu cau thoi gian qua do < 0.5s theo tiéu chuan 2% nén

4
qu:_< 0.5

£Wp

4
w,>—=>wn,>11.4
€05

Do o, >11.4 nén chon o, 1a 15 rad/s
Do d6 cip nghiém cuc troi quyét dinh duoc xac dinh

Si2=-€0, T jo,V1 — €2

Hay s;, = -.0707 x 15 + 15j,/1 — (0.707)2 = -10.5410.5]

Bwéc 2: xac dinh goc pha can bu dé cip cuc troi quyét dinh nam trén QDNS
9=-180" + YL args; —z;) — Xt arg(s; — z;)
=-180°+ XL, ar g(s; — py)

= -180° +arg(-10.5+10.5j-0)+arg(-10.5+10.5j-(-5))
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Vay
8 =-180° + tan (=2 ) + tan” (=22 )=72.6°
Hodc cling c6 thé xac dinh gbc pha can bu theo cap nghiém cyc troi nhu sau
@ =-180" + (B, +B2)
=-180° + (135° +117.6")
=72.6"
Trong d6 cac goc 3;vap, dugc xéc dinh nhu hinh 6.12

Hinh 6.12 x4c dinh goc pha can bu bang cach do cac goc hop boi truc thyc va tia xuat
phat tir cue troi dén cac cuc hé ho

Bwéc 3: xac dinh vi tri cuc va zero cua khau can bu

10.5

Re

Hinh 6.12 xdc dinh cuc va zero cua khdau bu som pha

Biéu dién cdp nghiém cuc trdi 1én mat phang phirc, xac dinh duoc dinh P 1a
diém s, v6i bién d6 OP nhu hinh 6.12. Tir dinh P ké mdt tia Px song song véi truc
thuc. Tur dinh P ké mot tia phan giac PA cua goc Opx, cit truc thuce tai A. Tur dinh P ké
mot tia PB ndm bén trai so voi tia PA, vit truc thuc tai B va tao véi tia PA mét gbc
®/2.Va OB chinh la cuc cua khau bu.

Ttr dinh P v& mot tia PC vé bén phai so véi tia PA, cat truc thuce tai C va tao véi
tia PA mot goc @/2. Va OC chinh 1a xero cta khau bu. Do d6 chi can xac dinh hai gia
tri OB tir hinh 6.12, x4c dinh dugc OB va OC nhu sau

OPx [0] Si<ll—+—
516— 2 2
0B =0P T) 10.5v2 . 0'5,/2M
51677) l(132 _72é6> i §312%)

. — 2 2
oC =0P 0.5v2
7(OPx (Z)) \/_si 132504_72260)
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Do d6 khau bu duoc thiét ké nhu sau

s+8
¢s+28

Budic 4: xac dinh hé s6 khuéch dai k. dua vao bidu thice |G c(s)G(8)]ss = 1

Ge(s) =k

Hay

-10.5+10.5j+8 X 50 _
€ _10.5+10.5j+28 " (—10.5+10.5))(-10.5+10.5j+5)|

_ 10.8x50  _
€©20.4x15x11.9
=>k.=6.7

Vay khau bu sém pha dugc thiét ké nhu sau

s+8
s+28

Ge(s)=6.7

6.6 Phwong phap bu tré pha

Cho h¢ thdng dugc thiét ké bang phuong phap bu tré pha nhy hinh 6.13

R(s) 7\ 6e2(s) 6e) Y(s)

Hinh 6.13 So do khoi hé thong

Trong d6 khau bu tré pha c¢6 dang

1
S+—

Ge(s) = kc—ﬁlT ,B <1
S+T

Yéu cau cua bai toan: cai thién sai s6 xac lap
Céc budce xac dinh khau hi¢u chinh tré pha

Buwére 1: Xac dinh § dya vao cac yéu cau ve sai so xac lap

k k k
B =2 hodc f == hodc f ==
Ky k;, k}

Trong do
- Néu tin hiéu vao 12 ham nic don vi R(s) = 1/s
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1 L P S S
Ey= vO1 k, 1a h¢ s0 sai s0 vi tri
1+ky,

Vak;, dugc xac dinh nhu sau
K,=1lim,,G(s)F(s)

Néu tin hiéu vao 1a ham dbc R(s) = 1/s*

1 . V1A A s A A K
Exl=k—, vo1 k, 1a hé so sai s6 van toc
(%

K, duoc xac dinh nhu sau

K,=1im,ys G(s)F(s)

Néu tin hiéu vao 1a ham parabol R(s) = 1/s°

1 . N S S
E’d:k_’ voi k, 1a hé so sai s6 gia toc
a

K, duoc xac dinh nhu sau
K.=1in,es?G(s)F(s)

Budc 2: Chon zero cua khau bu sao cho nho hon rat nhiéu so vaéi tri tuyét doi cua cap
nghiém cuc trdi quyét dinh nhu sau

r<<|Re(si)|

Bwoe 3: Tinh cuc cua khau bu

1 1

T P pr
Budre 4: Tinh k, thoa man vé diéu kién bién do
|Gc(s)G(S)]s=sr12=1

Vi du 6.5: Cho hé théng c6 so dd khéi nhu hinh 6.14

R(s) 7\ Ge2(s) 10 Y(s)

s(s+3)(s+4)

Hinh 6.14 So d6 khéi ciia hé thong
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Xac dinh Ge(s) sao cho hé théng sau khi bu c6 sai sé d6i vai tin hiéu vao 13 ham dbc 1a
0.02 va dap ung qua do thay do6i khong déng ké

Giai

Do yéu cau cua bai toan lién quan dén sai s6 xac 1ap nén Ge(s) 1a khau bu tré pha co
dang

1
S+
Ge(s) = k—2L , B <I

S+T

Budec 1: Xac dinh B dua vao cac yéu cau ve sai sO xac lap

* 1 . VA A e A A X
€ x1 = 75> VO k, 1a hé so sai sO van toc
v

=K', = 1/e* = 1/0.02 = 50

K,=lim,,sG(s)F(s)=K,=11i IILOSL_E

s(s+3)(s+4) 12

_10/12 1

50 60

k
k'U
Bwoc 2: Chon zero cua khau bu

PTDT trude khi bu

—— =
s(s+3)(s+4)

Giai phuong trinh trén tim dugc nghiém

sl=-5
s2=-1+1j
s3=-1-1j

Trong do6 s2 va s3 1a cap nghiém cuc troi quyét dinh
Chon 1/ BT << |Re(s;,)| << 1 hay chon 1/ BT = 0.1
Bwéce 3: Tinh cuc cua khau bu

