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CHUONG I
KHAI NIEM VA CAC NGUYEN TAC PIEU KHIEN
CO BAN
I. Mt s6 dinh nghia va khai ni¢ém thuong ding:

Ly thuyét diéu khién ty dong 1a co so 1y thuyét cia mot
nghanh khoa hoc, n6 nghién ctru nhimg nguyén tic thanh lap hé
tu dong va cac qui ludt ctia cac qua trinh xay ra trong h¢. Tu do
xdy dung dugc cac hé tdi wu hodc gén tdi uwu bing nhiing
phuong phap ky thuat, dong thoi nghién cu qua trinh tinh va
dong cua hé théng do.

Vé6i nhitg phuong phap hién dai cta 1y thuyét diéu khién
tu dong, ching ta co thé lua chon duogc cdu trac hé théng hop
1y, xac dinh tri sb t6i vu ca cac thong sd. Panh gia tinh 6n dinh
va cac chi tiéu chit luong trong qua trinh didu khién.

Mot vai khai niém c6 tinh chat chung nhét cua ky thuat diéu
khién trong cac nghanh khoa hoc khac nhau. Khong ké dén dic
diém cu thé, nguyén 1y tac dong va cong dung cia cac hé thong
do, cac khai niém do la:

- Péi tuong diéu khién: La c4c thiét bi tao ra dai lugng vat
ly theo yéu cau ciia cong nghé.

- Thiét bi diéu khién: La thiét bj gia cong tin hiéu diéu khién
dé tac dong vao ddi tugng dicu khién (PTPK).

- Tin hiéu diéu khién: La tin hiéu phl hop dé tac dong vao
bTDHK.
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- Piéu khién: La tap hop tat ca cac tac dong dugc thyc hi¢n
1én ddi twong can diéu khién theo mot nguyén tic, mot quy luat
nao d6 nham thoa man cac yéu cau dit ra.

- Mot hé théng khong co su tham gia truc tiép cua con
ngudi trong quéa trinh didu khién dwugc goi 1a hé thdng diéu
khién tu dong.

Mot cach téng quat hé théng diéu khién tu dong dugc mo
ti boi so do khéi sau:

f(t)
u(t) TBDK X(t) DTDK y(t)
Trong do:

TBDK: Thiét bi diéu khién, c6 nhiém vy tac dong 1én dbi
turong diéu khién theo mot qui luat ndo d6 dé thoa man yéu cau
cong nghé.

DTDK: Déi tuong can didu khién (Co cAu chap hanh), la
tap hop nhitng phuong tién ky thuat nhu may moc, thiét bi, khi
cu...chiu nhitng tdc dong nao do dé dat dugc muc dich diéu
khién dé ra.

u(t) : Tin hiéu vao

y(t) : Tin hiéu ra.

x(t) : Tin hiéu diéu khién tac dong 1én dbi tuong.

f(t) : Tin hiéu nhiéu loan tic dong vao hé thong.
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- Tin hiéu: 12 mot ham s6 phu thudc thoi gian mang thong
tin vé cac thong sb ky thuat va dugc truyén tai boi cac dai luong
vat 1y.

_ Hé don diéu: 1a hé ma dai luong % khong dao diu.

- Hé don diéu: Ia hé ma dai luong 3—5{ c6 dao dau.

- Phan héi: La mdi lién hé nguoc trich mot phan nang leong
& dau ra quay lai khdng ché dau vao. Bao gom céc loai phan hoi
sau:

- Phan hoi &m: 12 méi lién hé phan hoi ma tin hiéu phan
hoi va tin hiéu dat ludn nguoc diu néu 14 mot chidu va nguoc
pha néu 1a xoay chiéu, c6 tac dung giir 6n dinh cho hé.

- Phan hoi dwong: 12 méi lién hé phan hdi ma tin hiéu
phan héi va tin hiéu dat ludn cang diu néu 1a mét chiéu va cing
pha néu 1a xoay chiéu, c6 tac dung nang cao hé sé khuyéch dai
va tao nén hé tu kich.

- Phan hi clmg;: 12 méi lién hé phan hdi ma n6 tham gia
lam viéc trong hé ca ¢ ché do quéa do va ché do xac lap nhung
hiéu qua co ban 12 & ché do xéc lap con & ché do quéa do it hiéu
qua (thudng bo qua), c6 tac dung nang cao chét lugng xac lap.
Pé tao phan hoi cing phai ding céc thiét bi co tinh ty 1& nhu
may phat téc, can nhiét, mach dién tu...

- Phan hoi mém: 12 méi lién hé phan h6i ma né tham gia
lam viéc trong hé & ché d6 qua do con ché do xac lap khong
tham gia, c6 tac dung nang cao chat lugng quéa do. Pé tao phan

Bai giang ly thuyét diéu khién tu dong 6



hdi mém phai ding cac thiét bj cé tinh vi, tich phan nhu mach
R-C; R-L, cau mém (ciu dong), bién &p vi phan...

T hop cuia bén loai phan hdi trén tao ra: Phan hdi &m cing,
dwong mém, &m mém, duong cing tuy theo timg trudng hop
thue té v6i yéu cau cu thé.

I1.Nhirng nguyén tic diéu khién co ban
1.Nguyén tic diéu khién theo sai léch:

L& nguyén tic ma tin hiéu diéu khién x(t) duoc thanh lap
dwa trén su sai 1éch cua luong ra thyuc té so voi yéu cau (dit &
dau vao).

x(t) = fly(t) - u(t)] = fle(t)]

So do6 cau triic nhu sau:

u(t) e(t) X(t) y(®)
——&®—— TBDK DTPK >
)

TB do luong va
chuyén doi tin hi¢u

2.Nguyén tic diéu khién theo nhiéu loan (bi nhiéu):

La nguyén tic ma tin hiéu diéu khién x(t) dugc thanh lap
dya trén do tin hiéu nhiéu va tao ham diéu khién dé khur nhiéu &
dau ra. x(t) = f{f(t)]

Nhitng hé thong dugc xdy dung theo nguyén tic niy la
nhitng hé thong hd (khong c6 phan hdi ). So d6 céu triic nhu
Sau:
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TBDK

TB1

(1)

TB 2 X(t) y(®
PTPK [

v

Trong do:
TB 1 1a thiét bi dé do nhidu.
TB 2 1a thiét bj dé tao ra tin hiéu diéu khién x(t).
3.Diéu khién hén hop (theo sai léch va bi nhiéu):
La nguyén tic ma tin hiéu diéu khién x(t) dugc thanh lap
dwra vao sy tong hop ctia hai phuwong phép trén.
X(t) = fle(),f(t)]

So do cau tric tong quat nhu sau:

B
bu f(t)
) *
u(t) X(t) y(t)
*X) TBDK PTHK >
)

TB do luong va chuyén
doi tin hi¢u

3
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I11.Phén loai cic hé thong tw dong:

H¢ théng diéu khién tu dong rit da dang, tuy thudc vao cac
quan diém khi phan loai ma ta c6 cac cach phén loai khac nhau.
1. Phan logi theo nhiém vu:

- Hé diéu khién giir 6n dinh: 1a hé khi luong vao la gia tri
dit trude (cha dao) thi luong ra bién déi xung quanh gié tri yéu
cau véi sai léch nao d6. Vi du hé diéu khién tu dong giit 6n dinh
dién 4p dau ra may phat; hé tu dong giir on dinh nhiét do 10; hé
tu dong giir on dinh téc do trén truc dong co... Dé tao ra hé diéu
khién nay ta phai ding phan hdi &m va dé gir 6n dinh dai luong
vat Iy nao ta dung phan héi dai luong do.

- Hé diéu khién theo chuong trinh: I3 hé thong khi luong
vao bién d6i theo quy luat ndo do thi luong ra ciing bién dbi
theo qui luat 4y. Qui luat vao dugc goi la chuwong trinh diéu
khién, nd c6 thé 1a qui luat theo khdng gian hoic thoi gian, c6
thé 1 lién tuc hoic roi rac theo théi gian. Hién nay qui luat
dugc tao nén do phan mém diéu khién.

- Hé diéu khién tuy dong: 12 luong ra bién doi theo ding qui
luat cia lrong vao nhung luong vao la ham bat ky cua khong
gian va thoi gian hoan toan khong biét trude, dé tao ra hé nay
phai gém hai phan:

+ Hé diéu khién theo chuong trinh.
+ Thiét bi do céc dai luong vat ly thuc té va gia cong
tao chuong trinh diéu khién dau vao.

Vi du: hé diéu khién theo hudng cua rada, cac hé diéu khién
xe tu hanh. ..
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2. Phén logi theo phwong phap tic dong:

- Hé diéu khién truc tiép: 1a hé chi co thiét bi do luong va
co cdu diéu khién, véi vu diém 1a don gian nhung nhuoc diém
|4 sai s6 diéu khién I6n nén né ph hop véi thiét bi gia dinh nhu
ban 13, ndi com dién, tu lanh...

- Hé diéu khién khéng truc tiép: 1a hé ngoai thiét bi do
luong va co cau diéu khién con c6 khau khuyéch dai trung gian
(khuyéch dai sai léch) c6 uu diém 1a do chinh xac cao nén
thudng 1a cac hé diéu khién dung trong céng nghiép.

3. Phdn logi theo nguyén tic tic dpng:

- Hé diéu khién lién tuc: 1a hé ma tin hiéu dugc xu Iy trong
hé 14 tin hiéu lién tuc theo thoi gian, thiét bi st dung trong hé 1a
thiét bi twong tu va tinh todn theo hé thap phan.

- Hé diéu khién roi rac ( hé diéu khién xung -sb): 1a hé chi
can c6 mot tin hiéu trong hé 1a ham roi rac theo thoi gian. Thiét
bi dugc sir dung trong hé cd thiét bi s6 va tinh toan theo hé nhi
phan.

- Hé diéu khién Role: 12 hé ma trong n6 ton tai phan tir 1am
viéc theo dac tinh role.

4. Theo mo td toan hoc:

- Hé tuyén tinh: 12 hé trong qua trinh 1am viéc thdng s6 cua
cac phan tir khdng thay doi hay la hé thong c6 cac phan tir duoc
md ta boi phuong trinh vi phan tuyén tinh. Pic trung co ban cia

hé tuyén tinh 1a chju tac dong ctia nguyén 1y xép chong.
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- Hé phi tuyén: 1a hé trong qué trinh 1am viéc chi can mot
thong s6 ndo dé bién d6i hodc c6 it nhat mot phan tir trong hé 1a
phi tuyén. Hé phi tuyén khong chiu tac dong ciia nguyén 1y xép
chdng.

5. Phdn logi theo mach vong:

- Hé thong hé ( khong 6 phan hoi)

- Hé théng c6 mOt mach vong.

- Hé thong c6 nhiéu mach vong.

6. Theo kha nang thich nghi:

- Hé khong tu dong thich nghi: khi mdi truong thay doi tac
dong vao hé théng thi dac tinh cta hé khong thay doi.

- Hé ty dong thich nghi: ty chinh dinh cac bién doi ciia bén
ngoai anh hudng dén hé théng va no tu chon ché do thich tmg.

7. Theo kha nang nhan tin tirc:

- Hé tién dinh: 1a hé théng ma cac lugng tdc dong vao h¢ da
biét trudr.

- Hé khong tién dinh (hé ngu nhién) : nhirng thong tin vé
cac luong tic dong vao hé théng hoan toan ngau nhién.

8. Theo sai léch:

- Hé vo sai tinh : 1a hé khi két thuc qua trinh diéu
khiéne(t) =0.

- Hé hitu sai: 1a hé khi két thuc qua trinh diéu khién e(t) =0
9. Theo dang tiéu thu ning nwong: hé diéu khién dién, co, khi
nén, thuy luc ....
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IV.Nhiém vu ciia mén hgc: Moén hoc LTDKTD phai giai hai
bai toan ky thuat
1.Bai toan phadn tich hé thong:

Ap dung cho céc hé diéu khién di co ta phai phan tich, xac
dinh dugc cac chi tiéu caa hé nhu:

- Hé ¢6 lam viéc duoc hay khong (c6 6n dinh hay khdng).

- Chit luong cua hé ¢ ché do qua do va ché do xéc lap.

- Théng s6 cua cac dai lugng diéu khién cho phép trong
pham vi nao.

2. Bai toan téng hop hé thong (thiét ké hé thong):

Ap dung cho hé diéu khién chua c6 di thiét ké méi. Xuat
phat tir yéu cau cong nghé (don dit hang) ta thanh Iap hé théng
dap tmg va duoc thuc hién qua cac budc:

- Khao sét va tim hiéu céng nghé, tir d6 c6 cac chi tiéu diéu

khién can.

- Tur cac chi tiéu can xay dung nén bai toan diéu khién.

 Tir bai toan didu khién xay dung so dd khéi cho hé théng.

- Thiét ké so @6 nguyén ly cho ting khéi trong hé va ca hé

théng.

- Tinh chon thdng sb cho céc thiét bi trong hé.

- Quay Vé bai toan mot dé kiém tra, néu chua duoc ta hiéu
chinh va kiém tra cho dén khi dam bao yéu cau cong nghé thi
bai toan thiét ké két thuc.

- Lip thtr va kiém nghiém thuc té.
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CHUONG II
MO TA TOAN HQOC HE PIEU KHIEN TU PONG

11-1 Khai niém

Pé khao sat hé diéu khién ty dong ( hé gia cong qui luat
bién dbi tin hiéu) bt budc phai tim qui luat bién d6i ham do d6
ta phai sir dung cong cu toan hoc. Mubn vay ta phai chuyén déi
tir hé diéu khién thuc cho boi md hinh nao do (so do nguyén ly,
so d6 lip giap,...) sang mé hinh mé ta bang toan hoc, d6 goi la
md ta todn hoc cho hé diéu khién. Khi chuyén mé hinh phai
thoa man cé4c yéu cau sau:

- Phai mé ta hé Ia hé didu khién ( hé gia cong tin hiéu).

- Kha chinh xac nhung dé ap dung.

- C6 tinh tong quét: ap dung duoc cho nhiing hé diéu khién
véi muc dich khac nhau va nguyén ly lam viéc khac nhau.

Dé thoa man céc yau cau trén, trong diéu khién thuong
dung cac mé hinh toéan:

- Phuong trinh vi phén: khong gian ham géc.

- So dd cAu tric va ham truyén dat: khong gian toan ti
Laplace.

- Pic tinh tan s6: khong gian toén tir Fourier.

- Hé phuong trinh trang thai: khong gian trang thai.

11-2 M6 ta hé diéu khién tw ddng bing phwong trinh vi phan
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Dé khao sat mot hé théng ty dong, ta phai mo ta dugc cac
phan tir trong hé tw dong bang cac biéu thic toan hoc thong qua
phuong trinh vi phan. M6 hinh mét phan tir trong hé tu dong

nhu hinh veé:

vao u(t) ra y(t)

————|PHAN TU|——

Pé mo ta qua trinh dong hoc x4y ra trong phan tir ngudi ta

thudng dung phuong trinh vi phan tuyén tinh voi dang tong quat

nhu sau:

d" d d"u du
aowg’+---+an4d—¥+any(t) =by by bu()
Hay:

3y (1) +-- +a, Y (1) +a,y(t) =bu™(t) +---+ b, _uH (t) + b, u(t)
m<n

Yay™ ()= bu" ()
i=0 j=0

Trong d6: a;, b j 1a cac hé sé.

Pé tim nghiém y(t) = f[u(t)] ta phai giai phuwong trinh vi
phan trén. Nhan thay day 1a phuong trinh vi phan khong thuan
nhat, nghiém tong quét cia né c6 dang:

y®) =y O+y*®
Voi:
y*(t) :La nghiém riéng ctia phuong trinh vi phén trén
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y~(t): La nghiém tong quat cia phwong trinh vi phan

thuan nhat
S ay™ i) =0
i=0
Nghiém tong quét ctia phuong trinh vi phan thuan nhat c6 dang:
y ()= ce
i=1

Ci : La hé s6 duge x4c dinh boi cac diéu kién ban dau.

pi : La nghiém thir 1 cua phuong trinh dc tinh.

Thay: y"(t)=p' (i=1+n) vao phuong trinh vi phan thuin
nhét ta duoc phuong trinh dic tinh ( phuong trinh dic trung cua
phuong trinh vi phan thuan nhat)

ap" +ap"t+..+a, =0

Nhén xét: V6i trudng hop phuong trinh vi phan béc thp ta
c6 thé giai n6 nhanh chéng. Véi trudng hop bac cao viée giai
phuong trinh vi phan dé tim nghiém y(t) bang cach théng
thudng gip nhiéu kho khin, nhiéu khi khéng giai duoc. Dé khic
phuc nhuoc diém nay nguoi ta chuyén tir giai truc tiép phuong
trinh vi phan sang giai bang cach thong qua toan tir Laplace.

