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Khoa Ky Thuat &Coéng Nghé Poc lap — Tw do — Hanh phic

PE CUONG HOQC PHAN
LY THUYET PIEU KHIEN TU PONG

(Automatic Control Theory)
M3 hoc phén: 1160011

Loai moén hoc: S tin chi:

» Co ban: O = Ly thuyét: 2.5

= Co s0: = Baitap: 0.5

» Chuyén nganh: [ * Thuc hanh: (v hoc trén MatLab)
Phan gio¢ cac hoat dong: = Nghe giang 1y thuyét két hop vai thao luan: 23 tiét

= Lam bai tap trén 16p: 7 tiét
= Thuc hanh, thuc tap: 10 tiét tu hoc & nha theo bai mau
= Ty hoc: 90 gio

Mon hoc tién quyét: Ky thuat dién, Ky thuat dién tir, Pai s6 tuyén tinh, Giai
tich.
Céc yéu cau khac: Phai dugc danh gia dat dbi v6i ciac mon tién quyét, co

thai do tich cuc trong viéc tu hoc va doc trude bai & nha.

Khoa/Bo mon phuy trach: Khoa K¥ thuat & Cong ngh¢ / B6O mon: Dién k¥ thuat

1. M6 ta mon hoc

Ly thuyét diéu khién tu dong 1a mot nhanh lién nganh cia k¥ thuat va toan hoc, dé

phan tich, danh gia, Iya chon, thiét ké, hi¢u chinh cac van dé lién quan dén hanh vi cua

cac hé théng dong luc. Trong hé nay, dau ra mong mudn ciia mot hé théng duoc goi la

gia trj dit trudce; bo didu khién nhén tin hiéu dau vao 1a sai 1éch gitra gia trj dit va thong

s6 dau ra (qua hdi tiép tir thiét bi do) dé diéu chinh ddi twong bam theo gia tri da dat

trudce.

2. Muc tiéu mon hoc va két qua mong doi sau khi hoan thanh mén hoc

Kién thirc, ky nang, nang lyc nghé | Sau khi hoan thanh mén hoc, sinh vién co thé:

nghiép:

1. Kién thuc
va lap luan

1.1. Kién thuc co Sur dur)g duoc cac loai toan: phuong trinh vi phén, dai
ban SO tuyen tinh, giai tich, bién doi Laplace, bién doi Z.
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1.2. Kién thuc cbt 16i

Phan tich, danh gia va lya chon dugc thong s6 cho cac
bo diéu khién, cac bd hiéu chinh ké ca tuong tu va so dé
hé truyén dong lam viéc on dinh.

1.3. Kién thirc nang
cao

Phan tich va thiét ké dugc cac bo hiéu chinh, bo diéu
khién dé hé truyén dong dién lam viéc vaéi chat lugng
tot.

1.4. Kién thuc

chuyén nganh

Phan tich, danh gia, thiét ké cac hé diéu khién tu dong.

2. Cac k¥
nang va cac
td chat ca
nhan va

nghé nghiép

2.1. L&p luan phén
tich va giai quyet
van dé

Mo ta toan hoc, khao sat, danh gia duoc cac hé dong
luc.

2.2. Thu nghiém,
nghién ctru va kham
pha tri thac

Phan tich, hiéu chinh va thiét ké duoc bo diéu khién cho
cac hé dong luc.

23. Tu duy tam h¢
thong

Phan tich, hiéu chinh va thiét ké dugc cac hé truyén
dong dién.

3. Cac ky
nang va to
chat xa hoi

3.1. Lam viéc nhom

Lam chu dugc cac ndi dung trao d6i va thao luan.

3.2. Giao tiép

Tham gia trao ddi véi thay, ban bé, dong nghiép.

4. Nang luc
nghé nghiép
va ap dung
kién  thuc
vao thuc
tién

4.1. Xa hoi va moi
truong

Hiéu duoc cudc cach mang cong nghiép dang dién ra va
tham gia vao mai truong nay.

4.2. Nghé nghiép

Lip rap, van hanh va st chita duoc cac hé diéu khién tu
dong.

4.3. Thiét ké

Tham gia thiét ké bo diéu khién cho cac hé dong luc.

4.4. Van hanh

Tham gia van hanh cac hé thong diéu khién tu dong.

3. Noi dung chi tiét hoc phan va ké hoach giang day

Noi dung:

Cac hoat dong: | Giang
(Hoc Iy thuyét — LT ; | day vao
Gidi bai tgp — BT; tiét:

Thdo lugn — TL)

Phan A. HE THONG BKTP TUYEN TiNH LIEN TUC
Chuong 1. MO TA TOAN HQOC HE THONG BKTD
1.1. Co s& toan hoc
1.2. Ham truyén

1.3. M6 hinh héa hé théng diéu khién ty dong

1.4. Phuong trinh trang thai

1.5. Pic tinh cta phan tir va hé thong

1.6. Cac khau dong hoc dién hinh

1.7.
1.8.

Mot sé khau dong hoc thudng gap trong thuc té
Mot s6 hé PKTD co ban

1.9. Bai tap (4 tiét)

LT + BT
LT + BT
LT + BT
LT + BT
LT

LT + BT
TL + BT
TL + BT
TL + BT
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Chuong 2. KHAO SAT TINH ON PINH CUA HE THONG DKTD

2.1. Khai niém va tiéu chuin chung vé 6n dinh LT

2.2. Céc tiéu chuan 6n dinh dai sb LT + BT
2.3. Céc tiéu chuan 6n dinh theo tan s6 LT

2.4. Do du trix 6n dinh TL + BT
2.5. Bai tap (2 tiét) TL + BT
Chuong 3. PANH GIA CHAT LUONG HE THONG DKTD

3.1. Céc chi tiéu vé chat luong LT + BT
3.2. Panh gia chat luong hé thdng & ché do xac 1ap LT +BT

3.3. Panh gia chat lugng hé théng o trang thai qua do LT +BT
3.4. Danh gia chit luong hé thdng theo phuong phap LT + BT
hdn hop

3.5. Baitap (1 tiét) TL + BT
Chuong 4. TONG HOP HE THONG DKTD

4.1. Nguyén Iy hiéu chinh LT + BT
4.2. Chon khau hiéu chinh LT + BT
4.3. Chon bo hiéu chinh LT + BT
4.4. Bai tap (3 tiét, giai mot phan trong gio LT) LT + BT
@ Kiém tra gia ky va giao bai tip dai KT

Phan B. HE THONG DKTP XUNG SO
Chuong 5. MO TA TOAN HOC HE THONG BPKTP XUNG SO

5.1. Cac khai ni€ém co ban LT

5.2. Co so toan hoc LT+ BT

5.3. M6 hinh hoa hé théng DKTD xung s LT + BT

5.4. Bai tap (2 tiét) TL + BT

Chuong 6. PHAN TiCH, TONG HOP HE THONG BKTP XUNG SO TUYEN TINH
6.1. Co so danh gia tinh 6n dinh ciia hé xung s6 LT + BT

6.2. Tiéu chuén dai sb LT + BT

6.3. Tiéu chan tan s6 LT

6.4. Panh gia chat lugng hé théng dktd xung so LT +BT

6.5. Bai tap (3 tiét, giai mot phan trong gio LT) TL + BT

@ Thi cudi ky Nha trueong to chirc
Nguol giang: Lé Thai Hiép & Nguyen Thai Bao ‘
Hoat dong trong mdi budi hoc: - GV tong két cac kién thirc da hoc c6 lién quan.

- GV huéng dén Iy thuyét, huong dan bai tap.
- SV trao d6i thao luan, 1am bai tap.
- GV sura bai tap
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4. Giao trinh, bai giang, tai liéu tham khao

[1] Nguyén Thuong Ngo, Ly thuyét diéu khién tw dong (hé tuyén tinh), NXB Khoa hoc — K¥
thuat, 2000.

[2] Ngl{yén Thuong Ngo, Ly thuyét diéu khién tw dong théng thwong va hién dai (quyén 1: hé
tuyen tinh), NXB Khoa hoc — K¥ thuat, 2005.

[3] Nguyén Cong Ngb, Ly thuyét diéu khién tw dong (hé tuyén tinh), NXB Khoa hoc — K¥
thuat, 2005.

[4] Bui Qubc Khanh, Piéu chinh tir déng truyén dong dién, NXB Khoa hoc — K thuat, 2004.

5. Phwong phap, hinh thiec kiém tra — danh gia két qua hoc tip hoc phin
+ Chuyén can:10% (Tham gia hoc tap trén 16p).

+ Kiém tra giita ky va lam bai tdp dai: 20% (Hoan thanh cac ndi dung, nhiém vy ma
giang vién giao cho ca nhan/tuan; bai tip nhom/thang; bai tap dai cho timg c4 nhan/hoc ky, bai

kiém tra giira ky; Céc kiém tra khac).

+ Thi cudi ky: 70% (D¢ thi ty luan 120 phut, khong xem tai liéu khi 1am bai thi).
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Phin A. HE THONG PKTP TUYEN TiNH LIEN TUC

Chuwong |. MO TA TOAN HQC HE THONG PKTP

Muc tiéu hoc tap:

1. M6 ta dugc mot hé vat ly thuc dudi dang mot phuong trinh hodac mot hé
phuong trinh vi phan.

2. M6 ta dugc mot hé BPKTD dudi dang mot phuwong trinh hoac mot hé phuong
trinh Laplace.

3. Xé4c dinh duoc ham truyén va mé hinh héa hé PKTD.

4. Biét duoc dic tinh cua cac khau dong hoc dién hinh.

1.1. Co sé toan hoc

1.1.1. Phwong trinh vi phdn:
R

1.1.1.1. Vidu 1-1: - R
Ly e
Uy Cs Ur (X) —>

° ° q
a) Hinh 1.1
u,=LR+u, p, =Rq+p,
1 1
u,=—|idt p, =—|qdt
| =
: du dp
—i=C— =C—%
d 9
RC—L+u, =u, RC%%*DZ—Q

+ Hai phuong trinh vi phén trén déu c6 dang bac nhat:

T=RC
Tgx+y:kx VGi
dt k=1

+Hai phan tir khac nhau vé ban chat vat Iy nhung dugc biéu dién cing mot
phuong trinh vi phan.
1.1.1.2. Két luan:

+ Phuong trinh vi phan cua hé tu dong c6 dang:

1



dny dn—ly dy

a +a, , ——=+..+a,—+a,y=
"dt" " gt g oY
m m-1
:bmd—x+bm1d—)l(+...+b1d—x+box
dt™ dt™ dt

Véin 2= m.

1.1.2. Bién doi Laplace ( 2)

1.1.2.1. Bién dbi Laplace :

n Bién d6 Laplace cia ham x(t) duoc x4c dinh nhu sau:
ZIXOY = X(p) = j x()e™dt  veip=a+ jo
0

p — 1a toan tir Laplace, p 12 mét bién phuc.
n Bién d6 Laplace nguoc tir ham dang X(p) vé ham x(t):

o+ joo

ZHXEI=XO = o= [ X(P)erdp
)

o—joo

1.1.2.2. Céc dinh 1y va tinh chat:

a) Dinh Iy tré:

Z{x(t—1)} =X(p)e ™
b) Pinh 1y vé vi phan:

_|d"x .

<z { e }= p".X(p) — x(0)

¢) Pinh 1y vé tich phan:

t
5% { | x(t)dt} _Lxp)
4 p
d) Pinh 1y t&i han (néu ton tai):
a & {|ti£g x(t)} = lim[p.X(p)]
o 2 {limx(®)] =lim[pX(p)]
e) Tinh chat tuyén tinh:

2 Ax) +kyt)} = < {x(t)} +k < {y(1)}
= X(p) + kY (p)



1.1.2.3. Mot s6 ham thuong gip:

X(t) X(p)
d(t) 1
1
1(t) -
p
1
t p?
) n!
t pn+1
e—at 1
p+a
tn—lle—at 1
(n-1)! (p+a)"
sinmt 5 ® 5
P+ o
p
t
cos® pz P
o)
H —at
sin@t.e (p+0(,)2+(!)2
+
cosmt.e ™ P TR
(p+a) "+

1.1.2.4. Mot s6 vi du ap dung chuyén d6i Laplace:

a) Vi dy 1-2:
T dy(t)

dt
b) Vi du 1-3:
d?y(t)

E dt?

T, dy(t)

dt

+ y(t) = kx(t)

+y(t) =kx(t) - TpY(p) + Y(p) = kX(p)

—T,p*Y(p)+ T,pY(p) + Y(p) =kX(p)




1.2. Ham truyén

1.2.1. Thiét lap ham truyén:

1) Binh nghia: X(t) y(t)
Y(p) W) —
W(p)=—-—= X(p) Y(p)
X(p)
Hinh 1.2

Ham truyén ctia mot phan tir hay moét hé théng 13 anh trén Laplace 1ap boi
thuong s cua dap tmg dau ra trén kich thich dau vao véi diéu kién dau bang 0.
2) Vi du 1-4:
Xét ham truyén ciia mach LR sau:

L
Uv R Ur
) Hinh 1.3 )
U, = Lﬂ+ U,
dt
U, =Ri —i= Y,
R
L.y +U, =U,
R dt
5 L
bat: T=—; y=U X = Uy
R
Laplace hoa:
TpY(p) + Y (p) =kX(p)
Ham truyén:
Y k
w(p) = P) _
X(p) Tp+1

3) Két luan:
Tong quat hoa ham truyén cua hé ty dong c6 dang:
Wi(p) = 2P O P" 4.+ P+, B(P)
anp +an—1p ++a1p+a0 A(p)
Phuong trinh:
f(p)=A(p)=a,p"+a, p""+..+ap+a,=0

duoc goi la phuong trinh déc trung.




1.2.2. Cdc phép bién déi ham truyén:
1) Mac nébi tiép cac phan tir:

Y
X(p) 1(P) Y ()
> W1(p) > Wo(p)—>
X2(p)
Hinh 1.4
Y.(p) Y, (p)
1(I0)—x() 2(p)—x()

wi(p) =Y P) _ Yao(p) _ ¥i(p) Y, (p)
X(P) Xip)  X,(p) X,(p)

— W(p) = W,(p)-W,(p)
Két luan:
Ta c6 thé tong quat hoa nhu sau:

W) =] W)

Ham truyén caa n khau ghép ndi tiép bang tich cia n ham truyén cac khau hop
thanh.

2) Mic song song cac phan tu:
X0),[\, gl Y0
X(p) | Y(p)

%0 2P0

Hinh 1.5
Y.(p) Y,(p)
W, (p) = X.(0) W, (p) = X, (D)

W)~ YO _Y.0)+Y,0) _ Yi®) |, Y,(p)
X(p) Xi(p) X,(p)  X,(p)
— W(p) = W,(p) + W,(p)
Két luan:
Ta c6 thé tong quat hoa nhu sau:

W(p) = > Wi(p)
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Ham truyén cua n khiu ghép song song bang tong cua n ham truyén cac khau
hop thanh.
3) Mic c6 hdi tiép:

Xa(p) Y1(p)
Y
X(p) —> W1(p) (E)
(+)
W 3\
Y2(p) ) Xa(p)
Hinh 1.6
Y, (p) (p)
W (p) =~ W, (p) = 2
S X(p) T X,(0)
Y Y,
W(p) = () _ P
X(p) X.(p)+Y,(p)
Yl(p) Yl(p)
_ Xl(p) _ Xl(p)
s Y, (p) L. Y1(p) Y, (p)
X41(p) X1(p) X5 (p)
L W(p) = — (P
1+ W, (p)-W,(p)
Két luan:
Ham truyén ctia hé c6 hdi tiép:
W,
W(p) = ,(p)
1+ W, (p)-W,(p)
Dau “+” néu hdi tiép am, dau “— néu hdi tiép duong.

= Luuy:
Néu hé c6 hoi tiép don vi nhu so d6 sau:

X(p) %_) el YO
(:)

Hinh 1.7

Khi d6 ham truyén cua hé:
W
W(p) =—(P)
1+ W, (p)

Dau “+” néu hoi tiep am, dau

“_ 9

néu hoi tiép duong.
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1.3. Mé hinh hoéa hé thong diéu khién ty dong

1.3.1. Mé hinh héa mét so hé thong diéu khién tw dpng co bin

1) Vidu 1-5:
Gia sir c6 hé diéu khién ty dong duoc mo ta bang phuong trinh vi phan:
d
al—y+a0y= kx (1.1)
dt
Ta c6 thé viét (1.1) nhu sau:
dy k_ a
_y = — X — _Oy
dt a, @&
Mo ta hé dudi dang moé hinh hoa:
s
dy/dt
X(t) y/ J Y@
= kfa, @ '
a,/2,
Hinh 1.8
Tir (1.1) ham truyén:
k K
W(p) = =—
ap+a, pP+A,
Voi K=~ ; Aj=20
al al
. dy
pat: X, =y; X, =—
. 1 y 1 dt
M6 hinh héa:
X
X R E
—_— KO —> p >
Hinh 1.9
2) Vidu 1-6:
Gia sir c6 hé diéu khién ty dong duoc mo ta bang phwong trinh vi phan:
dy . dy
a,—-+a,— +a,y =kxX 1.2

Ta c6 thé viét (1.2) nhu sau:



dy_k, 8, ady
a‘2

a,  a,dt

dt?