1Bl _1/60x0.1=0.0017

T " pr

Vay khau bu duoc thiét ké:
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s+0.1
s+0.0017

Ge(s) =k,
Bude 4: Xac dinh hé s khuéch dai
|GC(S)G(5)|s=s*1,2 =1

s+0.1 10
€ 540.0017 s(s+3)(s+4)

s=14 = 1

=k, =-1.0042

Vay khau bu tré pha dugc thiét ké nhu sau

s+0.1

GC(S) =1.0042 m

6.7 Phuong phap bu sém tré pha

Cho khau bu sém tré pha voi Ge(s) = Gei(s).Geo(s), trong d6 Gei(s) 1a khau bu

som pha va G, (s) 1a khau bu tré pha

Buwéc 1: Thiét ké khau bu sém pha G (s) thoa min yéu cdu vé sai sd xac 1ap bang

cach dat G(s)= G¢;(s)G(s) nhu hinh 6.15

Ris) () Gcl(s)

G1(s)

Y(s)

Hinh 6.15

Budre 2: Thiét ké khau bu tré pha G,(s) thoa mén yéu cau vé sai s6 xac 1ap bang cach

dat G(s) = G1(s)Gi(s) nhu hinh 6.16

Ris) () Gc2(s)

0

G(s)

Y(s)

Hinh 6.16

Vi du 6.6: Xac dinh Ge(s) trong hé thong nhu hinh 6.17 sao cho hé thong sau khi thiét
ké s& co cdp nghiém cuc trdi voi hé sb dao dong tat dan € = 0.5, tan sb dao dong tu

nhién ®, = 7rad/s va hé s6 vén téc k, =100
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R(s) N\ Gc2(s) s(s5+ 5) =

Hinh 6.17
Khau bu c6 dang: Ge(s) = G (s).Geo(s)
trong d6 G;(s) 12 khau bu sém pha va G,(s) la khau bu tré pha
budée 1: Thiét ké khau bu sém pha

T
Gu(s) = k5L (> 1)
T

Cap nghiém cuc trdi quyét dinh
S|, =-e0,tjo,V1 — £2=-0.5x7+7V1 — 0.5 = -3.545j
Goc pha can bu
@ =-180° + XL, arg(s, —z) — N2, arg(s; —z;)
=-180" + arg(-3.5+5j-0) +arg(-3.5+5j-(-5))
¢ =-180" + tan (=) + tan’ () = 17°

Bwoc 2: xac dinh cuc va zero cua khau bu

|9

Hinh 6.18 xdc dinh cwc va zero
Biéu dién cdp nghiém cyc troi 1én mit phing phirc nhu duge trinh bay & hinh
6.18, xac dinh duoc dinh P 13 diém s*; v&i bién dd OP. Tt dinh P ké mot tia Px song
song voi truc thyc. Tir dinh P ké mot tia phan giac PA cua goc Opx, cat tryc thyc tai
A. Tur dinh P ké mot tia PB ndm bén trai so véi tia PA, cit truc thuc tai B va tao véi tia
PA mét gbc @ /2 va OB chinh 14 cuc cua khau bu
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Tur dinh P vé tia PC vé bén phai so voi tia PA, cit truc thuc tai C va tao véi tia
PA mét goc @ /2. Va OC chinh 1a zero cua khau bu. Do d6 chi can xac dinh hai gia tri
OB va OC la c6 thé xac dinh duge cuc va zero caa khau bu.

Tu hinh v& x4c dinh dugc OB va OC nhu sau

. (OPx o* . {1250 17.60
st 1<—x+®—) sin—+ )

_— = 2 2 2 2
0B=0 OPx_¢*\ 6 . (1250 17.60\ 7
2 2 St 2 2

. (0Px o . (1250 17.6°

. (OPX (0] ., (125 17.6
Sl 5 +T> Sl _2 + > )

Do d6 khau bu dugce thiét ké nhu sau

oy StS
Gcl(s) - kc s+7

Budc 3: xac dinh hé s6 khuéch dai k. dua vao biéu thirc |G c(5)G () [szgrin = 1

Hay

—3.545j+5 5 B
€ _3.545j+7 " (=3.5+5j)(—3.5+5j+5)

=k, =7.5
Viy khau bu sém pha dugc thiét ké nhu sau

_ 5+5
Gcl(S) =75 S+_7

Thiét ké khau bu tré pha, hinh 6.19

Y(s)

R

Hinh 6.19 Khdu bir tré pha

Trong d6 G(s) = G¢i(s)Gi(s) = 7.5 s+7 " s(s+5) s(s+7)

37.5 37.5

K,=1ingyosG(s)F(s) =K,=lim,ys s(s+7) 7
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w
[

|\]|.

7
=375 _0.05

= B _ ky _
k:; 100 700

Buéc 4: chon zero cuia khau tré pha

Phuong trinh DT trudce khi bu

37.5
s(s+7) =0

Giai phuong trinh trén tim dugc nghiém
S2=-3.5+5j

3= -3.5-5j

Trong d6 nghiém s2 va s3 1a cap nghiém cuc trdi quyét dinh

Chon 1/ BT << |Re(s;,)| << 1 hay chon 1/ ST =0.1

Bwéc 3: Tinh cuc cua khau bu
2= BL—0.05x0.1=0.005
T—ﬁBT— 05x0.1=0.

Vay khau bu duoc thiét ké:

s+0.1

Ge(s) = ke 157005

Budre 4: Xac dinh hé sb khuéch dai

|GC(S)G(S)|5=S*1,2 =1

s+0.1 375
€ $+0.005 "s(s+7)

s=1+ — 1

= k. =1.002

Vay khau bu tré pha duogc thiét ké nhu sau

s+0.1

Ge(s) = 1.002 10005
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6.8 Bai tap
1 V& QDNS trong truong hop k>0 cho hé thdng co hoi tiép don vi voi ham truyén

s+10

Gs) =k s(s+3)(s+5)

2. Cho hé théng c6 so d6 khdi nhu hinh 6.20

R(s) N 6els) 10 Y(s)

\‘_/ s(s+1)

Hinh 6.20 So do khoi hé thong
a, v6i G(s) =1, v& QPNS cho hé thong trén trong trudng hop k>0

b, Tim G(s) sao cho hé thdng co sai s6 ddi véi tin hiéu vao 13 ham nac 1a 0.05 va dap
mg qua do thay doi khong dang ké