Vi du: Cho mach di¢n nhu hinh v&€ hay mo ta quan hé gitra tin

hi€u ra va tin hi¢u vao bang phuong trinh_vi_phan

O—Iv—-:D: o
u(t) = uy — Y(t)I: Uz
l |
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Tur so dd nguyén 1y ta viét phuong trinh vi phan mo ta phan tir:

u(t) =u, =R.i+y(t)

1
y()=u, = c J.I.dt
Hay: i(t) = ¢ ¥

dt

Thay vao phuong trinh dau ta duoc: RCM +y(t) = u(t)
dt

11-3 MO HINH TOAN HQC THEO CAU TRUC HAM
TRUYEN PAT

I. So dd ciu tric

- Trong so do c4u tric mdi phan tir hay nhém phan tir duoc
mo ta bdi mot & hinh chit nhat trong d6 c6 ghi ham truyén dat
(ky hiéu w(p)). Céc phan tir dugc ndi voi nhau bsi miii tén chi

hudng tac dong hay huéng truyén tin hiéu.

u — W) ——vy
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- Tai c4c diém c6 tir hai tin hiéu vao tro 18n trong so d6 cdu
trdc ding ndt cong tin hiéu 1a vong tron gach chéo, néu 6 quat
dé tring tin hiéu ¢ dau +, néu 6 quat bdi den hoic ghi dau (-)
bén ngoai thi tin hiéu cé dau -

u ~>§)—> y u —>Yy u y
4@ Q)
v v
y=utv y=u-v y=u-v

I1. Ham truyén dat

Ham s6 truyén cua phan tir ty dong hay hé théng (hay con
goi 12 ham truyén dat) 13 ty sb giita tin hiéu ra va tin hiéu vao
biéu dién dudi dang toan tur Laplace vdi diéu kién dau triét tiéu.

u(t) - U(p) = L[u(t)]

y(t) = Y(p) = LIy(1)]

Khi d6: Ham truyén duoc ky hiéu W (p)

Y(p)
wW = 17 | Diéu kien ddu triet tieu
(P) =5 s
—|W(p)=

U(p)

I11. Phép bién ddi Laplace
1. Cong thikc tim ham dnh khi biét ham goc:
Néu f(t) 1a ham gbc, goi F(p) 1a ham anh Laplace cua né thi:
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Fp)=[fw.e".a

Vi f(t) 1a ham lién tuc va c6 dao ham lién tuc trong khoang
khao sat.
Quan hé gitra ham gdc va anh con duogc viét theo ky hiéu
sau: f(t) — F(p) = L[f ()]
Céc tinh chit co ban cua chuyén doi Laplace:
- Tinh chat 1 (Tinh chét don anh): X(p) = L[x(t)]; Y(p) =
LIy (O] ;
Néu x (t) = y(t) thi X(p) # Y(P).
- Tinh chat 2 (Tinh chat tuyén tinh T): X(p) = L[x(t)]; Y(p)
= L[y(t)] khi do:
La.y(t) + b.x(t)] = L[a.y(t)] + L[b.x(t)] = a.Y(p) + b.X(p)
- Tinh chat 3 (phép dich truc):
X(p) = L[x(1)] va y(t) = x(t-T) khi do:
Y(p) = LIy()] = X(p)e™
- Tinh chét 4: X(p) = L[x(t)] va y (t) = x(t)e™ khi do:
Y(p) = LIy(1)] = X(p+a)
- Tinh chat 5 (anh ctia khau dao ham ): X(p) = L[x(t)]

y(t) = dx“’ O, v(p) = LIy(t)] = pX(p)
y(t) =2 dxf)av(p) LIy ()] = p"X(p)

(V6i cac diéu kién dau bang 0)
Bai giang ly thuyét diéu khién tu dong
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- Tinh chit 6 (anh cua khau tich phan ): X(p) = L[x(t)]

y() - jx(t)dt»v(p) Ly - Xg’)

y(H) = IIIX(t)dt—>Y(p) L[y (t)] = X(p)

- Pinh 1y vé& gi6i han thi nhat: X(p) = L[X(t)] Va ton tai
limx(t) thi: limx(t)= limpX(p)

t—w t—>o p—0
- Pinh 1y vé giéi han tht hai: X(p) = L[x(t)] va ton tai
limx(t) thi: limx(t) = limpX(p)

t—0 t—0 p—0
(Vi cac dicu kién dau bang 0)

Vi dy: Dung toan tir p tim méi quan hé gittu luong ra va luong

vao cua phan tur sau:

i R
o —o
u(t) = u; —c yO=u

Tir so d6 nguyén 1y ta viét phuong trinh vi phan mo ta phan
tu:

1o
u(t):ulzR.|+E J.I.d'[

1
y(t)=u, =c J.I.dt
Bai giang ly thuyét diéu khién tu dong
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Chuyén sang toan tir p ta duoc:

Up)=Uy(P) =R P+ 1(p) =1 )RCp”
YO)=U,() - ¢

(V6i diéu kién ban dau bang 0 )
Nhu vay ta da xdc dinh dugc quan hé¢ gitta luong ra va

luong vao:

Yp) _ U 1 1 . (VéiT=RC)
U(p) Ui(p) CRp+1 Tp+1

2. Céng thikc tim ham goc khi biét ham dnh:
Néu c6 ham anh Laplace thi ta c6 thé xac dinh ham gdc cua
no.
C+joo

f0)=— [ Fpercp

cjon

Quan hé giira ham anh va gdc con duogc viét theo ky hiéu
sau:

F(p) = f(t) = L™[F (p)]

Thong thuong dé don gian trong qué trinh tinh toan, phép
bién doi nguoc laplace thuong duoc st dung theo phuong phap
sau:( bién d6i nguoc ham hiru ty).

Gia str ham f (t) c6 anh laplace F(p):
B(p) byp" +..+b,
A(p) - a,p" +...+a,

F(p) =

Pé tim f(t) ta thyc hién theo cac budc sau:
Bai giang ly thuyét diéu khién tu dong
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- Phan tich F(p) thanh tong cac phan thirc toi gian ( khai

trién hé vi sai)

F(p) = A_'_ii Ay iB(p a,)+C By

iz (P —ak) k1 (p- OLk) +|3k

Trong do6: A, Ay, By, Ck la cac hﬁng sb. a 1a cac nghi¢m

thuc bdi n va a, £ jB, la cac nghiém phuc lién hgp cuia phuong
trinh A(p) = 0.

- Xéc dinh ham gdc cho timg phan tir trong tong trén nhu

sau.

Vi du: Cho ham anh F(p) = _ hay tim ham gdc f (t)
(P+D(p+2)

Taco: F(p) = : -1 1

(P+D(p+2) p+l p+2 0
Theo cong thirc ta co: f(t) = (e —e™)L(t)

I1.4 TIN HIEU TAC PONG VA PHAN UNG
CUA KHAU HAY HE

Bai giang 1y thuyét didu khién tu dong
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Vé6i mdi mot khau hay hé thong tin hiéu tic dong vao
thuong c6 hai loai. Tin hi¢u tién dinh va tin hiéu ngﬁu nhién.
Trong pham vi gido trinh nay chung ta chi xét tin hiéu vao khau
hay hé 13 tin hiéu tién dinh.
|.Tin hi¢u tac dong vao hé¢:

1. Tin hiéu bdc thang don vi:1(t)

. 1()
0 v6i t<0 y
1(t) = ,
{1 voit=0
Va: L
1) © L=
>t
0
2. Tin hiéu xung don vi:d(t)
5(0) = di(t) _ {oo vcn t=0
dt Ovéit=0
Hay: 3(t)
fodt=1 )
Va: (
Sty L[s()] =1 .
0

3. Tin hiéu diéu hoa:
La tin hiéu c6 dang:
X(t) = Xi,Sin (ot + )
Bai giang ly thuyét diéu khién tu dong
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Hay: x(t) = X¢' @)

Va: ASin(ot+¢) <> L[ASin(ot+¢)] = zAw 3
P +w

A.Cos(ot + ¢ ) <> L[A.Cos(ot + ¢ )] = zAp 3

+o

4. Tin higu bt ky:

Tuy theo ting truong hop khao sat ma ta co thé phan tich
tin hiéu theo ham bat ky thanh tin hiéu theo ham 1(t) hay (t).
Khi d6 viéc khdo sat h¢ thuc chét theo cac tin hidu trén.

- Biéu dién tin hiéu bét ky x (t) theo tin hiéu 1 (t)

X(t) = Xo.1(t) + ]%1@ —-7)dr

- Biéu dién tin hiéu bat ky x(t) theo ham &(t). Néu ham x(t)

xac dinh va lién tuc v&i1 moi gié tri cua t thi:
X(t) = j x(r)S(t-7)dr

Trong thuc té ngudi ta thuong sir dung biéu thirc gin ding
biéu dién x(t) theo 1(t) sau:

X(t) = %1 + Yat-t)At-t)

Vi du: Phan tich ham x(t) bat ky nhu hinh v& theo ham 1(t).

Bai giang ly thuyét diéu khién tu dong
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B Cc

D - -

K A ag. (t -ty). 1(t -t)

/
/ ; > 1
0
"X\_’as_(t -t3). 1(t -t3)
E
az.‘('t -tz).l(t -tz)

ag-t-l(t) ar.(t -t;).1(t -t,)

X(t) =K+a,t.1(t)—a,. 1(t—t,)—a,(t—t,).2(t—t,) —a,(t —t,).1(t —t,)
+a,(t—-t,).2t-t,)
Il. Phan &rng ctia khau hay hé:
1. Ddc tinh thoi gian:

Dic tinh thoi gian cua phan tr hay hé thong 1a su thay doi
tin hiéu ra theo thoi gian khi tin hiéu vao la cdc ham 1(t), d(t)
hoic tin hidu bat ky x(t).

Ham qua d6 h(t): Mo ta sy thay d6i cua tin hiéu ra khi tin
hiéu vao 1a ham bac thang don vi 1(t).

Ta co:

Tin hiéu vao: u(t) =1(t) »> U(p) = 1

p
Tin hiéu ra: y(t)=h(t) = Y(p) = H(p)
Ham truyén cia phan tir:

Bai giang ly thuyét diéu khién tu dong
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W<p)=%=@=pﬂ(m Hay: H(p):%.vv(p)

p

Ham trong lwong kK (£): La phan (mg cua phan tir khi tin hi¢u
vao 12 ham xung don vi B(t):

Tin hi¢u vao: u(t) =3(t) > U(p) =1

Tin hiéura: y(t)=k(t) > Y(p) =K(p)

Ham truyén cta phan tu:

W(p) = Y({) _ K@)

Up) 1 =K(p)

Hay: K(p) =W(p)
T H (p) va K (p) ta c6 mdi lién hé giira h (t) va k (t):
h(t) = ]k(t)dt hay k) =3n®
; dt
2. Ddc tinh tan so:

Dic tinh tan sb cia phan tir hay hé théng 1a méi lién hé giita
tin hi€u ra va tin hi€u vao & trang thai xac lap khi thay ddi tan sb
cta tin hiéu vao. Vi tin hiéu vao bién ddi theo qui luat diéu
hoa.

Gia sir & dau vao phan tir cho tac dong u(t) c6 dang}
u(t) = AySinot
thi sau thoi gian qué do, dau ra ciia n6 nhan duge mot dao dong
diéu hoa khac c6 cung fan'so, khac bien'do va [éch'pha’sd voi
u(t) 1goc o.

y(t) = ArSin (ot + ¢)
Bai giang ly thuyét diéu khién tu dong
25



Néu giir Ay = Const Vaithay d6i\e thi/Az Va g s& thay d6i theo:

- Sy phu thudc ctia ¢ vao o dugce goi la dic tinh pha tan s

(PT) ky hiéu la ¢(o).

- Suthay 661 ot A®) = 2% teo _

- Ham fruyen'fan'sg cua phan tir:

Néu du vao phan tir ¢ dang: u(t) = Ay.e/*

Thi ¢ trang thai xac 1ap du ra cta phan tir 1a: y(t) =

Ag.el©®)

Dong thoi:
d™u ) :
=A, (jo)" e
e v(jo)
dny :A (jO))nej(O)H(p)
"
Mit khéac theo phan trude ta c6:
dny dn—ly dy dmu dm—lu
a.—+a.—+..+a ,.—+ayltl=b,.—+b.——+
o g g T = b e

Thay vao bién dbi ta dugc:

[a,.Go)" +a;(jo)" . + ...+ a,_[.(jo) + a, JAgelt®?!

+ bm_l.(;—l: +b,u(t)

= by.(j@)™ + by.(jo)™ ' + ...+ b, _;.(jo) + b JAye™

Chuyén d6i biéu thtc trén va dit:

Wi(jo) = 2 e

_by(jo)" +b, (jo)" " +...+b, , (jo)+b,,

A, a,(jo)" +a,(jo)"* +...+a, , (jo) +a,

W(jo) dugc goi 1a ham truyén tan sb ctia phan tir voi:

Bai giang ly thuyét diéu khién tu dong
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A©) = % . La bién d6 ciia W (jo).

o) : La goc pha cua W (jo).
Mit khéc ta c6 ham truyén dat cua phan ti 1a:
_Y(p) _bep™ +b,p" " +...+b, _p+b
Up) ap"+ap"*+..+a,_p+a,

W(p)

So sanh ta thdy rang c6 thé nhan duoc ham truyén tan sd
ctia phan tir tir ham truyén dat cua n6 bang cach thay p = jo.
- Bic tinh tan sé phan thuc va phan 4o:

Tach phan thuc va phan 4o cia W(jo) ta duogc

W(jo)=

A(a))ej-w(w) _ Ri(w)+ jli (@) _ R (®) R, (@) + 1 (®).1,(®) + R, (®).1 (@) - R(@).1,(®)
R@F i) R@)+ 1) Ri(w+12(0)

Trong do:

R(w) = Ri(@)R, (@) +11(@)1,(®)  dyuge goi 1a dit tinh tAn sé phan
R; (@) + 13 ()

thuc ctia phan ti.

(o) = Ry (@) 11(@) =Ry (@)1,(®)  gyoe goi 1 dat tinh tin sb phan
R; (@ + 15 (@)

40 cuia phan ti.

Khi d6 dic tinh bién d6 tan sé va dic tinh pha tan sd xac dinh
theo biéu thirc:

A@©) = YR (@) +1%(o)

¢o(») = arctg @)

R(w)

Bai giang ly thuyét diéu khién tu dong
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Pic tinh A (0), R(®)1a cac ham chin ddi xtng qua truc tung.
Pic tinh ¢(®), I(®) 13 cac ham 1é ddi xtmg qua gdc toa do.

A(o)

- Bge tinh tan s6 bién pha: (DTBP )

Cho ® bién thién (tir - ©© — + o ) biéu dién ham truyén dat

tﬁn sé
W(jo) = R®) + j.1(®) = A(w)e™

trén mat phang phic ta s& duoc ddc tinh tan so bién pha.

Bai giang ly thuyét diéu khién tu dong
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Dic tinh tan so bién pha gom hai nhanh dbi xing nhau qua
truc thuc. Nén khi khao sat va v& DTBP ta chi can xét trong

doan ® =0 > + .

Ai(u))

Léy logarit 2 vé ham truyén tin sé6 W([j®) = A(®).e*® ta

duoc:
INW(jo) = INA(®) +  o(®)
Nguoi ta goi:
- - : ddc tinh bién d6 tan sb logarit ( BTL ). Bé don
gian cho tinh toan chuyén tir In sang .
-@(@) : dic tinh pha logarit (PTL).
Bdc tinh bién do tan s6 logarit L(®): duoc v& trén hé truc

toa do vudng gbc, voi:

- IHUEIRG bicu dién bien do EoRNNHANEGECBENES)!

1 Béxiben bang % bel. Bel 1a don vi do logarit - cua

Bai giang ly thuyét diéu khién tu dong
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hé s6 khuyéch dai cong suat cia tin hiéu. 1'bel ting véi khuyéch
dai cong suét 1én 10 1an, 2 bel khuyéch dai 1én 100 lan ..Ma
cong suét cua tin hiéu lai ty 1€ vé1 binh phuong bién d6 tin hi¢u
nén:

1 bel - IgA*(®) = 2IgA(®)

Néu tinh don vi 1a Déxibel:

1bl'= 10 db — 10.21gA(0) = 2011g'A(®@) (db).

Dic tinh bién do tan sb Logarit tinh theo don vi Pexibel
duoc ky hiéu 1a L(w)
L@)=20IgA@)  (db)

- Truc hoanh biéu dién tin sé o va cd thé dung cac don
VI.

. Radiang (rad): biéu dién tryc tiép tin sé o (rad/s) don

gian d& hiéu nhung phai chia phi tuyén theo ham logarit

co s6 10 nén kho &p dung, chi nén dung khi c6 toa do

chia san.

. PBecac (dec): la don vi do logarit thap phan cua do tang

Chon o, =1rad lam gdc mudn tim gia tri dec ciia o bat ky

tan s6 10 lan:

ta co:

lgo-lgo, zlggzlgco (dec)
o

1

Va o, =1rad = lgm, =0 (dec): géc toa do

Bai giang ly thuyét diéu khién tu dong
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Khi d6 truc hoanh duogc chia déu, day la don vi thuong
dung

. Octavit (Oct): la don vi do logarit thap phan cua do6 tang
tan s6 2 lan

1 (oct)=lgm, —lgw,; V6i 0, =2w,; chon ®, =1 rad lam goc

=1 (oct) = lg& =1g2=0,3(dec)

]

Pudc tinh pha tan so6 logarit ¢(® ); duoc V& trén hé truc toa
d6 vudng goc, vai truc tung biéu dién goc pha ¢ véi don vi do
bang d6 hoic radiang truc hoanh do theo don vi decac (dec).

Dé sir dung thuan loi thuong vé L(o), ¢(®) ciing chung truc
hoanh hoic truc hoanh Ia tinh tién caa nhau.

I11. Phan loai cac khau dong hoc
Dua vao mo ta todn hoc nguoi ta phan loai cac khau dong hoc
thanh 4 nhém
1. Nhém khau nguyén ham: 1a nhitng khau dong hoc ma & ché
do xac lap luong ra lap lai quy luat luong vao

- Khau ty 1é: W(p)=K

A (e K
- Khau quan tinh: W(p):m
K

- Kh;3 ong: W(p)=——5———
Khéu dao dong: W(p) T2p% 4 26Tp +1

- Khau khéng 6n dinh: W(p) =%_1

Bai giang ly thuyét diéu khién tu dong
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2. Nhém khau vi phan: 1a nhitng khau dong hoc ma ¢ ché do
Xac lap luong ra ty 1€ véi vi phén luong vao.

- Vi phan ly tuéng: W(p)=Kp

- Vi phan thuc: W(p) =K(Tp +1)
3. Khau tich phan: 1a khau dong hoc ma ¢ ché do xac lap luong

ra ty 1¢ voi tich phan luong vao. W(p):%

4. Khiu chdm sau: 1a khdu dong hoc ma luong ra lap lai lugng
vao sau mot khoang thoi gian tré ©: W(p)=e™

IV CAC PAC TiNH CUA CAC KHAU PONG HQC
CO BAN

I.Cac dac tinh cia khau nguyén ham:
1. Khdu khuyéch dai (5 18): W(p) = K
a. Pac tinh thoi gian:

- Ham qua dog: h(t) = K.1(t)

- Ham trong lugng: k(t) = %2 K.5(t)
h(t) k(t)
) K.8(t)
K
1(t) (
> t > 1
0 0
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b. Ddc tinh tan so:
- Ham truyén tan s6: W(jo) =K +j0=K.e!°
- Pic tinh tan s bién pha: TBP
R(w) =K
l(w)=0
- Pic tinh bién d¢ tan s6 logarit: L(c)
L(w) =20 IgA(®) = 20 IgK
- Pic tinh Pha tan s6 logarit: ¢(c)

| (@)
—arctg—— =
(o)) IR ~°
dac tinh trung vai truc hoanh nhu hinh vé.
(o) L (o) o()
20IgK
K
4 » R — | >
0 (w) 0 go 0 lgo
2. Khdu qudn tinh bgc 1: W(p) = —~
Tp+1
a. Pdc tinh thoi gian:
- Ham qué dd h(t):
1 1 K
Ta co: H(p) = —.W(p) = —.
()= W) =
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capgrg g apl K o
—>h(t) =L [H(p)]=L"[ - '1+Tp] =K.1(t).(1-e )
- Ham trong lugng k(t):
_dht)_ K <
ho) k(t) = o T .1(t).ek(t)
K= K
i T
o| T t T =

b. Bdc tinh tan s6:

- Ham truyén tan so:

. _ K _ K . KT _ .
W(o) = 1+ jTo 1+ (Tw) 1+ (To)? R(@) +11(©)

= A(0).e"

A©) = R @) + P (@) = ———

i+ @y
¢o(») = arctg % = —arctg(wT)

- Dic tinh tan sb bién pha: ta c6 A%(0) = R¥ (o) + () va

He)

R@) "

2

d Rz(a))+ |2(a)) = W
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— [R*(w) + 1*(0)) = K’R*(@) = R*(@) + 1*(») = KR(@)

BN R?(@) — KR(®) +KT+ 12(w) = 1* () +KT
2 2
Ha N o L
y |:R(a)) 2} + 17 (w) 2)
A 1 . . < en K . .. K
bay la phuong trinh duong tron tam (E ,0), ban kinh >

Theo trén ta chi xét ® = 0 — oo nhu vady dac tinh 12 mot ntra

duong tron nhu hinh vé:

(@)

r

- PBic tinh bién d¢ tan s6 loagrit: L(o)

L(®) = 20 IgA(0) = 20 |gﬁ = 20IgK - 201g/1+ (& T)?
+(w

Néu vé chinh x4c dic tinh 12 duong cong tuy nhién ta co thé

thay thé bang cac dudng tiém can:
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L(w):{Ll((o):ZOIgK khi_(o—>0
L,(®)=201gK-20lg®T khi ® -«
That vay:

- Puong tiém can Ly():

i T _ 2y _
Ly(0) =limL(e) = lim(20Ig K 20191+ (Tw)?) = 20IgK

- Buong tiém can Ly(o) :
L, (o) = lim L(o) = lim(201g K — 201g/1+ (Tw)?) = 20lgK - 201g T

L(w,)~ L
Xac dinh d0 nghiéng: tga = L(@,) - L(@)

9w, — 19,
_ . _ L(,) - Li(@) .
Ll((D) tga = |ga)2 B |ga)1 =0
_ . _ L (@,) - L(e)
Ly(®): tga = g, —Igo,
tgo. = [20lgK-20lg®,T]-[20lg K—-201g »,T] = - 20 (db/dec)
lgo, -lgo,

Xéc dinh tan s6 gay: o4

Hai dic tinh Ly(®)va Ly(®) cit nhau tai tan s6 giy 04 dugc
xac dinh

1
Lu(g) = La(og) - 20IgK = 20IgK - 20lgogT - 0y = =

bac tinh c6 dang nhu hinh vé:

Bai giang ly thuyét diéu khién tu dong
36



L(o)

20IgK

Li(w)

40 ¢

20

20db/dec /

AN

-40db/dec -20db/dec

\-ZOdb/dec \
» lgo

0o 1 lgog

Sai léch 16n nhat giira

x4c tai ogla:

duong ti€ém can vdi dudng dac tinh chinh

AL(wg) = Li(mg) - L(wg) = 20IgK - [20IgK - 20lg/1+ (T)*] =
20lg+/2 (db) = 2,9 (db) < [3(db)]

- Bic tinh pha tan

s6 logarit: (o)

_ (@) _
(o) = arctg R(@) —arctg(wT)
Khio =0—- ¢(®) =0
1 T 4 X
®=0g= - > o(o) = —Z(dlem uon)

T
0 =0 — (o) = —5 )

Bai giang 1y thuyét diéu
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3.Khdu dao dong:
K
T2 p*+2.ET.p+1

Ham truyén dat c6 dang: W(p) =

Tir ham truyén dat ta c6 phuong trinh dic tinh:

T?.p*+2.&ET.p+1=0

N=(@)P-T =T -1
a. Pdc tinh thoi gian:

- Trudong hop 1: néu A > 0 hay &> 1 phuong trinh dic
tinh c6 hai nghi¢m thyc. Ta co thé tach khau dao dong thanh hai
khéu quan tinh:

1 1

W(p) =K. )
() 1+Tp 1+T,p
V6i: Ti+T,=26T VAT, T, =T
- Ham qua do h(t)'

__ _1 1 1
Ta co: H(p) - \W(p) o 1+Tlp'1+T2p
1 1l 1 1
— h(t) =L~ [H(p)] =L [p'K1+Tlp'1+T2p]

Gia st T, > T, thi ham qua d¢ la:
t

T T,
h(t)= K(1——Lt—e " 4 —2— Tz 1(t
(t) = K( Tl—Tze +T1 T2 ). A(t)
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h(t)

y —
v

0 ] 0

- Ham trong luong k (t):

() = T =120 (e_“ _e'TzJ

- Truong hop 2: néu A < 0 hay & <1 phuong trinh dic tinh

c6 hai nghi¢m phuec:

-& j1=¢&° .
pl,zz?i T =-at]p
Voi:
£
=
V=&
T
- Ham qué dd h(t):
.. _1 _1 K
Taco: H(p) = p Wip) = p T2p*+2.ET.p+1
1 K

= h(t) = L [H(p)] = L7 ]

p T2.p°+2.ET.p+1
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= K{l— e‘”’t[Cos(ﬂ.t) + %Sin(ﬂ.t)} ()

- Ham trong luong k (t):

k(t) = % = %.e-aﬂsin(ﬁt).l(t)

K.a.e [Cos(AT) + %Sin(ﬁ.t)] - K.e™*[-A.Sin(B.t) + a.Cos(B.1)]

= K.1(t).e-0’t.# Sin(A.1)

h(t)
A T k (t)
- K(1+e'i & ; s Ke-miaz + B
] N
K E/\u!/—\ \:[ ....... S
I ..... - T —
K(l_e-ot t) l a?+ g 2
o —Ke ™
| X _K.a +B /
0 t ﬂ

b. Ddc tinh tan so:

- Truong hop 1: néu A <0 hay & <1 khi do:

Ham truyén tan s6: W(jo) = .
am truyén tan so: W(jo) T2 + 25T jo 11
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_ KA-T?0%) 2K.ET 0
1-T?w?)* +4.(£T.0)° . (1-T?0?)* +4.(£T.0)°

= R() +jl(0) = A(®).e®

R(®) = KAL-T?0?)
(1-T?w?)? +4.(ET.0)°
(o) = —2KET 0
1-T?’0%)? +4.(£T.0)°
A®) = JRZ (@) + 17 (@) = K
JA-T2.0?)? + 4(E.T )3
_ (o) 2,.T.0
o(w) arctg—R(w)_ arCtgl—T2w2

Khao sat A(o) ta thiy ham sb ¢ thé c6 cuec tri tai cac tan sb
1
®1=0; 05 = ?w/1—2«§2 Ty =0

Trong d6 @, chi ton tai khi \1-2£2 >0 — & < /0.5 =0,707 va
duoc goi la tan sd cong hudng. Bién do cuc dai ung voi tan sd
nay la:

K
251-¢°

Khi & cang nho hién tugng cong hudong xay ra cang manh
liét, khi & = 0 thi A(@g) — .

- Pic tinh tan s bién pha: Cho o bién thién tir 0 dén +oo ta

duoc dic tinh tan s6 bién pha nhu hinh vé:

A(og) =
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® R(®) | (o)
0 K 0

T |0 -K/2¢
0 0 0

- Dac tinh bién do tAn s logarit:
L(») = 201gA(®)
K
JA-T20?)? +4(E. T.0)?

=20lg = 201gK —201g\/(1- T2.0?)? + 4(ET.0)?

Néu v& chinh xac dic tinh 13 dudng cong tuy nhién ta c6 thé
thay thé bang cac dudng tiém can:
L,(0)=201lg khi ©—>0

L(w)=
(@) {Lz(m):201gK—401g(nTkhioo—)oo

That vay:

- Puong tiém can Ly(o):

L, (w)= lirré L(w) = lirré(20ng —20l1g \/(1 —T?.0°)” +4(ET.w)°) =20IgK

- Puong tiém can Ly(o) :
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L,(»)=1lim L(®) = lim(201gK —201g \/(1 ~T?.0%)* +4(ET.m)%)
=20lgK -40Ilg®T

Xac dinh do nghiéng: tga = L(@,) ~ L()

lgw, —1go,
: L, (@,) - Ly (@)
-Li(@): tga =2—2—112 =0
1(0): tga lgo, —1go,
: L, (@,) — L, ()
-L oo = =202 2\
2(0): tga lgo, —Igo,
s tga = [201gK —40lgw,T] -[201gK - 40lge,T] _ 40 (db/dec)
lgw, —1go,

Xac dinh tan so gay: g
Hai dic tinh Ly(0)va Ly(o)cit nhau tai tin sb giy 04 dugc
xac dinh
Ly(0g) = La(0g) — 20IgK = 20IgK - 40lge,T — o, = %
Dé c6 thé tiém can hoa duoc duong cong L(o) theo Ly (w)va
L, (@) thi sai 1éch bién @6 16n nhat tai tin sb t o4 = % phai thoa
man diéu kién: AL(og) < 3 (db).
Khi do:
AL(wg) = Li(og) - L(wg)
= 20IgK - (201gK —201g/(1-T 2.0%)? + 4(£T.0)* )
= 20Ig+/42? ==+ 201g2¢ < 3 (db).
Hay: 0,38<¢& <0,71(%)
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Khi & khong thoa man diéu kién (*) thi ta phai v& chinh xac
L(w) theo:
L(®) = 201gK —201g+/@1—T 2.0?)? + 4(£T .0)°

Khi & thoa man diéu kién (*) dic tinh c6 dang nhu hinh v&: khi
£<0,38 dic tinh xay ra cong huong tai o =o, :%

L(o) 4 (5=02

=04

20lgK Lu(e) £=0,6

Lz ((D)

£=1
-40db/dec -40db/dec
20db/dec _ZOdb/dec .........................................................
\ . s lgo
0 1 lgog

- Pic tinh pha tan s6 logarit: ¢(®)

¢o(») = arctg % = —arctg -

Khio =0— ¢(w) =0

O =04= % - o(n) = —%(diém udn)

0o=o->0p)=-7

Khi & cang nho hé sé goc cua tiép tuyén
tai diém ubn cang 16n
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o(w)

e

-/2

£=0,6

- Trudng hop 2: néu A > 0 hay £>1 phuong trinh dic tinh c6
hai nghiém thyc. Ta co thé tach khau dao dong thanh hé gém
hai khau quan tinh méic ndi tiép. khi d6 cac dic tinh tan sb cua
hé théng s& duoc xét & phan sau.
4. Khau khéng én dinh bic mét:\(p) = TLl
p —_
a. Pdc tinh thoi gian:
- Ham qué dd h(t):
K

Taco: H(p) = l.W(p) = 1.—
P p Tp-1

S h) =L HE] =L L - F )= K-1(t)-(eTi-1)
p Tp-1
- Ham trong lugng k(t):
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dh(t) _

k(t 1t T
(t) = it ( )
h(t) k(t)
Kf-—--+/= :': K
a T
0 T ot T >
b. Dac tinh tan sé:
- Ham truyén tan sé: W(jo) = K
jTo-1
— K O KT .
= - - =R(w) +j l(»
i T =R+ )
= A(0).e")
A©) = JR* (@) + 12 (@) = ——
1+ (0T)?

Ta thay rang R (0)va Iv (0) déu 4m nén:

o(w) = arctg ——= (o) _ = arctgoT +(- )
R(@)

- Pic tinh tAn s6 bién pha: ta c6 A%(0) = R¥ (o) + I4(0) va

Hw) = ol
R(w)
(@) T
7 - 2 A 2 2 _ K?
- {R(a))} (wT)® taco r (@) + (w)_—1+(a)T)2
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— [R*(®) + 1*(0)] = K*R?*(w) = R*(0) + 1*(w) = -KR(w)

K? K?

Hay [R(a)) +§} +1%(0) = (%j

Day la phuong trinh duong tron tam (—%,O) , bén kinh g

Theo trén ta chi xét ® = 0 — oo nhu vay dac tinh 1a mdt nira

duong tron nhu hinh veé:
()

0

0=1T

- Bic tinh bién do tan sb loagrit: L()

L(0)=201gA(®)=201g___ K  =20IgK - 20lg 1+ («T)?
1+ (0T)?

Néu v& chinh x4c dic tinh 1a duong cong tuy nhién ta c6 thé

thay thé bang cac duong tiém can:

L(o) = L (@) =20lgK khi ©—0
L, (w) =20lgK —201lg T khi @ — o

That vay:
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- Puong tiém can Ly(o):
T i _ 2y _
L, (o) = L'Eg L(ow) = !Dlir(])(ZOIg K—20lg1+(Tw)?) =20IgK
- Buong tiém can Ly(o) :
L, (o) = lim L(o) = lim(201g K — 201g/1+ (Tw)?) = 20lgK - 201g T

Xac dinh d6 nghiéng: tga = L(@,) - L(@)

Iga)z _Iga)l
- Li(o): tga = L(w,) - L (o) 0
Ing - Iga}l
- Ly(®): tga = L, (w,) - L,(®,)
Iga)z _Iga)l
_ tgo = [2019K = 20190, T]—[20lgK ~20lgo,T] _ o (g /dec)
Igmg _Igo‘)l

X4c dinh tan s6 gay: og

Hai dic tinh L;(0)va Lv (o)cit nhau tai tan sd gly 04 dugc

xac dinh
Li(®g) = La(wg) L(0)

— 20IgK = 20IgK - 20lgogT 4
S op= L

T
Dic tinh c6 dang 20IgK He)
nhu hinh vé. 40 ¢ 7 Lz()

20db/dec AN i(()):tt))//(:jzz ZOdb/dec
o 1 lgog
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o(w)

lgog

> Ig(o

-n/2

-3n/4

‘|

Sai 1éch 16n nhat gitta duong ti€ém can véi duong dac tinh chinh
x4c tai ogla:
AL(0g) = Ly(0g) - L(0g) = 20IgK - [20IgK - 20lg/1+(aT)? ] =
201g~/2 (db) = 2,9(db)

- Bic tinh pha tan s6 logarit: ()

o(o) = arctgﬂ =arctg(oT) -7
R(@)
Khio =0—> ¢(®) =-n
_ _ 1 _ 3
O=0g== > ¢o®)= ——
® =0 — ()= T ‘
2 ) K.5(t)
I1. Cac dac tinh cta khau vi phan:
1. Khdau vi phan ly twong: W(p) = Kp (
a. Ddc tinh thoi gian: L
0

- Ham qua d¢:
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Taco: H(p) = %.W(p) = %.Kp =K
— h(t) = L*[H(p)] = L[K] = K.&(t)
- Ham trong luong:
dh(t) _ , do(t)
t

K= dt

k(t)

) K.ds(t)/dt

t

b. Bdc tinh tan so:

0

Ham truyén tan so: W(jo) = jKo = R(®) + jl(®) = A(@)eim(w)

A(®) = JR* (@) + 17 (w) =Ko

(o)

_ | () U \
o) = arctg——= = arct =—
(o)) 9 R ) 9(=) =
\ L W(jo)
- Pac tinh tan s6 bién pha: TBP
Cho  bién thién tir 0 dén +oo ta duoc
. 1 AL A N Al . 4 00 R(®)
dac tinh tan s6 TBP la mot nira truc ao .
nhu hinh vé 0w,
R(w)=0 1
I (©) y 20IgK /
(o) =Ko / .
- Pic tinh bién do tan sb logarit: L(o) ; >lgo
L(o) =20 IgA(o) = 20lgK®

= 20IgK + 20Ilgm

KhiK =1 — L(») = 20lgo

Ddc tinh 1a duong 1 trén hinh vé cit truc hoanh tai tan s ®

=1, c6 d6 nghiéng dugc xac dinh nhu sau:
Bai giang ly thuyét diéu khién tu dong
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L(w,) - L(w,) _ 20lgw, —20lgo, _
lgw, —lgo, lgw, —1gw,

) . o . o()
Khi K>1 dac tinh 1a duong 2 trén hinh veé:

'y

tga =

- Bic tinh Pha tan s6 logarit: ¢(o)

o(o) = arctg % = arctgoo = % 2

= +20 (db/dec)

dac tinh nhu hinh vé. 0
2. Khdu vi phdn bdac mot. W(p) = K(Tp +1
a. Ddc tinh thoi gian:

- Ham qua do:

Tacs: H(p) = %.W(p) - %K(Tp +1) = K(T + %)

—h(t) = L[H(p)] = L'l[K(T+%)] = K[1(1) +T.3(1)]

- Ham trong luong:

dh(t) _

= X = KIB(+T. do (t)]

h(t) k(t)

KT8(t) ) 50
K1(t) '

> lgo

> t
0 0

b. Ddc tinh tan sé:
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Ham truyén tan sé: W(jo) = K(Tjo +1) = K +jKTo = R(o)

+jl(o) jl(®)
= A(0)e"® , 0=o0
A(®) = R¥(0) + 12(0) =K1+ (Tw)? W(jo)
o(o) = arcth = arctgTw

R(@) 0=0 4 R(o)
- Pic tinh tan s6 bién pha: TBP 0

K
Cho o bién thién tir 0 dén +oo ta dugc dac tinh

tan s TBP nhu hinh vé

- Pic tinh bién do tan sb logarit: L(®) .
L(®w) =20 IgA(®) = 20lg (K {1+ (Tw)?)
= 20IgK + 201g 1+ (Tw)*

Néu v& chinh x4c dic tinh 1 duong cong tuy nhién ta co thé

thay thé bang cac dudng tiém can:

_ |Li(w)=20IgK khi ©— 0
He)= L khi
,(®) = 201gK +20lgoT i 0>

That vay:
- Puong tiém can Ly(»):
_Ti _Ti _ 2y _
L,(0) = (IDILT(I) L(w) = (Iolﬂg(ZOIg K —20lg1+(Tw)?) =20IgK
- Puong tiém can Ly(o) :

L,(®) = lim L(e) = lim(201g K + 20Ig {1+ (Tw)?) = 201g K + 2019 T
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Xac dinh d6 nghiéng: tga = L(@,) - L(@y)

lgw, —Igo,
_ . _ L(®,) - Li(@) _
Ll((})) tga = |ga)2 ~ Iga)l =0
_ . _ L (@,) — L (o)
Lz((})) tga = Iga)2 _ Iga)l
S tgo = [201gK +201g10a,T]—-[20lgK + 20lg®,T] = + 20 (db/dec)
19100, — g,

Xac dinh tan so gay: g
Hai dic tinh Ly(0)va L,(®) cit nhau tai tin sé gly 04 dugc

xac dinh

1
Lu(@) = La(og) > 20IgK = 20IgK + 20lgogT — 0y = T

bac tinh c6 dang nhu hinh vé:

L(o)
+20db/dec
20IgK Li(0)
40 ¢
-40db/dec
20 ..........................................
20db/dec /‘\ -20db/dec
< AN > lgo
0o 1 lgog
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- Pic tinh pha tan s6 logarit: ¢(o)

¢(») = arctg (o )_arctg(a)T)
R(w)

Khio =0—> ¢(®)=0
: — o(n) = %(diém udn)

O =0g= =
0= 0(0)= 7
o()
/2
/4 /
— lgo
0 lgoyg

I11. Cac dic tinh ctia khau tich phan: W(p) =

1. Ddc tinh thoi gian:
- Ham qua do:

Taco: H(p)= i.W(p) = 1. K
p p

2

A o | X
§=l

S h(t) = LY [H(p)] = L'l[%. T1=K0
- Ham trong lugng:

K(t) = dz(tt) K.A(t)
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h(t) k(t)

K.t.1(t)

0 0

2. Pic tinh tan so:

Ham truyén thn sé: W(jo) = ~=— jX = R() +jli(©) =
jo 10}

A()e”® i)

_ _ K
A(®) = JR*(0) + 1’ (0) = — -

0] - ®=+00 > R(0)

_ | (@) __Z

= arctg ——~ = arctg(—w0) = - =
o(0) =arctg 12 ~ arctg(-=)= -7

W(jo)

- Bic tinh tan s bién pha: TBP
Cho © bién thién tir 0 dén +oo ta dugce dic tinh tn sé6 TBP
la mét ntra truc 40 nhu hinh vé

- PBic tinh bién d¢ tan sb logarit: L(oa)L.( )
()

K
L(o) = 20 IgA(e) = 20Ig © '
p \ )
— 20IgK
= 20IgK - 20Igo T~

KhiK=1— L(») = - 20lgo 0

»lg o
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Pic tinh 1a dudng 1 trén hinh v& cit truc hoanh tai tan s6 ©
=1, c6 dg nghiéng dugc xac dinh nhu sau:
_ L(@,) - L(@,) — —20lgw, — (-20lgw,) -
lgw, —1go, lgw, —1go,

20

tga

(db/dec)
Khi K >1 dac tinh la duong 2 trén hinh vé:
- Pic tinh Pha tan s6 logarit: ¢(o)

I(®) |
®) = arctg —— = arctg(—w) = — —
9(©) gR((D) g(—») 5
o(®)
— Igco
0
-1/2

IV. cac dic tinh ciia khau chiam tré: W(p) = ™
1. Ddc tinh thoi gian:
- Ham qua do:

Tacod: H(p) = l.W(p) = % e™"
Y

S h(t) = L'l[%. &P = 1(t- 1)

- Ham trong luong:
dh(t) _ di(t—7)
dt dt

k(t) = —5(t-1)
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h(t)

1(t-1)

0

T

2. Dac tinh tin sé:
Ham truyén tan so: W(o) = glot =
A(©) =1 =R¥(@) + 1*(w)

P(0) =- o1
- Ddc tinh tan sé bién pha: TBP

R(@) +jI(0) = A(@)e”"

(o)

» R(o)

R¥(w) + 1*(0) =1

La vong tron don vi nhu hinh vé

- Ddc tinh bién d¢ tan sé logarit: L(®)

_1&j1

L(w)

A

L(w) =20 IgA(w) =20Ig1 =0
bac tinh trung voi truc hoanh
- Pic tinh Pha tan sd logarit: ¢(m)
o(®) =- 10
dac tinh nhu hinh vé.

o(o)

s

—lgo
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11-5 HAM TRUYEN CUA HE THONG VA CAC PAC
TINH CUA HE THONG PIEU KHIEN
I. Ham truyén ciia hé thong diéu khién(dai so so do khoi)

Phén trude chung ta dd mé ta toan hoc cac phan tir trong hé
diéu khién duéi dang ham truyén Nhung ta thiy ring mot hé
thong diéu khién gdm nhiéu cic phan tir ghép ndi v6i nhau theo
mot qui luat nao do, nham dap tmg dugc cac yéu cau cua hé.
Sau day ta di xac dinh ham truyén cua hé thong gébm cac khau
mic nbi tiép, song song, mach mic phan hdi va nguyén ly
chuyén ddi tin hiéu.
1. Hé thong gom cac phan tir mic ndi tiép:

Céac phan tir dugc goi 13 méc ndi tiép néu tin hiéu ra cia
phan tir trude 1a tin hiéu vao cta phan tir sau. Tin hiéu vao cua
hé théng la tin hi€u vao cua ph?m ttr dau tién. Tin hiéu ra cta hé

thong 1a tin hi€u ra cua phan tur cudi cung.