Mo ta hé dudi dang mo hinh hoa:

—
1l
o

dy Yo
_|ety/at e dy/dt__§
—>

X0, e, 0 ] j YO

2,/a,

Hinh 1. 10

Heé c6 ham truyén:

W(p)=— K

a,p’+ap+a, B p>+ApP+A,

Vei K= o A =3 (=0;1)
a

2 a2

_dy . dYy

bat: x1=vy ; XZ:Xl_dt ; xz_dtz

M0 hinh hoa:

X1

Hinh 1. 11
3) Vidu 1-7:
Gia sir ¢6 hé diéu khién tu dong duoc mé ta bang phuong trinh vi phan:
dly _ dy _dy
—+a,—+3a,—+3,y =kx 1.3
Ta c6 thé viét (1.3) nhu sau:
dy_k, &, ady ady

a

d* a, a,” a,dt a,dt?

Mo ta hé dudi dang mo hinh hoa:



3
aZ/aS
d3y/dt3 +:TZ|t:O dzy/dtzl%ltzo dy/dt lyO
X(t) y()
- J J ] ,
aO/aS
Hinh 1. 12
Hé c6 ham truyén:
W(p) = - Ko
a;p’+a,p° +ap+a, P +AP +AP+A,
Véi K== o A =% (i=0,12)
3 a‘3
. dy . dy . dy
Pat: Xi1=y: X, =X, =—; X=X, =—= | X,=—=
TV K TR T BT T T T g
Mo hinh hoa:
X X X
X TTxe o [T]% [T1% y
“1 ko [P0 PR PR >
Ao A A
A A A
Hinh 1.13

4) Két luan:
Hé diéu khién ty dong duoc md ta bang phwong trinh vi phéan:

d"y d" 'y dy
—24+a  —2 4. 4a,—=+ay=
n dtn n-1 dtn—l 1 dt Oy

m m-1
:bmd—x+bm_1d—_)l(+...+b1d—x+box
dt™ dt™ dt
bit: Ai=ﬁ ; B.=—, (i=0;n)
a a

n n

a

Ham truyén cia hé:
m m-1
W(p):Bmp +B,..p +"'+Blp+80:|3( ) 1

P"+A P+ +AP+HA, P A(p)




Trong do W, (p) = ﬁ dugc mo hinh héa nhu trén.
p

Con Wi(p) = B(p) dugc mo hinh héa nhu hinh sau.

—>Bmp™
+
] +
—)Blp -+
> BO
Hinh 1. 14

Vay ta ¢c6 mo hinh héa cho hé (voi m=n—1):

\ 4

1.3.2. Bai tap dap dung:
Dé bai: M hinh héa mach dién hinh dudi véi dau vao Uy, dau ra Uy. Biét trude
cac thong sb ciia mach.

. R1 A R2
ip 2
Uv ¢ | C2| Ur
B
Hinh 1. 16
Bai giai:
Phuong trinh di¢n ap:
u,=iR, +u,, (1-4)
Trong do:
Upe = isz +Uu, (1-5)
=1, +1, (1-6)
Lai co:
1 ;. , du
u=—J|i,dt — 1i,=C,—* 1-7
=l .=C. (-7)

10



Thay vao (1-5) ta duoc:

du,
2 dt r
Mat khac:
1 ¢. . du,,
um;ayﬁ — h_q_m
: d’u, du,
=> |,=R,CC, i +C, ot
Thay (1-7), (1-10) vao (1-6) ta duoc:
) d u,
i, =

Thay (1-8), (1-11) vao (1-5) ta duoc:

u, =RR,CC, ddt“ +(RC, +R,C, +RC)

bat: k=1; T,=RC,; T, = RZC2
Viét lai:

ca,0=T7, T80 4 (17,4 REY D 1w 1)
Laplace hoa:

k'uv(p) = T1T2ur(p)'p2 + (T1 + Tz + R1C2)ur(p)'p + ur(p)
Ham tmyén'

W(p) =Y (p) _ k
u,(p) TTp4{T+JV+RC)p+1

Tu (*) suy ra:

du, K 1 T,+T,+R,.C, du,
- . — . u — .
dt? TT, Y 1T, ' 1T, dt
Mo hinh hoa:
T+T,+RC,
TT, N

d uro
dzur %'tzo duy ¢ r

Llr(t)

Uw(t i; 2 dt
V( ) k dt_) J‘ ! j
T1T2 —
1
T1T2
Hinh 1. 17

11
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1.4. Phwong trinh trang thai

1.4.1. Phwong trinh trang thdi mét sé hé co ban

1) Vi du 1-8:
Xeét h¢ co6 phuong trinh vi phan:

d’y _ dy
a2F+ala+aoy:k.u(t)
Pit: X, =Y )
X, =X1=—
2 dt [
x,=9Y
dt> /

X1, X2 1a bién trang thai

Mo hinh héa duéi dang khong gian trang thai trong mién thoi gian

a‘l/aZ
. X2(0) X1(0
u(t) o X Y@
2
_) >’
=l ifa, @1 [ ,
X1
a,/a,
Hinh 1. 18
Tu trén ta co:
X1 =0.x, +1.X, +0.u(t)
- a a k
X2 =——2X, ——+.X, +—.U(t)
a'2 a'2 aZ
X1 0 1 X, 0
=> = _ao _al + £ 'U(t)
N a, a,) X, a

. X
Véi: X = X =

12



0 1 0
A=l _a, _a B=| k
a a a

Tu X, =ysuy ra:
y=1.x+0.x, +0.u(t)
=> y=CX +D.u(t)

: X
Veoi: X =
X2

C=(1 0) D=(0)
So d6 mo phong tong quat:

D
u + Xi Xi y y
B J z
© e o
A
Hinh 1. 19
2) Vi du 1-9:
Xét hé co phuong trinh vi phan:
dy _d%y _dy
a3F+a2F+ala+aoy:
d*x d*x dx
= b3F+b2F+bla+bOX
Dat: B; =E ;A =i
a3 a3
Ham truyén cua hé:
W(p) = B.,p®+B,p’ +B,p+B,
p’+A P +ApP+A,

Mo hinh héa duéi dang khong gian trang thai trong mién Laplace:

13



v v v
B: B> Bs
X
X +x313+X21X2+X1X1+(£y
BO' )<§>_)T 7 —)T > -)T—_l_) —>
Ao A Az
1 0 0
Hinh 1. 20
Tt mo hinh ta co:
y =X, + B A
Xi=X,—Ay+B,X
X2 =X, —AYy+BX X1, X2, X3 1a bién trang thai

Xs = -Ay+Bx ~“

xi=—-A, X, + 1x, +(B,—A,B,)X
X2 =—AX, + 1x, +(B,—A_B,)X

Xs =—A,X, + (B, —A,.B,).X

X1

-A, 1 0) (X, B,-A,B,
=>|x:|=|-A, 0 1||x, |+|B-A.B, |-X
)'(3 -A, 0 0)(x, B,-A,.B,

=> X =AX +Bx
Vi
X1
. . 1
Xi=| X2 Xi =| X,
X3 8
-A, 1 0 B,-A,B,
A=|-A 01 B=| B, -A_.B,
-A, 0 O B, -A,.B,

Tu:  y=1x +0Xx,+0x,+B,X
=> y=CX +Dx
14



C=(1 0 0) D=(B,)
Tur trén ta ¢6 hé:
Xi =AX +BX
y=CX, +D.Xx
So d6 mé phong téng quat:
D
X . Xi Xi y
B O ] c =O——

A
Hinh 1. 21

Nhan xét:
Vay tat ca cac hé tu dong déu c6 chung mot dang mo hinh hoa phuong trinh
trang thai, chi khac nhau vé noi dung bén trong phwong trinh.

1.4.2. Gidi phwong trinh trang thdi
1.4.2.1. Phuong trinh trang thai dimg, thuan nhat
Pay 1a mot phuong trinh vi phan vecto hé s6 hang mé ta qua trinh ty do ciia hé
dirng tuyén tinh:
X = AX (1-44)
Trudc hét ta xét hé mo ta bai phuong trinh vi phan cap 1 v6 huéng:

‘;_1‘ _ ax (1-45)
biéu kién dau x©

N0

—= aj' dt (1-46)

Jo X

15



X
I N at
Hay
_ it _ %y (@D )
x(t) = x(0)e _kz_.;x(O) . (1-47)
)4 (at)k \ . < R \ ~ t
trong do " la khai trién Taylo ham mi e?

Muén gia phuong trinh vi phan véc to (1-44),ta thir tim nghiém dang (1-47)
trong d6 hé s6 a thay bang ma tran A:

Z (At) X(0) (1-48)
Hoac
X (t)= :ZOX(O).%tk (1-49)

:i kX (0) (1-50)
Hay
i . 1)'A.A("‘l).t(k‘1)X(O) (1-51)

Dit ki = k-1, ta viét lai biéu thuc (1-51)

At
=Z()

(1-52)

Mat khac do ta tim nghiém X (t Z At) X(0) nhu cong thuc (1-48), do vay

k=0 !

(1-51) s& la:
X (t)=AX() (1-53)

Ta da chiing minh dugc (1-48) chinh 1a nghi¢m cua phuong trinh trang thai
thuan nhat (1-44).

16



-~ =, (At
Khai trién taylo: eAt:Z( L
k=0

Nén nghiém phuong trinh trang thai (1-44) viét don gian la:

X(t) = e*.X(0)

Ham mil ma tran et duoc ky hidéu @(t), con At = d(t,r)

=1
O(t) = ZEAK t*
=0

(1-54)

(1-55)

Puoc goi 1a ma tran co ban hay ma tran qua d6 (ma tran chuyén trang thai).

Nghiém phuong trinh trang thai la:
X (t) = D(t).X(0)

Céc tinh chat caa ma tran chuyén trang thai ®(t).

(1) d(0)=e™ =e° =1
(2) Ot +T)=D(t).D(T)
Vi Ot +T) =" =eM e =D(t).D(T)
3 D (t) = (-t)
Vi O(t) =[eM]=e ™ ="V = d(—1)
d
(4) acp(t) = AD(t)
Vi %Cb(t) _—(e’“) A.e™ = AD().
(5) jCD(t).dt =A'[D(t)-1]

(6) Bién d6i Laplace cua ®@(t):

o(p)=L{oM)}=L{e"}=(pI-A)*

Bién d6i nguoc tir L{®(t) } thanh ®(t)= e*

D(t) =e™ =L{(pl-A) "}

17
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1.4.2.2. Cac phwong phéap xac dinh ma tran chuyén trang thai ®(t)
1) Phwong phdp ding bién doi Laplace

Tir phuong trinh trang thai X = A.X chuyén sang phwong trinh theo anh
Laplace:

p.X(p) - X(0) = AX(p)

. X = AX
Hay: X(p)=[p.l — A]".X(0) i
Tir (1-65) lay bién doi nguoc Laplace ta tim dugc X(t): X(p)=[pl - A]_l.X (0)
X (t) = L {[pl = Al X (0)} = L™ {[pl = A]"*}.X (0) Il
Hoic: o) =e =L"* {[p| - A]‘l}
=LH{o(p)}
®(t) =e* = L {[pl - A} i
= L {@(p)} X(t) = L*{[pl - AT '} .X(0)
‘ = d(t).X(0)
Véi ham truyén dat - d(p) =[pl — A"

Vi du 4 - 4: Cho hé thong mé ta bai phuong trinh trang thai sau:

-1 0 O
X=0 -4 4|X
O -1 0O
p 0 O -1 0 O p+1 O 0 |
Tinh pI-A=|0 p 0|-|0 -4 4|= 0 p+4 -4
0 0 p 0 -1 0 0 1 p |
det (pl — A) = (p+1)((p+4)p+4)
_ Y _
p(p+4)+4 0 0
adj(pl - A) = o
0 p(p+1) —(p+1)
i 0 (p+1.4 (p+1)(p+4)]
(p(p+4)+4 0 0 ] 'O .
- 0 p(p+1) (p+1).4
0 —(p+1) (p+D(p+4)

18



_L 0 0 ]
p+1
det(pl — A) (p+4)p+4 (p+4)p+4
0 -1 p+4
(p+4)p+4 (p+4)p+4]
Hoac:
@(p) =[p! - A]"
Ta tinh o(t) =e*=L" {@(p)} =L {[pl - A]"}
(Dll qDlZ q)l3
Ta viét lai: o(p)=|D, D, D,
(D31 (D33 CDSS

Ta can tinh bién d6i nguoc Laplace cta cac sb hang ma tran @, (p)

@, t)=L" {Ll} =e"

p+
o _ _ _ _
2(P) (p+4)p+4 p°+4p+4 p+2 (p+2)
) a 2te?
D,,(t) = L {®,,(p)} =e Zt—(z_l)l =e”(1-21)
4 4
® — =
23(p) (p+4)p+4 (p+2)2
@, (t)=L" =4te™
“ (p-2)°
-1 -1
D — =
32(p) (p+4)p+4 (p+2)2
D)=L —2 = te®
. (p-2°
+4 1 2
(Dsg(p): P

(p+4)p+4: p+2+(p+2)2
19



Dyy(t) = L { @y (p)f = A+ 20) ™

Viy ta c6 két qua ma tran chuyén trang thai ®(t)la:

gt 0 0
ot)y=eM=| 0 (1-2t)e™ 4te™
0 —te?  (1+2t)e™

2)Tinh ma trdn chuyén trang thdi nho céng thirc khai trién Taylo ham mii ma trgn
Cho vi du véi phuong trinh (1-69)

2

D) =e => —At“ = +?t+%t2 +...

o K!
1 00 -t 0 O 0,5t> 0 0
=|0 1 O|+| 0 —4t 4t| + 0 6t* -8t°| +.
0 0 1 0 -t 0 0 2t -2t
A-t+t?/2+..) 0 0
= 0 (1-2t+4t*/2 - 2t(1-2t) +...) A(1-2t+4t°/2+..)
0 —t(l—-2t+4t*/2+..) (1-2t+4t% / 2+ 2t(1-2t) +...)

Céc sb hang trong ngoic ciing 1a khai trién cia e™* va e, Do d6 cudi clng
ta co:

e 0 0
O(t)=e=[0 (1-2t)e® 4te™
0 e (1+2t)e™

Ngoai hai phuong phép co ban trén nguoi ta con dua ra cac phuong phéap
tinh @(t) khac, dién hinh:

- Phuong phap gia tri riéng (Eigenvalue Method)
Ot)=e" =Te"T™*

Trong d6 e 1a dang ma tran A chuyén vé dang dudng chéo.
- Phuwong phap Caylay - Hammilton.

- Phurong phdp dwa vao thudt toan Leverrier.

20



1.4.2.3. Phuong trinh trang thai dirng, khéng thuan nhat
X (t) = AX(t)+Bu(t)

DPem nhan trai hai vé (1-71) véi e ta duoc:
e M X () =e ™ AX () +e ".Bu(t)

Vi ie‘At = MA=—Ae™
dt

Tur cong thirc (1-72) ta rut ra:

e "X (1) — Ae M. X (1) =e ™. Bu(t)

Vé trai cua (1-74) chinh 1a dao ham: %[e‘At.X (0]

Do do:

E[e‘At X(t)]=e . .B.u(t)

dt

LAy tich phan 2 vé (1-75) tir 0 dén t ta duoc:
t

e ™. X (t) - X(0) = [e™.Bu(r).dr

0

Nhan trai 2 vé (1-76) voi eAl ta co:

t
e e X (1) -e™ X (0) =e*.[e . Bu(r) dr
0

t
vay: X (t) =e™.X(0)+ jeA(“r).B.u(r).dr
0

Vi e =d(t)
M =d(t—r) = D(t,r)

Do do: X(t) =D(t).X(0) + ¢, (1)

t
trong do: ¢, (t) = j O(t—r).Bu(r).dr
0

21
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Tuong tu hé thuan nhat, ta c6 thé tinh nghiém phuong trinh trang thai theo bién d6i

Laplace cua cua phuong trinh (1-71):

X = AX X (t) = AX (t) + Bu(t)

p.X(p)— X (0) = AX(p)+Bu(p) mmemae 2 i

Hay:

X (p)=[pl - A X (O) [ pI — A]* Bu(p)

X(p)=[pl —A]".X(0)+[pl —A] " Bu(p)

o(t) =e* = L*{[pl - A"}

Néu diéu kién dau 1a to thi nghiém (1-77) c6 thé viét: !
t X(t) = L*{[pl - Al ™} X(0)
X (t) = ") X (0) + j " IB.u(r)dr _ o(1).X(0)
i \ L4
Theo ki hisu €™ = d(t,r) thi v

X (t) = O(t,t,).X (0) + Jt.CD(t, r)B.u(rdr

ty

Vi du 4-5. Cho hé théng c4u trac trén hinh sau.

t
X (t) =) X (0) + [e" "B.u(r)dr
0

X (t) = D(t,t,).X (0) + jq»(t, B.u(ndr

- Hay viét phuong trinh trang thai hé thong.