3 Cho hé thdng c6 so d6 khdi nhu hinh sau

R(S) N\ Gels) 10 Y(s)

T s(s+1)

Hinh 6.21

a, v6i G¢(s) =1, vé& QDNS cho hé théng trén trong truong hop k > 0

b, Tim G.(s) sao cho dap tmg cua hé théng véi tin hiéu vao 1a ham dbc c6 do vot 16 1a
20% va thoi gian tré t=2s
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CHUONG 7
ANH HUONG CUA BO PIEU KHIEN PID
LEN CHAT LUQNG HE THONG

7.1 Anh huéng ciia bd diéu khién PID Ién chat hrong hé thong

Khi str dung bd diéu khién ti 16 dé diéu khién d6i twong thi ham truyén cta bd
diéu khién nay khong c6 khau tich phan 1/s. Do d6 dap tng nac cua hé sé ton tai sai sd
xac lap. Sai sb nay s¢€ bi tri¢t ti€u néu st dung thém bo diéu khién c6 khau tich phan.

Khi ding bo diéu khién tich phan dé diéu khién ddi tuong thi ngd ra cia tin
hiéu diéu khién u(t) khac 0 trong khi sai sb e(t) bang khong (hinh 7.1a). Néu dung bod
diéu khién ti 1 thi ngd ra tin hiéu diéu khién u(t) bang 0 trong khi sai sd e(t) bang
khong (hinh 7.1b). Chu y rang néu st dung bo diéu khién tich phan dé diéu khién d6i
trong nham loai bo sai sé xac 1ap thi dap tng cua hé thdng c6 thé din dén dao dong
v6i bién @6 giam dan hodc tham chi bién d¢ ting 1én khong mon mudn.

e(t) e(t)

(a) (b)
Hinh 7.1 Tin hiéu truée (a) va sau (b) khi diing bé diéu khién
7.1.1 Bj diéu khién ti 1¢

Xem hé théng duoc trinh bay trong hinh 7.2. Sai sé xéc lap trong dap tng nic
cua hé duoc xac dinh nhu sau.

G(S):Tslj-l
vi EQ_ROYE) _ 4 YO _ 1t
! R(s) R(s) R(s)  14G(s) o 53180
1
E(s) = RE)=—%
1+GG) 1+Ts+1

Néu tin hi€éu ngd vao 1a haam nac thi R(s) = 1/s va sai s0 s€ la

E(s) =

Ts+1 1
Ts+1+4k's
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Rs) N\ Els) g 1 Y(s)
Ts+1

B diéu khién ti 18 Déi tuong

Hinh 7.2 Hé thong véi bg diéu khién ti 1¢

Sai s6 xac 1ap duogc xéc dinh nhu sau:

Ts+1 1

ess:1irp-)ooe(t)zlin»OSE(S):lir;LOTs+1+k:m

Néu hé thdng khong sir dung bo diéu khién tich phan thi dap ung nic ludn cod
sai s6 xéac 1ap. Sai s6 nay dugc goi 14 "offset". Hinh 7.3 trinh bay d4p tng nac véi sai
s6 xac lap

v(t) offset
1
0

t

Hinh 7.3 Bdp vmg ndc ciia hé thong
7.1.2 B) diéu khién tich phan
Cho hé théng duoc trinh bay ¢ hinh 7.4. Ham truyén cta hé kin khi sir dung bo
diéu khién tich phan dugc xac dinh nhu sau

Y(s) _ k
R(s) s(Ts+1)+k

Hon ntra

E(s) _ R(s)-Y(s) __S(Ts+1)
R(s) R(s) s(Ts+1)+k

Neéu tin hi€u vao 1a ham nac thi R(s) = 1/s va sai s0 xac 1ap dugc xac dinh

2
. . s“(Ts+1) 1
ess:1 1 QLOSE(S):I 1 m—>0T52+1+k;:
R(s) — ~~\ E(s) i 1 Y(s)
S Ts+1
Bo diéukhién tich phan D6i tuong

hinh 7.4 Hé thong véi bg diéu khién tich phan
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7.1.3 B§ diéu khién vi phan

Mot thuan loi khi str dung bo diéu khién vi phan 13 né s& chdng lai sy thay d6i
qua 16n cua sai s6. Diéu nay c6 nghia 1 né c6 nhimg didu chinh dung dén can thiét
trude khi bén d6 sai s6 tré nén quéa 1én. diéu nay gitip cho hé théng tré nén 6n dinh.
Mic du bo diéu khién khong dnh hudng truc tiép dén sai sé xac 1ap nhung nd gép phan
1am cho dap ng hé thong tit dan.

Bo diéu khién vi phan khong dugc st dung doc 14p ma thuong két hop véi bo
diéu khién ti 18 hay ti 1¢ két hop vai tich phan.

7.2 Chit lwgng hé thong

Budc dau tién trong phén tich hé thong diéu khién 13 tim ra mé hinh toan cua
hé théng. Mot khi mo hinh todn di tim duoc thi co thé sir dung nhiéu phwong phap
khéc nhau dé phan tich chat lugng h¢ thong.

Trong phan tich va thiét ké hé diéu khién, can phai cé sy so sanh vé chét luong
dap g ctia hé diéu khién dbi voi cac tin hiéu ngd vao khac nhau.

Nhiéu tiéu chuén thiét ké dua trén dap tng khi ding tin hiéu thtr hay dua trén
dap mg ctia hé khi diéu kién dau thay d6i (khong dung tin hiéu thir). Sir dung tin hiéu
thir 6 thé dugc minh chimg sy turong quan cua dic tinh dap ung cta hé thong dbi voi
d6i v6i tin hiéu thir ngd vao va kha ning dwong dau véi tin hiéu vao thyuc té. Trong
thyc té thi tin hiéu ngo vao ddi v6i phan 16n hé diéu khién 1a khong biét trude.