U=u, Y.=U, Y2=Us Yn1=Un Y=Y,

—{ W, o Wy =---—W W, —
U Y
— Wy ——
Ta co:
WtdZIzﬁ'L”'L:L'L”'izwl-wz---wnZHWi
u uy Y., Ul U, i=1

2. Hé thong gdm cac phan tir mic song song:

Céc phan tr duoc goi 1a mic song song néu tin hiéu vao cua
hé théng 14 tin hiéu vao cua cc phan tir thanh phan. Tin hiéu ra
Bai giang ly thuyét diéu khién tu dong
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ctia hé thong bang tong dai s6 tin hiéu ra cta cac phan tir thanh

han.
p U =U Y,
> W1
_ Y
U U,=U
J W, >
U,=U
W
U Y
) — Wy ——
Ta co:
Wtd:i:L+__Y2+...+L:L+__Y2+...+Y”
u u u u u, U, u,

=W, + (W) +. W, =D W,

i=1
3. Hé théng c¢6 khau phan hdi:
a. Ham s6 truyén hé kin véi phan hoi am:

So do cau triic cua h¢ kin véi phan hoi ( - ) nhu hinh vé.

U(p) g(p) ‘ WH(p) Y(p) R

v
A

(-)

Wen(p)
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Ta co: W, (p) = Y ; W, (p) = Y (p)

Up) &(p)
Mt khéc: € (p) = U(p) - Y(p )Wrn(p)
Suyra: W, (p) = Y@ _ Y ()
e(P) UM —Y®)W,(p)
Viy:
W, (py = Y (P _ W, (P)

UP)  1+W,(P)We, (P)

b. Ham s6 truyén hé kin véi phan héi dwong:
So dd cdu trac cua hé kin voi phan hoi (+ ) nhu hinh v&.
Lam tuong tu ta tim duoc

U(p) Y(p)
X e(p) ! Wa(p) R
WrH(p) |«
Wy Y®) W)

U() 1—W,(p)W,y (P)
Cht y: voi hé c6 phan hdi don vi (£1)
Thi ham truyén hé kin dugc tinh nhu sau:

Y _ W,

Wi P =Gpy ~ 17 W, ()

U(p) . g(p) 1 W) Y(p) X

(+1)
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4.Chuyén doi tin higu:
Chuyén doi bo cong tin hiéu:
- Tr trude mot khdi ra sau khoi do:

Ul Ul

UZ% Y
_ Wb o

U,

Y = (U, + U,)W=U,W +U,W

- Tur sau mot khoi ra trudce khoi do:

. Yo
U, Y W
{ W é - o

Y:U1+U2W:(Ul-%+U2)W

Chuyén doi niit ré nhdanh tin hiéu:

- Tu trudc mot khoi ra sau mot khoi:

Y
W
1"
W
Y,

Y1
U Y> X
w2 o 2
Y]_:U
Y,=W.U

- Tr sau mot khoi ra trudce khoi do:
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Y2

Y, Wi—s
—
U Y U Y,
— W ' > S W l——
Y;=UW
- Céc bo cong lien nhau ¢6 thé doi cho cho nhau:
U,
U, w(-) Y U, Y
Q— = R—
F (_)
U3 UZ U3
U, Y

< > >

)
U,

II Cac dic tinh tin s6 cia hé thong diéu khién tw dong
1. Bdc tinh tan sé bién pha:

Tu ham truyén dat cua hé ta di xac dinh ham truyén tan s6
bang cach thay p = jo.

we-242

W(jo) = % =R(0) + jl(o) = A(w)e!
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Cho ® bién thién tir 0 — oo 1ap bang bién thién cho R (o),
I(®) hodc A(®), @(w). Sau d6 v& ching 1én mit phiang phirc
dugc dac tinh bién pha cua hé.

2. Pdc tinh tan s bién dp logarit:

V61 dédc tinh nay nguoi ta thuong vé dac tinh h¢ hé trong hé
kin v6i phan hoi (-1).

Hé thong ho gdm nhiéu phan tir mac ndi tiép nhau va dugc

mo ta boi:

WH(p) — i=1 i=1 —

PYH(riZP +D[ [(T,P? + 25T P +1)
i=1

i=1
Wi(p).Wa(p).Ws(p)...Wn(p)
Thay p = jo ta duoc ham truyén tan s6 cta hé thong ho:

Wi(jo) = Wi([0).Wa(jo)Ws(jo)... Wyjo) = T [w,(jo)

Néu ham truyén tan sé duoc viét dudi dang
W (jo) = A; (o) "™
Khi do:

) n . n ji‘f’i(m) ,
W, (jo) =] [Wi(jo) =[ JAi(@)e ™ <A, (@)™

L, (0)=20IlgA,(0)=20Ig ﬁAi(m)
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L, (o) =20lgA,(»)=20Ig ﬁAi () :ZnZZOlg A, (o) =Zn:Li((o)

Ta thiy rang dé v& dic tinh bién d6 tan sb logarit ctia hé ho
Ln(w) ta chi viée cong dai sé cac dic tinh Li(w) cia cac khau co
trong hé. Phép cong nay c6 thé thyc hién nhu sau:

- V& tit ca cac dic tinh Li(w) cta cac phan tir trong hé 1én
cung mdt hé truc toa dg sau d6 cong dd thi.

- Pé don gian ta co thé thuc hién theo cac bude sau:

. L g , AL A X 1
- Budcl: Xac dinh cac tan s6 gay oy = T

Tinh lgog va dit chung Ién tryc hoanh.

- Budc 2: Xac dinh gid tr1 201gK hé ho:

20IgK, = 20Ig T [K,
i=1
Sau do6 dat chung Ién truc tung.

- Qua diém 20IgKy vira tim duoc ké tir trai qua phai
dudng thing c6 d6 nghiéng —20y db/dec (y la s6 khau tich phan
c6 trong hé) va dimg lai & tan s6 gay nho nhat.

- Tai cac tan sd giy dic tinh thay d6i d6 nghiéng. Po
nghiéng ciia hé théng bang d6 nghiéng ciia hé trudc d6 cong véi
d6 nghiéng ctia khau tng voi tan sd giy.

- Hiéu chinh lai ddc tinh néu can thiét khi trong h¢ théng
c¢6 khau dao dong vai & khong thoa mén diéu kién: & <0,38
3. Pic tinh tin sé pha logarit: pu(o)
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04(©) = >0,(0)

Ta thay rang dic tinh déu 1a cac ham arctg. Vi vay dé vé dic
tinh tin s6 pha logarit ctia hé ta c¢6 thé thyuc hién bang phuong

phap cong db thi.

11-6 MO TA HE BANG HE PHUONG TRiNH TRANG
THAI VA MO HINH TRANG THAI

DPé mo ta qua trinh dong hoc xay ra trong hé diéu khién

ngudi ta dung phuong trinh vi phan tong quat ¢ dang:

d"y(t) dy(t)
a e+a a,y(t
0 dtn + + n-1 dt + I’]y()
d™u(t) du(t)
=D +-4b, , ——+b u(t
0 dtm m-1 dt m ()

Nhu trén ta dd biét dé tim mdi lién hé gitra luong ra va
luong vao ta phai giai phuong trinh vi phan trén. C6 thé giai
tryc tiép v6i phuong trinh vi phan don gian hodc chuyén sang
giai phuong trinh dai s6 bang chuyén doi laplace sau d6 bién
d6i Laplace nguoc. Ngoai ra tir phuong trinh vi phan bac cao
trén ta c6 thé dua vé hé cac phuong trinh vi phan bac mot hay
hé phuong trinh mo ta cac trang thai ciia hé va tir do ta dua ra
dugc mo hinh trang thai.

I. Thanh 13p phwong trinh trang thai va mé hinh trang thai
tir phwong trinh vi phan:
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1. Vé phdi ciia phiong trinh khéng chira dao ham cia tin hiéu

vao hé thong:

M+...+a dy(t) —|—any(t) = me(t)

ap dtn n-1
Ta dat:
X, =Yy
dt dt
_dx, _dy
P oodt dt?
an—l dn_ly
X = =
Todt"t dt™?
dx, d"y
d dt"

Nhu vay phuong trinh vi phan trén c6 thé viét vé dang hé cac

phuong trinh nhu sau:

dx, dx
—= =X 1_
dt ? dt 2
9x, _ dx,
dt ’ ->{dq 3
dny dn—ly an . .
a, o b,u-a, e e—ayy Ez—anxl—---alx“bmu

Hay:

Bai giang ly thuyét diéu khién tu dong
66



X, =0x; +1x, + 0X; +...+0x, +0u
X, =0x, +0x, +1X; +...+0x, +0u
X, =-a,X —aX, +h U
H¢ phuong trinh trén dugc goi 1a hé phuong trinh trang thai.
Céc bién x;...x, duoc got la céac bién trang thai.
Hé phuong trinh trén c6 thé viét dudi dang ma tran vector

nhu sau:
X, 0 1 0 1 0
X, 0 0 1 X, 0
= =+ u
’ ! ’ ’
Xn _an _an—l al Xn bm

Ta c6 thé viét gon nhu sau:
X=AXx+Bu
y=Cx

Voi:
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C=10 .0

Tir hé phuong trinh trang thai rit gon ta xay dung duoc so dd

ciu trc trang thai cua hé thong nhu sau:

Bu Khau
u B X Tich
phan

X
AX A/]_
\17

2. Vé phdi ciia phwong trinh chita dao ham ciia tin hiéu vao hé

thong:
d"y(t) dy(t)
——=+--+a, , ——+a,y(t
0 dtn n-1 dt ny( )
= bodLrgt)'F""l‘bm,lM*’bmu(t)
dt dt
Xét truong hop tong quat n = m. Ta dit
y=X,+Byu
X, =X, +Bu
X, =X;+B,u
X, =X, +B,,u
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Khi do:
d . du du
d—¥:x1+Boa:x2+Blu+Boa
dy . du du du
dt°dt?
d3_y y d_U+ @4_ d3U
dt tdt2 °dt

—=X,+B,—+B —=X3+BZU+Bla+Bo

B —=X4+53U+Bza+31

¢u
dt?
du,p d'u

d"y du o d"u d""u

+B

+B
't

dy . du d?u d""u
=x.+B ,—+B_,—+--+B ——+
d" " "hdt " dt? tarrt o

Thay vao phuong trinh trén ta dugc:

2 n-1
a, ()‘(n+Bn_ld—u+B du+~~-+82d "

e

n-2 n-1
+a, (Xn +B,,u+B,, 2—?+---+ B, ((jjtTng Blzt—n_llj}

d™u du
+a,, X,+Bu +a, xlzbodt—m+---+bnH ™

N
d"u

dt"

5 ),
dt"
+...t

—+b u

m

dt? ¥

d®u
O dtt

Chon céc hé sb By...B, theo cac hé sd ag...an, by...by sao cho

dao ham cua tin hi€u vao triét tiéu khi dé ta co:

: a a a 1

Xn =—- n= T -t X2_Jxl-l_i(_aan—l_aZBn—z_"'_an—lBl_anBO+bm)u
g & 8, &

X, =—a X, ——a, X, —a,X +Bu
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Bm= i(—ale1 —-a,B

0

n

-2 _“'_an—lBl_anBO +bm)

Nhu vay dao ham cua cac bién trang thai co thé duoc viét lai:

X, =X,+Bu

X, =X;+B,u

X, =X,+B,,u

X, =-a,X ——a,X,,—a,X,+B U

Hé phuong trinh trén duoc goi 1a hé phuong trinh trang thai.
Céc bién x;...x, duoc goi la céac bién trang thai.

Hé phuong trinh trang thai c6 thé viét dudi dang ma trén vector

nhu sau:
X, 0 1 .0 ]I x B,
X 0 1 X B
2 — 2 + 2 u
. 1 ’ 1 1
Xn _an _an—l a‘1 Xn B

Ta c6 thé viét gon nhu sau:
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X=AX+Bu
y=Cx+Du
Tir hé phuong trinh trang thai ta xay dung dugc so dd ciu
trdc trang thai ctia hé théng nhu sau:

> D
v Kha
“1,l8B o X Tich *J ¢
phan
y
AX
A \l_

Vi du: Hay thanh lap hé phuong trinh trang thai cho mach dién
sau.

i R~~~
u() = () c (M) = ux(t)
Ta co: l
u=u1=R.i+L%+u2_) L%zul—R.i—u2
y=u, = fidt %:%.i
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du, 1,

hay: dt C .

di 1 R. 1
—==u,——i--u,
dt L L L

Dit: U, = X, 14 bién trang thai thir nhat.
i =X, 1a bién trang thai thir hai.

Khi do:
X, =lx2 X, =O.x1+1.x2 +0.u,
C RN C
. 1 L 1 . 1 L 1
X2 =Eul—EX2—EXl X2=—EX1—EX2+EU1

H¢ trén c6 thé viét dudi dang ma tran vector nhu sau:

1
. 0 — 0
Xy _ C || X + 1 |u
X, 1 RIX, L
L L
X
ol
X2
Hay :
X=AXx+Bu
y =Cx

Vi du: Hay thanh 18p hé phuong trinh trang théi cho dong co 1
chiéu kich tir doc 1ap vai tin hiéu vao 1a dién ap mach phan tng,
tin hi€u ra 1a toéc do quay:

Ta co:
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u=uu=R.i+Lﬂ+E
dt

KM
do
M, -M_ =j—
d Jdt

M = K,,i
bé don gian xét dong co & ché do khong tai: i, =0
d_ R. K, 1

=——i-——Mo+—u,
dt L L L
do Ky .

dt

Dit: ® = X, 12 bién trang thai thir nhat.
i =X, 1a bién trang thai thir hai.
Khi d6:
X, =0.X; + —*.X,+0.u,

R 1
=——x —X, +—U
L L

u

Hé trén c6 thé viét dudi dang ma tran vector nhu sau:

X 0 & X 0
%2 _Ku _RIX L
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II. Thanh lap phuwong trinh va mé hinh trang thai tir ham
truyén dat:

1. Khi ham truyén c6 dang:

Up)  agp" +...+a, @-pI)P-p2)-.p-Py)
1 =
u 1 X, ‘ )Sn- Xo ‘ 1 X1 i/
p- P PP p-p1

Ta c6 so d6 cau tric bi€u dién cac bién trang thai nhu hinh vé:
Tur so d6 cau truc voi viée dat cac bién trang thai 1a xy,...,X,
ta co:

Voi:
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i
i
o
il
[EEN
o

I
I
N
I
I
X
N
>
|
o
e}
N
(e»]
w
I
O
1]
[EEN
(a»]
o

X, X, 0 0 . p, 1

2. Khi ham truyén cé dang:

_Y(p) _ 1 G Cs Ch

Wi(p) =
U(p) agp” +...+a, P-P  P-P P-P,

Ta c6 so do cau trac biéu dién cac bién trang thai nhu hinh

Ve
1
X
> L C
P-PL
u 1 X, y
> > » C, > >
p-p2 %
1
X
> —  C,
P - Pn
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Tu so do cau tric véi viée dat cac bién trang thai la x,...

ta co:
u=X, —X,p,
u=X,—=X,p,
y=Cx, +C,Xx, +...+4C_ X,
X, = X,;p; + U
X, = X,pP, +U

Hay

X, =X,p, +U

y=Cx, +C,x, +...+C X,

Ta c6 hé phuong trinh trang thai:

X=AXx+Bu
y=Cx
Véi
1 1
X = 2 X = 2 |.
Xn Xn
B=| |;C=C, C, C,
1

3. Khi ham truyén cé dang:
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(p) = = =
UPp) agp" +a;p" t+..+a, p +a1p " t+..+an
a. Cach 1:
u—» bm [y Y Xn 1 1 Xz:>§j 1 X1=Yy
A4 3 4 p E p p
E ©) 'y |e i
() |
0 | .
an
b. Cach 2:
; i [ T T s o]
el _.®_n.,_ _”,®L1>_;_2_ 1y Ry
A P A(_) E _) p
) :
E - a1 e
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4. Khi ham truyén c6 dang:

_Y(p) _bop™ + bp™ L4+ 4+b,, Cbop™+bp™ 4 4bm

Wi(p)

UpP)  agp" +a;p"* +..+a, p" +ap" 4t
Xét truong hop tong quat n = m.

Ta c6 so do cau tric bi€u dién cac bién trang thai nhu hinh vé:

» b
» b
» bha E
. EXZ
A p A i
) oF fo P y
| 1 e
a’,. |e
| | a’

Chu y: trong trudng hop m < n thi néu bac ciia tir khuyét hé sb
b’ nao thi trong mach vong trang thai ta cho hé sé dé bang 0

(b6 mach vong trang thai do)
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CHUONG III ON PINH
I11-1 Khai niém va thong s6 anh huéng
1. Khdi nié¢m:
6n dinh 1a tinh chat cta hé ty tré vé trang thai ban dau khi
két thuc tac dong cua nhiéu loan hay kha ning cta hé chuyén tir

trang thai can bang ndy sang trang thai can bang khac.