- Tinh ma tran chuyén trang thai d(t) =e™

- Tinh qua trinh qua d6 theo cac bién trang thai khi khong c6 tic dong diéu
khién, tac u(t) = 0 tng véi diéu kién dau x,(0) =4 va x,(0) = 2.

- Tinh qua trinh qua do cua hé khi  u(t) =cos2ttac dong tir thoi diém

t = 0va diéu kién dau triét tiéu x,(0) = x,(0) =0

=]

5 X1 -
p+6 y(t)

u(t)
‘(—)

Hinh 1. 22
Giai: Ta chon trang thai x1 va x» tir so d6 Cau
phan:

X, =—6X, +5X, ﬁ{ﬁi

f -
X, ==X, +u(t) %, = pX,

22
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Phuong trinh trang thai c6 dang:

HERHIMEHT

Xac dinh ®(t) =e™ theo bién doi Laplace:

cp(p):[pl—A]‘lz[le) ﬂ—ﬁ SDI{DIG _p5}1

det(pl —A)=p(p+6)+5=p*+6p+5=(p+1(p+5)

. p -1 t_ p 5
adj[pl_A]{s p+6} _[—1 p+6}

p 5
o art_adj(pl =A) | (p+1)(p+5) (p+1)(p+5)
CD(p)—[pI A] _det(pI—A)_ -1 p+6
(p+1)(p+5) (p+1)(p+5)
-1 N 5 5 5
o(p) = (p+DH4 (p+54 4(p+1) 4(p+5)

-1 N 1 5 1
(p+D4 (p+54 4(p+1) 4(p+5)

Tir ma tran anh ®(p) ta tinh dugc ma tran chuyén trang thai ®(t) nhu sau:

o(t) = =

4

—e'4+5e BGel-He™
_etie® 5et-g

Khi u(t) = 0 va diéu kién dau x (0) = 4,x,(0) = 2 thi nghiém X (t) = ®(t). X (0) la:

3 ¢, 9 s
€ +—¢€
{Xi(t)}: 2" 2
0] 3,4, 1
2" 2

0
Vi X(t){xxl((tt))}; X(O):in((o))}z{ﬂ

Khi u(t)=cos2t va diéu kién dau tiéu X, (0) = X,(0) =0 thi
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®(t).X (0) = cp(t).m =0

Do do6:

t
%j(S.e‘”) —5.7°"").cos2r.dr
0

X(t):{E((tt))}:je’*“"’au(r)dr =

t
%I(S.e“” —e") cos2r.dr
L O

Hay:

¢ i(125in 2t +cos 2t) —ge‘t + 25 e™
X(t){xi()} 29 4 4

% () 2i9(14sin 2t+6.0032t)—27?e‘t +§e‘5t

4

1.4.3. Bai tap dap dung:

Bai 1: Thanh 1ap phuong trinh trang thai va xay dyng mo hinh cho mach RLC

sau: R L
— ] YY) .
Uv C—/— Ur
" Hinh1.23 ’
Bai giai:
Phuong trinh di¢n ap:
u,=Ri+ Lﬂ+ u,
dt
u, == [idt = i—cdu.
cl dt
LCC| li’ +RC%+Ur =u,
dt d
Pit: X, =U, \
% = U X1, X 13 bién trang thai
= A1 = 1, A2 c
’ dt s
J— dzuf
X2 = qt’ )

Mo hinh hoéa dudi dang khong gian trang thai theo phuong trinh:
24



1u R: 1
LC " L LC

R
L
X2(0) X1(0)
0 [ 1 i X, [
Uv(t 2
— ¢ @ | — |
- X1
1

Hinh 1.24 | LC

Tt trén ta co:

X1 = 0.x, + 1.x, + 0.u (1)

. 1 R
et Lt LCV”
. 0 1 X, 0
X1
=> 7.1 R MRS u, ()
X2 LC L/ X, LC
=>  Xi=AX +Bu,(t)
Voi:
X, = X1 Xi:(xlj
X2 X2
0 1 0
A=l_1 R B=l 1
LC L LC

Tu X, =U, suy ra:
u, =1.x, +0.x,+0.u,(t)

=> u, = CXI + Duv(t)
-y
Vi X=
X2
c=(1 0) D=(0)

Tir trén ta co hé:
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Xi = AX, +Bu,(t)
u, =CX, +D.u,(t)
So dd mé phong téng quat:

X1

O——

Z3

D
Uy B +@ Xi J. Xi C *
; L ]
A
Hinh 1. 25
Bai 2: Cho hé théng hai tin hi€u vao va ba tin hiéu ra nhu hinh bén.
M6 hinh hoa hé
thdng theo phuong Wi ks
trinh trang thai. U "1 (p+pa) (p+p2)
W,
n k2
(P+ps)
Hinh 1. 26 W3
ks
A ’ . U2 k4
Phan tich: ) W; 5 (0+D2)
+ Wl(p) — 1 — Zl(p)
(P+p)(P+p2)  Ui(p)
k z
Wl(p) — 1 _ 1(p)

p2 +(Py+P2)P +P1.p2 - u;(p)

bat:xi=71; Xp=X1=pzp; X2 = p2.21

=> X2 =KqUy — (P +P2)X2 — P1-P2Xq

k z
+ W, (p) = 2 _ 2(p)
P+pz  Ui(p)
bat: xs=12z2; ).(3 =p.z,
=> X3 =Kyl —P3X3
_ kg z3(p)

p(p+pg)  Uz(p)

26
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Dat: Xa =23, Xg=X4=pzZ3 ; X5= p2.23

=> X5 =KyUy —PsXs

Vay ta co hé:

X]_:XZ

X2 =kyUy —(py +P2)Xp —P1-P2Xg

X3 =KpUy —P3X3
X4 = XS

X5 =KalUy —PyXs

Xi 0 1 0
)‘(2 _plpz _(p1 + pz) 0
x: |=| 0 0 1
X 0 0 0
Xs 0 0 0
= X;= A.Xi +B.U
Voi:
X1
Xi = Xi =
Xs
0 1 0
_p1pz _(p1 + pz) O
A= 0 0 1
0 0 0
0 0 0
Mat khac:
Vi=171+ k3.U2
Y2 = k5.22
Y3=122+173

o O o o o

R O O O

X1

o O o o o

= O O O

X1

X2

| Xs

Xa

Xs

X o

[N

o O

X o

(o8]
I
=

[N

o O
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Y, =X, +KaU,

=> 1Y, =KX,
Y3 =X3+X,
Xl
A 10 0 0 0)]x, 0 ki
Y,|=|0 0 ks O O|-|X;[+]0 O |-(u u,)
Y, 00 1 1 0)|x,
X5
= Y =CX +D.U
Voi:
Y1
Y=Y, U:(ul Uz)
Y2
10 0 00O 0 ki
C=/0 0 k, 0 O D=|0 O
00 1 10 0 0
Vay ta co he¢:
{)’(. =AX +BU
Y=CX+D.U
S0 do :
D
U 5 +@xiT| Xi ? @
b N
A
Hinh 1. 27
1.5. Pic tinh ctia phan tir va hé thong
5.1. Pac tinh thoi gian:
1) Tin hi¢u bac thang don vi:
x(t):l(t):{o (<9 y -
1 t>0 ®
0 ¢

Hinh 1. 28
28



Tin hiéu 1(t) gap rat nhiéu trong thuc té, nhu dong cau dao cap dién 220V.,...
Mot tin hiéu bat ky c6 thé duoc thay thé bang nhimg ham bac thang.

A

AT

Ol ©» T3 T
Hinh 1. 29
X(t) = A1) + Al(t— T) + At - C) +..A Lt —T)

X(t) = A,L(t) + Zn:Ail(t -0

i1

Dbi v6i hé tuyén tinh ta sir dung duoc nguyén 1y xép chong (cho ca nguyén nhan
va két qua), nén c6 thé xem dap (ing ciia mot khau hay cua hé 1a tong cac dap ang
d6i Vi cac tin higu thanh phan.

Nhan xét:
di(t) 0 khi t#0
dt o khi t=0

2) Tin hiéu xung don vi:
Xung don vi 1a mot xung c6 d6 rong bang 0, bién do bang vo cung, dién tich bang

1.
0 khi t=0
5(t) = o X4
oo khi t=0 3 ()
Nhan xét: ?
j 5(t)dt =1 Tt
0

3) Dang dap tng:
Khi tin hiéu vao 13 him 1(t) thi tin hiéu dap tmg 13 him qua do h(t). Khi tin hiu
vao la ham & (t) thi tin hiéu dap ung 1a ham trong lugng w(t).

=0 X0, |y ) | —
X(t) y(®)
dh®® _ ) 1) ---> )
dt 5()---> w(t
5.2. Pic tinh tan: ‘
1) Vidu:

Xét ddi twong 1a mot chiée thuyén budm (hinh 2.3), xem song 1a tac dong dau
vao dudi dang:
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X(t) = XmSinmt

Dau ra 1a dao dong cua chiéc thuyén:
y(t) = Ymsin(ot — )
V&i Xm, Ym 12 bién d6 dao dong cua song va cua thuyen;

@ 1a goc cham pha cua thuyén so véi song. H1.30
0 G L
x(t y(t
—Wp)—>" >«
Hinh 1. 30 N

7 . 2 4 y - Y \ 4 r A 4 . \
Moi quan hé cua tan so véi A(w) =—", o(®) 1a cac déc tinh tan s6 bién do va

" A(e)A
AN

tan s6 pha cia thuyén do tac dong cua song bién.
¢(o)4
RN
Hinh 1. 31

Tri s6 cuc dai cia A(®) tng Vi hién tugng cong huong.
2) buong cong Nyquist (Naiquyt):
Két hop dong thoi ca hai dic tinh A(®) va ¢(®) trén cing mot duong cong
trong hé toa do, goi 1a dic tinh tan bién pha. Pudng cong nay goi 1a dudng cong
Nyquist.

W(jo) = P(0) + jQ() Qo) 5
A(0) = /P*(0) + Q2(w)
Qo) I
¢(w) = arctg Po) / g {p o) B(o)
Hinh 1. 32 A(o)

3) Buong cong Bode (Bét do):
Pham vi bién doi ciia tan s6 1a rat 16n, nguoi ta con dung dic tinh tan sb bién do
16garit va dac tinh tan sb pha 1ogarit, goi 1a dwong cong Bode.
Bién d6 duogc tinh theo [db] dexiben
Z'(w)=20lg A(®)
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Do nghiéng ctia duong < () dugc danh gia theo don vi +db/dec. Po nghiéng
+20db/dec dugc xem 1a d¢ nghiéng +1 don vi.

Z(opA(o) (vi du cho khau quan
60 11000 ) tinh).
a0 20 (o)
20 .10 Vd )
0,(2;(0)))}0,1 1 0 100 O %D
001 01 1 10 1Q0 (Y
-m/4
-n/2
Hinh 1. 33

Puong cong lién tuc duoc thay thé bang duong xap xi bdi hai doan thang thi
giao cia chung Gng voi tan s gdy. Tan s6 ¢ khi < () cat tryc hoanh goi 1a tan
s cat,

Nhan xét tong quat:
Mot hé co thé duge xac dinh bdi ham truyén; dic tinh thoi gian hay dic tinh

N
A

tan.

+ Ham truyén thuc chat 1a cach viét gon caa phuong trinh vi phan.

+ Pic tinh thoi gian mé ta hanh vi ctia hé thng theo thoi gian khi ¢o tac dong
dau vao.

+ Pic tinh tan mo ta hanh vi cua hé thong khi co tac dong dicu hoa véi tan
s6 khéac nhau.
4) Bai tap ap dung:
V¢ dac tinh Bode cho hé sau:

100
W(p) =
() 10p+1

1.6. Cac khau dong hoc dién hinh

1.6.1. Khau khuéch dgi (khau tj 18):

Phuong trinh vi phan: y = kx (3-1)
voi k — hé sb khuéch dai.
Bién d6i Laplace: Y(s) = k-X(p)
Ham truyén: W(p) = Y(p) =k
X(p)

Xét dap trng Vi tin hiéu vao:
x()=1() — y®=h®O=kI1(1)
x®=0() —y®)=wt)=kd(
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K h(t)
1 1(t
0 t 0 t
— k —— A
X y
5 (1) 1 wit
S
0 t 0 t
Hinh 1. 34
Xét dap ung vai tin hiéu vao 1a x(t) = XmSin oft:
y(t) = YmSinmt Ym = kXm iQ(®
Y(jo) =kX(jo)
Dic tinh tan bién pha cta khau khuéch dai: K
W(jo) =02 T P(0)
X(jo) Hinh 1. 35 Puwong cong Nyqist
P(w)=k Q(w)=0 cia khdu ty 1¢
bac tinh logarit:
A(©) =P (@) +Q(w) =k < (o)
20logk ®
¢(w) = arctg Q@) =0 >
P(o) 9(0)4 o
< () =20lgA(jo) =20Igk |

>

Hinh 1. 36 Duong cong Bode

Cua khdu ty 1¢
1.6.2. Khdu quan tinh:
Phuong trinh vi phén: T(Cii_)t/ +y =kx (3-2)
voi - k- he sb khuéch dai;
T — hang sé thoi gian.
Bién doi Laplace: TpY(p) + Y(p) = kX(p)
. Y k
Ham truyen: W(p) = (p) =
X({p) Tp+l
Xét dap rng Vi tin hiéu vao:
1
x(t) = 1() Lyt =ht)=k(l—e T).1()

1

k -zt
x(t) = 3 (t) — y(t) = w(t) = Te T
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XA h(tk)" T
1 1(t
0 t k 0 t
Tp+1| W)
X kIT
S N
0 t ob T ]
Hinh 1. 37
Pic tinh tan bién pha:
. Kl-Tjo k . KT
W(jw) = ( 10) N 22 2 2
L+ Tjo)(1-Tjo) 1+T® "1+T®
Kk KTw
P(w) = ®)=-—
(©) 1+ To’ Qo) 1+ To’

Bién d6 va pha:
A@) = JP(0) + @) = ———

1+ T’
Qo)

P(w)

Pic tinh 16garit xap xi ca khau quan tinh:

¢(w) =arctg =arctg(-Tw)

201gk kKhi  w<<
7 (@) = T

20Igk —20lgTe  khi oo>>_?_

Z(oA(o)

20logh————\ <z ( (D)

o(®)4 vt M

"0
-m/4

-1t/2

Hinh 1. 38
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1.6.3. Khdu dao dong:

2

Phuong trinh vi phan:  T° 2% - 2d.T2—¥

+y=Kkx (3-3)
véi k —hé sé khuéch dai;
T — hang sé thoi gian;
d — ty so tat dan
Bién d6i Laplace:
T°p*Y(p) +2d.TpY(p) + Y (p) = kX(p)

Y(p) _ K
X(p) T’p*+2dTp+1

Ham truyén:  W(p) =
Phuong trinh déc trung:

F(p) =T?p*+2dTp+1=0 (3-3i)
Phuong trinh ¢c6: A =T?d* =T =T?(d* -1)

aNéu d > 1 thi phuong trinh (3-3i) ¢6 hai nghiém thuc:
C—Td T2 -1) -d+d®-1
P, = T? = T
(3-3)) & F(p)=(Tp+1)(Tp+1) =0
T.T,=T°
{Tl +T,=2Td
Xét dap ing véi tin hiéu vao 1a 1(t): (gia st T1 > To)

1 1

T ——t T -t
—Svyit)=h(t)=k|l-—L—e " +—2 ¢ |1t
y(t) (t) [ T_T T ] ®

VoI

11— 2 Tl_ 2

Xét dap ung vai tin hi¢u vao 1a d(t):
1

{eﬂt - ethJ 1(0)

— ¥y =w() =

1 2

h(tw(D)

Hinh 1. 39 w(t) h(t)

aNéud=1thi: (T1=T2=T)

0
t) -L d>
h(t) = k[1(1+?)e T}.1(0

kK, -k
w() = —.te 7.1
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aNéu d < 1 thi phuong trinh (3- 3i) ¢6 hai nghiém phuc:

—Td+11/T (1-d?) Vi-d?