Céc tin hi¢u thtr thuong duoc st dung la ham nac, ham dbc, ham parabol, ham
xung, ham sin va nhiéu trang. Trong chuwong nay tin hiéu thir 13 ham nic, ham déc,
ham parabol, va ham xung. Béng cach sir dung céc tin hi¢u thu trén thi viéc phan tich
mé hinh toan va déi tuong thyc cta cua hé diéu khién dugc thuc hién dé dang vi cac
tin hiéu nay 1a cac ham don gian. Néu ngd vao d6i voi hé diéu khién 12 mot ham thay
d6i theo thoi gian thi ham ddc c6 thé 13 tin hiéu thir tot. Twong tu nhu thé, néu hé
thong c6 ngd vao thay doi dot ngdt thi ham nac 1a tin hiéu thir tot cho truong hop nay.
Néu ngd vao cua hé thong chi tic dong 1 1an thi tin hiéu thir tot cho trudng hop nay 1a
ham xung. Mot khi hé diéu khién duoc thiét ké dua trén tin hiéu thu thi chat luong dap
g ctia hé thong khi ap vao tin hiéu ngd vao thuc ciing thoa mén.

7.2.1 Céc chi tiéu chit lwgng

Yéu cau dau tién ctia mot hé thong diéu khién 1a 6n dinh. Tuy nhién, yéu cau
nay chua du dé dam bao hé théng hoat dong t6t. Trong thuc té, hé thong con phai dong
thoi thoa man nhiéu yéu cau khac, bao gdm cac chi tiéu chat luong cua dap Gmg qua do
(chat lugng dong hoc) va sai sd xac 1ap (chat lugng tinh hoc), kha niang chéng nhiéu,...
Thong thuong, chat lugng dong va tinh hoc cua cac hé théng dicu khién dugce dénh gia
thong qua déap tng qua do ddi véi tin hidu vao bac thang don vi vi dé thyc hién va du
chinh xac (Néu biét dugc dap tmg voi tin hiéu vao bac thang don vi thi co thé tinh
dugc dap ung cua tin hi¢u vao bét ky). Khi tac dong vao hé théng mot tin hiéu bac
thang don vi 1(t) thi dap ung dau ra s& c6 dang dién hinh 1a dao dong tit dan nhu trén
hinh 7.5.
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".

Ymax

1

)'( 0 )4
90%y(0)1

10%y(0) 1
0 t:

Hinh 7.5 Pdp ing ciia hé thong
Chét luong ctia hé théng duoc danh gia qua cac thong sb (chi tiéu) sau:

- Thoi gian qua dd ts hay tset (settling time) : 13 thoi gian can thiét dé tin hiéu ra dat
va duy tri dugc gi tri xac 1ap y(oo) véi sai s6 cho phép + 2% (hodc + 5% ).
- Do vot 16 6% hay POT (d6 qua diu chinh, Percent Overshoot): 13 sai léch giira gia

tri cuc dai va gia tri xac lap cua dap ung, tinh theo phﬁn tram :

POT = 6 %= Lmax¥(®) 4
y ()

Hai chi tiéu d6 vot 16 va thoi gian qua do thudng trai nguoc nhau: dé c6 do vot
16 nho thi thoi gian qua do s& 16n va nguoc lai.

- Sai s6 xac 1ap e(0) hay ess (steady-state error): 1a sai 1éch giita tin hiéu vao va tin
hiéu hoi tiép O trang thai xac lap. Sai s6 xéc 1ap dac trung cho do chinh xac cua hé
théng diéu khién

Tong quat : e(00) =11 g, e(t) =11 @,y s E(s)
Vi hé hoi tiép am don vi va tin hiéu vao 1a ham 1(t) thi :

e(00) = 1-y(0) = 1- 11 @, h(t) = 1-1'i m, G(s)
Ngoai cac thong sb trén, ngudi ta con xét dén cac théng sd phu 1a:

- Thoi gian ting trudng tr (rise time) : La thoi gian can thiét dé dap ung tang tir 10%
dén 90% gia tri xac lap y(oo) .

- Thoi gian dé y(t) dat 50% gié tri xac 1ap tq (delay time).

- Thoi gian 1€n dinh t; hay tpe, : thoi gian can dé dap ung dat gia tri cuc dai.
- S6 1an dao dong trude khi dap Gng dat gia tri xac 1ap.

7.3 Phan tich dap @ng qua do

7.3.1 H¢ bac 1

Xem hé bac nhit duoc trinh bay ¢ hinh 7.6. Trong thuc té hé nay co thé dugc
xem nhu mot mach RC va giéng nhu mot hé nhiét. So d6 khoi rat gon cua hinh 7.6a
duogc trinh bay ¢ hinh 7.6b. Ham truyén kin duoc xac dinh nhu sau
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Y _ 1
R(s) Ts+1

(7.1)

Va dap tng cta hé thong duoc phan tich twong tng khi tin hiéu vao 1an luot 1a
ham nic, ham déc, va ham xung véi diéu kién dau bang 0.
Pap ng nic ciia hé
Néu tin hiéu ngd vao 1a ham néc r(t) = 1 thi ldy bién d6i Laplace r(t) dugc R(s)
= 1/s. Thay gia tri nay vao phuong trinh 7.1, ngo ra sé la
1

Ts+1s

Y(s) =

Phén tich Y(s) thanh ting phan s6 dugc

1 T 1 T
NE Rt veriaed o 7

Lay bién ddi Laplace nguoc cua 7.2duoc phuong trinh ngd ra theo thdi gian
y(t)=1-¢"T, voit= 0 (7.3)
Tir phuong trinh 7.3 cho thiy

Néu t=0 thi y(t) =0

Néut=oo0 thiy(t) =1

Mot dac ti Im quan trong khac ctia dap ung ngd ra y(t) 1a khi t = T thi y(t) =
0.632 hay dap mg dat 63.2% thay ddi so voi tin hiéu tham khao

RS M 1 (s
= L R(s) 1 Y(s)
Ts+1
(a) (b)
Hinh 7.6 so do khdi ciia hé bdc 1 (a); so d6 khdi rit gon ciia a (b)
Slope = 1/T c(t) =1-e~ 1T
y(t)

|

1 A, / ; :
.
0.632 -—
63,2% 86.5% 95% 98.2% 99.3%
- t
0 T 2T 3T 4T 5T

Hinh 7.7 Pép teng ciia ngé ra y(t) khi tin hiéu ngé vdo la ham ndc
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Ngb ra s& dat dén tin hiéu tham khéo r(t) khi t=T néu duy tri tbc do cua dap
mg. Tir phuong trinh 3.4 cho thdy d6 ddc cua y(t) giam tir 1/T tai t=0 dén 0 tai t = oo