Vi du ta xét vi tri cua qua cau trong cac truong hop sau:

NG

Trang thdi ondinh  Trang thdi khong 6n dinh  Bién gi6i 6n dinh

2. Théng s6 anh huéng

Nhu ta da biét 1 hé diéu khién thuc chat 1am nhiém vy bién
d6i qui luat luong vao thanh qui luat luong ra theo yéu cau. Vé
mit toan hoc qua trinh bién d6i d6 duoc mé ta biang phuong
trinh vi phan téng quat sau:

d"y dy d™u du
.ev4a. . —+a =b.—+---+Db el
dtn + + n-1 dt + ny( ) 0 dtm + + m-1 dt

Trong do: a i, b j1a cac hé so.

a

+b,u(t)

Pé tim nghiém y(t) = flu(t)] ta phai giai phwong trinh vi
phan trén. Nhan thiy rang day 1a phuong trinh vi phan khong
thuan nhat, nghiém tong quat ciia n6 c¢6 dang:

y(®) =y(®) +y*(t)
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Voi:
y*(t): La nghiém riéng ctia phuong trinh vi phan trén tmg
v6i mot kich u(t) nao do. N6 dacirung cho'qua frinh xac 1ap, 1

nhat n6 dac trung cho qua frinh qua o) Nhu vay tinh on dinh

ctia hé chi con phu thudc vao thanh phan tr do y(t). Va dang

tong quat ctia no 1a:
n
y(t) — Zciepit
i=1

Ci : La hé sb dugc xac dinh boi cac diéu kién ban dau va
cAu trac, tham s cua hé

pi : La nghiém thir i cua phitong trinh dac tink

Hay:

Nhu vay ta cé thé nhan xét tinh 6n dinh cua hé nhu sau:

- Néu: thi y (t) =y " (t) = hé én dinh.

hi y(t) - hé khong 6n dinh

- Néu:

- Néu: thi y(t) = y*(t) +¢c =y (t)

— hé ¢ bién gidi 6n dinh.
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Hay chinh 1a phu thudéc vao nghiém cua phuong trinh dac

tinh. Ma nghiém cua phuong trinh dai s6 trén c6 hai dang co
ban 1a nghiém thyc va nghiém phuec.
¢ Khi p;j la nghiém thuc:

v _ C —ait H _
—>y(t)_§ci.e —)!l_)rgy(t)_O—>-

- Néued 1 nghiémpTi=10] con (n-1) nghiém khac < 0 (dat

piz-O(,i)khi do:

n-1
iy A" —at My .
- NEWEEMIRBRIEMBIISI0, con (n-1) nghiém khic <0 (dat

pi=-qj, p*i: *i) khi do:

y(t)=ce” +Zce°‘t limy(t) = oo—>-.

® Khip; ld nghi¢m phite: p i i = 0+ j i

Ta co:
C e(al+1ﬂl)t _|_ C e(al Jﬂl )t —

i+1
(a + jb)e(ai+jﬁi)-t + (a _ jb)e(ai—jﬁi)t
=2Aie"".cos(Bt +¢,)
Voi:
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Ai=Va’+b’; ¢ =arctgE
a

Nhu vay:

Qua biéu thic trén ta thidy rang & ché d6 xac lap

¥(t) =0,00,¢, chi phu thudc vao diu phan thuc o; ctia nghiém

phtrc.

- Néd - con (/2 - 1) cap o < 0 limy(t) = ¢/ —> h¢

- Néu - con (/2 — 1) cp 05 < 0 limy(t) =0 — hé

khong on dinh.
3. Két lugn: Nhu vay tinh 6n dinh cua hé chi phu thudc vao dau
phan thyc nghiém ctia phuong trinh dic tinh.

- Néu tat ca cac nghiém cuia phuong trinh déc tinh hé thong
déu co6 phan thuc 4m — hé théng 6n dinh.

- Chi cén c6 nghiém ctia phuong trinh dic tinh c6 phan thyc
= 0 con cac nghiém khac c6 phan thyc 4&m — hé & bién gi6i 6n
dinh.

- Chi can 1 nghiém ciia phwong trinh dic tinh c6 phan thyc
dwong — hé théng khong 6n dinh.

Theo két luan & trén ta thiy rang dé xét 6n dinh cho hé ta
phai di tim nghiém cua phuong trinh ddc tinh. Véi cac phuong
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trinh bac cao viéc giai phuong trinh gip nhiéu khé khan, vi vay
dé khac phuc nhugc diém trén nguoi ta dua ra cac tiéu chuan dé
xét on dinh d6 la:

- Tiéu chuan On dinh dai s6.

- Tiéu chuan On dinh tan s6.
I11-2 TIEU CHUAN ON PINH PAI SO

I. Piéu kién cin dé h¢ PKTD o6n dinh:

Diéu kién cn dé h¢ DKTD 6n dinh 14 tat c4 cdc hé s6 a; cla

phuong trinh dic tinh phai duong (hay cung dau).
A(p) = agp" + a;p™" +...+ ag4p + 8, = 0
IL. Piéu kién cin va di dé hé PKTPD tuyén tinh hoa 6n dinh:

- Pinh 1y 1: Néu tit ca cdc nghiém cua phuong trinh dic
tinh hé tuyén tinh hoa co ph'?m thuc Am thi hé s& on dinh khong
phu thudc vao cac thanh phan bac cao bo di khi tuyén tinh hoa.

- Pinh 1y 2: Néu 1 nghiém cua phuong trinh dic tinh ctia hé
tuyén tinh hod c6 phan thuc dwong thi hé s& khong 6n dinh
khong phu thudc vao cac thanh phan bac cao bo di khi tuyén
tinh hoa.

- Pinh 1y 3: Néu phuong trinh dic tinh cta hé tuyén tinh
hoa c6 nghiém c6 phan thuc bang 0 con cic nghiém khac c6
phan thuc am thi tinh 6n dinh cta hé c6 thé phu thudc vao céc
thanh phan bac cao bo di khi tuyén tinh. Khi d6 bat budc phai
xét hé 1a hé phi tuyén theo 1y thuyét phi tuyén.
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III. Tiéu chuin 6n dinh RAOX:
1.Phit biéu:

Piéu kién can va da dé hé PKTD tuyén tinh 6n dinh 13 tat
ca cac sO hang trong cot dau tién ciia bang RAOX phai duong.
2. Cach lap bang RAOX:

Bang RAOX duogc thanh 1ap dua vao cac hé s6 a; cua
phuong trinh dic tinh.A(p) = agp" + a;p"* +... + ap.4p + a, = 0
Va dugc thanh 1ap qua cac budc sau:

Budc 1: Hai hang dau tién trong bang RAOX dugc sap xép
boi cce hé s6 a; theo qui luat sau:

Hé sd nao khodng co ghi gia tri

. a
bang 0 l l l
TN

g 0) ...
Khi xuat hién cot [Oj thi tr cOt nay tro

di khong thudc bang Raox.
VD: cho phuong trinh dac tinh:
A(p) = app”* + arp® + a;p’+ azp + a, = 0
dp do
Y A

a as 0

dg

Budc 2: Cac sé hang con lai trong bang Raox dugc tinh
theo qui luat sau: Mdi s6 hang trong mot hang cua bang Raox 1a

mdt thuong s ¢o:

Bai giang ly thuyét diéu khién tu dong
84



- Tir s6 1a dinh thtrc bac hai mang dau 4m véi cot thi nhat 1a

¢t dau tién cua 2 hang trén ) hang dang tinh, c0t thu 2 1a ¢t

sat bén phai ciia 2 hang trén s hang dang tinh.

- Mau s0: tat ca cac s6 hang trong cung mot hang déu cé

trung mau so6 1a s6 hang dau tién cua hang trén s6 hang dang

Dang téng quat ctia bang Raox:

az
az
b,
bs

tinh.
do
a;
bo
by
Co
C1
& &
a a
b, = . % b, =
b, b,
b
¢ =2 Bl
by

dg dg
dsg dy
b,

a,

3. Cdc tinh chit ciia bang Raox:

ag
& & & 8
bO b2 : b3 — bO b4 ’
by b

- C6 thé nhan hodc chia tat ca cac sd hang trong cung 1

hang cua bang Raox véi 1 s6 duong thi két qua ciia bang Raox

khong thay doi.

- S0 lan do6i dau cua cac so hang trong ¢t 1 cia bang Raox

bang s6 nghiém clia phuong trinh dic tinh c6 phan thuc duong.
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- Trong cot thir nhat cia bang Raox ¢6 1 sd hang bang 0 thi
hé khéng 6n dinh.

- C6 thé dung tiéu chuan Raox dé xéac dinh tri s6 t6i han cua
mot thong sb nao d6 lam hé 6n dinh bang cach giai hé bat
phuong trinh cac s6 hang cot thir nhat >0.

Chuy:

- Tiéu chudn nay 4p dung xét 6n dinh cho ca hé hd va hé kin
v6i phuong trinh dic tinh bac bat ky.

- Néu trong h¢ c6 khau trdm sau véi ham truyén e P thi khi
d6é phuong trinh déc tinh A (p) khong phai 1a phuong trinh dai
sd tuyén tinh. Mudn 4p dung tiéu chuin Raox ta phai khai trién
e ™ theo chudi Taylo va lay biéu thic gan dung.

oo (=P (p2) | (=p7)°
0] il 2!

IV. Tiéu chuin 6n dinh Hurwitz:

1. Phdt biéu:

bicu kién can va du dé hé diéu khién tuyén tinh 6n dinh la

.r1l-p7

cac hé sb a; ciia phuong trinh dic tinh dwong va cac gia tri dinh
thirc hurwitz duong.
2. Cach lap dinh thirc Hurwitz:

Pinh thitc hurwitz duogc thanh 1ap tor cac hé s6 aj cua
phuong trinh dac tinh A (p) va dugc thyc hién theo cac budce
Sau:

Budc 1: Pinh thitc cao nhat A |, gém n hang n cdt dugc
thanh 1ap nhu sau:
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- Trén dudng chéo chinh duoc sip xép bai cac hé sb tir a;
—> a, v6i chi s6 ting dan tir trén xudng.

-Bb Xxung cac $6 hang trong c0t bdi cac hé sb a; vai chi sb
giam dan theo chiéu tir trén xubng dudi. Hé s6 nao khdng co ghi
gia tri bang 0

Budc 2: Tinh céc dinh thic Hurwitz con lai. Xuét phat tir

dinh thtrc cao nhat ta bo dan timg hang va cot cu thé nhu sau:

- Dinh thirc A ; : T dinh thic A |, ta bo di hang tht n, cOt
thur n.

- Pinh thiic A ., : Tu dinh thiic A ; ta bo di hang thir n -1,
cot thun -1

a a; a; a, 0

a, a, a, ag 0]

0O a a; ag 0
An=0 a, a, a, 0]
O O a a; 0]

0O O O O 0 a,

3.Chay:

- Tiéu chudn nay 4p dung cho ca hé hd va hé kin.

- C6 thé dung tiéu chuan Hurwitz dé xac dinh tri sd t6i han
cia mot thong sb6 nao d6 1am hé 6n dinh bang cach giai hé bat

phuong trinh sau:
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a; >0
A; >0
- Néu trong hé c6 khau cham sau mudn &p dung ti€u chuan

nay ta ciing phai khai trién Taylo.
111-3 TIEU CHUAN ON PINH TAN SO

I. Tiéu chuin 6n dinh Nyquyst:

Tiéu chuan nay ap dung dé xét 6n dinh cho hé thong kin voi
phan héi (-1) dwa vao dic diém caa dic tinh tan sé hé thong ho.
1. Sir dung diic tinh tin sé bién pha: Wy(jo)

a. phat biéu: Diéu kién can va du dé hé diéu khién ty dong
tuyén tinh 6n dinh & trang thai kin 1a:

- Khi hé ho 6n dinh hodc & bién gi6i 6n dinh thi dic tinh tan
sO bién pha hé hd Wy(jo) khéng duoc bao diém (-1, jO) khi o
bién d6i tir 0 — oo,

- Khi hé ho khong 6n dinh thi dic tinh tan sé bién pha hé ho
Wi (jo) phai bao diém (-1, j0) m/2 vong khi o bién doi tir 0 —
o0. V6i m 13 s6 nghiém cta phuong trinh dic tinh c6 phan thuc
duong.

b. Nguyén ly bao:
- Cho duong cong kin 1 va 1 diém M nan ngoai duong cong

tir M ké vector MA tiép xuc véi duong cong 1 cho vector MA
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trugt trén dudng cong tir A —»B theo chiu miii tén vector nay
quay di dugc goc -¢ nhu hinh ve.

- Tiép tuc cho MB truot trén 1 tr B —A theo chiéu miii tén
vector nay quay di 1 goc +¢. Nhu vay khi vector nay trugt trén
toan dudng cong 1, tong goc quay ma nd dat duoc 1a:A@ = - +¢

=0 A

Mo <y

B

- Cho diém M niam trong duong cong kin L. Tt M ké

vector M'A va cho né truot trén toan dudng cong kin 1. Téng

gbc quay ma né dat duoc la:

Ap =27

Nhu véy khi diém M duoc bao 1 vong thi vector M’A quay
di goc 2m. Néu M duoc bao k vong thi vector M’A quay di goc
2Kk,

Két luan: Mudn tim s6 vong bao ctia dudong cong Wy(jo)
v6i diém (-1,jO) thi tir diém (-1,jO) ké vector ti dau duong cong

(tmg v6i © = 0) va cho trugt trén toan dudng cong néu tong goc
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quay = 0 thi két luan 1a khong bao. Néu tong goc quay 1a 2kn thi
két luan 1a bao k vong.
C. Nguyén ly diém chuyén doi:

- Piém chuyén dbi: La cac diém ma duong cong Wy(jo) cit
truc hoanh trong khoang tr (- o0 — -1).

- Nguyén 1y diém chuyén d6i: Pi theo chiéu ting ctia o (i
0—c0 ) néu tai cac diém chuyén d6i dic tinh Wy(jo) chuyén tir
goc thir 3 sang goc thr 2 ta ¢ diém chuyén doi dwong (ky hiéu
la ¢ *). Con chuyén tir goc tht 2 sang goc thtr 3 ta c6 diém
chuyén d6i am (ky hiéu ¢"). Khi d6 sd vong bao dugc tinh:

k =
d. Chuy:

Tiéu chuén nay chi ap dung xét dn dinh cho hé kin véi phan

hoi don vi (-1). Néu hé c6 phan hoi khac (-1) thi ta phai bién dbi

vé phan hdi ( -1) sau d6 méi duoc ap dung.

c’ —c“

U
Y
— W, >
Why
U Y.
1 UWey [T | Wo.Wen >
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Pé ap dung tiéu chuan nay ta 1am theo cac budc sau:

- Xét 6n dinh cho h¢ ho. Néu hé ho khong on dinh ta phai
xét xem phuong trinh dic tinh c6 bao nhiéu nghiém c6 phan
thuc duong (m). Co thé dung tiéu chuin Raox hodc giai truc
tiép phuong trinh dic tinh.

- V& dic tinh Wy(jo) xac dinh sé vong bao ctia né voi (-1,
0) theo nguyén 1y bao. Dua vao 2 budc nay két luan hé kin 6n
dinh hay khong.

- V6i duong cong Wi (jo) phirc tap ta xac dinh sé vong bao
theo nguyén 1y diém chuyén doi.

2. Sir dyng diic tinh tin s§ Logarit: L(0)va gu(®).
a. phat biéu:

Diéu kién can va du dé hé diéu khién ty dong tuyén tinh 6n
dinh & trang thai kin 1a: hiéu s giita diém chuyén d6i dwong va
diém chuyén d6i 4m trén dic tinh tin s6 loga hé ho phai bang
m/2 khi © bién thién tr 0 — +o (Véi MIAIS0 Nehiem cua
phuong trinh dc tinh hé ho c6 phan thyc duong).

b. Biém chuyén doi:

Theo chiéu ting ciia ® tr 0 — +o néu dudng dic tinh
on(e) it dudng (<) trong Khodng Li(@) =10 thi diém do goi
1a diém chuyén doi.

Néu tai diém chuyén ddi @n(w)chuyén tir trén duong (- )
xudng dudi duong (- m) thi ta co diém chuyén doi dwong ¢ *
chuyén tir dudi duong (- m) 1én trén dudng (- m) thi ta c6 diém
chuyén d6i am c ‘ q
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m

Picu kién dé hé kin on dinh la: |c*—c | = >
Lu(o) on(w)
Lu(w) <0 Lu(w) <0
' / -
Y.

Theo hinhtréntac6c*=2,¢=0->c¢ -c =2
Taco % =2 —> m =4 nhu vy néu phuong trinh dic tinh hé ho

c6 4 nghiém co ph'?m thuc duong thi hé kin 6n dinh.
c. Chay:

Tiéu chuén nay chi 4p dung xét dn dinh cho hé kin véi phan
héi don vi (-1). Néu hé c6 phan hdi khac (-1) thi ta phai bién d6i
vé phan hoi ( -1) sau d6 méi dugc ap dung.

Pé ap dung tiéu chuan nay ta 1am theo cac budc sau:

- Tim xem phuong trinh dac tinh h¢ hd c6 bao nhiéu
nghiém c6 phan thuc duong (m). Co thé dung tiéu chuan Raox
hodc giai truc tiép phuong trinh dic tinh.

- V& dic tinh Ly(®)va von(o). Xac dinh diém chuyén doi,
dura vao 2 budc nay két luan hé kin on dinh hay khong.
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II. Tiéu chuin 6n dinh Mikhailop:

1. Phdt biéu: Piéu kién can va du dé hé diéu khién tuyén tinh
6n dinh 1a véc to da thuc dic tinh A (jo) phai xuat phat tir 1
diém trén truc thuc duong quay lan luot n géc phan tu nguoc
chiéu kim dong hd khi © bién thién tir 0 — . Vi n 1a sd bac

ctia phuong trinh dic tinh hé thong.

()
A

Hé 6n dinh
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jl(®)
A

n=3
0

R(0)

n=2

H¢ khong 6n dinh

2. Cach vé A(jo):

Dé v& vector A (jo) ta xudt phat tir phuong trinh dic tinh hé
théng A (p) = 0. Thay p = jo sau d6 tach thanh phan thyuc va
phan 40: A(jo) = R(®) + j I(®). Cho o bién thién tir 0 — oo lap
bang bién thién tir d6 vé A (jo).
3.Chuy:

Tiéu chuan nay 4p dung cho ca hé hd va kin v6i phuong
trinh ddc tinh c6 bac bat ky. Trong trudng hop khong can vé
A(jo) ma van co6 thé ap dung tiéu chudn nay bang cach: giai 2
phuong trinh R(w) = 0 va I(®) = 0 dugc cac nghiém og; va ®);

va dat cac nghiém nay nén tryc tan so, néu:
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- Cac tan s6 1am R (o) = 0 hodc I (©) = 0 1an luot xen k&
nhau

- Khi © =0 thi R (®) >0.

- S6 nghiém s6 = s bac ciia phuong trinh dic tinh
Thi két luan hé 6n dinh. Néu khong két luan hé khong 6n dinh.

I11-4 PHAN VUNG ON PINH
I. Khai niém:

Gia st hé c6 phuong trinh dac tinh nhu sau:
A(p)=a,p" +a,p"" +..+a, ,p+1=0

Theo phan trudc ta da biét tinh on dinh cua hé diéu khién
chi phu thudc vao nghi¢m p; ctia phuong trinh dac tinh. Ma céc
nghiém p; lai phu thudc vao cac hé sb a; cua phuong trinh  A(p).

Mt khac hé sd a;j cua phuong trinh dac tinh duoc cAu tao
nén boi cac théng sé cua cac phan tir trong hé théng.