T
bat: P2
Xét dap tng voi tin hiéu vao 1a 1(t):

12 —

=0 = jo

— y(t) = h(t) = K[1—e *(cos ot + sin ot)].1(t)
Q)

Xét dép Ging véi tin hidu vao 1a § (t):
2

— y(t) =w(t) = k(a— + cooje““ sinwt.1(t)
Q)

XA h(t)‘\
O | V‘kl—e"") X
| |2(Td 1 > 0 >
X P p W(t)\ y (gmo)ke*m
§ (1 /\ 777777777 -
Hinh 1. 40
i tinh tan bién pha:
- k
W(J(D) T 2 5
(joT)* +2joTd +1
22 .
W(jow) = K[(1- 0°T?) - 2joTd]

[(1-0°T?) + 2joTd].[1- 0’T?) - 2joTd]

_ K(1—o°T?) ~ k20Td
T T 1 2oTd? -0 T 1 2oTd):
(@)= O T)
1-oT) +(2nTd)
) k2o Td
Q) =] -

(1-o’T?)* + (2o Td)?

TiQ(w)

Hinh 1. 41
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Bién d¢ va pha:

A(0) = P*(0) + Q*(w) =

K
J1-60*T2)? + (20Td)?

Q) ... . 2Tdo
P(e) = )

Pic tinh 16garit xap xi caa khau dao dong:

¢(w) = arctg

201gk kKhi  o<<o

Z(0) = T

201gk —40lgTw  khi c0>>_T_
Z(oPA(o)

20log

N\ ;( ®)
K—4Odb/dec

(o)A
0
-m/2

T ®c O
Q

-

Hinh 1. 42 buong cong Bode cua khdau dao dong

1.6.4. Khdu tich phédn:

t h(th
Phuong trinh vi phan: y=k j x()dt+y,  (3-4) 1(t)
_ e 0 h(t)
voi Kk — hé so khuéch dai; >
yo — diéu kién dau. 0 t
Bién doi Laplace: Y(p) = kEX(p) Hinh 1. 43 Ddc tinh thoi gian
P cua khdu tich phan
. Y Kk
Ham truyén: W(p) = % = —
Xét dap trng véi tin hiéu vao 1a 1(t):
X(t) = 1(t) — y(t) =h(t) = k.t.1(t) —&5(@)
. N
Dic tinh tan bién pha: o) ©=0
. K
W(jeo)=-J— Hinh 1. 44
P(w)=0
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Q) =%
®

Bién d6 va pha:

A©) =PA(0) + @ (0) ==
(V)
Q) n
= arctg——~ = arctg(—») = —— Z (o)
P() 9 P(0) g(-) =3 " -20dbidec
Ddc tinh 16garit: . . S
1 ®c— i
L(w) = 20|95 . k\ o
o) "0 g
-m/4
-mt/2

Hinh 1. 45 Duong cong Bode cua khau tich phan

1.6.5. Khéu vi phan:
1) Khau vi phén 1y tudng:

Phuong trinh vi phén: y=k ((:Zil—)t( (3-5)
voi Kk —hé so khuéeh dai.
Bién d6i Laplace: Y (p) = k.pX(p)
‘ ; Y(p)
Ham truyén: W(p)=——-"==kp
X(p)
Xét dap tng Vi tin hiéu vao 13 1(t):
x(t) = 1(t) — y(t) = h(t) = k. 5(t)
Dic tinh tan bién pha:
W(jo) = jko — P(0) =0 Q(w) =k
iQ(o
® = ht)}
1(1) Ar
1 1)
0= >
P(o >
(o) 0 t

Hinh 1. 47 Puong cong Nyqist Hinh 1. 46 Ddc tinh thoi gian
cua khau vi phdan Cua khdu vi phan

Bién d6 va pha:
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A(0) = P (o) + Q% () = ko

Q(w) T
) = arctg =———= = arctg(+wo) = +—
¢() 95 (©) g(+o0) =+
Décmt%nh logarit: Z (o
< (@) = 20lgko _
20
20logh "~
o( 7] ®
+m/2
o

Hinh 1. 48 Duong cong Bode cua khau vi phdn
2) Khau vi phan quéan tinh:

Phuong trinh vi phan: Td—y +y= kd—x (3-6)
dt dt
voi k—hé s khuéch dai;
T — hang sé thoi gian.
Bién doi Laplace: TpY(p) + Y(p) =k.pX(p)
Ham truyan: W(p)=(P) __Kp
X(p) Tp+l n
Xét dap ung vai tin hi¢u vao 1a 1(t): kK/T
1
O=10  —y0-hO= e ;
T 0 | t
Hinh 1. 49 Ddc tinh thoi gian
Pic tinh tan bién pha: Cua khdu vi phdn qudn tinh
: Kjo(l—joT ko'T . ko
W(jw) = J 4= ) = 2w 1 212
QL+ joT)(1-joT) 1+oT 1+ 0T
Koo’T Ko :
(©) 1+ @°T? Qo) 1+ @°T? V\WM)
=0 P k/ m:oo;
| P(w)
Bién dd va pha:
Ko Hinh 1. 50 Duong cong Nyquist
A(w) = \/ P? () + Q2 (0) =—F——— Cua khdu vi phan quan tinh
o’ T +1
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Qo) =arctg (i)

¢(w) = arctg m e

Dic tinh 16garit gin dtng:

20Igk +20lgTw khi <<

() = 1T
201gk khi o>>=
T
Z(ofA(o)
1 7 ()
_ 20lgk
20%89& """"""" "< +20db/d

(v} @
+m/2

+n/4 . . g)

UT
Hinh 1. 51 Duong cong Bode cua khdu vi phin quadn tinh

1.6.6. Khau tré:

Phuong trinh vi phén: y(t) =x(t—1) (3-6)

Vi 1 —thoi gian tré.
Bién doi Laplace: Y(p) =X(p)e™
Ham truyén: W(p) = Y _ e ™

X(p)

Xét dap tng vai tin hiéu vao 1a 1(t):

x(t) = 1(t) — y(t) = h(t) = 1(t-1) hty 4

ol T v

Hinh 1. 52 Ddc tinh thoi gian cua khdu tré
Dic tinh tan bién pha:
W(jo) =e "
Bién d6 va pha:
A(w) =1
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o(w) =—mt

Dac tinh logarit:

< (©)=20lg1=0

%(@AA(OJ)

4

(o)

\4

1

"0
T

\ 4

Hinh 1. 53 buong cong Bode cua k.

1.7. Mt s6 khau dong hoc thwong gip trong thue té

1au tré

g | 7.1 Dang khau khuéch dai (khiu ty 18):
1) Cam bién Tat ca cac cam bién déu duogc
coi 1a khau khuéch dai.
Nhiét ngau: Phuong trinh:
(‘i,r y = kx

Ham truyén:

W(p) =k
Vi: k (V/do) phu thuge
cau tgo nhiét ngau

2) Thiét bi bién d6i dong dang

Tat ca cac thiét bi bién doi
dong dang déu duoc coi 1a
khau khuéch dai.

Bo bién toc:
er (y)

o S

()

Phuong trinh:

y = kX
Ham truyeén:

W(p) =k ,
Véi: k phu thuge cau tao
bé hién tac.

3) Thiét bi do

Do d6 dich chuyén

Tét ca cac thiét bi do déu duogc
coi la khau khuéch dai.
Phuong trinh:

y = kx
Ham truyeén:

W(p) =k

Véin k=—c

May phat tc

Phuong trinh:
y = kx

Ham truyeén:
W(p) =k

V6i: k (V/vong/phut) phu




thugc cau tao
phat téc.

may

4) Mach khuéch dai

Mach khuéch dai thuat toan:

R»

R1

—f 1 -
(ﬁUr | U

| S

v)

Phuong trinh:
y = kX

Ham truyén:
W(p) =k

R,

k=2
R1

Voi:

5) Van thuy khi dong luc

Phuong trinh:
y = kX
Ham truyeén:
W(p) =k ,
Vai: k phu thugc cau tao
van.

7.2 Dang khau quan tinh:

1) Mach dién:

17
18

Mach RC:

(=y)

Phuong trinh:

dy
T—=+y=kx
a7

Ham truyeén:

k
W(p) =
(p) Tp+1

Voi: k=1; T=RC

Mach RL:

uv

(>§)

R ur
(v)

Phuong trinh:

dy
T—=+y=kx
a Y

Ham truyeén:

k
W(p) =
(P) Tp+1

Voi: L

k=1;T=—
R
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2) Mach dién tur

O

o— —

Ri1 R>
Ur —
1) fD

Ur
)

Phuong trinh:

dy
T—+y=Kkx
a Y

Ham truyeén:

3) Thiét bi dién

May phat dién mot chiéu diéu khién kich tir

Ham truyeén:

k
W(p) =
() Tp+1

Véi: k = K, ; Tzﬂ
kt kt

(Ur = ke.ikt)

Y

(x)

Udk _[\— (00

Phuong trinh:

dy
T—+y=kx
at Y
Ham truyén:
k
W =
() Tp+1
Véi: k ; T phu thudc cdu
truc machThyristor.

4) Lo nhiét

U]
(x) L

&
(v)

Phuong trinh:

Ham truyeén:
k
W(p) =
P Tp+1
Véi: k ; T phu thugc cdu
truc cua lo.
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5) Thuy khi

Binh chta: Phuong trinh:
dy
—+Yy=Kkx
at Y
R Ham truyéﬂ'
P1 X P2, Q
€ l ’ _
) AW W)= 3o
Voi:  k=1; T=RQ
7.3 Dang khau dao dong:
Mach dién RLC: Phuong trinh:
R L TTd2’+T Wy kx
— [} . dt ‘ dt
Ham truyén:
uv C—— ur "
. . W(p) =
H1.21 T Tp+Tp+1
Voéi: k=1;
L
T = R ; T,=RC
DPong co mot chiéu Phuong trinh: Ngoai ra con ¢ thé viét
kich tir doc lap, d?y dy ham truyén:
didu Khién dign dp |ToTee gz * Too g Y =K Wee) — k
phan tng: Ham truyén: b)= (Tp+D)(T,p+1)
k
W(p) = 7
Ty TgeP” + Tgep+1
Voi: k= i :
ke
L RJ
Ty=—; T, =
dt R dc kmke®
7.4 Dang khau tich phan:
1) Mach dién:
Phuong trinh:

& % ,
W Lws

t
y =k[xdt+y,
0
Ham truyén:

W(p) =<
p




Voi: k=i k=
C

1
W

2) Mach dién tu:

C Phuong trinh:
I
R 1T 1 t
o—:l—o—l>4 y=— J xdt + Yo
uV | D—.u T 0
1 r Ham truyén:
N . W(p) = =
Tp
Véi: T=RC
2) bong luc:
Phuong trinh:
t
y= J' xdt+y,
\ 0
(% (% Ham truyén:
1
W(p) =—
p
7.5 Dang khau vi phan:
1) Mach dién: Phuong trinh:
¢ (9 S
¢ * ¥ dt
(l)J(‘)’ d}) B L (y)r Ham truyén:
— W(p) = kp
Voi: k=C ; k=L
2) Mach dién tu: Phuong trinh:
= _ X
._|C|:_ dt
u —o \ A
(X") I (y) Ur Ham truyén:
1 1 W(p)=Tp
Voi: T=RC
7.6 Dang khéu vi phin quan tinh:
Phuong trinh:
C R Td—y +y= kd—x
. T . — . dt dt
(x) Ru y) L% (y) | Ham truyén:
Uv Ur v Ur




kp
W(p)=—"
(P) Tp+1

Véi: k=T=RC ;

g | 7.7 Dang khau tré:

Bing chuyén Phuong trinh:
y=x(t-T)
&7 Ham truyén:

) ) W(p)=e "
Voi: T 1a thoi gian tré

1.8. Mot s6 hé PKTDP co ban

1.8.1. H¢ diéu khién téc dp dong co:

Céc thong sb cua hé:

+DC : dong co ? U~
*ego = 1 (vong/phiit/V) o
*T1:0,2(S) r§? Th
*T,=1(s) [Uac
+ Th : mach diéu khién Thyristor -5 pe
* Tt = 0,01 (5) . {
Hinh 1. 54 < =
+ FT : may phat tc * kg = 2 (V/vong/pht)
+ Dién tro *R1=2.Ro
Xay dyng so do khéi, tinh ham truyén, vé d6 thi Bode cua hé ha.
So d6 khoi
Udk Udc o
S 2 1 smenl | o >
Unt 2 l¢
Hinh 1. 55

Ham truyén hé ho:
2

W(p) =
(0,01p+2)(0,2p+1)(p+1)
Héco: Ti=1s;T2=0,2s; T3=0,01s
Ham truyén hé kin:
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Wi(p) = 2
(0,01p+1)(0,2p+)(p+1) +4

Do thi Bode cua hé hé:

2 1 1
W(p) = . . =W, -W. -W.
() 541 0.2p+1 0.0Ip+1 1(P) - Wa (p) - W3(p)
. 2 1 1
W(jo)=———F
0,0ljo+1 0,2jo+1 jo+1
20192 khi o<< >
k T

Z1(0)=20lg—— =
2 .2

VI+Ti0" 120192 20IgT,0 khi (o>>Tl

1

- 0 khi ®—0

T . 1

¢, (w) =arctg(-T,o) = _Z khi o= ?1
I khi @ — oo

2

] 1
0 khi o<<—
1 T

7 2(w) = 20lg——=—]
2 2
VI+ T 07 | 201gT,0 ki co>>_|_1

- 0 khi ©—>0

T ) 1

0, (o) =arctg(-T,m) = _Z khi o):?2
S5-I khi ©—>

2

0 khi 0<<—

R 1 T3
I+ T30 2019T,0 khi >>

3
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- 0 khi ®—0

T . 1

0, () =arctg(-T,m) =+ 2 khi o= ?3
—)—g khi - o0

Nhu vay ta c6 duge dd thi Bode:

Z(®) A(®)
A
20Iqi z/ -20db/dec
1 -40db/dec
. VAN
o(M)A Z> NT\% i:’?g‘\\
-n/4 <\ _-60db/dec
-1/2 P
\(
- \
-3n/2
Hinh 1. 56
1.8.2. H¢ diéu khién nhiét dp ciia 1o:
2Ry 2, C>_l T U~
o + [NN
E Udk —[\— " ; 0 V1
Lo
4R,
L
Hinh 1. 57
Céc thong sb cua hé:
+Lo: * ki =1 (do/V) *T =10 (s)
+ Th : mach dk Thyristor *Tth=0,01(s)
+ NN : nhiét ngau * kon = 1 (V/d0)
+ Dién tro *Ro=10kQ
+ Tu dién *C=10%F

Xay dung so d6 khéi, tinh ham truyeén.
So dd khoi
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Ham truyén

1.9. Bai tap
Bai 1.1: Viét phuong trinh vi phdn mé ta quan hé vao ra cho cac mach sau:

1.1.1)

W(p)

Uo [ 2p1 udi ] 1 90\
2 ) > 0,01p+1[ ] T0p+L >
Uht 4
Hinh 1. 58
2-(2p+1)

R1
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1.1.2)

1.1.4)

1.1.6)

1.1.8)

~ (0,01p +1)(10p +)p +8.(2p + 1)

R1
Uy RZJ_ﬁ Ur
. G
C: R:
Uv R2|£| UI’
Clll
*— R p—--=e0
1
Uy R2J|:|_ Ur
. Cor |
G
1
Ry | R> '
.U_:'_"_I>4>—o
r
Ur
o
W)
R




Rn | |_ —  +—
Uy Uy Uy
1 = 1 1
1113) . 1.1.14) o=

. v)
Véi:k:i;Tdt:L;Tdc: R) Véi: k= e
K, R K Kk,® R,
Bai 1.2: Xac dinh ham truyén W(p):% cho cac hé sau:
p
1.2.1)
X(p)
Y(p)
2(Tp+1) —>
W4
X Y
122) ;?:, W, _¢§>_> Y72 SN prvra N
X Y
J)T W, K WS> >
1.2.3)
W3 * W, |«
+
1.2.4) W -
i._) ~ K1 Z1 4+ V1
v B o) o703 AR
W, (p)=—L =2 W% v
! X, " e XL T
. . W5s
(i=12;j=12,3) Ws k
ﬁ) R Ka Z3 * y3
x- Wl PP+ |y,
Bai 1.3: Xac dinh y(t) d6i voi cac hé:
5(1-0,4 3(p*+9p+18
13.1) W(p) = - 2L=0:4P) 1.3.2) W(p) =P+ +18)
(P+1)(0,2p+1) (p”+6p+8)
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voi X(t) = 1(t)

5(p+1)

1.3.3) W, (p) =
) We(P) 2p% +10p+4,5

véi X(t) = 1(t)

vaGi x(t) = et

100(p +1)
G(p+1)(0,1p+1)
Véi x(t) = d(t)

1-3-4) W, (p) =

Bai 1.4: Lap so dd ham truyén va xac dinh ham truyén cho hé ¢é so d6 nhu hinh:

1.4.1)

2R T U~
a §? + [NV
mEd v
Lo
Oo 1
Biét: Ro=100Q; C =1000 puF ;
Thyrstor Th: kihn=2: Twn=0,015s;
Lo: kio=1°C/V ; Tw=5s;
Nhiét ngéu NN: knn=0,2 V/°C.
1.4.2)
2R (P U~
o |
7]
Udc
FT_% PC % { i
Biét: Ro=100Q ; C=1000puF; L= 100mH;
Thyrstor Th: kw=2; Tw=0,01s;
bong co BC: kgc = 1 (vong/phut/V); T1=0,2(s); T2=1(s);

May phat téc FT:

kst = 0,2 (V/vong/phut).
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Din dong tir dong co

Biét: Ro=100Q; L= 100 mH ;
Mach transistor Tr: ki=20; Tt=0,001s;
bong co BC:  Kkgec =2 (vong/phat/V); T1=0,2(s); T2=0,5(9).
1.4.4)

Dan dong
Sl 1r dong co

Rl =~

Biét: Ro=100Q; R:1=330Q R,=500Q C1=140puF; Cy=220pF;
VR: va VR 13 hai bién tré gidng nhau véi VR: lam nhiém vu dit goc quay
dau vao (av), VR2 1am nhiém vy do va phan hoi am goc quay dau ra (or);

Mach transistor gom T xem gan dting nhu mot khau quan tinh:
ki=20; Tt = ks.0,001 s ;
bong co BC: kg =10rad/(s.V); Ta=0,15; Tac=0,45s;

Bai 1.5: V& do thi Bode?