Dép tmg y(t) trong phuong trinh 3.3 dugc trinh bay ¢ hinh 7.7. Néu thay doi
thoi gian tir t = T dén t = oo thi dap Gng y(t) thay doi tir 63.2% dén gia tri cudi y(t) = 1.
Néu t= 3T, 4T, 5T thi dap tmg dat gid tri twong tng 13 95%, 98.2%, 99.3%. Do d6 néu
t > 4T 2thi dap Gng sé& duy tri sy thay doi xung quanh 2%. Va trang thai xac 1ap chi dat
dugc khi t tién dén vo cung. Tuy nhién trong thuc té chi can wéc lugng thoi gian cia
dap tng thay doi xung quanh 2% thi duoc xem 1a trang thai xac 1ap.
7.3.2 Pap ng ddc ciia hé
Néu tinh hiéu ngd vao 1a ham déc r(t) = t, 1dy bién doi Laplace cua r(t) duoc R(s)
=1/s*. Thay R(s) vao phuong trinh duoc

Yo _ 11

R(s) Ts+1s2
Phén tich dap ung trén thanh timg phan sé duoc

T T2
S Ts+1

Y(s) = Siz -
(7.4)
Lay bién doi nguoc ctia phuong trinh 7.4 dugc
y() =x(t) - c(t) = T(1-¢"")
Tin hiéu sai s6 duoc thiét 1ap
e(t) = r(t) - c(t) = T(1-e"")
r(t)

6T.
y(t) \
4T \ g
2T, /
//

0 2T 4T 6T

Hinh 7.8 ddp vmg déc ciia hé dwoe trinh bay ¢ hinh 7.6(a)
Khi t tién dén vo cung thi e s8 bang 0 va tin hiéu sai s6 e(t) = T hay e(c0) =T
Pap tmg dbc ciia hé dugc trinh bay ¢ hinh 7.8. Tin hiéu sai s6 s& bang T khi thoi gian t
da 1on
7.3.3 Pap ung xung cua hé
Néu tin hiéu ra 13 ham xung r(t) = o(t), 1y bién d6i Laplace cua r(t) duoc R(s) = 1.
Thay R(s) vao phuong trinh ta dugc
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1
Ts+1

Y(s) =

Lay bién doi Laplace ngugc ciia phuong trinh
y(t) = %e't/T, voit=0

bép ung & phuong trinh dugc trinh bay o hinh 7.9

c(t)

1/T

0 T 2T 3T t 4T

Hinh 7.9 Bap wrng xung cua hé

Mot s dic tinh quan trong doi véi hé LTI (hé bat bién theo thoi gian). Dya
vao cac phan tich ¢ trén, dap ing cia hé s€ 1a

y(t) = t-T+Te™" (v6i t > 0) Néu tin hiéu ngd ra 1a ham nic
y(t) = 1- eT (v6i t = 0) Néu tin hiéu ngd ra 1a ham déc
y(t) = % eVT(véit > 0) Néu tin hiéu ngd ra 1a ham xung
7.4 HE bac hai
Viéc khao sat dap ung ciia hé bac hai rat duoc quan tam vi:

- Nhiéu hé théng trong thuc té c6 ham truyén bac hai, nhu mach RLC, dong co
DC diéu khién téc d6 bang dién ap phan mg, cac hé co khi mbk ...

- Céc hé thong bac cao co thé duge xap xi vé hé bac hai dé tién hanh phan tich
va thiét ké so b véi mot do chinh xac hop 1y.

Xét hé bac hai c6 ham truyén dang:

Y(s) 1 _ wj
Gi(s) = R(s)  T2e2 T g2 2
(s) T4s“+2eTs+1 s<+2ewps+wy
R(s) _E(s) on Y(s) R(s) o Y(s)
— P N > L —4 —_— e |
- s(s+2%wm,) s” +28m,5+ 0

Tin hi¢u vao 1a ham bac thang don vi r(t)=1(t).

Khi € > 1, hé c6 hai cuc thuc riéng biét: s; = -(1/T;) va s, = -(1/T,)
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Véi  T.T,=T va T+ T,=2eT
bép tng qua d6 khong dao dong

= 1- L _t/T T—2 —t/T
y(t)=1 T, © 14+ -t © 2

khi € =1, hé c6 cdp thuc, boi: s;=s, =-(1/T) = -w,
bap tmg qua do khong dao dong

- t - — —
y©) = 1-e"m e = 1-e7ent - @, e7nt

khi 0< & <1 hé c6 cap cuc ohtrc lién hop s, = -ew, + jo,V1 — €2
Pap ung qua d6 1a dao dong tat dan:

—ewnpt
y(t) = 1-e7#@nt (c oswt + —%si mt) =1- elﬁSin((DH@)

Trong do
Q. =1/T co=0,V1—€%; @ =arccose;
Chung ta s& phan tich truong hop dién hinh 1a dap ing dao dong tat dan.
a) Do vot 16 POT :
b6 vot 16 xay ra tai thoi diém tuong ung voi diém cuc dai 16n nhit cua y(t).

Do d6 can tinh dao ham cua y(t) va giai phuong trinh dao ham dé tim cuec tri.

dy —£w t( £ . ) —tw t( . X )
— = EWn€ nt{ cowt —=S1 wt )+e nt{ ws1 Wt ——cowt
dt n +\/1—82 V1-g2

dy [ —ewnt
= —==——=¢e nt g1 wt

dt  V1-—g2

d
e 0=>t=n—n;n=0,1,2,....
dt w

n=2k(k = 0,1, 2,...): ing vdi cac cuc tiéu
n= 2k+1: Gng voi cac cuc dai
Piém cuc dai 16n nhét v6i n=1 va t= tpeak = T/ Nén

Y max = 1+e(_“‘°'/ 1-¢%)

~ £ _ Ymax—Y(c0)
b t10: POT=———— =y - 1
o votio ye Y

=>POT = e(-m=/V1=5%) 100
Dit B =v1 — €2 thi POT = e"™/B) 100
Ta théy dd vot 16 POT cua hé bac hai dao dong chi phu thudc hé sb tit dan e.
Khi x tang thi POT giam va nguoc lai.
Véi e =0,7 thi POT = 4,6%
Vi € =0,3 thi POT = 37,2%
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(a) duong cong POT theo € (b) Dap ung qua do hé bac 2
Hinh 7.10
b/ Thoi gian qua do

-Theo tiéu chuin 2%

|Yrri n,max Y(Oo)l =2% <& e(‘“s/"l—gz) =0.02
—n=0T - LT

Do d6 sb 1an dao dong quanh gia tri xac 14p trong thoi gian qua do:
Nzg = i V1 — €2 : duoc quy tron vé sd nguyén gan nhat
Thoi gian quéa do theo tiéu chuan 2%:
nt 4 4

ki =t =—
®  WpE £wy

Thoi gian quéa d6 theo tiéu chuan 5%
Tinh toan tuong tu ta co: t; = j
¢/ Thoi gian tang trudng
Puoc tinh theo cong thirc
t. = min(l.589s2 —0.156 2% + 0.9 24e+ 1.0141)