Vi vay khi 1 hodc vai théng s6 nao d6 trong hé thay d6i dan
dén cac hé sb a; thay doi — cac nghiém p; cua phuong trinh
A(p) thay doi — tinh on dinh cta hé ciing thay doi theo.

Gia st hé dang lam viéc on dinh thi s& c6 1 tap hop cac
thong s6 lam cho tdp hop nghiém déu co phan thuc 4m. Néu
thong s6 bién d6i 1am hé mat 6n dinh nghia 1a trong tip hop
nghiém xuat hién 1 nghiém c6 phan thuc duong. Nhu vay thong

sO bién doi lam hé chuyén tir 6n dinh sang khong 6n dinh.
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Nguoc lai ciing c6 thé khi thong s bién d6i 1am cho hé chuyén
tir khong 6n dinh sang 6n dinh.

Do qué trinh thong sé bién ddi 1a lién tuc vi vdy 1 nghiém
dang c6 phan thuc 4m ma chuyén sang phan thyc duong thi qui
dao di chuyén ctia né ciing phai lién tuc — phai di qua diém c6
phan thyc = 0 (cit truc a0) tai ddy hé & bién gidi on dinh. Tai
diém cit truc 4o nghiém cua ta p; = jo khi ® = - 0 — + o ta
duoc vo sb cac nghiém cé phén thuc =0 hay noi cach khac bién
giéi 6n dinh 1a 1 mit ngin cach giita 2 ving 6n dinh va khong
6n dinh.

Khi d6 phuong trinh bién gidi c6 dang: ( pi = jo )
A(p) = ag(jo)" + as(jo)™ +... + apa(jo) +a,= 0

Néu hé c6 2 thong sb bién doi thi phuong trinh trén s& 1a
phuong trinh biéu din mit phang décac. Con c6 3 thong sb
bién dbi trd 16n thi d6 1a phuwong trinh mit trong khong gian.

I1. Phan viing 6n dinh khi 1 théng s bién déi tuyén tinh:
Gia sir thong sb bién d6i trong hé 1a A . Khi d6 phuong trinh

dac tinh cia hé hoan toan co thé viét dugc ¢ dang:

_ _ N(p)
A(P)=N{pP)+AM{pP)=0> 1=-
(p) () () M (p)

_ __N(jo) _ -
Thay p=jo > A= M(jw)_R(co)ﬂ (o).

Biéu dién A trong mit phang phuc ta s& dugc duong cong gidi
han ciia thong s6 bién doi A .

I11. Cac buée thuce hién
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- Goi thong s bién d6i trong hé can khao sat 1a A hoic A 1a
biéu thirc chira thdng sé bién doi.
- Viét phuong trinh dic tinh vé dang: A(p) = N(p) + A M(p)

=0
- RUt A tir phuong trinh dac tinh trén: A = _N(p)
M (p)
Thay p = jo vatach A = R(o) + j (o).
- Cho o bién thién tir 0 — oo 13p bang bién thién
0] 0> w
R(®)
(@)

Va vé& dugc 1/2 dudng cong gidi han A . Lay dbi ximg qua truc
hoanh dugc 1/2 duong cong con lai tng véi © =0 — -oo,

- Theo chiéu ting cia ® = -0 — +o0  gach doc bén trai
dudng cong ving gach toan bd va nhiéu nhét 1 ving 6n dinh.

- Lay 1 diém trong ving 6n dinh xac dinh thoéng s A thay
vao phuong trinh dac tinh dé thir lai tinh 6n dinh cta hé.

- Thong sd trong thuc té 13 s6 thuc nén ta chi can quan tim
dén cac tri sb trong vung 6n dinh nam trén truc thuc va khoang
d6 1a khoang cho phép thong s thay d6i ma hé 6n dinh.

VD: Gia st hé c6 phuong trinh dac tinh nhu sau:
A(p) = (1+T1p)(1+Top)(1+Tsp) + K =0
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Hay phéan ving on dinh theo thong s6 K. ( Ty, Ty, T3 biét trudc
va ¢ dinh)
- Phuong trinh da cho & dang can viét:
-RUtK =- (1+T1p)(1+T,op)(1+T3p)
Thay p = jo tach phan thuc, phan 2o.
K=- (1+T1jo)(1+Tjo)(1+Tsjo)
= JTaToTa0® + (TyTo + TiTs+ ToTa)o’ - j (T + Ty + Ta)o -1
R(©) = (TiTo + T1Ta+ ToTg)o” - 1
() = TiT,Ta0® - (Ty + T, + Ta)o
- Lap bang bién thién khi ® = 0 — +oo.
Va v€ dugc duong cong

(o)

A

+0

WW\/ > R(©)
< m M e

-0

Lay dbi xing dugc toan b duong cong.

- Cho ® = -0 — +o0 gach soc bén trai duong cong ving
duoc gach soc toan bd va nhiéu nhat 1a vung on dinh.

- Thtr lai: cho K = 0.
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(1+T1p)(1+T,p)(1+T3p) = 0—
1 1 1

Pp=—"0 P = P =

T, T, T,
TAt ca céc nghiém cé phén thuc Am hé On dinh. Vung da xét
6n dinh, vay khoang bién ddi cua théng sé K ma hé 6n dinh 1a:
Ki <K<K,

111-5 PO DU TRU ON PINH
I. Khai niém

Do dy trit 6n dinh 1a viéc danh gia mot cach dinh luong tri
sd ctia mot thong sb nao d6 hoic khoang cach cua duong dic
tinh t6i tri s6 giéi han hodc ving gidi han.

Vé6i mot hé thong binh thuong bao gid ciing phai c6 do du
trit 6n dinh nao dé. Lic nay mdéi thod man dugc chét luong theo
yéu cau cong nghé va khi thong s bién d6i hé khong bi mit on
dinh.

ILP du trir 6n dinh theo céc tiéu chuén:
1. Tiéu chudn Raox:

Tri sb gidi han ¢ day la tri s6 0 nén d6 du trit 6n dinh s& 1a
s6 hang gan 0 nhat cta cac sd hang trong cot 1 ciia bang Raox.

Goi tri sO gidi han cho phép 1a A

Goi cac s6 hang trong cot 1 ciia bang Raox tong quat 13 A;
khi do6:

min(A,) > A
2. Tiéu chuin Huwitz:
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Tri sb gi6i han & ddy 1a tri s6 0 nén do du trir 6n dinh s& 1a
gi4 tri dinh thirc Huwitz gan 0 nhat.

Goi tri s6 gidi han cho phép 1a A

Goi cac gia tri dinh thirc Huwitz 1a A; khi do:

min(A,) > & )]
3. Tiéu chudn Nyquits: |
a. Theo dac tinh Wy(jo):

Diém gi6i han ¢ day 1a diém (-1:j0) nén d6 du trit vé bién
d6 & day la khoang cach nho nhét tir diém (-1:j0) dén giao diém
ctiia duong Wih(jo) v6i truc hoanh trong khoang tir (-1;+0) néu
hé ho 6n dinh hodc & bién giéi 6n dinh, trong khoang tir (-o0;-1)
néu hé hé khong 6n dinh va do du trir vé pha 1a goc tao boi nra
am truc 4o va giao diém cua duong Wi(jo) véi vong tron don
Vi.

Goi tri sO gii han cho phép vé bién do va goc phala AA va
Ap

Goi khoang cach tir diém (-1;j0) dén giao diém cua duong
Wi (jo) véi truc hoanh 1a R; va goc tao boi nlra am tryc ao va

giao diém ciia duong Wi (jo) v6i vong tron don vi 1a ¢; khi do:
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R, > AA
¢ = A
b. Theo dac tinh Ly(o)va ven(o):

Do dwm on $ Li(0):01(0)
dinh vé bién do la tri
sd cua duong Ly(o)
tai tan s6 o4 l1am dic
tinh ¢, (0,)=-n lgw lgog lgo,

b6 dy trit 6n \ L
dinh vé pha 1a tri sb

tir duong -n dén dic

tinh @n(®) tai tan sb
¢ lam dac tinh L,,(0,) =0
Goi tri s6 gi6i han cho phép vé bién do va goc pha la AL va
Ap
Céc hé phai thoa méan diéu kién:
L, > AL
9 = AP

4. Tiéu chuin Mikhailop:

Piém gi6i han 13 gbc toa do, d6 duy trir on dinh 13 ban kinh
vong tron ldy tim 1a gdc toa do va tiép xuc vdi vector da thirc
A(jo)

Goi tri s6 giéi han cho phép 1a R. Khi d6
Bai giang ly thuyét diéu khién tu dong
101



I11-6 TINH PIEU KHIEN PUQC VA QUAN SAT DUQC
CUA HE THONG PIEU KHIEN TUYEN TINH

1. Tinh diéu khién dwoc

Mot hé diéu khién tu dong tuyén tinh lién tuc (PKTTLT)
duoc goi 1a BK duogc néu ton tai it nhét 1 tin hiéu DK dua hé tur
trang thai dau Xq dén trang thai cudi X trong khoang thoi gian
htru han

Cho hé dugc md ta boéi hé phuong trinh trang théai cap n:

X =Ax+Bu

{y=caeon

Diéu kién dé h¢ diéu khién dugc la ma tran:

P=[B AB A’B.. A" 'B]
C6 hang bang n: Rank(P) = n
Hay: det(P) = 0.
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2. Tinh quan sat duoc
Mot h¢ PKTTLT duge goi 1a QS duge tai t néu ton tai it
nhat 1 gid tri hitu han T > t dé diém trang thai x(t;) dugc xac

dinh mot cach chinh xac thong qua tin hi¢u vao ra cua hé.
Cho h¢ dugc md ta bai phuong trinh trang thai cap n:

%= Ax+Bu
y =Cx+Du
Diéu kién dé hé quan sat duoc 1a ma tran
C
CA
L=|CA?
CA"?

C6 hang bang n: Rank(L) = n
Hay: det(L) = 0.
CHUONG |V. PANH GIA CHAT LUQNG HE THONG
PIEU KHIEN TU PONG

IV-1 CAc chi tiéu chit lwgng ciia hé diéu khién tw dong

Sau khi xét 6n dinh cho hé theo cac phuong phap da hoc nhu
giai tryc tiép tim nghiém sau d6 xét dau hodc s dung cac tiéu
chuan dai sd ( Raox, Huwits), tiéu chuan tan s6 (Naiquyt,
Mikhailop) ching ta di biét dugc hé théng di cho c6 6n dinh
hay khong. Piéu dé cho chung ta biét hé thong c6 thé lam viée
dugc hay khong.
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Con hé théng c6 duoc mang ra sir dung hay khong con phy
thudc vao chat lugng cta hé thong. Nhu vay on dinh chi 1a diéu
kién can va chat lugng cua qua trinh diéu khién mdi 1a diéu kién
du dé chimg to kha ning 1am viéc cua hé. Hay ndi mot cach
khac on dinh va chét luong 13 2 chi tiéu cta hé théng diéu
khién, ta chi khao sat chat lugng khi h¢ théng da on dinh.

Néu hé thong khong 6n dinh ta phai tim cach dua hé thong
vé 6n dinh (hiéu chinh tho). Khi hé thong da on dinh rdi nhung
khong dam bao chat luong thi ta phai tim cach ning cao chit
luong hé théng (hiéu chinh tinh).

Yéu cau chat luong hé théng chinh 13 yéu ciu chat lugng
clia qua trinh cong nghé. N6 duoc danh gia bang chat lugng tinh
va chit luong dong (chét luong ciia qua trinh qué do).

Vé6i mdi hé thdng cu thé thi ngudi ta cho trudc cac chi tiéu
chat luong tinh va dong, hé thdng cua ta phai thoa mén nhing
yéu cau chét luong cu thé do.

1. Chdt lwong tinh: 13 sai 1éch tinh cua hé thong & ché d6 xac
lap St
St=lim e(t)
t—o0

e(t) sai léch diéu khién
2. Chat hrong dong:

a. PJ qud diéu chinh: (dmax % )

La bién d6 cuc dai cta dai lugng can diéu chinh so véi tri s6
xac lap
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5 o= Imax ~ Yo 1000

w Yo
b. Thoi gian qud do: tya 14 thoi gian ké tir khi bat dau khoi dong
hé théng cho dén khi dic tinh qua d6 cua hé thdng di vao va
nam trong viing gidi han cho phép (3% y., ).
¢. S6 lan dao dong n: La sb dinh nhon hay sé diém cuc tri caa
dac tinh lugng ra trong khoang thoi gian ty

y(t)

A
YMax + 0
& /u OMax 1_3 )

Yeo // )
YMax y ' T

A
\ 4

(.
IV-2. Panh gia chit lwong hé thong & ché dd xac lap

Ta biét chét lugng tinh cua hé théng duoc xac dinh:
st= lim{ u) Y= lime()
Chét luong hé théng cang t6t khi St cang bé.
Gia sir cho hé thong kin ¢ so do cau tric nhu hinh vé.
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UP), 0 EP) | wiP) | Y,
()

Mot cach tong quat chon: w, (p) = 0P’ KWo (p)

. Y bop™ +b,p™ " +...+b,,
Vo.lwo(p): (p) — Op i 1erl .
U(p) a,p"+a,p"" +..+a,

K 14 hé s6 khuyéch dai cua h¢ thong
aj, bj 1a cac hé so va duogc xac dinh tir cac thong so cua cac phan

tur trong mach.

Tir so' dd cdu tric ta c6: w (p) = - WW(F’() ; ZEP;
+ p p

W, (p)

= Y(p) = U(p)1+W o)

Y(®)
E(p)

U(p)
1+ W, (p)

Theo dinh 1y vé gi6i han thi nhat ta co:

pU(p)
-0 1+ W, (p)

Mat khac ta c6: W, (p) =

Tu d6 ta co: E(p) =

St= I|m e(t)= I|m pE(p)= I|m

Nhu vay sai léch tinh ctia hé thong phu thudc vao
- Tin hiéu vao cta hé thong U(p)
- Cau tric cta hé théng Wy(p)
Néu thay W,H(p)‘belmg qdang tong quat thi ta cé:
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PX(P) i PTXM) o pTU(R)
14 KWg(p) >0 p” + KW, (p)  »-0 o K bop”: +..+b_
p a,p" +...+a,
1. Khi tin hi¢u vao la ham 1(1): u(t) = Uy.1(t) = U(p) = Uo/ p
- Xét truong hop y = 0 (Trong h¢ khong cé khau tich phan
T). Taco

St=1im
p—0

p—> 1+Kb0p +...+bm p 1+ K—m
ap" +..+a, a,

Nhu vay St ty 1& nghich v6i hé sb khuyéch dai K. Khi K

cang 16n sai 1éch tinh cang giam nhung hé cang d& mat 6n dinh.

- Xét truong hop y = 1,2,3....
y+1
st=lim—P Yo _g
=0 pt+ KW, (p) p
Nhu vay dé hé khong con tdn tai sai léch tinh (h¢ vo sai

tinh) trong hé phai c6 it nhat mot khau tich phan.
U 0

2. Khi tin hi¢u vao la ham: u(t) = Uo.t - U(p) = —-
p

y+1
st=tim— P %
>0 p’ + KW,y (p) p

- Khi y = 0 — St = o0 — hé thong khong sir dung duoc.

Khiy=1->St= i‘:‘ —5 Sai lch tinh ty 1¢ nghich véi hé

m

s6 khuyéch dai.
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- Khiy=234.... > St =0 — Dé hé vo sai trong hé it nhat
phai co6 2 khau tich phan.
2U,

3

3. Khi tin hi¢u vao 1a ham: u(t) = U,t> —> U(p) =

: p* 2U,
=lim —
>0 p' + KW (p) p

St

- Khiy = 0,1 — St = o — hé théng khong str dung dugc.
_Khiy=2->St= ZIL:T‘)a > Sai l&ch tinh ty 1¢ nghich véi

hé s6 khuyéch dai.

- Khiy =3,4.... > St = 0 — Dé hé vo sai trong hé it nhét
phai c6 3 khau tich phan.

Cha y: Khi danh gia chit luong ¢ ché do xac 1ap nguoi ta
con cho chi tiéu chat lugng tinh cho phép dudi dang [St%]. St%
cua h¢ lucs nay duogc xac dinh nhu sau:

st% = >1100%
Yo
Yoo =Y = limy(t) =limp¥(p)

Y (p) duoc xéac dinh tir dau vao va ciu tric cia hé thong.
IV-3 Panh gia chat lwong hé thong & ché dd qua do

Panh gia chat luong hé théng & ché'do qua do 1a ta phai
xéac dinh dugc 3 chi tiéu 13 6 qua diéu chinh, thoi gian qua do,
s6 1an dao dong ta co thé thuc hién theo nhiéu cach. Tuy nhién
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neu 66 duge’dae tinh qua dohi(E) cua hé thi viée xac dinh cdc
chi tiéu trén rat don gian.

I. Phwong phap dai sé: Bién d6i Laplace nguoc dé tim ham
h(t) khi biét ham H (p).

1. Dung phirong phdp bién déi ngwoc ham hitu ty.

s e _

Khi @6 ham anh H (p) c6 dang:

Pé tim h(t) ta thuc hién theo cac budc sau:
Phén tich H (p) thanh tong cac phan thire ti gian.

H(p)=A+izn: Ay n & B (p—o, ) +Cy By

)

k=1 i1 (p—ak)i k=1 (p_ak)2+Bk2

Trong do: A, Ay, Bk, Ck 1a céac héng s6. ay 1a céc nghi¢m

thuc boi n va o, * jB, 1a cac nghiém phirc lién hgp cua phuong
trinh A (p) =0

Xac dinh ham gdc cho ting phan tir trong tong trén nhu sau:
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h(t) = hy(t) + ha(t) + hs(t) + ha(t)

2. Dung phwong phap phwong trinh ddc trung:

Gia sir hé c6 ham truyén:
_B(p) bp"+..+b,
A(P) a,p"+..+a,

W(p)

Khi dé:

Trong do:

Co 12 hang sb duoc xac dinh theo diéu kién dau p = 0

B(0)

Co =W(0)=—=—

0o =W(O)=7 )
pi 1a nghiém thtr 1 cua phuong trinh dac tinh A (p) =0

Ci 1a cac hang s6 dugc xac dinh nhu sau:

_ B
O PA P s
Néu p; 1a cac nghiém phec thi ta phai ding cong thirc ole
Cie(OLi"'jBi)-t +Ci+1e(ai_j[3i)t

= (a+ jb)e™ POt 4 (a— jb)e™ Pt

Bai giang 1y thuyét didu khién tu dong
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=2Aie*".cosB,t + ;)
Véi:
= va® +b?
0, :arcth(rad)
a

B(P) _ K

hay tim
A(p) Tp +1

Vi du: cho hé c6 ham truyén W(p) =

h (t) stt dung phuong phép phuong trinh dac trung:

h(t) = c,1(t) + Zn:ciepitl(t)

c =W(0)=K: ¢, 2P |0 47—k
T pA (IO)

t

h(t) = K1(t) — Ke_%l(t) =KkI(t)[L—e T]

I1. Phwong phap may tinh sé: Sir dung ngon ngit MATLAB
1. St dung so do cau tric ciia hé:

Lay cac khoi trong thu vién Simulink cia ngdén ngit
MATLAB sau d6 ndi chiing lai theo dung so do cau tric cta hé
da cho. Vi can dic tinh qua do nén ¢ dau vao ta phai dung ham
budc nhiy step va ¢ dau ra ta dung khoi scope dé hién thi va

quan sat dac tinh.
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2. Su dung cdu lénh:

Gia str h¢ da cho dudi dang ham truyén dat. Ta phai dung
cau 1énh dé khai bao ham truyén va dung cdu lénh dé v& dic

tinh qué do.