15.1) W, (p) = 100(5p +1) 15.2) W, (p) = 100p(p +1)
Q0p+D)(p+1)(0,1p+1) Gp+D)(2p+1)(0,1p+1)
B 100(p +1) B 100p
1.5:3) W, (p) = p(10p +1)(0, 2p +1)(0,1p +1) 1.5.4) W, (p) = (p* +6p +8)
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Chuwong II. KHAO SAT TiNH ON PINH CUA HE THONG PKTP

Muc tiéu hoc tap:
Khao sat duoc hé PKTD c6 1am viéc 6n dinh khéng.

2.1. Khai niém va tiéu chuan chung vé on dinh

2.1.1. Vi du va dinh nghia vé tinh én dinh:

2.1.1.1. Vidul:
Ty 'A\N e -
¥
N\ Yo \y Yo }/ N Yo y\
< *""/’S/O'e-m ot
) Yo.e™ Yo.e
t t t
A\ 4 \ 4 A\ 4
Hinh 2.1

Trén hinh 2.1 cho ba vién bi véi ba vi tri khac nhau. D& nhan thay rang a) l1a
trang thai 6n dinh, b) 14 trang thai khong 6n dinh, ¢) 14 trang thai trung gian.
x Trang thai can bang: 13 trang thai dimg yén cua VAt.
x On dinh 13 su ty tro lai trang thai can bang ban dau khi mat kich thich.
Nhan xét:
Pap g thu dugc y = yoe **, néu:
+dau "-" trudce o thi hé on dinh;
+ dau "+" trude a thi hé khong 6n dinh;
+ o = 0 thi h¢ ¢ trang thai bién gi6i 6n dinh.

2.1.1.2. Vidu2:

vsi T = RCnhu hinh H

‘ 1
Mot mang 4 cuc RC ¢6 ham truyen W(p) =
Tp+1

2.2.
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v
c
<
O
||
\ Znd

Hinh 2.2

Thong qua thiét bi do ta biét duoc sau khi nging cap ngudn Uy (ma dau vao van
kin) thi dau ra ur giam dan vé 0 (trang thai ban dau). Vay hé 6n dinh.
Nhan xét:
Phuong trinh dac trung: Tp+1=0

ot
T

Hé 6n dinh khi cac nghiém ciia phuong trinh dic trung ¢6 phan thuc déu am.

2.1.2. Co 56 todn hoc ciia én dinh:
Mot hé tu dong c6 phuong trinh vi phan:

d"y d"ty dy
a +a ,—=+..+a —=+ay=
"dt" " gt g oY
m m-1
=b, d°x +bm1d—)1(+...+ bld—x+b0x
dt™ dt™ dt
véin = m.

Nghiém cua phuong trinh:
Y(t) =Y, (1) + Y ()
Trong do:
yxi(t) 1a nghiém déc trung cho qua trinh xéc 1ap,
Yqd(t) 12 nghiém déc trung cho qua trinh qua do.
Qua trinh x4c 1ap ludn 6n dinh vi ning lugng cua hé co gisi han. Cho nén danh
gia tinh 6n dinh chi can cin cr vao qua trinh qua do. Qua trinh qua d6 cua hé tuyén
tinh xac dinh boi:

n
yqd (t) = Zciepit
i=1
ma Pi 1a nghiém cta phuong trinh dac trung:

f(p)=a,p"+a, p"" +..+ap+a,=0
Dé hé 6n dinh thi qué trinh qua d6 phai tat dan theo thoi gian

limy,,(t) =0 — > C..limeP =0
i=1

t—wo
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Piéu kién can va du dé hé 6n dinh 13 cac nghiém cuc cia phuong trinh dic
trung c6 phan thyc am.

pi =+ jo, véi i=(Ln)

thi o; <0 véi Vi=(n)
2.1.3. Tiéu chuin chung:

2.1.3.1. Noi dung:

Hé 6n dinh néu tdt cd cdc nghiém ciia phwong trinh ddc trung cé phan thue dm,
hay nam bén trdi truc o cia mat phang phic.

Alm Alm Alm
P Re P Re P Re
p: ~ P2 ~ p2 ~
Fh% pl% P
a) b) C)
Hinh 2.3
a) Hé 6n dinh; -
b) Hé khong én dinh; X Y,
¢) Hé & ranh gigi caa 6n dinh. T - [@Op+DGp+D
2.1.3.2. Vi du ép dung:
Hinh 2.4

Xét hé sau:
Ta xet xem hé ho ¢6 6n dinh khong va hé kin c¢6 6n dinh khong?
»HE ho:
Ham truyeén:
W, (p) = 0
(10p+1)(5p +1)

Phuong trinh déc trung:

F.(p)=@0p+1)(5p+1) =0

p=-0.1 p=-0.2
Vay hé ho 6n dinh vi hai nghiém déu c6 phan thuc am.
»H¢ kin:
Ham truyén:
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100
(10p+1)(5p+1)+100
Phuong trinh déc trung:
F (p) =50p* +15p+101=0
A =15° —4,50.101=-19975

p= —% + jv/19975 p=————jv19975

Vay hé kin 6n dinh vi hai nghiém déu c6 phan thuc am.

W(p) =

2.2. Cac tiéu chuén 6n dinh dai s6

2.2.1. Tiéu chudn on dinh Hurwitz (Huéc vit):

Diéu kién can va da dé cho mot hé thong kin ciing nhu ho On dinh 13 céc hé sd
ctia phuong trinh dic trung déu dwong va dinh thire Hurwitz duong.

»TUr Mau ctia ham truyén ta c6 phwong trinh dic trung:

f(p)=A()=ap"+a, p" " +..+ap+a,=0

biéu kién: ai>0 (i=0,n)

Aj>0 (i=2,n)

Dinh thirc Hurwitz duoc 14y tir ma tran hé sb. Cach thanh 1ap theo ba budc sau:

B1: Theo dudng chéo chinh ctia ma tran ta dién cac hé so giam dan tir an-1.

B2: Phia dudi duong chéo dién cac hé sb ting dan, phia trén duong chéo dién
cac hé sé giam dan.

B3: Cac hé s6 phia trén an hoic phia duéi ap déu bang 0

e 3

a anSansanY
Xﬁﬂins :
0 a[L 3 dn-5

0 dn dn2dn4

O O O O

Thanh 18p cac dinh thtc
a a

A="" "|=a,a ,-a.a >0
a'n an—2
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an—l an—3 an—5
A,=|a a a =

3 n n-2 n-4

a a

n-1 n-3

= a'n—3 (an—l'an—z - an'an—s) - an—l(an—l'an—zl - an'an—s) > O

3% Ap dung:
a) Vi du 1:
Ap dung tiéu chuan on dinh Hurwitz cho vi du & muc 1.3. Véi hé kin ta co:
F (p) =50p* +15p+101=0
Céc hé s6 déu duong.
Xét dinh thure Hurwitz:

15 0
50 101

15 O
, = =15.101-50.0>0

50 10

Y X 10 y

Vay hé kin on dinh. >

- (10p +)(5p +12)
‘ 10
(p+D) |
b) Vi du 2: Hinh 2.5

Khao sat tinh 6n dinh cua hé

2.2.2. Tiéu chudn on dinh Routh (Rao):

V61 hé co6 phuong trinh dac trung:

f(p)=A(p)=a,p"+a, p"" +..+ap+a,=0

Diéu kién cin va da dé hé ho ciing nhu kin 6n dinh 1a cac hé sé ¢ cot 1 cua
bang Routh déu dwong.

Bang Routh duogc thanh 1ap theo quy tic sau:

B1: Hai hang déu tién viét cac hé sé theo quy tic sau:

A 2 ~
v v Y
an-1 dn-3 do

B2: O cot phy, hé s6 1j ¢ hang j dugc tinh 1. =C, /Ciis
B3: Céc hé s Cij khac ¢ ¢ot i hang j dugc tinh C, =C, rC

ilj-2 ~ iviaj1e
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Bang B 2.1

Cotl Cot 2 Cot 3
Hang 1 Cu=an Ca1=an2 Cs1=an4
Hang 2 Ciz=an Cx=ans Cs2=ans
r3=C11/C12 | Ci3= Co1—r3Cz2 C23=Ca1—r3Cs Cs3= Ca1—13Cs2
r3=C12/C13 | Cia=Cp2—r4Cas Cos= Cs2—14Cs3 Css=Ca2—14Ca3

*Néu c6 chi mothé s6 C,; <0 ,j=1,n+1 thi hé khong on dinh.

Lt Mot sb vi du ap dung:
a) Vidu 1:
Ap dung tiéu chuin 6n dinh Routh cho vi du & muc 2.1.3. Vi hé kin ta co:
F.(p) = 50p* +15p +101=0

Bang Routh:
Hang 1 Cu11=50 Cx =101
Hang 2 Ci=15 Caz=0
rs = C11/C12=3,33 Ci3= Ca1—r3C2=101 | Ca3= Cs1—r3Cs=0
Vay hé kin 6n dinh.
b) Vidu 2:

Khao sat tinh 6n dinh cua hé

_X,®_, 100 y
(10p+1)(5p+D)(p+1)

T'

2.3. CAc tiéu chuin 6n dInh theo tin s6

A 4

Hinh 2.6

2.3.1. Tiéu chudn on dinh Nyquist theo dwong cong Nyquist:

2.3.1.1. Nguyén ly bao vay:

A ¢, =21

57



Khi cho A chuyén dong trén duong cong 1 thanh mot vong kin, thi vecto MA quay
dugc mot goc ¢.

+ ¢, =0 nén goi |1 khong bao vay lay diém M.

+ ¢, = 21 nén goi |, bao vay lay diém M.

2.3.1.2. Phat biéu:
a) Khi hé hé én dinh (hozc & gi6i han én dinh):

Hé kin 6n dinh néu hé ho 6n dinh (hoic & gisi han 6n dinh) va duong cong
Nyquist ctia hé hd khong bao vay lay diém (-1;j0).

LiQ(®) A 1) )
RN R 4 S AN R
\ '&J / P(®) \J/ P(®) &-/ P(®)
a) b) C)
H27

a) Hé kin 6n dinh; b) Hé kin khong 6n dinh; ¢) Hé kin ¢ gidi han 6n dinh.

b) Khi hé hé khong 6n dinh:

Hé kin 6n dinh néu hé hé khong 6n dinh va duong cong Nyquist cua hé hd bao
vy 1ay diém (-1;j0) m/2 vong kin theo chiéu duong (trong d6 m 1a s6 nghiém cua
phuong trinh dic trung ctia hé hd co phan thyc duong).(véi m = 2)

Joe) ) )
a7 A
L;/ P(®) [ S P(®) P(®)
> -
d) e) f)
H2.7

d) Hé kin 6n dinh; e,f) Hé kin khong 6n dinh;

2.3.2. Tiéu chudn on dinh Nyquist theo dwong cong Bode:
Hé kin 6n dinh néu hé hé 6n dinh va ang vai tan s6 co < (®)>0 thi ¢(®)
khong cit truc — hay cat véi sb lan chan.
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37(03)‘5(0)) 3/‘(@)‘/5(03) g(m)f\((ﬂ)

T < ] < ] <
; — - = - —>
9(©)4 © o(o)f o) @
1 n (o\ . . CO\ I(xl
- ~—\ > = > 5 >
T \\‘ ,’/\\ < -7 -
RS \\ < <
a) b) 9
o H28
a) Heé kin 6n dinh; X, GD 100 A
b) Hé kin khong 6n dinh;

: - (10s +1)(5s + 1)
Hé kin ¢ ranh gigi cua on dinh T

3¢ Mot sb vi du ap dung:

H29

a) Vi du 1:

Ham truyén cua hé ho:

W(p) = 100
@Op+1)(5p+1)

Kiém tra tinh 6 dinh cua hé he:
Phuong trinh dic trung:

F.(p)=(10p+1).5p+1) =0

—>p=-01 p=-0,2
Vay hé ho 6n dinh.
Ap dung tiéu chuan Nyquist theo duong cong Bode dé kiém tra tinh 6n dinh cua

h¢ kin.

Hé gom hai khau quan tinh c6 dic tinh x4p xi nhu hinh H5.3 vdi tan sé giy:
1 1

=—=0.1(s =—=0.2(s
% =15 () ®, =7 ()

59



Z () ,A®)

40 - Za(o)
01 02 1 <
o(0) 4 Zooy---. O
O/a e N >
-m/2 et
H 2.10 <
b) Vi du 2:
Khao sat tinh 6n dinh cua hé
Vay hé kin on dinh

2.4. Pp du trir 6n dinh
Panh gia d6 du trir 6n dinh thong qua dudng cong Bode.

%(0))}?\(03) c%/(oa)f\((ﬂ)
o) o oo} ‘O
5 ' ' —> 5 _\ —>
1 1
< N\ A(p/ <
a) Kém 6n dinh. a) H2.11 b)

b) On dinh hon.

Thuong do du trir A va A < khoang:
Ag=30-50%
AZ=15db

2.5. Bai tap
Khao sat tinh 6n dinh cta cac hé PKTD sau:
2.1) Cho hé PKTP c6 hdi tiép am don vi voi ham truyén caa hé ho 1a
100(2p +1
W, (p) = 2p+)
(Gp+1)(p+1)(0,1p+1)
2.2) Cho hé DKTD c6 hdi tiép 4m don vi v6i ham truyén cua hé ho 1a
10
W, =
() 50p° +35p* +40p° + 20p? +10p + 2
2.3) Cho hé DKTD c6 hdi tiép 4m don vi vi ham truyén cua hé ho 1a
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100
W, (p) = —p

(p* +6p+8)
2.4) Cho hé PKTP c6 hoi tiép am don vi voi ham truyén caa hé ho 1a

5(p+1)
W =
() 2p +10p+4,5
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Chuong III. PANH GIA CHAT LUQNG HE THONG PKTD

Muc tiéu hoc tap:
Danh gia duoc hé DPKTD c6 chit lwong tét khong.

3.1. Cac chi tiéu vé chét lwong A hO 5 +A
/1

h (o)

Y

tm t tqd

H3.2

Pd thi biéu dién dap ung 1a ham qua d6 h(t) theo tin hiéu vao 13 ham 1(t) ddi Voi
cac hé¢ bKTDbD.

3.1.1. Cdc chi tiéu vé chit lwong ¢ ché dé xdc lap:

+Sai léch tinh:

Sai léch tinh cho biét d6 chinh xac cua hé khi xac 1ap, duoc tinh theo dinh i ti
han:

ey =€(0) = tIim e(t) = Iirrg)p.E(p) (3.1)
—>0 p—
Ma ta co:
We(p) = E(p) = 1

X(p) 1+W(p)
Vay:

X(p)

= i ty=limp———.
€ss tLr[)oe() lim p LT WD)

3.1.2. Cdc chi tiéu vé chit lwong 6 ché dp qud dé:

3.1.2.1. Luong qua diéu chinh:
Luong qua diéu chinh duoc xac dinh bai tri s6 cuc dai ciia ham qua do so véi tri sb
xac 1ap caa no:

hp o — ()

0% = —M&

-100 (3.3
h() (3.3)

3.1.2.2. Thoi gian qua do:
Thoi gian qua do tee dugc xac dinh bai thoi diém ma ham qua do h(t) khong vuot
ra khai bién gidi cua vung gidi han £A 1an can tri s6 xéac 1ap.
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Thuong A ==+(2+5)%.h(0).