7.5 HE bac cao

H¢ bac cao ¢ nhi€u hon hai cyc. Pap trng tuong irng véi cac cuc nam cang xa
truc 4o suy gidm cang nhanh. Do do6 co thé xap xi h¢ bac cao vé h¢ bac hai vdi hai cuc
nam gan truc 4o nhat, goi la cdp cuc trdi hay cdp cuc quyét dinh.
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4 Im c4p cure tdi 4 Im
S ; Ta
I 1% \ Xy
- X O\ e H
[ Re \ Re
| > 5 >
= > >
=S,
; X <
D S =0 41 -& X

Hinh 7.11 Cap cuc cua hé bdc hai dao dong  Hinh 7.12 Capcuc troi cua hé bac 5
PO du triv on dinh : Trong mién thoi gian, do du trir 6n dinh p duge dinh
nghia 1a khoang cach tir truc 40 dén nghiém cuc (thuc hodc phirc) gan nhat. Noi cach
khac, hé c6 do du trir 6n dinh i Re(s; ) < — pvéi s; (i=1,2,..n) 1a cic cuc cua hé. Néu
i cang 16n thi qua trinh qua d6 cang nhanh vé xéc lap, tinh 6n dinh cta hé cang cao.
1600
s2+20s+1600

Vi du 7.1: cho hé théng c6 ham truyén G(s) =
Hay tim POT; t, theo tiéu chuan 2%
Giai
Ta co: ®, = V16 00=40
2em, = 20 =>¢ =0.25
B=vV1—g2=+1-0252=0.968

me _ 0.25m

B 0968

Do vot 16: POT = e"™&/B) 100= 44.43%

= 0.81

o N 5 _ A
Thoi gian qua do: tq Ton = 025x40 0.4 giay

Vi du 7.2: Cho h¢ thdng c6 so d6 nhu hinh 7.13 x4c dinh gia tri hé s6 K va a dé hé c6

o, = Srad/svae = 0.7

r e K y
o3 s(s+4) -
a i
Hinh 7.13
Giai
Ham truyén cta hé thong
_Kk
_ s(s+4) k
Gils) = K(1+as) ~ g24(4+ka)s+k
s(s+4)

2ewp—4  2X0.7X5-4
25 25

=0.12

Suy ra: wnz =k=25;a=
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Vi du 7.3: xét hé thong c6 so d6 khdi nhu hinh v&

r=1(t) &
—"%'—' G.(3)

a/ Khao sat dap ung cua hé thong voi

Bo diéu khién P : G(s) =k, = 1

y
G(s) >

v

20

Déi t iéu khién PT,: =
01 tuong dicu khié 2: G(s) 2185112

b/ Khdo sat tinh 6n dinh va sai s6 xac 1ap cua h¢ voi :

Bo diéu khién P : G(s) =k, >0 tly ¥

e Y R X _ k
Do1 twong diéu khién PT, : G(s) = T2s212eTorl
Giai
a/ Khio sat h¢ thong véi k, = 1
Ham truyén cta hé thong
20
_Y(s) _ kpG(S) _ sZigsrir 20
Gils) = R(s) 1+kpG(s) 1+—20 s2+8s+32
P s2+85+12
Ham qua d6 h(t) = y(t)
Anh Laplace ctia ham quéa do
20 20

H(s) = Lfh(n] =22 =

s(s2+8s+32) - s[(s+4)2+42]

_ _5(1__ (stv) 4 )
> H(s) 8(5 (s+4)2+42  (s+4)%+42

=>h(t) = L'[H(s)] = g(l—e'4tcos4t - e'4tsin4t)

- g ¢™*(cos4t+sindt)

— 2 sin(4t+45°)

5
8
5
8

Gia tr1 xac lap: h(o) =11 mmg
Sai 56 x4c 1ap: e(0) = 1-h(c0) = 1-% = §> 0

D¢ tinh toan d6 vot 16 va cac chi tiéu thoi gian, ta can chuyén ham truyén ctuia

hé vé dang chuan ctia hé bac hai nhu sau:

20 Kk, w3
Gk(S): 2 - 2 2
$“+8s+12 s“+2ewpstwp
. 20_5 . ¢« X C A
Voik, = 2 P hé so khuéch dai cuia hé
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Do hé tuyén tinh thoa nguyén 1y xép chong nén hé s khuéch dai K 2 chi c6 tac
dung nhan ti I¢ bién dg, hoan toan khong lam thay doi dang duong dap ing qua d9. Do
d6 K2 chi 1am thay dbi gia tri xac lap h(oo) va sai sd xac lap e(oo). K2 khong anh
hudng téi d6 vot 16 POT (vi tinh theo %) va cac thong sb thoi gian cua hé théng, cac
thong s nay duoc tinh trong ti nhu khi k, =1.

o, =V32=4/2 =5.657

2soan—8—>z-:—\/E . 0.707
=V1l—¢g2= 1—( =./2/2=0.707

E:0'707“=T[=3.14

B 0.707

Do vot 16: POT = e(-™/B) 100=e~™.100 = 4.32%
Thoi gian dinh: tye = —=——=—=0.785 giady

(Néu giai phuong trinh: h(t) = g — S:TE

e~*tsi g4t + 45°) = 2(1 +0.02)
Ta co6 gia tri chinh xac t; = 1.05 giay)
Thoi gian tang trudng
t. =min(l.589z-:2 — 0.156 22 + 0.9 24¢e+ 1.0141) = 0.38 gidy
Dap tng cua hé théng véi K,=1 dugc vé trén hinh 7.14 (a).