IV-4 Panh gia gian tiép chit lwong qua dd hé thong
1. Str dung phwong phdp phén bo nghigm:

Pay 1a phuong phap danh gia chat luong cia QTQP khong
can xac dinh dic tinh qua do h (t). No dua trén sy phan bd
nghiém trén mat phing phirc dé cho chung ta biét kha ning tac
dong nhanh ciing nhu dic diém dao dong trong QTQD cua hé
théng.

Nhu ta da biét 1 hé diéu khién thuc chat lam nhiém vy bién
d6i luong vao thanh luong ra theo yéu cau. V& mit toan hoc qué
trinh bién d6i d6 duogc mé ta bang phuong trinh vi phin tong
quat sau:

A, My -,

Trong d6: a ;, b j 12 cac h¢ so.

d"‘u(t) b

du(t
do m—1$+bmu(t)
Nhén thdy rang day la phuong trinh vi phan khong thuan

nhat, nghiém tong quét cia né c6 dang:

e e B(0)
yO =y (O +y*@®) = ;cie" *A0)
Véi:
y*(t) : La nghiém riéng cta phuong trinh vi phan trén
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y~(t) : La nghiém tong quat cta phuong trinh vi phan thuan

nhit n6 dic trung cho qué trinh qua do:
n
yo(t) = z Ciepit
i=1

Ci : La hé s6 dugc xé4c dinh boi cac diéu kién ban dau.

pi : La nghiém thr 1 cua PT dic tinh:

A(p) =ap" +ap™ +...+ apap +2,=0

Néu p; 1a cac nghiém thuc 4m (cac nghiém phan bb trén truc
thuc) thi

y () =Y c,e”" h¢ khong dao dong
i=1

Néu p; 1a cac nghiém phirc lién hop pii = i+jPBi; <0
(C6 nghiém nam ngoai truc thuc) thi

2 A ~ A
y(t) = Z 2A.e*%".cos(B;t +¢,) hé s€ dao dong
i=1

Ta da biét tinh 6n dinh coa hé phu thudc vao dau phz‘in thuc
nghiém o, néu gia tri tuyét d6i phan thue cang 16n thi vi tri coa
pi cang xa truc 4o thi tinh chat 6n dinh ctia hé cang tot. Mat khac
o; (mang dau 4m) 1a s0 mii ciia ham luy thira, néu |o;|cang 16n
thi ham mil tat cang nhanh, thoi gian qua do cta hé thong cang
nho. Vi vy chét lugng QTQP cua hé duoc danh gia gian tiép
qua phan thuc oj. Thanh phan qua do ung voi |a;| bé nhat s&
nam gan tryc 4o nhat vé phia trai s& suy giam cham hon cac
thanh phéan qua do c6 |oy| 16n hon. Ky higu
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n=min|ai|

=10
Do d6 khi danh gia thoi gian QTQD c6 thé mdt cach gin
dung thay thé thoi gian thuc cua hé thong bang thoi gian cua
thanh phan tat cham nhat e ™
Nhu vay ta phai xac dinh 1 dé thoi gian QTQD cua hé théng
la tg khi lrong ra cua ctia n6 dat gia tri a = St (sai 1éch tinh cho

phép):

1
~ In=
V(t)=a=e™ >q=—2
tO

I(w) ()

A A

«—1 —
p. ‘ > R(0) s 0 » R(w)

Nhu viy dé hé thong thao man thoi gian QTQD yéu ciu thi
phuong trinh dic tinh hé théng v6i cac nghiém p; ¢6 phan thuc
thod man diéu kién |o;|>n.

Ta doi truc tung sang trai mot doan dung bang m va thuc
hién bang cach doi bién sé: s=p-n—>p=s+n lGc ndy hinh
thanh bai toan dé hé théng thdo man thoi gian QTQD yéu cau
thi phuong trinh ddc tinh hé thong vdi cac nghiém s; c6 phan
thyc thoa man diéu kién o, <0. Pay chinh 14 diéu kién dé hé

thong 6n dinh ung véi phuong trinh dic tinh méi.
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A(S)=a,(s+m)" +a,(s+m)" ... +a, =0

Néu chi xét dén 1 thi méi chi danh gia dugc do tic dong
nhanh cham cta hé théng. Trong thyuc t& nguoi ta con danh gia
tan s6 dao dong cua hé thdng thong qua phan ao B; cia cac
nghiém pi. Néu xét cung mot thdi gian qua d6 néu nghiém nao
c6 phan 4o B; 16n thi s6 1an giao déng nhiéu hon, tuy nhién néu
cac nghiém c6 cung B; nhung nghiém nao c¢6 |a;|16n hon s& giao
dong it hon. Nhu vay dé danh gia mic do dao dong cua h¢ ta s
dung hé s6 dao dong m.

Nhung dé danh gia ta phai tim hé sé mtc d6 dao dong 1on
nhit bang cach ké tir gdc toa d6 dén cip nghiém lién hop sao
cho tit ca céc nghiém con lai nam tron trong 2 tia do.

Khi do:

“3 | All(0)
m=1tgo = —
g OLi| N————-ﬂﬁ
NN
[ )
a' 6 0 R
N O T U SRR S b ¢ B
Nguoi ta da khao sat va thay rang:

Néu m<0.275hé dao dong itn=1,2.
m > 0.275 h¢ dao dong nhiéu n >=3
2. Sur dung phwong phap tich phan:
Phuong phap nay nguoi ta st dung gid tri tich phan cua sai
léch e(t) dé danh gia chat luong QTQD cua hé.
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Déi v6i nhitng hé thong didu khién sai 1éch e(t) c6 dang nhu
hinh (1) thi két luan 13 hé khong dao dong.

Dbi v6i nhitng hé thong diéu khién sai 1éch e(t) co6 dang nhu
hinh (2) thi két luan 13 hé dao dong nhung khong c6 qua diéu
chinh.

e(t) e(t)

\(3) t

) t 0 S

1)

v

0
Trong hai truong hop nay dién tich ciia ving e(t) c¢6 thé duoc

xac dinh nhu sau.
1, = [e(t)dt
0

Néu dién tich nay cang nho thi qua trinh qua do xay ra cang
nhanh va nguoc lai.

Pbi v6i nhitng hé thong diéu khién sai 1éch e(t) c6 dang nhu
hinh (3) thi két luan 13 hé dao dong va c6 qua diéu chinh.

Trong trudng hop nay ta khong thé sit dung cong thirc

I, = _[e(t)dt dugc boi vi e(t) doi ddu nén I, bay gid bang tong
0
dai s6 ctia 2 phan (+) va (-) din dén khong phan anh chinh xac
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téng dién tich din dén danh gia sai chat luong. Trong truong

hop nay ta dung cong thuec:
1, = [le(ldt
0

Cong thirc ndy c6 thé dung dé danh gia chat luong chung cho
hé dao dong hay don diéu. Nhung trong thuc té khong duoc sir
dung vi tinh tich phan trén gip rat nhiéu kho khan. Luc nay
nguoi ta st dung cong thuec:

0

I, = [le(®T ct

0

l; khong phu thudc vao dau e (t) nghia 1a khong phu thudc
vao dic diém cua dudng cong qua do.

Tuy nhién néu xét 2 hé: don diéu va dao dong co cing thoi
gian qua d6 nhu hinh vé

Dién tich trong trudng hop 4 e(t)
don di€u 16n hon truong hop
dao dong nhung trén thuc té
QTQDb cua duong don di¢u
t6t hon duong dao dong Vi ¢
hé don diéu o,,%=0; n=0. ( g

DPong thoi cac tiéu chuan
tich phan trén khong néu lén dugc d6 bang phang, khong noi
dén toc do bién thién cia e(t). Vi vay dé khic phuc nguoi ta dua

ra dang tong quat sau:
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l, = ?th
0

d"e

2
dt" ]

voi V= e(t) 2+[v1%]2+...+[vn

Vi...Vy la cac hé so

Trong thuc té ngudi ta thudng chon:

de
V=e(t) v, ]
e(t) " +[v, dt]
Khi do: I, = wj[e(t)z +(v, %1t
; dt

je(t)zdt : Bic trung cho tbc dd nhanh chdm ciia QTQD
0

0

'f[vl 3—:]2 dt : Pac trung cho do bang phing ciia QTQD

0
3. Str dung diic tinh tin sé:

Gia st cho hé théng diéu khién c6 tin hiéu ra tai moi thoi
diém 1ap lai chinh xéc tin hi¢u vao ctia h¢. Ma tin hi¢u vao 1a
1(t) dan dén hé thong s& khong dao dong va khong cé qua diéu
chinh. Khi d6

W(p) =1; W(jo) = R(w) + ji(w) =1 A(0) =L ¢(w) =0

Diéu nay chi thyc hién dugc trong trudng hop 1y tuong, hé
khéng c6 quan tinh. Trong thuc té hé cua ta 1a c6 quan tinh cho
nén déc tinh A(®) c6 dang nhu hinh vé.

A() =1 ¢(w) =0 co thé dat dugc 6 tan s6 thip: 0 <o <o,
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O tan s cong hudng ¢, dac tinh bién do co gia tri cuc dai
Anax. Khi tan sd tiép tuc tang
do hé thong c6 quan tinh 1én 4 Ao)o()

hé théng khong kip phan tmg

v6i cac dao dong cao tan nén 1
A(m)giam nhanh choéong. Tin

hi¢u ra cham pha so véi tin

ve

hiéu vao. 0

Nguoi ta da xac dinh dugc

»

A A(0);0(0)
Anax cang 1on thi hé cang dao

Amax

dong va nguoi ta dua ra hé so
danh gid mic do dao dongcua Ao
hé:

>
ve

Thong thuong

-M=1:h¢ dondi¢u 5,,%=0;n=0

-M=1,2—-1,5 thi két luan hé c6 d6 qua diéu chinh <= 30%,
n<=2

- Néu M cang 16n thi hé cang dao dong va lugng qua dicu
chinh cang 16n

Duya vio dic tinh A(w)céd thé tinh duge gan dung thoi gian
qua do va thoi gian nay ty 1& nghich véi tan sb:

T

toe = —— teg = (2> 4)—
0‘)ch (DO

Bai giang ly thuyét diéu khién tu dong
119



CHUGNG V TONG HQP HE BIEU KHIEN
TU PONG TUYEN TINH
V-1 Khai niém
Sau khi xét 6n dinh ton tai hé khong on dinh, néu hé théng
da 6n dinh, sau khi khao sat chat lugng lai tdn tai hé chuwa dam

bao chit luong yéu cau.

Van dé dit ra 1a néu hé thdng khong 6n dinh thi lam thé nao
dua hé théng vé 6n dinh. Néu hé théng dd on dinh nhung chat
luong khong thoa min yéu ciu thi 1am thé nao nang cao chit

lugng cua hé.

bé giai quyét cac van dé do ta tién hanh 6n dinh hoa va tong

hop hiéu chinh hé théng.
V-2 On dinh hoa hé théng

I. Véi hé ¢6 ciu tric 6n dinh:’

Hé c6 ciu trac 6n dinh 13 hé thdng khi thay doi thong sb cua
cac phan tir trong hé thi tinh 6n dinh ciia hé thay ddi theo nhung
cau tric ctia hé khong doi.

1. Gid sir hé co cdu

tric nhw hinh vé: uP E(P Wx(P) Y(P
Gia st h¢ ho da

cho ¢6 ham truyén ©)

»
»

dang:
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_B(p) _ K
Yol = 20 = Am)

On dinh va c¢6 ddc tinh Wy(jo) nhu hinh v&.

il(©)

Néu hé sb khuyéch dai 1a K, thi hé kin 6n dinh, néu 1a K, thi
hé kin khong 6n dinh.
2. Gid sir hé thong diéu khién cé ham truyén:

AP)=p® +(T+Dp° +(T+2p+4=0

Hay xac dinh T dé h¢ 6n dinh > T>1
Két luan: Nhu vay dé 6n dinh hoa hé théng ¢ cau trac 6n dinh
thi ta chi viéc thay ddi su twong quan cia cac thong sd trong
mach. Dé xac dinh tri s6 gid1 han cua cac thong s6 d6 ta str dung
cac phuong phap Raox, Huwitzs, 1y thuyét phan ving ...
II. Véi hé ¢6 cau triic khong on dinh
Hé co6 céu trac khong on dinh 13 hé théng khi d6i tat ca cac

thong s6 véi moi gia tri hé van khéng 6n dinh. Mudn 6n dinh
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hoa hé thong nay ta phai thay do6i cau tric cua hé bang cac cach
sau.

- Thay dbi lai cach ghép ndi cac phan ti trong hé.

- Thém cac mdi lién hé phan hoi phu vao trong hé.

- Thém mot s6 thiét bi bén ngoai vao trong hé (thiét bi hiéu
chinh).
Mbt hé ¢6 ciu trac khong on dinh thuong 1a hé co6 khau tich
phan va khong c6 khau vi phan mic ndi tiép nghia 14 hé thdng
khong thod man diéu kién can dé hé 6n dinh.
1. Thém mdi lién hé phan hoi phu vao trong hé:

Gia sir hé ¢o cau truc nhu hinh vé véi:

K
- W(P
W) = T Tp+D) )

A(p) = Tszp3 +(T1 +Tz)pz +p+0=0
Hé c6 ciu truc khong 6n dinh (khong thoa man diéu kién can
a; >O)

Thém moi

W(P) >
lién hé phan )
hdi:
W(p)
W =\
« (P) T W(p)

AP)=T,T,p°+(T,+T,)p’ +p+K=0
ba chuyén tir hé ¢ cau tric khong 6n dinh vé hé ¢6 cu tric
6n dinh.
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2. Thém thiét bi hi¢u chinh vao trong hé:

Gia st hé co6 cau truc nhu hinh vé

VOl — W(P) —

K
W(p) =
)= T+ TpD)

Ap) =T, T,p* +(T, +T,)p> +p° +0p+0=0

Hé c6 cau

ke W(P)
tric khong )

v

o6n  dinh
(khong

thoa man dicu kién can a; >0)

Thém mébi lién hé phan hoi:
W(p)
1+ W(p)

Wi (p) =

A(P) =T, T,p* +(T, +T,)p° +p° +0p+K =0 hé¢ van co céu
trac khong 6n dinh. Ta dua thém thiét bi hiéu chinh méc ndi

tiép c6 ham truyeén:

3 WHC(P » W(P) >
3 T,p+1
ne (P) T,p+1
LW (DW(P)

Bai giang ly thuyét diéu khién tu dong
123



ba chuyén tr hé ¢6 clu tric khong on dinh vé hé co6 cau
trac on dinh.

Sau khi da dua hé vé ¢ cau trac 6n dinh thi viéc 6n dinh
hoa hé théng duoc thuc hién nhu 6 muc 1.

V-3 Toéng hop hé thong theo diic tinh tin sb

I. Piic tinh L(o) miu:
Nhu ta d3 biét néu cho trudc mot hé théng DK ta s€ v€ duogc
dac tinh L (o)va tir dac tinh nay ta s€ xac dinh dugc mot bo

thong sb chat luong cta hé.

L(w)4(db)
-20y\
40 (-60)
20
\ (dec)
IgCl)]_ |gg)2 Ig(DC
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Nguoc lai néu cong nghé yéu cau mot bo thong sd chat
luong ta s& di thiét ké duoc mot hé diéu khién dap tmg va tir hé
diéu khién nay ta cling s& v& duogc dic tinh L(o)cta nd.

Nhu vay néu trong k¥ thuat xudt phat tir mot bo thong sb
chat luong goi 1a téi vu ta s& v& duoc dic tinh L(o) goi 1a dic
tinh mau. N6 c6 dang nhu hinh v& va dugc chia ra 1am 4 ving
theo 4 dai tan sd khac nhau:

1. Dii tan sé cwe thip o <= o;:

Vung tan sé cuc thdp d6 nghiéng doan dic tinh ving nay
quyét dinh sai 1éch tinh cta hé. Néu mudn sai 1éch tinh nhé thi
do nghiéng tang.

2. Dii tin sé thip o, <o <o, :

Vung tan sé thdp d6 nghiéng cia ving nay _
qua dicu chinh cua h¢ néu g nghiéng cang tang thi ¢ qua diéu
_. Do rong clia ving nay quyét dinh thoi gian qua
d6 ctia hé. Mudn thoi gian qua do ngan thi d6 rong ving nay
tang.

3. Dii tan trung binh o, <o <o,:

Ving trung tan, do rong ving nay quyét dinh do dur trir 6n
dinh clia hé. Va trong k¥ thuat yéu cau dé hé théng lam viéc
dugc thi do nghiéng cua ving nay phai ¢6 dinh bang ~20db/dec
va IGUEIgE08cec

4. Ddi tan so caoo 2 o, .
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Ving cao tan, trong ving ndy tap trung chil yéu ning luong
cta tin hiéu nhiéu cao tan. D& hé théng chéng nhiéu tot thi @
nghiéng clia Viing 'y cang 16n Cang iof. DE he khong b anh
hudng nhiéu ctia nhiéu thi do nghiéng - cua vung nay la
-60db/dec.

I. Pic tinh L,(®) mong mudn:

Tir yéu cau cong nghé, ta phai xay dung dugc hé thong dap
tmg duoc cic yéu cau ki thuat dé ra hé thdng d6 13 hé thong
mong mudn. Hé nay cé ciu tric hoan toan méi so v6i hé di co.

Pic tinh bién do tan sb loga ctia h¢ nay duoc goi la dac tinh
mong mudn Ln(o). N6 duoc xiy dung dua trén dic tinh miu va
dac tinh Lo(®) ctiia hé da cé (hé ci) va dugc thuc hién qua cac

budc sau:

Xuét phat tir cac yéu cau cong nghé: dmax %, t,, n ta xac

dinh tin sd cit o, tir biéu thuc tinh thoi gian qua do:

Trong do K 1a hé s6 duge xac dinh tir Smax % tra theo d6
thi K="f(c_,, %)

max
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Omax%

»

0 10 20 30 40
Trong trudng hop khong c6 dudng cong dé tra co thé lay

gan dung

Sau d¢ tinh Igo. va dat Ién truc hoanh
2. X4y dung dic tinh L,(0)& phén trung tin.
- duong thang nay dwoc gidi han boi 2 tan sd ®, VA 03,

Hai tan s6 nay dugc chon nhu sau:

Thong thuong dé thuan loi cho viéc tinh toan ciing nhu thiét

bi hi¢u chinh don gian nguoi ta thudng chon
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= ®y: triung Vi tan s6 gay cua he el hoic 1a giao diém cua
dic tinh mong muén & phan trung tan voi dic tinh Lo(®) ¢ phan
tan sb thip

_ hodc 1a giao diém cua
dic tinh mong mudn & phan trung tan véi dic tinh Lo(w)d phan
cao tan

Sau d6 kiém tra lai diéu kién: Igo, —lge, >0.9 dec
3. Xay dwng dic tinh L,(0)é phan tin sé thap.

Tir diém twong tmg v6i o, ké duong thing co do nghiéng (-
40db/dec);(-60db/dec), hoac trung vdi do nghiéng ctua dac tinh
hé cii. Giéi han ving ndy quyét dinh béi ©,. Thong thuong ®y
dirge chon friing Vi an's6 gdy clia he'eli hoc 1a giao diem ciia
dic tinh mong mudn véi dic tinh Ly(e). Néu khong co thé tuy
chon ®; v6i nguyén tic cang mé rong vung tan sb thap thi thoi
gian qua d6 cang ngan.