3.1.2.3. Thoi gian dap ung:
Thoi gian dap Gng tm duoc xac dinh boi thoi diém ma ham qua do h(t) lan dau tién
dat tri s6 xac 1ap h(eo) khi c6 qua diéu chinh.

3.1.2.4. S6 lan dao dong:

S6 lan dao dong N duoc tinh béi s6 1an ma ham qua d6 h(t) dao dong quanh tri s6
xac 1ap h(oo) trong thoi gian qua d6 (0<t<tqq).

3.2. Panh gia chét lwgng hé thong ¢ ché d xac lap
Néu c6 tin hiéu dau vao 1a x(t) thi sai 1éch tinh duoc xac dinh bai:

e, = fime(t)= limp- ﬁ X(p)

X(p) -1
p

3.2.1. Tin hiéu vao: x(t) = 1(t)

3.2.1.1. Hg¢ la khau quén tinh;

k
W(p):Tp+1
1 1 .. Tp+1
= eg=limp.—= — Z=lim
>0 4 p po0Tp+k+1
Tp+1
1
=> esszm (34)

3.2.1.2. Hg¢ la khau quan tinh cung véi mot khau tich phan:

k
W(p)=——
(Tp+1)p
=> By = lim p.;,lz lim (Tp+Dp
p—0 +L p po0(Tp+p+k
(Tp+1)p

=> e,=0 (3.5
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3.2.2. Tin hiéu vao: x(t) =t

1
X(p)=—
p
3.2.2.1. H¢ la khau quan tinh:
Kk
W{p)=—
(p) Tp+1
. 1 Tp+1
=> esszllmp-—-—2= Im
P04, k p po0(Tp+k+1)p

Tp+1
=>g,, = (3.6)

3.2.2.2. H¢ la khau quan tinh cung v6i mét khau tich phan:

Kk
W(p) = ———
(Tp+D)p
=> e = Iimp-;-—z lim Tp+l
p—0 N k p2 -0 (Tp+p+k
(Tp+1)p
=> € =

& Nhan xét chung:
Nhu d3 biét & trén, khau tich phan va hé s6 khuéch dai ¢6 anh huéng lén dén sai

léch tinh, nén tach riéng hai thanh phan nay trong ham truyén cua hé. ta co dang

chung:
m m-1
W(p) = Kk b,p"+b, p " +...+bp+by
P’ a,p" +a,,p" " +..+ap+a,
r goi la bac vo sai cua hé (chinh 1a s6 khau tich phan).

Ta c6 bang tong két sau:

Bang B 3.1
r
r=0 r=1 r=2
X(t)
—1p) - 1 1
x(t) =1(t); X(p)—p Trkp 0 0
1 1
x=t;  X(p)=—% © — 0
p2 Ky
_1.2 _1 1
X(t)—2t ; X(p) p3 0 0 E
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Trong do:

Khi x(t) = 1(t) thi k=kp
Khi  x()=t thi k = ky
Khi — x(t)= %t thi k=ka

3.2.3. Vidu ap dung

3.2.3.1. Vidu 3-1:
Cho mét hé diéu chinh tdc do c6 so d6 ham truyén nhu hinh sau:

No €ss 5

=) (0,1p+1).(0,5p +1).(p +1)

vo

H3.3

Muén diéu chinh n = 1000 vong/phut. Hoi hé dat bao nhiéu vong/phut.
Tra loi:
Sai s6 diéu chinh ess:

e.. = limp- 1 1
SS p—)O 1+ 5 p

(0,1p+1).(0,5p +1).(p+1)
~ (01p+1).(0,5p+1).(p+1) 1
p>0(0,1p+1).(0,5p+1).(p+1)+5 6

=> e, =16,7%
Vay:
N, =0-e,)n=(1-0,167).1000 =833 (vong/phut)

3.2.3.2. Vidu3.2:
Xéc dinh sai léch tinh cta hé théng c6 so d6 ham truyén moé ta ¢ hinh H 3.4 véi tin
hiéu vao x = 12 va x = 0,6t.

X e 1 y

Bp+1)(4p+1)(5p+1)

A
\4

1
3(L+—
(+2p)

H 3.4
Tra loi:
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Ham truyén cua hé ho:

W, (p) = 3(2p+1)
h 2p(3p +1)(4p +1)(5p +1)
W (p) =1 2P

P Gp+D(4p+D)(Gp+1)
Vay: hé sé khuéch dai k = 1,5;
bac vo sai tinh r=1.
Theo két qua phan tich & trén ta c6 két luan:
+ Khi x(t) = 12 thi sai l¢ch tinh e, =0;
0,6

+ Khi x(t) = 0,6t thi sai léch tinh ey = E =0,4=40%.

3.3. Panh gia chit lwong hé thong & trang thai qua do

3.3.1. Pdnh gid theo sw phin bé nghigm ciia phwong trinh diic tinh:
Phuong trinh ddc tinh
f(p)=ap"+a, p"~ +..+ap+a,=0
Hé 6n dinh nén tat ca cic nghiém déu I nghiém tréi.
+ Néu tat ca cac nghiém déu phan bé trén truc thuc (chi c6 nghiém thuc) thi hé
khong dao dong.
+ Néu c6 nghiém nam ngoai truc thuc thi s& dao dong.

3.3.1.1. Danh gia theo vung phan bd nghié¢m:

Pit:

+ A la gia tri phan thuc cua nghiém s gan truc ao nhat. Pay con goi 1a hé s tat
dan hay mtc @6 on dinh caa hé thong.

+m = - cotg @ duoc goi 1a mirc d9 dao dong cua hé thong.

A . A. A .
jo Jo 5 | Jo
: N
0 o o Y0 o 0 a
a) b) c)
H 3.5

Ving gach soc chi ving phan bé nghiém cua hé.
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3.3.1.2. Panh gia theo ving gidi han cac tham sb hé thong

+ Ta chon trudc mirc d6 6n dinh () va mirc d6 dao dong (m) cua hé thong.

+ Thé p=—A+ jo vao phuong trinh dic trung cia hé thong va tién hanh phan
ving nhu mién D.

Ving nao c6 sb 1an gach soc nhiéu hon thi hé c¢6 mirc d6 6n dinh cao hon.

+Thé p=w(m+j) (khi o thay dditlr —o —0)

p=o(-m+j) (khi o thay doitir 0 — +0)
vao phuong trinh dic trung ctia hé va tién hanh phan ving nhu mién D.
Ving nao c6 sb 1an gach soc nhiéu hon thi hé s& it dao dong hon.

3.3.2. Pdnh gid theo diic tinh tin bién pha (TBP) ciia hé hé:
Ham truyén cia hé thong kin
W (P)
W (p) = —
1+ W, (p)

Trong d6 Wh(p) 12 ham truyén cua hé ho.
Dic tinh bién tan (BT) cua hé kin duge xac dinh
11+ Wi (Joo) |
Trong cong thuce (3.8) thi

* tir s6 1a d6 dai cua vecto OA

(3.8)

* mau sé do dai cua vecto BA
ctia dic tinh tan bién pha (TBP) cta hé ho (hinh H 3.6a).
Dic tinh bién tan hé kin (hinh H 3.6b) ludn ton tai mot tan s6 o

do Ax dat cuc dai.

g nao d6 ma bién

A |(0))
'ﬁ 0=0_
B 0 R (o)

A
3
a) H 3.6

Puong (1) hé 6n dinh va khong dao dong.
Puong (2) hé c6 do duy trir 6n dinh kém hon (1) va dao dong.
Puong (3) hé khong on dinh va Ak dat gid tri rat 1n.
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Tir hai dic tinh trén ta c6 nhan xét: dic tinh TBP cta hé hé cang cach xa diém B(-
1,jO) thi hé cang 6n dinh va it dao dong.

Vi du:
Cho hé théng c6 héi tiép am don vi v6i ham truyén cua hé ho
k
Wi (p) =
(P+D(2p+1)(3p+1)

X4y dyng db thi mé ta phan ving mic do 6n dinh A va d6 thi mo ta phan ving
muc do dao dong m.

3.4. Panh gia chat lwong hé thong theo phwong phap hdn hop

A N ,
y/v
N
\< t
\,< ) >
NECL S
0 /’
/“
- t

H3.7

So d6 hinh H 1.3.4 thé hién ham qua do h(t) va sai léch tinh e(t) = 1(t) — h(t) cho
hai trurong hop: qua do phi chu ky (duong 1); qua d6 c6 dao dong (duong 2).
Chi tiéu chat luong:
Jo = [e(t)dt > min
0
bao gom chat lwong qué d6 va chét luong tinh tot nhat.

X(p) %E@ ool Y ©
()

H3.I’

_ t — Min
Khi J, > min  thi _
e, — Min

Néu hé c6 dao dong thi khong dung duoc tiéu chuan nay.
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Chi tiéu chat luong:

3= [le(t)| dt — min
0

te — min
Khi J; > min thi {e, — min
c% — min

Chi tiéu chat luong:
J, = [e(t)?dt - min
0

teq — min
Khi J, >min thi <€, —>min
c% — min
Gia tri tich phan nay c6 thé tinh thong qua chuyén do6i Furie cia e(t) theo cong thuc
Reili:
o0 2 1 o0 . 2 1 o0 . 2
Jy = je(t) dt=— I e(jo) do= —Ie(jw) do
0 2n Th
Chi tiéu chét lugng:

0 2
J :j e’ + o de dt — min
> dt

0

Trong do:

t
M ca<
6

t

_ad
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Chuwong IV. TONG HQP HE THONG PKTD

Muc tiéu hoc tap:

1. Hé théng hoa kién thir vé cac hé PKTD.
2. Hiéu chinh duogc hé thong DKTD d co.
3. Thiét ké duoc mot sb hé théng DK TD.

4.1. Nguyén ly hiéu chinh

4.1.1. Mt s6 nhgn dinh chung:
Phuong trinh dic trung cua hé théng DPKTD

a,p"+a, p" " +...+apt+a,=0 (4.1)
+ Néu cac hé sé cua (4.1) tir ap dén an déu khac khong, thi ta ¢ thé diéu chinh cac
thong cua hé dé hé on dinh va dat duoc chat luong theo yéu cau.
+ Néu cac hé sb cua (4.1) tir ag dén an co hé s6 bang khong, khi d6 ta phai thay doi
ciu trac ctia hé thong bang cach thém cac khau hiéu chinh dé hé 6n dinh va dat
duoc chat lugng theo yéu cau.

4.1.2. Tong hop hé thong bang cdch thay doi thong soé:
Trong hé thong thudng chi c6 mot vai thong sé cé thé didu chinh dugc, d6 1a cac
hang so thoi gian va hé s6 khuéch dai.
Ta xac dinh mién bién thién cua thong sé d6 ma van bao dam cho hé 6n dinh.
Dua vao phuong phap danh gia chit luong va cac chi tiéu di c6 ta s& xac dinh
duoc gia tri cua cac thong sb do.
Dé giam sai léch tinh, nghia 13 ting d6 chinh xac ctia hé thong ta c6 thé ting hé s6
khuéch dai trong gigi han c6 thé.
Véi hé thong chi c6 mot thong sb bién thién ta c6 thé dung mot trong ba phuong
phap sau:
1- Thay ddi thong so theo tinh todn 6n dinh bang tiéu chuan on dinh dai sb
Hurwitz hoac Routh; o
2- Dung phuong phap chia mién on dinh;
3 - Dung phuong phap quy dao nghiém so.

Vi du 4-1: Cho h¢ théng diéu khién cé phuong trinh dic trung sau:
0,05p> + (0,5T +0,00)p? + (T+0,5)p+20=0

Hay xac dinh gia tri ciia hang s6 thoi gian T dé hé on dinh.

Tra loi:

Theo tiéu chuan Hurwitz, hé théng 6n dinh thi cac hé s6

70



a; =0,05
a,=0,5T+0,01>0
a,=T+0,5>0
ag =20
va a,—agd; >0
=> (0,5T+0,01)(T+0,5)—20.0,05>0
Tir d6 ta giai ra T > 0,24 thi hé théng on dinh.

(hién nhién vi T > 0)

4.1.3. Tong hop hé théng bang cdch thay déi ciu triic:
Vi du 4-2: Xét hé diéu khién dugc mé ta boi so do ham truyén

X ko 1 1 y |
b p+1 p g
kq
H4.1vd4.2.a
Ham truyén cua hé kin
k
W (p) = 0
“ p3 + p2 + Kok

Phuong trinh déc trung:
p3+p2+k0k1:0
Trong phuong trinh trén thi cac hé s6
as=1;a2=1;a1=0;a =koki>0
Vi a1 = 0 nén hé khéng 6n dinh.
Ta thay doi cdu trac cua hé bang cach mic thém mot khau hoi tiép vay l1dy mot
khau tich phan nhu hinh sau

ko L gL y
p+1 ” p ~
Ko
kq
H4.2vd4.2.b
Ham truyén cua hé kin
k
W, (p) = 2
“ p3 + p2 +Kokop + Koky
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Phuong trinh dac trung:
p® +p? +kokop + Kok =0

Trong phuong trinh trén thi cac hé s6
az=1;a2=1;a1=kok2>0;a0=koki1>0

Céac hé sé déu duong, theo ti€u chuan 6n dinh Hurwitz thi
aia2 — aoas = koko — kok1 >0

=> k; > ki thi h¢ 6n dinh.

4.2. Chon khau hiéu chinh

4.2.1. Hiéu chinh néi tiép:

@ Wi () W(p) |—~

Y

\ 4

H4.3

Trong do:
Whe(p) 14 khau hiéu chinh ta mac thém vao hé.
W(p) 1aham truyén cua hé ho.
Néu chon ding khau hiéu chinh hé s& c6 chat lugng mong mudn véi ham truyén
cua hé hd sau hiéu chinh
Win(p) = Wi (p)-W(p)
Theo dic tinh tan s6 logaric thi
Im(®) = Zhe(®) + Z (o)
Do d6 khau hiéu chinh duoc xac dinh boi
“Zhe(®) = Zm(®) - £ (o) (4.1)

4.2.2. Higu chinh hoi tiép cuc bé:

Y

A 4

Wi(p) Wo () —

th (p)

H4.4
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Ta phan ham truyén vén c6 cia hé thanh hai
W(p) = Wo(p). Wi(p)
Ham truyén cua hé hd sau hiéu chinh

_ Wi(p) .
Wm(P)=13 Wire (P)- Wy (p) Wo(P)

Trong pham vi ma
| Whe (P)-Wi(p) [>>1

taco
Wi, (p) ~ WO(p)
th(p)
Theo dic tinh tan s6 logaric thi
Im(®) = Zo(®) - Zhe(®)
Do d6 khau hiéu chinh duoc xac dinh boi
Zhe(®) = ZLo(®) - Zm(®)
Nhan xét:

(4.2)

Wi(p) 1a thanh phan chira cac thong sé quyét dinh dén tinh khong on dinh cua hé,
thudng 1 nhitng phan tir tinh toan khong chinh xac hodc thong s6 c6 thé bién doi
trong qué trinh van hanh hodc c6 nhitng phan tir phi tuyén di dwoc tuyén tinh hoa
gan dung,v.v... khi d6 nhitng anh hudng d6 ddi véi hé sé khong dang ke.

4.2.3. Trinh tw chon khdu hiéu chinh:

4.2.3.1. Theo cu trac va thong sd von co6 ciia hé W(p) ma vé

+ Z(®) cho truong hop hiéu chinh ndi tiép;
+ < o(®) cho trudng hop hiéu chinh hdi tiép cuc bo.

4.2.3.2. Theo chat luong mong mudn cho trudc v& Zm(®) (s& c6 dugc sau khi hiéu

chinh dung).

a) Xéc dinh tan so cat o,

Pic tinh mong mudn (dang dic tinh mau nhu ¢ hinh H4.5).

Mbi lién hé giita

A c%
* ~ ~ ~

, tan so cat, ™
* 6% luong qua diéu chinh, >0
. g C en 40

tqa thoi gian qua do,

. X s A 0L 1~

* Pmax tri s0 cyc dai cua phan %
thuc dac tinh tan bién pha ciia 1g

hé kin thé hién ¢ hinh H 4.4. 1
Tur 6% va tyq tra déc tinh &
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hinh H 4.4 xac dinh o.
Vidu véi 6% =25% theo
mui tén ¢ hinh H 4.4, ta xac
4
dinh duoc tg = .
O‘)C
b) Qua ®, vé mot doan thang véi d6 nghiéng -20db/dec (nhu hinh H 4.5), v6i do
dai khoang ' decac vé mdi phia. Cha ¥ bao dam do du trir vé bién d6 Za 8 + 10
db.
c) V& “Zm(m®)
+ O phan ha tan sao cho khong lam giam hé sé khuéch dai cua hé, nhung can don
gian.
+ O phan cao tan nén uu tién dén tinh don gian.