07
0G

05

LX]

"l

0e

LN}

’
v

Hinh 7.14 ddp vng qua do cia hé thong cho ¢ vi du
b/ Khio sat h¢ thong khi h¢ s6 khuéch dai k, > 0 thay doi tuy y

Ham truyén cta hé

kkp
Gi(s) = T2s2+2eTs+1  _ kkp
k <L> T2s2+2eTs+1+kkp
T2s242eTs+1

Phuong trinh dac tinh cia h¢

T?s? + 2eTs+ 1+ k. k, =
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Ta biét diéu kién can va du dé hé bac hai 6n dinh 1a cic hé s6 clia phuong trinh
dac tinh déu duong. Do d6 hé théng ludn 6n dinh véi moi gid tri K,>0 theo dinh 1y gia
tri cudi.

h(o0) =11 m,, 1‘+‘E’(p <1Vk,>0
Do sai sb xac lap
e(0) = 1- h(c0) = 1‘:‘;; >0 Vk,>0

Dép tng cua hé kin khi k, thay d6i dugc v& trén hinh 5.8(b).
Nhan xét:

- Néu dung bo P két hop vé6i d6i tuong diéu khién loai PT;, PT, thi hé kin 6n
dinh K, > 0 va ludn c6 sai sd xac 1ap e(o0) # 0. Khi tang h¢ s6 khuéch dai K, thi sai
s6 xac 1ap s& giam, rat ngin duoc thoi gian qua d6 nhung lai lam ting tinh dao dong
ctia dap mg (ttc 13 ting do vot 16).

- Néu dung bo P két hop véi dbi tuong c6 bac ham truyén 16n hon 2 (vi du, ddi
trong gdm n; khau PT1 ndi tiép voi n, khau PT2,...) thi phuong trinh dic tinh ctia hé
kin cling c¢6 bac 16n hon 2, vi vay khi ting K, vuot qua gia tri giéi han, h¢ thong s&
mét 6n dinh.

Tém lai, bd diéu chinh P véi hé s6 K, chon phu hop cho phép dap tng ciia hé
kin nhanh chong dat gia tri xac 1ap v6i sai s6 nhét dinh (trir truong hop ham truyén hé
h& ¢6 khau I thi hé kin c6 sai s6 xac lap bang 0).

Vi du 7.4 Xét hé thong c¢6 so 6 khdi nhu hinh vé

20 Y
s> +8s+12

a) Khao sat dap tng cta hé thong véi :
B¢ diéu khién PID c6 thong s 6 kp=12; k;=36; kp = 1.

Péi twong didu khién PT2 : G(s) = ﬁ
b) Gitr nguyén Kp = 12 ; Kp=1 va thay d6i gia tri K; >0 tuy y.
Khao sat tinh 6n dinh va sai s6 xac 1ap cta hé thong.

Giai

a/ Khao sat hé thong véi Kp =12; K, =36; Ky, =1.

Ham truyén cta bo PID:
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K kps?+kps+k; s%+12s5+36
Gr(s) = kp + s kps = =

S S

Ham truyén mach ho

Gh(s)_GprD(S)_G(s):(Sz+1zS+36)-( 20 )

s2+8s+12
_ ((s+6)2) ( 20 )
S (s+2)(s+6)

_ 20(s+6)

s.(s+2)

Ham truyén cta hé thong
20(s+6)
Gi(s) = Y(s) _ _Gpin(s).G(s) _ W _ __20(s+6)
R(s) 1+Gpip(s).G(s) 1+ s.((sS:;)) s2+225+120

Anh Laplace ctia ham qua do:
Gk (s) _ 20(s+6) _ 20(s+6)
s s(s2+22s+120)  s(s+10)(s+12)

=>h(t) = L'[H(s)] = 1+4e"" - 5¢*
Khao sat hé thong voi Kp= 12; Kp =1; K; >0

H(s) = L[h(®)] =

Ham truyén ciia hé thong :

s2+12s+kg 20
Gyi(s) = Gpip(9)-G()  _ ( s )'(s2+ss+1z) __ 20(s®+12s+ky)
‘ 1+Gpip(s).G(s) 1+(52+125+kl)_( 20 ) s3+28s2+2525+20k;
s sZ+8s+12

Phuong trinh déc tinh cta hé:

s3 +28s% + 2525+ 20k; = 0

Lap bang Routh
1 252
28 20k,
28.252 — 20hk; 0
28
20k, 0

Theo tiéu chuan Routh, diéu kién can va du dé hé théng on dinh 1a cac hé s6 &
cot thir nhét ciia bang Routh déu duong. Tuc la:

{28.252 — 20k; > 0
20k, > 0

& 0<k <3528
Vi hé thdng 6n dinh ta c6 thé ap dung dinh 1y gia tri cudi
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. . 20k
h(0) =11 guosH(s) =11i r;Lon<s)=;k;=

=>¢(w0) =1—h(0) =0 V 0 <k <kjp=352.8
Nhan xét:

- Néu chi sir dung riéng thanh phan K P thi sai s6 xac l4p e(co) ludn ton tai
(#0). Tang Kp s& lam ting toc do dap tmg cuia hé kin, giam thoi gian qua do va sai s6
xac 1ap nhung lai lam tang tinh dao dong cua hé (tdng do vot 16). Vi dbi tuong co6 bac
ham truyén 16n hon béc 2 thi khi K, tdng qua cao, h¢ thong s& mét on dinh.

- Néu str dung thém thanh phan K; thi trong pham vi hé¢ théng con 6n dinh, sai
s6 xac 1ap e(0) ludn bang 0. Tang K, s& lam ting toc do dap ung cta hé kin, giam thoi
gian qua do nhung lai 1am ting d6 vot 16 . Khi K, ting qua gidi han, h¢ théng s& mat
6n dinh.

- Thanh phan Kp ¢6 tac dung lam giam dao dong, giam do vot 16 nhung khong
anh huong dén sai s6 xéc 1ap ctua hé théng. Tin hiéu ra cua thanh phﬁn Kpti 1€ voi dao
ham cua e(t) nén tac dung hi€u chinh ctiia né chu yéu la & giai doan dau cua dép Gng
qua do.

Phoi hop ca ba thanh phﬁn Kp, Kp, K| voi gia tri dugce lya chon thich hop, ta co
thé hiéu chinh dé hé thdng kin 6n dinh, sai s e(00)=0, thoi gian qua d6 va do vot 16 dat
yéu ciu mong mudn.

7.6 Cac tiéu chuin t6i wu hoa dap g qua do

Bén canh phuong phép truc tiép dé danh gia chat luong qua do 1a tim va phéan
tich ham qua do bﬁng cach gidi phuong trinh vi phan hay ung dung phép bién doi
Laplace nguoc, nguoi ta con dung phuong phap gian ti€p 1a danh gid dua vao cac tiéu
chuan t6i vu hoa. Céc tiéu chuan nay tim diéu kién dé dap ung cua hé dat duoc su
dung hoa t6t nhat giira thoi gian qua d6 va do vot 16. Hé thong dat chat luong tot nhat
khi gia tri cac tich phan dudi day la cuc tieu.