4. Xay dung dic tinh L,(0)é phén cao tin.

Tir diém tuong Gmg véi o3 ké duong thing c6 do nghiéng
cang Ién cang tét. Bé thiét bi hiéu chinh don gian nén ké cang
gan hé cii cang tét nhung d6 nghiéng khéng duoc <-60db/dec.

5. Xay dung dic tinh Ly(0)6 phan tin s6 cuc thap.

Néu hé sau hiéu chinh yéu cau tré thanh hé vo sai tinh bac Y
thi qua diém tmg véi o, ké duong c6 do nghiéng -20y (y s6 khau
tich phan co trong hé)
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Néu khong thi tir diém ©; ké song song véi dic tinh cii hodc
chon trung vé1 dac tinh cil.

I. Tinh toan thiét bi hiéu chinh:

Sau khi xay dung dugc Li(o)nghia la ta xay dung duoc dac
tinh bién dd tan sd loga cua h¢ mai.

Van dé dat ra 1a: néu c6 mot hé cii nd chua thoa man cac chi
tiéu vé On dinh va chat luong thi ta phai dua vao hé théng mot
khau goi 1a thiét bi hiéu chinh dé hé thong dat dugc céc chi tidu
dé ra. Muc dich cua ta 1a tir Lp(@)va Lo(@)ta phai di xac dinh
dugc Lye(@)va tir d6 tinh toan duogc thiét bi hiéu chinh.

1. Tinh toan thiét bi hiéu chinh néi tiép:

Cau truc nhu hinh vé

U Y
® Wic(P) W,(P) ®)

)

A 4

W,(p) ham truyén dat cia hé thong trude khi higu chinh.
Wic(p) ham truyén dat cta thiét bi hiéu chinh.

Tir so do ta c6: Win(p) = Wac(p). Wo(p)

Hay:

Wn(jo) = Wic(jo). Wo(jo) = An(®) = Anc(®). Ao(w)
201gAm(w) = 201g[Anc(®). Ao()]

= 20lgAnc(o) + 201g Ag(®)
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= Ln(®) = Lyc(®) + Lo(®@) — Luc(®) = Lm(®) - Lo(w)

Nhu vay dé tinh toan thiét bi hiéu chinh ta thuc hién qua cac
budc sau:

- Xay dung dic tinh bién do tan s logarit cua hé thng cii
Lo(®).

- Xay dung dic tinh bién do tan sb logarit cia hé thng
mong mudn Lim(®) theo 8max% Vva ty sau do kiém tra tinh 6n
dinh cua hé¢ mong muén.

- Xéac dinh dac tinh hiéu chinh theo:

Lic(®@) = Ln(@) - Lo(@). Tu dac tinh ta tim dugc Wyc(p) —
Thiét ké duoc khau hiéu chinh va tir d6 tinh todn thong sb cua
mach hiéu chinh

2. Tinh toan thiét bj hiéu chinh bing cAch ghép phan hdi:

Pé thuc hién theo phuong phap ndy ta phai phan tich va
chia hé thong cii thanh 2 nhom:

- Nhom thiét bi c6 cong suit 16n ndm & phia cudi caa hé
(thiét bi dong huc) c6 ham truyén Wo(p) va khong bi bao bai
khau hiéu chinh

- Nhom thiét bi c6 cong suat nho nim ¢ dau vao cia hé (
thiét bi tong hop va khuyéch dai trung gian), anh hudng nhiéu
dén chat luong ciing nhu tinh 6n dinh c6 ham truyén Wa(p) va
duogc bao boi khau hiéu chinh. Ta c6 ciu trdc hiéu chinh nhu
hinh ve.

W, (p)
1+ W, (P)Wic (P)
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ue W | we) MU
Olo
Wic(P)
Thay P =jo ta dugc W, (jo) = W V(\gio()JVO\)/) Go) W, (jo)

Trong pham vi tan s6 khao sat do tin hiéu chu dao bién d6i

cham nén

W, (j0) Wee (jo) >> 1
Khi d6: W, (jo) = M
W, (jo)

Tuong tu nhu trén ta tim duoc Lyc(®) = Lo(®) — L(®)

Dé thiét ké so d6 nguyén 1y mach hiéu chinh va tinh toan
thong s6 mach hiéu chinh ta lam tuong tu chi khac 1a khi vé dac
tinh bién do tan sd loga ta khong vé& cho ca hé ma chi v& cho
nhom thiét bi khong bi bao bdi khau hi¢u chinh W, (p)
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V-4 Tong hgp hé thong theo phwong phap toi wu
( Modul t6i wu va Téi wu ddi xing )

I. Khai niém:

Xuat phat tlr bai todan mong mudn 1a & ché d6 xac lap luong
ra dung bang luong vao hoic it ra ¢ ché do qua do luong ra bam
duogc luong dat véi thoi gian ngin nhat.

Nguoi ta khao sat va thiy ring ham truyén ctia hé c6 dang phan
thire. Tir va mau s6 12 mot da thic véi:

- Bic cita da thie tir nho hon bic ciia da thire mau 2 bac.

- Pa thire tir chinh 1 da thic miu sau khi bo hai sé hang
bac cao hon

- Cac hé sb cua da thuc phai thoa man hé phuong trinh: 1ay
mot hé sb a; bat ky binh phuong trir 2 14n tich ctia 2 hé s a; 1an
can phai bang 0.

a’-2a,a, =0

a’,-2a,,a, =0

Pé don gian nguoi ta chon:
_’ dat an_z ) 21:2; an_l ) Zr;an :1
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a +a
W, (p) = =53 n_lpz ; '
a p +an—2p +an—lp+an

3 3. 2. .
dita, ,=81a, ,=8t%a,, =414, =1

R 41p+1
NenW,(p) = —— zpz :
8t°p° +8t°p° +41p+1

o <1
Vo1 T_thd

Trong h¢ théng néu dung mot thiét bi hiéu chinh mach c6
thé phtc tap, kho tinh toan. Dé don gian ta dung nghiéu thiét bi

va chuyén hé vé so do cau truc ndi cap chuan, tong quat.

A 4
g

v

> Whicz Wycr | W,

o4

__________________________________________________________

Mit khac trong hé thong cii c6 thé c6 cac khau co hing sb
thoi gian khac nhau va trong k¥ thuat nguoi ta quy dinh:

- C6 thé bo qua cac hang s thoi gian nho hon 1 miligidy (<
0.001 s)

- Céc khau c6 hang s6 thoi gian > 0, 1gidy trd 1én coi 13 16n
ta phai dé nguyén.

- Cac khau c6 hang sb thoi gian 0.001(s) < T < 0.1 (s) goi la
hang s6 thoi gian nho. Khi d6 ta c6 thé thay thé cac khau c6
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hing sb thoi gian nho thanh mot khau twong dwong cing loai

V61 hang s6 thoi gian bang tong hang s6 thoi gian cua cac khau

nho thanh phan. T, =>"T,

i=1

II. Hiéu chinh bing phwong phap Modul tdi wu:

Gia sir hé théng c6 ham truyén hé ho 1a Wy (p). Ta phai tim

khau hiéu chinh Wyc (p) sao cho ham truyén hé thdng kin

W (p) véi phan héi (- 1)

Wie Wy

v

Wo(P)

_— » W(P) —»

Thoa mén diéu kién chuén sau:
1
2t°p® +21p+1

W (p) =
Trong d6: W, (p) = %

Wo(p) = Wr(p) - Wiic(p)
Thay vao ta tim duogc

Bai giang ly thuyét diéu khién tu dong
134

v



1
WHC =
W, 2tp(1+tp)

VD. Cho hé c6 ciu triic nhu hinh v& hdy tim khau hiéu

chinh theo phuong phap Modul t6i wu.

Kt 1

1+ pTCL u( + ) p) Iu(p)
)
; Ki <

Bién d6i vé phan hdi (-1) va dua thém khau hiéu chinh

W,(p) vao hé théng

1 1
— W, Ly K % KCL JE Iu >
K, " T 1+pry[ ] R@+T,.P)
)
Taco:
K, .Ke.
Ru KWI
= (7oL <<T))
Q+T,P)A+7,,P) @+T,P)A+17 P)
Véi:
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Nhu trén da biét, theo tiéu chuan Modul t6i uu ta phai tong
hop hé théng sao cho bu dugc cac khau co hang s thoi gian
16n. Trong hé chi con lai khiu c6 hang s6 thdi gian nho va ham
truyén hé kin phai thoa min diéu kién:

W, (p) _ 1

W = —
«(P) 1+W, (p) 1+27, .p+272.p°
Hay:
R p+272.p?
Wy (p) 7 ’
1 1
=W, (p) =

27,.p+212.p° - 27,.pA+17,.p)
Nhu vay ta phai tim khau hiéu chinh W (p) sao cho:

Kwi W, (p) = 1 B 1
@+T,P)L+7,P) " 27,.p(+7,.p) 2.7¢.p(L+7e.p)
(B khau c6 hang s thoi gian 16m T,)

Hay:
Wy ArTPA+TaP) _1+TP 1
Kwi-2.tc -PA+ T .P) P 2Ky T
= T 1+ 1 )
2Ky To TP

Ta thay rang khau hiéu chinh dong dién 13 khau PI
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I11. Hiéu chinh bang phwong phap tdi wu ddi xirng:

Y Wic Wy L,

)

Wo(P)

v

Y

Y Jwp)

Gia sir hé thong c6 ham truyén hé ho 12 Wy(p). Ta phai tim
khau hiéu chinh Wyc (p) sao cho ham truyén hé théng kin
Wk(p) v6i phan héi donvi (- 1)

Thoa man diéu kién chuan sau:

41p+1
W =
«(P) 8tp® +8t%p? +41p+1
: W, (p)
Trong do: W, (p) = —2""—
“ 1+W,(p)
Wo(p) = Wh(p) - Wic(p)
\ X 4ip+1
Thay vao ta tim dugc: W,,. =
Y ' e W, 81%p” (1+1p)

Dé thiét bi hiéu chinh don gian ta chon trung véi héng )
thoi gian ndo d6 ciia Wyc dé co thé gian udc duge (bu duoc

khau c6 hang s6 thoi gian 16n)
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Phuong phap ndy dung hiéu chinh cho hé théng c6 khau
tich phan. Néu trong h¢ khong c6 khau tich phan ta phai lam
gin dung vé khau tich phan bang cach chon hang sé thoi gian c6
trong hé 13 16n nhat va lam gan dung:

1 1

Tp+l T.p

Sau khi hiéu chinh duoc ham truyén ctia hé kin co tir s6 1a
khau vi phan 1am ting luong qua diéu chinh va s 1an dao dong
(gdy rung rat). Dé khic phuc hién twong trén (hé thong khai
dong ém) ta dua thém khau tién xt Iy méc nbi tiép vao hé co
ham truyén

1
= m

Wiice

V-6 Tong hop hé thong theo phwong phap gan diém cuc

1. Theo nguyén tic phén hoi trang thdi:
Cho hé ¢6 cau tric:

w=u gé:&ﬁBH y
- = dt S
y=Cx+Du
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Hé c6 cac diém cuc khong mong mudn, nhiém vu thiét ké
bo phan héi trang théi tinh R sao cho hé nhan n gia tri p; cho
trude 1am cac diém cuc:

dx

w —=Ax+Bu
dt - =

=

y
————
y=Cx+Du

X

R |e

Hé théng kin voi bo phan héi trang thai R s& co:
‘i—szyBg:AyB(v_v—Rz) _ (A—BR)x + Bw

Ldc nay viéc xac dinh R dé hé nhan n gi4 tri p; cho trudc
lam cac diém cuc twong dwong véi viée tim R dé ma tran A-BR
nhan n gia tri p; cho trude lam céc tri riéng hay:

det(pl - (A-BR)) = (p—p,)(P—P,)--(P—P,)

Vi I 1a ma tran don vi

2. Theo nguyén tic phin hoi dau ra

Cho hé co chu truc: q
X
w=u —_:AX‘F Bg X
cT- t -,

d
y=Cx+Du

PhlIOﬂg phé.p né.y ngu’(‘ri ta Chrapuumg oo ¢ cod bﬁC m<n.

b,p™ +...+b,

W(p)=—"5
ap" +..+a,
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Hé c6 cac diém cuc khong mong mudn, nhiém vu thiét ké
bo phan héi dau ra tinh R sao cho hé nhan n gid tri p; cho trudc

lam cac diém cuc: »
w u d—— =AXx+Bu y
y=Cx
) -
R |«

Hé théng kin voi bo phan hoi dau ra R sé c6:
2—)—:=A§+Bg=A§+B(\/_V—R3_/):(A—BRC)5+BV_V
Ldc nay viéc xac dinh R dé hé nhan n gi4 tri p; cho trudc
lam cac diém cuc twong duwong Vvéi viéc tim R dé ma
tran A—BRC nhan n gié tri p; cho trude lam cac tri riéng hay:
det(p! - (A-BRC)) = (p—p)(P—P,)--(P —P,)

Vi I 1a ma tran don vi
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V-7 Tong hop hé thong theo phwong phap
can bang md hinh
Phuong phép can bang mé hinh 1a phwong phap xac dinh bo
diéu khién R khi biét true d6i tuong S va ham truyén can ¢ G
cta hé thong kin. Viéc xac dinh G xuat phat tir cac chi tiéu chat
lwong can phai dat dugc caa hé thong diéu khién.

uE) R() o) | Y0,
0
_ _R(MS(p) __ G
M= rmse P RO =g n—cm)

V-8 B diéu khién PID

PID 1a bd diéu khién ty 1& - tich — vi phan (Proportional-
Integral-Derivative)

Bo diéu khién PID duoc sir dung rong rai dé diéu khién doi
tugng SISO theo nguyén tic sai léch:

Qe pip XY
O

YOI

Déi tuong
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Néu e(t) cang Ion thi théng qua thanh phan ty & 1am cho
X(t) cang I6n (vai tro cua khau P).

Néu e(t) chua bang khéng thi théng qua thanh phan tich
phan, PID VA tao tin hiéu diéu chinh (vai tro cua khau I).

Néu e(t) thay d6i Ién thi théng qua thanh phan vi phan,
phan ung thich hop x(t) cang nhanh ( vai tro cta khau D).

B6 diéu khién PID dugc mo ta boi ham truyén dat sau:

1
W () = kp(l +—+T,p)
Tp

ko 12 hé s6 khuyéch dai
T; hing s6 tich phan
To hang s vi phan

Chuong VI: Nang cao chit lwrong hé PKTPD tuyén tinh

6.1. Téng hop theo phwong phap bu nhiéu:
Cho hé c6 cau tric
F(p)l

U(p) WiP) |y | W) | YO),
()
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Pau ra cia hé chiu anh huong cia nhidu F(p). Dé hé bat
bién v&i nhidu ta dua thém vao hé khau bu, véi cau tric nhu
hinh ve.

We(P)

F(p)

()
U(p) W, (p) E‘é | Wa(p) | Y(p)

Hé tuyén tinh véi hai dau vao U(p) va F(p) st dung nguyén
Iy xép chdng, khi diu vao 1a F(p), U(p) = 0

[F(p)— F(P)W,(p)— Y () Wi(p) |W,(p) =Y (p)
W, (p) — WL (P)W, (p) W5 (P)
Y(p) = F
O wew,e P
Pé hé bat bién vai nhidu thi tin hiéu ra Y(p) véi tin hiéu vao
1
W, (p)

F(p) phai bang 0, nén: W, (p) =

6.2 Tong hop theo phwong phap bu tin hi¢u vao:
Cho hé c6 cau tric:
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U(p) Wa(p) Wap) | Y@,
()

Mong mudn tin hiéu ra tring véi tin hiéu vao cua hé ta dua
thém vao khau bl véi cau trdc nhu sau:

Ws(p)

A 4

U(p)

Wi(p) Wp) | Y0,

U(p)—Y(p) Wi(p) +U(P)W;(p) W,(p)=Y(p)

_Y() _ Wi(p)W,(p) + W5 (P)W, (p)
U(p) 1+ W, (p)W,(p)

PDé tin hieu ra tring V6 tin hiéu  vao

W(p)

thi W(p)=1 hay W (p) = W.00)

6.3 Hé thong diéu khién thich nghi:

La nguyén tic ma tin hiéu diéu khién x (t) duoc thanh lap
dua vao tit ca cac yéu to anh huong dén dai luong can diéu
khién.

So db tong quat cua hé diéu khién thich nghi nhu sau:
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Thiét bi phu
S TT L
TPT TC | TPP [
v(t) | ()
oK LY | [BTEK ywo
u(t) S
Hé thong chinh
Trong do:

TPT : Thiét b phan tich tin hi¢u vao (xac dinh tinh chét cua
tin hiéu vao VD toc dd, gia tdc cua tin hiéu vao...).

TPD: Thiét bi phén tich d6i trong (xac dinh dic tinh dong
hoc cuia d6i twong cén diéu khién ).

TT : Thiét bi tinh toan (xac dinh phuwong phap bién d6i dic
tinh cua thiét bi diéu khién chinh ).

TC : Thiét bi chap hanh (c6 nhiém vu chinh dinh thiét bi
diéu khién theo cac tin hiéu nhan dugc tir thiét bi tinh toan).

v(t) : La ham ty chinh, n6 1a ham da tham sd.

v(O=F [x(®), n(®), u(t), y(1)....]
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6.4 Phan ly hé thong diéu khién :

Trong thyc té c¢6 nhitng ddi twong nhiéu tin hiéu vao va
nhiéu tin hiéu ra, c4c tin hiéu ra nay chiu anh huéng cua tat ca
cac tin hiéu vao. Khéng mat tinh tong quat xét he¢ MIMO
(Multiple Input Multiple Output) gém 2 tin hiéu vao va tin hiéu
ra nhu hinh ve:

LE 2O [y e o Wy(P) | | Ya(P),
W,(P)
S| W(P) |

Ua(p) W) L W) [ YelP)

(-)

Pau ra Y1(p), Y2(p) chiu anh hudng cua ca U.(p) va Usx(p).
Pé dau ra Y,(p) khdng chiu anh hudng caa U,(p) (bat bién voi
U,(p)); dau ra Y,(p) khong chiu anh huong caa U, (p) ( bat bién
Bai giang ly thuyét diéu khién tu dong
146



voi Uy(p)), ta dua thém hai khau hi¢u chinh W, (p); W, (p) nhu
hinh vé:
1. Xdc dinh diéu kién bdt bién ciia Y, véi U,: Xét Uy(p) = 0;
Tinh dau ra Y,(p)

U,-Y, WW,-Y,W, W,+ U,-Y, W,-Y,WW, W, =Y,

Tin hiéu ra Y trong truong hop ndy phai bang 0. Tir d6 ta

tim dugc: W, _ W
2
Ui(p) (_) W W
! > 2 PR
T Yip)
W, W,
Wi
> W,
Uz(p ) 4 VYZ(p)
W, s W, —
)

2. Xdc dinh diéu ki¢n bt bién cia Y, véi Uy: Xét Uy(p) = 0;
Tinh dau ra Y,(p)
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U -Y, WW,—Y,W, W,+ U,—-Y, W,—Y,W,W, W, =Y,

Tin hiéu ra Y, trong truong hop ndy phai bang 0. Tir d6 ta
tim dugc: W, = W
W5
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