4.2.3.3. Xac dinh khau hiéu chinh theo (4.1) hoic (4.2) va theo bang B 4.1 dé chon
khau hi€u chinh, tinh chon céc thong s6 theo do.

4.2.3.4. Mic khau hiéu chinh vao hé thong.

So d6 mach bac tinh Zne(®) Ham truyén
- he (P)
'_:T]_‘ T v m) ¢ Tp +1
UT _ RRp
Uv ClT |£| R, Ur A =20 T= Rl N R2 Cl
o o ° 20Igk
Rl + R2
R1 HAo) Wi (p) = 2P *1
’——:IT Tur 1m0 et Tp+1
Uy RZJ_ Ur -20 T]_ :(R1+R2)Cl
° Cl—l_ ° T2 = RZCl
: he(P)
0 VUT: UT,® ¢ Tip+1
R2 R.R
Yoo QRsur A <0 T1=(R2+R1F§)Cl
— 7 . 20lgk ~ 113
T =RyC
__Rj
R1+ R3
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KTp

Ci R: o) Wi (p) =
he (P)
l_:'__T_' T UT v co) ¢ Tp+1
Uy R, Ur T=(R1+R2)C;
+2 A
. . 20Igk __Ro
R1+R2
Tip+1
Cy,, Rs Aow) Wi (p) = kL
| - ' Awl/Tl LT, o he Top+1
Ri T =(Ry+R2)Cy
uV R2|}| Ur
A +20 T, = (Ra + R1R2 c
: : 20igk 2=Ra+ 7210y
__Rp
R1+R2
Top+1)(Tap+1
Gy, Aw) Wiy (p) = (2P +(T3p+1)
- 1Ty UTaw (Tip+1)(T4p+1)
R, UT 4 T Tula=Tals
U c,x Ur ? 3 T,=R,C, ; T3=R;C
¢ — 20lga R,
" Ri+R,
1.
T1=—T2 y T4 :O(.T3
o
Ri R o) W, (p)= :
’—':'—I‘I'I—' ' T T,p (T, +T,+R,C,)p+1
1Ta l/TbOJ R 11,P .+( 1T, +R,C,)p+
U C; CoT U 20 3 T =RCy; T, =R,Cy
. —[ —[ ° -40 Véi R1C2 < T]_ +T2 thi

Ta=T § Tp=Tp

4.3. Chon b hiéu chinh

4.3.1. Phan logi bd hiéu chinh:

4.3.1.1Theo churc nang:

+ Bo diéu chinh ty 1& (P)
+ B0 diéu chinh tich phan (1)

+ Bo diéu chinh ty ¢ tich phan (PI)

+ B6 diéu chinh ty 1¢ vi phan (PD)

+ Bo diéu chinh ty 1¢ vi tich phan (PID)
Chtre nang cua cac bo hiéu chinh:
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+ Phan tir ty 16 (P) nham giam sai léch tinh, nhung khong thé ting qua 16n s& anh
hudng dén tinh 6n dinh cua hé.

+ Phan tir tich phan (I) nham triét tiéu sai 1éch tinh.

+ Phan tir vi phan (D) nham cai thién qua trinh qua d6 néu xac dinh dung thong
$6.
Anh huéng cia cac bo diéu chinh dén sai 1éch tinh e(t).

re)
a) t
) @, s
c) @ t;
d) '[;
e) , t\
\V/ >

f) t
VA >

H4.6

4.3.1.2. Theo cach ghép nbi gitta cac phan tir:
Céc bo diéu chinh ¢ thé ghép ndi tiép hoidc song song.
Vi du vai bo Pl
T,p+1
Tip

+ Dang néi tiép: W, (p) =
Ki
+ Dang song song: W, (p) =k, + o

~ 1

+ Dang hon hop: W (p) =k, (1+—)
Tip

Viéc chuyén ddi cac bo diéu chinh tir dang song song sang ndi tiép hoic ngudc lai

thi cac thong s6 dugc tinh theo bang 6.4 tai ligu [1].
4.3.2. Mt sé bé hiéu chinh dién tir:

4.3.2.1. Bo diéu chinh dién ti PI:
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Ham truyeén:
(T,p+1)
W, =—
()=

|
Céc thong sb duoc xac dinh bai:

T, = %Cl }
Ti :)chcl :ﬁRmcl

Trong d6
Tn— hang sé twong quan,
Ti — hang sb tich phan.

4.3.2.2. Bo diéu chinh dién ti PID:

Ham truyén:
T.p+)(T,p+1
W, gy~ TP+ DT+
Tip
Céc thong sb duoc xac dinh bai:
Ty = I5{1(:1
T, = E(ZCZ
Ti :ﬁRccl :ﬁRmcl
Trong d6

Tn— hang sé twong quan,
Tv— hang sé vi phan,
Ti — hang s6 tich phan.
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4.3.3. Chon b$ higu chinh va xdc dinh cdc thong sé theo tiéu chudn phing:

4.3.3.1. Phuong phap tdi vu theo tiéu chuin phing:
Pua ham truyén cua hé kin vé dang bac hai

k
W pu—
() T2p2 4 2(Tp+1
A h(t)

Kk

hay W, = 0 R Y
Y Wi(P) p2+2§m0p+w8 h(ee) AN

“A

Ta c6 cac mdi quan hé sau:

T
ty=—F7— tm 5 tqd
op\1-C" H 4.9

5% =100exp(——~=_)
J1-¢2
Véi A== 2% trj s6 xac lap thi tqe duoc tinh gan ding:

_ 4
e M <0,02 > Coplggc4 — tgro—

Cog

—+Vv

Khi £ =0,707 thi §=4,3% la tbi uu theo Ji.

4.3.3.2. Chon b0 hiéu chinh cho h¢ ¢6 hai khau quan tinh: A
K N

W(p) = [ P
(Tp+1)(T,p+1) 45"7\1\:

Trongdo T, <<T ——

Nén chon bo PI 1a tot nhat (mac ndi tiép vao hé) ] _jﬁ

T.p+1
W (p) ==

Tip
Ham truyén cta hé sau khi mac Pl

|
T =T
Wm(p):Tnp+1. K {n 1
Tip  (Tp+D)(Tp+1)
Khi d6 ta co
1

W. -
") (T +D)
Va ham truyén cua hé kin 1a
1 1
ka(p): ) =

N
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Nghiém dwoc phan bd nhu hinh H 4.10, so sanh v6i phan b nghiém cua khau bac
hai ta co £=0,707 = 06=4,3%
4.3.3.3. Chon bd hi¢u chinh cho hé cé ba khau quéan tinh:
k
W(p) =
(Tip+)(Top +1)(Tpp +1)
Trongdo T, <<T,T,
Nén chon bo PID 1a tét nhat (mac ndi tiép vao hé)
(Thp +D(T,p+1)
Wc(p) =~ Y

Tip
Ham truyén cua hé sau khi mac PID
T.p+D)(T,p+1 k
w, (g = TP +DTP+D.
Tip (Tip+D)(Top +1)(Tpp +1)
Tn = Tl
Khi do6 ta co
1
W -
") (T +D)
Ta lai c6 duoc
¢=0,707
0=4,3%

Vi du 4-5: Mot hé diéu chinh téc d6 dong co dung Thyristor c6 cac thong sb

OU_..

Uo u

o}
’Qp_ > We (P) > —/\— ” ;2 Thyristor
Unt May phit é §Udc
toc FT Poéne co
J___ Ong

Ko, =1 H vd4.5.a
T, =0,01 sec

Thyristor {

K4 =1 vong/ph
Bongco < T; =0,1 sec
T,=0,2 sec
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May FT ks =2 V/vong/ph
Chon b6 hiéu chinh?
Tra loi: U 1

1 n
d Wc(p) '0,0lp+1 '(0,1p+1)(0,2p+1)

y
y
\ 4

So d6 ham truyén

2
W(p) = 2 H vd4.5.b
(0,01p +1)(0,1p +1)(0,2p +1)
Chon bo diéu chinh PID
T.p+D)(T,p+1
W, (p) = TP (TP +
Tip
Chon cac thong s6 cua bo diéu chinh
T,=0,1 sec
T,=0,2 sec
T.=2.2.0,01=0,04 sec
Nhan xét:
+ Ta ¢ bang tong hop
BDbC Th Tv Ti
Pl T1 2KTy
PID T1 T» 2KTy

+ Céc nhuge diém:

* Nhitng tin hiéu trung gian c6 thé co6 bién do qué 1on.

* Néu hé co hang s6 thoi gian qua 16n nhu hé diéu chinh nhiét do thi thong sb cua
bo diéu chinh co thé khong phu hop.

* Néu hé c6 khau tich phan thi khong thé chon dugc thong sé caa bo hiéu chinh.
+ Pé giai quyét van dé trén

* Ta mac hai bo hiéu chinh ang véi cac hé co ba hay bon hang sé thoi gian, cling
dong thoi dé giam bién d6 cua tin hiéu trung gian.

~£ khi T>1

* Ta xem ~
Tp+1 Tp

4.3.3.4. Mic hai bo hiéu chinh cho hé c¢6 ba hay bén khau quan tinh:

Xét vi du 4-6 theo vi du 4-5 ¢ trén.
Ta tach ham truyén cta dong co thanh hai (phan dién, phan co) va thyc hién hoi
tiép dong dién khép kin bo diéu chinh Wer, con mac Wez phia trude nhu so dd sau.
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v

0,2p+1

U 1 1 i
~ Wcz(p) (%_ Wcl(p)_) 0,01p+1_) 0,1p+1

H vd4.6
Bo diéu chinh We1 chon bo PI
T.,p+1
W, (p) = —E—
; Tiup
Chon cac thong sb
T, =01 sec
T,;=2.1.0,01=0,02 sec

Ham truyén vong hé chira Wes

1
W ' =
v (P) 0,02p(0,01p +1)

Ham truyén vong kin chtra Wes

1 1
Wk(p) = = 2
0,02p(0,01p+1)+1 0,0002p“ +0,02p +1

1
W,.(p)~———
«(P) 0,02p +1

Ham truyén hé hé khi chua c6 Weo

2
W(p) = (0,02p +1)(0,2p +1)

Bo diéu chinh We2 chon bo PI

T.-,p+1
Wcz(p): n_lz_.pp
I

Chon cac thong sb

T,,=0,2 sec
T.,=2.2.0,02=0,08 sec

4.4. Bai tap

Bai4.1:
4.1.1) Cho hé théng diéu khién c6 phuong trinh dic trung sau:
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0,05p° +(0,5T +0,01)p? + (T +0,5)p+20=0
Hay xé4c dinh ving bién thién gia tri cta hing s6 thoi gian T dé hé 6n dinh?

4.1.2) Cho hé diéu khién dugc mé ta boi so d6 ham
truyén cho ¢ hinh H7.2.

Hay xac dinh ving bién thién gia tri ciia cac hé sd
khuéch dai ko, ki, ko dé hé 6n dinh?

X LS : > 1 >
_ p p+1 p
- Kk,
ky
H7.2

4.1.3) Cho hé théng diéu khién c6 phuong trinh dic trung sau:
(0,5p+1)(0,1p+1)(0,01p+1) +k =0
Hay x4c dinh ving bién thién gia tri cta hé s6 k dé hé 6n dinh?

Bai 4.2: Hay chon b hiéu chinh cho hé:

20
4-2-1) W, (p) =
p(0,1p +1)(0,0136p +1)(0,01p +1)
Chat lugng can dam bao:
+ 6 <25% +10<0,8s
100
4.2.2) W, (p)=
) V() (10p+1)(5p+1)(p +1)
Chat lugng can dam bao:
+0=25% + tq0 < 125,663 S
200 1
0,1p+1 p(0,0156p +1)(0,01p +1)
Chat lugng can dam bao:
+ 6= 25% +t@<1,257s
Bai 4.3:

Chon cac b hiéu chinh cho hé diéu chinh téc d6 dong co co so dd & hinh sau?

U 1 2 |1 5 n
—>|We2 (P) ’(?_ W (P 00m+1[ ] spet 21| |
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Phin B. HE THONG PKTP XUNG SO

Chuwong V. MO TA TOAN HQC HE THONG PKTP XUNG SO

Muc tiéu hgc tap:

1. Hiéu duoc nhitng van dé co ban vé cac hé PKTP xung sd.

2. Quy ddi dugce ham truyén cac khau khac nhau sang ham truyén dang so.
3. M6 hinh héa duoc mét hé théng DKTD xung sd.

5.1. Cac khai niém co ban

Céc hé diéu khién c6 ding may tinh hay bo diéu khién sé (vi xir 1y, PLC.,...), co
thiét bi bién d6i xung déu thudc 16p hé thong xung — sé (con goi 1a hé thong roi rac
hay gian doan).

5.1.1.1. So d6 hé diéu khién xung sb dién hinh:

Xo(t) y(t)
ADC DC DAC @)
(+)
-

H5.1a
O oc Fooacl[ o 20 |
O — i
- xaningss, 1 L0C Phin i i fen e

H5.1b

Trong do:

O (Object): Dbi tuong diéu khién

DC (Digital Controller): Bo diéu khién s6

F (Feedback block): Khéi phan hoi

DAC (Digital to Analog Converter): Bo bién d6i s6 sang twong tu

ADC (Analog to Digital Converter): Bo bién doi twong tu sang s6
Tin hiéu vao ra cua ddi tuong diéu khién 1 tin hiéu lién tuc, con tin hiéu vao ra cta
bo diéu khién sb 1a rai rac.
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5.1.1.2. Bo bién ddi twong tu sang s6 (ADC):
C6 thé 1a cac bd ADC, nhung thudng 1a cac bd do tin hiéu theo phuong phéap roi
rac (nhu cac cam bién quang do toc do,...).

*

e e
[ ——> ADC}—— 1|I|

H5.2

5.1.1.3. B0 bién ddi s6 sang twong ty (DAC):
Thwong la cac khau giir cham bac khong (zero order hold), hiém khi gap cac khau
gitr cham bac mét, bac hai.

T u I ]
——> DAC}——

H5.3

5.2. Co sé toan hoc

5.2.1 Biéu dién mét day xung trong todn roi rac:
Vi thoi gian ton tai xung tx 1a rat nho so véi thoi gian khao sat nT nén c6 thé coi
mdi xung 1a mot xung tac thoi. Day xung chinh 13 ham roi rac
x(nT)={x(iT) | i=0,n|
chinh 14 gi4 tri ctia ham x(t) tai cac thoi diém iT (i =0,1,...n).
Ham roi rac ¢6 chu ky roi rac 1a hang s6 ta ky hiéu 1a x(i).

5.2.2. Cac phép todan roi rac:

5.2.2.1. Tich phan s6:
x(nT) J» y(nT)
> D >

Néu 14 tich phan ctia mot ham lién tuc y(t) nao do thi

t
y(t) = Ix(t)dr
0

Nhung tich phan sé ciia ham y(iT) 1a mot phép tinh gan diang

k-1
y(iT)=> Tx(iT)

: T 2T 3T 4T
=0
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5.2.2.2. Sai phan cua ham roi rac:
*Sai phdn tién:
Sai phan cap 1:
AF (i) = (i +1) — (i)
Sai phan cap 2:

A% (i) = Af (i +1) — Af (i)
=[f(i+2)-f(A+D]-[f(1+21)—F()]
=f(i+2)—2f(i +1) + (i)

Sai phan cap k:

AXF (i) = Ak—lf(i +1) - Ak‘]‘f(i)
- k=i %" g6+
Z( 1) ,(k_ L f(i+])

*Sai phan lui:

Sai phan cap 1:

Vi) =f@{)-f(i-2)

Sai phan cap 2:

V2 (i) = VE(i) - V(i —1)
=[f(@)-f({-)]-[F(i-1)-f(i-2)]
=f@i)-2f(i-D+f(i-2)

Sai phan cap k:
VK (i) = Vk‘lf(i) - vk—lf(i ~1)
_ J _
JZO( 1) ,(k_ o f(i—J)
Vi du: Tinh sai phan tién A%y(i); Tinh sai phan i V3y(i)

5.2.2.3. Phuong trinh sai phan:
Hé diéu khién xung s6 duoc md ta dong hoc bang phuong trinh sai phan
B A" (i) + 2 Ay (D) +..+ a;Aly (i) +agy(i) =
=b" A"X(i) + b A"X(0) +...+ b AXX(i) + byx(i)
Str dung cong thire sai phan tong quat ta viét lai nhu sau
a,y@i+n)+a, yi+n-1)+..+ay(+1)+a,y()=
=b, X({+m)+b, x(i+m-1)+...+bx(i+1) + b, x(i)
Ngoai ra con ¢ dang (hay dung trong thiét ké):
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a,y(i)+a,,yi-D+..+ay(i—n+1)+ayy(i—n)=
=b x(i)+b, ,x({-1)+...+bx(i—m+1)+bx(i—m)
5.2.3. Bién doi Z:
5.2.3.1. Dinh nghia:

Néu c6 ham lién tuc f(t), thi ¢6 ham roi rac f(iT), voi T 1a chu ky 1y mau. Theo
giai tich ta viét
f(T) =D f(1).3(t—iT)
0
véGi 8(t—iT) la ham Dirac.
Bién d6i Laplace ham f(iT), ki hiéu 1a F*(p).