7.6.1 Tiéu chuin IAE (Integral of the Absolute magnitude of the Error criterion —
Tiéu chuén tich phan cua tri tuyét doi bién do sai so )

Si=J; le(®|dt - min
Ddi voi hé bac hai: ST — min khi € = 0,707

7.6.2 Tiéu chuin ISE (Integral of the Square of the Error criterion — Tiéu chuan tich
phan cta binh phuong sai s6 )

S, = [ e?(t) dt > min
Pdi voi hé bac hai: S1 — min khi €= 0,5

7.6.3 Tiéu chuan ITAE (Integral of Time multiplied by the Absolute value of the
Error criterion — Tiéu chuan tich phan cua tich thoi gian va tri tuyét ddi sai s6)

S3=J tle(t)| dt > min
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Ddi voi hé bac hai: S; = min khi € = 0,707
Trong ba tiéu chuan trén, tiéu chuan ITAE dugc sir dung nhiéu nht.

e D¢ dap tmg qua do clia hé kin bac n 1a t6i wu theo tiéu chuan ITAE va hé kin c6
sai s6 x4c 1ap vi tri bang 0 thi ham truyén hé kin bac n phai c6 tir s6 12 ©," va da
thirc mau s (ciing chinh 1a da thire dic tinh cua hé kin) c6 dang nhu bang sau :

Bic Miu 58 him truyén
1| S+,
2 s? +1,4140,5 + ]
3 $* +1.750,s7 +2,15¢8s +¢
4 s*+210,8 +3.4als’ +2.7ds +q
5 s +2.80,s" +5afs’ +5.5@ 3.4¢is +q
6 8 +3,25m,5° +6,6cfs* +8.6 s’ +7.45¢js 3.95@s +§
Vidu 7.5
- Hé kin bac hai sé& c6 sai s6 xac 1ap vi tri e(00)=0 va ITAE cyc tiéu néu c6 ham truyén:
w3

Gi(s) =
(s) $3+1.7 5wy 52 +2.15ws+w3

Dé dép tmg qua do ciia hé kin bac n 1a ti wu theo tiéu chuan ITAE va hé kin c6
sai s6 xac lp van toc bang 0 thi ham truyén hé kin bac n phai c6 dang:

ais+ag
SM+an_1s"1+-+ag

Gi(s) =

Trong d6 da thirc mau sb ctia ham truyén duoc 1iy theo bang sau :

Bic Miu 56 ham truyén

[ S &

3 b
2432
$°+3.20,5 + 6}

s +1,750,8% +3,25afs +
s*+2 410,58 +4,93cs” +5,14 s +¢f

3
4

5 s +2,190,s° +6.5¢4s +6.3cds” +5.24 s +q

6 ¥ +6.120,5° +13,92¢s* +17,16cis’ 14,14 s’ +6.76 @s +§

Vidu 7.6
H¢ kin bac hai s€ c6 sai s6 xac lap van toc e(o0)=0 va ITAE cuc ti€éu néu c6 ham
truyén:

3.2wnS+w3

Gi(s) =

S24+3.2wpS+w3
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H¢ kin bac ba s& c6 sai s6 xac 1ap van toc e(o0)=0 va ITAE cuc ti€u néu c6 ham
truyén:
3.20n5+wd
3 2 2 3
$°+1.75wns“+3.25wn s+ wy

Gy(s) =

7.7 Sai s6 x4c lap trong hé diéu khién hdi tiép don vi

Sai s6 trong hé diéu khién duoc cho 1a ¢6 nhiéu yéu té anh huong. Sy thay doi
ngd vao tham khao dan dén céc sai so khong tranh khéi trong suot thdi gian qua do va
tao ra sai sO xac 1ap. Céac thanh phan thuong ton tai trong hé thong la ma sat, quan tinh
va doi bién c6 thé 1am cho dép ing xau di hay tao sai so xac 1ap.

Bét ki hé thong vat Iy nao ciing déu co sai sd xac 1ap ing vai timg ngd vao nhat
dinh . Mot hé thong co6 thé khong cé sai s0 xac 1ap doi véi ngd vao 1a ham nac nhung
s€ ¢0 sai sO xac 1ap do1 voi ngd vao 1a ham doc.

7.7.1 Phan loai hé diéu khién

Hé diéu khién c6 thé phan loai dya vao dép ung cta hé thong tuong tng véi cac
ngo vao ham nac, ham doc, ham parabol...D$ 16n cua sai s6 xac 1ap tuy thudc vao cac
ngo vao do 1ap nay va no cling noi 1én dugce chat lugng cua h¢ thong

Xem hé thong diéu khién hoi tiép don vi voi ham truyén hé ho sau
K(Tas+1)(Tps+1)...(Tps+1)
sM(T15+1)(T2s+1)...(Tps+1

G(s) =

Gia trj s" & mau sb thé hién sb cuc nim tai géc tao d0. So dd phan loai hé théng
dua trén su tich hop dugc chi ra boi ham tryén hé hé. Néu n=0 duoc goi la loai 0, n=1
dugc goi 1a loai 1....chu ¥ rang viéc phan loai nay thi khong gidng véi bac ciia hé
thong. Khi hé thong thudc loai cang cao ciing dong nghia véi viéc lam ting nguy co
xau vé tinh 6n dinh cua hé théng.

Neéu G(s) dugce viét lai sao cho moi thanh phan & tir s6 va mau so s€ tién ve 1
khi s tién vé 0 (ngoai trir s") thi @0 1gi hé hé c6 lién quan truc tiép dén sai s6 xac 1ap

136



7.8 Bai tap

1. tim diéu kién ctia k dé hé thong c6 PTDT sau 6n dinh

a, s +3s>+ (k+1) +k =0

b, s* + s* + ks+1=0

c, s*+ 487+ 3kst2 =0

2. Cho hé thong c6 so dd khéi nhu hinh bén dudi.

a,Voi dicu kién nao cua k thi hé da cho on dinh.

b, Xac dinh sai s6 xac 1ap ctia hé thong khi tin hiéu vao 1a ham déc

R(s)

)

3. Cho hé thong diéu khién c6 phuong trinh vi phan sau
y(®) +y(t) + 3ky(t) + 2y() = r()

a, X4c dinh phuong trinh bién trang thai dudi dang ma tran

/

T

K
s(s?+s+1)(s+2)

Y(s)

b, Tim k dé hé thdng 6n dinh
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