F'(p) = Tf (iT).e dt

Il
O 3

[ f(0)(t —iT)] et

Tf ().8(t—iT).e ™dt

i=0
F*(p) = Zf (iT).e_ipT
i=0
Tadat:. z= e’ | voi p=o+ jo la toan tir Laplace lién tuc. Ta rut ra dugc:
p= L Inz
T
z la toan tur roi rac
z=e""(cosoT + jsineoT)
Ta co6 duoc:
F(p :%In z)=F(z)=) f(iT)z"
i=0
Vay bién ddi Z ctia ham roi rac f(iT):
F(z)=2Zf()}= Zf (iT)Z*i
i=0
Vidu: F(z) =Z{1(t)}="
5.2.3.2. Céc tinh chat:
a) Tinh chat dich ham géc:
Z{f(i+m)}=z"F(z) - z"F(0)
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Véi diéu kién dau bang khong thi
Z{f(i+m)}=z"F(z2)

b) Tinh chét tuyén tinh:
Z{af,(i) + bf,()}=a.F(z) + bF,(2)

¢) Bién doi Z cua sai phan tién Af (i):
ZINf(D)}=Z{f(i+)-T()}=(z-2).F(2)

¢) Bién d6i Z cua sai phan lui V(i) :

Z{vt()}y=z2{f () -f(1-D}=(1- z‘l).F(z)

Vi du:

Ap dung bién d6i Z cho phuong trinh sai phan ciia hé diéu khién xung s6

a,y@i+n)+a, yi+n-)+..+ay(@+1)+a,y()=

=b X(@{i+m)+b, x({i+m-1)+..+bx(i+1)+bx(i)
Véi diéu kién dau bang khong.
5.3. Mé hinh héa h¢ thong PKTP xung sb

5.3.1. Ciu triic co s6 ciia h¢ PKTD xung sé:

5.3.1.1. Ta quy doi cac dang so do ve so do cd cau truc sau:

Xi i Ui Vi
1 DC [”| DAC O ADC >
(+)
Hinh 5.7

5.3.1.2. Khau ADC:
Khau ADC va qua trinh trich mau do.

r : Khau trich lLLlJi] u'(r][ ‘ ) ‘ l
mau |y tudng
i I|  Knhau ‘
u(t) — [u] | diduch&d [ (;)
N " s/ |
(o) : u)
e ~
oo T u™(t)

Sau khi trich mau 1y tuéng bai khau ADC ta dugc chudi gia tri:
[uiT)] =[u(0T), u(T), u(2T),...] hay co thé viét
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[u®] =T[u(0),u(l),u(?),....] ciing co thé viét

[ui] = [Uo, ug, Uz,...]

Dé thuan cho st dung Laplace va phan tich phd, ta nhan chudi [ui] véi chudi ham
o(t) ta thu duoc day xung:

U () = ST -] = u(®) Y3t -iT)

5.3.1.3. Khau DAC:
Khau DAC va qua trinh luu gia tri ra cua khau DC.

t [ui] (1)
AR pp—

lﬂﬁ
t

Khau gilr cham

i " 3 )
[ui] i 2 (f) bac 0 u(\t}
Khau trich
miu s
u'(z) U (2)

— 5 GH(2) —>

W) Wip) L)

Xdc dinh ham truyén cia khau giiw cham bac 0:
Xét mot xung don ug tac dung vao DAC

i u' T, 17 10
Uo
— 1 WH(p) —2 T 5
u(t) u (t) 1)

Ug = Uo[1(t) —1(t - T)]
Laplace hoa:
u(t)=u,8(t) — U'(p)=u,
— 1 1 _
u(t) = uo[1(t) - 1(t-T)] > U(p)= UO(E_EE ")

Up) 1-e ™
U p
Chirng minh (*) diing trong trudng hop tac dung ca chudi xung

u'(t) = iUiS(t —iT) > U (p) = iuie—iTp

=> Wy (p) =

1-e™.t *)
p
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0(t) = 3 uy [t ~iT) -1t ~iT T)]

> 0p)=( e Y e

i=0

U(p) -Tp 1 A ,
W, =——=(1- — Vay (*) ding.
H(P) 0 (p) (1-e )IO ay (*) dung

5.3.2. Khéu c6 ban chit gidn doan:
La cac khau diéu khién sé.

Tin hiéu vao Tin hiéu ra
glén doan Khau ¢o6 ban chat glén doan
gian doan

Tin hi¢u trang
thai gian doan
Hinh 5.7

iy yl
k U—]—I—Lk

Khau SISO coban [ ——
[12,] chat gian dean [ _
’ yil

Phuong trinh sai phan tién cua hé
a,yi+n)+a, ,yi+n-)+..+ay@i+1)+a,y() =
=b, X(i+m)+b, X({+m-=1)+..+bX(@{+1)+b,x(i)
Véi didu kién dau bang khong, nho bién d6i Z cia ham dich chuyén
Z{f (i+ m)}= z"F(2), ta co6 phuong trinh dai s6 theo bién z:
(a,z"+a,,z2"" +...+a,z+a,)Y(z) =
=(b,z"+b, 2" +..+bz+b,)X(2)

Ham truyén dat hé théng theo bién d6i Z:
W(z) = Y(2) _bnz" +bp 2"+ Dz + by

X(z) a,z"+a, 2" +..+az+a,

(Tt phuong trinh sai phan tién hay phuong trinh sai phan Iui thi cling ¢6 chung
ham truyén.)
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5.3.3. Khéu cé ban chit lién tuc:
La cac d6i twong diéu khién.

Tin hiéu vao

Tin hiéu

Tin hiéu ra

gian doan

DAC

lién tuC | ghay ¢6 ban chét
gian doan

Tin hi¢u trang t

thai gian doan

T

lién tuc

L

in hiéu ra

gian doan

Tin hi¢u trang

thai lién tuc

___________________

i _| Khau SISO c6 ban
1 DAC 20 chat lién tuc
[ui]
Hé roi

.......................................

* ADC

Witm(p)
Ui Ui
—> XLT DAC LT
Wh(p Wit(p)

Ham truyén quy doi trén mién anh p
Witm(p) = WH(p).-Wit(p)

WLTM (p) = (1 - e_Tp) % WLT (p)

Ham truyén quy ddi trén mién anh z

k
Tp+1

W(p) =
Céch 1:

H(p) = vv(p)% .

1

1
Tp+l p
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Wir(p)

WLT (p) I: H(p)

h(t) = 2 {H(p)}

Z(hy)

h(t)|_, =h(T)=h,

Hz)

¥

¢— Z{H(p)}

¥

G(z) = (1 }z_1 )H (z)

Vi du: Ddi twong diéu khién 1a mot khau quan tinh bac nhat



=7 p1+1%}: (L—e"™).1(1)

h- — liT _ eiT/Tl

i i
H(z) = -
@) z-1 z-¢e'm

G(Z) - (1_271)H(Z) =1- 7 21 _ 1—e "N

_e M o 7_e n

Céach 2:
B(p)
W =
(p) AD)
1 B(p)
H(p) = W(p).= = —2_
(p) (|o)ID S A®D)

Giai p.A(p) =0 duoc n+l nghiémpi (i=1n+1)
Néu pi 1a cac nghiém riéng biét thi
1 z
Z- =
{ P—B; } Z— epiT
Néu pi 1a nghiém 1ap m lan thi
m-1
Z{ 1 m = l a m-1 : T
(p_pi) (m_l)!ﬁpi z—-e"

1 1
H(p) =W(p).= = —————
(p) =W(p) o p(TpiD)

p1=0; p2=-1Ty
UT, 1 1

Hp)=— ~' 11 _=_
) p.(p+1/T) p p+1/T
yi yi
Z{H(p)}=H(2)= —— -
{H(p)}=H(2) 1 7 o
_ z-1 1-e "M
G(2)=(1-z"H(2) :1_z—e’T’T1 =

5.3.4. Mé hinh héa hé thong diéu khién xung sé kin:

5.3.4.1. So dd cAu trac cua hé xung s6 dang ham truyén:

a) Hé xung s6 c6 mot phan tr xung véi hoi tiép don vi:

LTM

X e e
"?—* XLT [ PHX LT
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(PHX 1a DAC)

Ham truyén hé xung sé ho

Y (p) * .
W, =— =W W,
h(P) X () { anx (P) It(p)}
Ddi véi hé kin ta co:

Y7 () = W, (P)E"(p) = Wy (p)-DX"(P) - Y (P)]
Vay ham truyén hé xung s kin

« W,

Wi (p) = — 5~ (*p)
1+ W, (p)
Str dung toan tur z

Wi (2) = Wh(z)

1+ W, (2)

Dang tong quat

bpz™ + by 2™ +...+ bz + b,

Wi (2) = n n-1
a,z2" +a, 2"t +..+a,z+a,

b) Hé xung s6 c6 mot phan tir xung va ¢ khau phan hoi:

LTM

XLT [—| PHX LT

F

Ham truyén hé xung sé ho

W= =W @)

Déi véi hé kin ta co:
Y () = Wang (p)- Wi (p)-E” (p)
F () = Wik (p)- Wit (p)-W; (p)-E”(p)

X'(p)=E (p) +F (p)
Vay ham truyén hé xung s6 kin

sy W(p)
M= W, (p)-W; (p)
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Str dung toan tir z

Wh (2)
1+ W (2). W, (2)
Dang tong quat

Wi (2) =

bz™ +b,, 2"+ . +bz+h,

Wi (2) = n n-1
a,z2" +a, ;2" +..+a;z+a,

5.3.4.2. So dd cau truc cua hé xung s6 dang khong gian trang thai:

Ciing nhu trong hé théng tuyén tinh lién tuc, ta c6 thé mé ta dic tinh dong hoc cua

hé thdng xung s tuyén tinh trong mién thoi gian bang hé phuong trinh trang thai.

Vi du : ta c6 hé théng xung s6 dugc mo ta bang phuong trinh sai phéan:
a,.yi+n)+a,_ .y(@i+n-1)+..

~+apy(i+1) +ag.y(i) = kx(i)

bat: y(i) = ya(i), y(i+1) = ya(i+1) = y2(i),
y(i+2) = yo(i+1) = ys(i),...

Ta c6 hé:
y; (i+1)=y, (i)
Y, (i+1)=y;(i)
Y (I+1)=Kg.X(1)-Ag.Y1(D)-A1.Y 2 (1)-...-Ap1.Yn (1)
Ta viét dang ma tran

Vi Ko = k/an; Ai = ailan

y1(i+1) 0 1N .. 0 y1 (i) 0

y2(|+1) _ 0 0 0 ‘ y2(|) N .X(i)

Yn(i+D) | [-Ao -Ar . -An|[Yn()] [Ko
Viét gon:

Yi(i+1) = A.Yk(i) + B.x(i)
Ta xay dung m6 hinh thong qua khau tré

Z{y(i+1)} S Z{y()}

Ham truyén cua khau tré
Wi — 20 _ Y@ _
Z{y(i+1)} Y(2)z
Vi du 1: Cho hé théng diéu khién xung
V(i +2) + Ag. (i) = Ko ()
Xac dinh so dd cdu trac trong khong gian trang thai.
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Tra loi:
Ta c6 thé viét lai phuong trinh sai phan da cho nhu sau:
V(i +1) = Kox(i) - Ag.y(i)
Ham truyén cua hé:
Ko
Z+A,

W(z) =

So dd cdu trac hé dang khong gian trang thai

x(i) y(i+1) y(i)

_—> KO > > Z -1

A 4

A

Ao

Vi du 2: Cho hé thong diéu khién xung sé dugc mé ta bang phuong trinh sai phan
y(i+2)+ ALy +1) + Ay.y(i) = Ky.x(i)

Xéc dinh so do cau trac trong khong gian trang thai.

Tra loi:
Ham truyén cua hé:
K
W(z)=—5—
-+ AiZ+ A

So d6 cau trac hé dang khong gian trang thai
y2(i+1) y2(i) ya(i+1) yi(i)

X(1) ?(HZ) ?(iﬂ) ) y(i)
—| Ko 71 7-

Ao A1
T T

\4

Nhan xét:
Tir quy luat trén ta c6 so do CAu triic cho hé xung s6 ¢ phuong trinh sai phan
yi+n)+A, 1 yi+n-1)+..

et ALY +1) + Ag (i) = Ko X(i)
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Yn(i+1) ya(i)  ya(i+1) ya(i)

x(i) §(i+n\ ig(iﬂ) — ¥
—_ KO | Z-l > e Z" >

AO An-l
T T

Tir so d6 trén ta dé thiy duoc hé phuong trinh trang thai da néu & trén cd thé viét
lai
Yi(i+2) =y, (1) —An_1.y1 (i)
Yo(i+1) =y3(i) — An_z-y1 (i)
Yo (1+1) = Ko.x(1) = Ag.y; (1)
Véi Ko = K/an; Ai = ailan
vii+D) ] [-Any 1N .. 0] [yi() 0
y2(+D) | _[-Ana 0 .. 0O||y2()

+ 7 xG)

v (i +1) “Ag 0 .. 0||yn(]| |Ko
Trén co s6 nay ta ap dung cho phuong trinh sai phan dang téng quat
a,yi+n)+a, ,yi+n-)+..+ay@i+1)+a,y() =
=b, X(i+m)+b, X({+m-1)+..+bXx(@{i+1)+b,x(i)
Chia hai vé cho ao ta duoc
yi+n)+A yi+n-D+.. . +Ay@i+D)+Ay(1)=
=B x(i+m)+B_ x(i+m-1)+..+Bx(i+1) + B x(i)
V61 Ko = k/an, Ai = ailan, Bi = bi/an
Ham truyén
B,z"+B, ;2" +..+Bz+B,

W(z) =
) "+ A" AZ A

Hé phuong trinh trang thai cta hé cho truong hopm=n-1
Yi(1+1) =y, (1) = Ap_1.y1 () + By (i)
Yo (1+1) = y3(1) = Ap_z.y1 (1) + By X(0)

Vo(i+D)= 0 —Auy (i) +Byx(i)

Tir so do trén ta dé thdy dugc hé phuong trinh trang thai d néu & trén co thé viét
lai
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Vi Ko = kf/an; Ai = ailan

Viét dudi dang ma tran

y1(i+1)

yo(i+1) _ -An_2

_AO

0

0

Yi(1+1) =y, (1) — Ap_1.y1 ()
Yo(i+1) =y3(i) — Ap_5.y1(1)

Yo (i1 +1) =Kg.X(i) = Ag.y; (i)

01| yi(i)
01 |y20)
0| |yn()

Ko

Trén co so nay ta ap dung cho phuong trinh sai phan dang téng quat
a,yi+n)+a, yi+n-)+..+ay(i+)+a,y(i)=

=b X(+m)+b,  X({i+m-1)+...+bx(i+1)+bXx(i)

Chia hai vé cho ao ta duoc
y@i+n)+A y(i+n-D+. . +Ay@i+D)+Ay()=

=B, x(i+m)+B, x(i+m-1)+...+ B x(i +1) + BX(i)
Vi Ko = kfan, Ai = ailan, Bi = bi/an

Ham truyén

m
Bnz +B,_1Z

m-1

+..+Bz+B,

W(z) =

n n-1
Z +A 2 T+ HAZHA

H¢ phuong trinh trang thai cta hé cho truong hopm=n-1

yn(i+1)

So d6 cau truc

V(i +2) =y, (1) — Ap_1.y1 (1) + By X(i)
Yo (1+1) =y3(1) = Aq_p.y1 () + By X(1)

=0 —-Apy,(i) +Byx(i)
U 1
B, Bm
. yn(i) Yn-1(i) ya(i) .
X(i y(i)
Bo _,(?_, 7-1 > 71| > 7-1 >
Ao Al\l Arll-l
T r 1
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yi+) | [ -Ang 1N o 0y Bm

y2(i+1) _ —An_2 0 .. 0 ' y2(i) N m-1 x(i)
yn(i+1) —AO 0 .. 0 yn(i) BO
Tin hiéu ra cta hé théng
Ly (i) |
I
yiy =1 0 .. o2 | [01x)
L Yn ()]

HéE phuong trinh ma tran vecto
Yi(i+1) = A.Yk(i) + B.x(i)
y(i) = C.Y«(i) + D.x(i)

Mo hinh trang thai cta hé thong

| D |
Yi(i+1) :
X0 | [ 5 Q=] 2+ Yi(i) ¢ > y(t)
A

5.4. Bai tap
Chuyén dbi ham truyén cta dbi twong O 1a Wi(p) sang sé véi thoi gian lay mau T =
0,01s?

Xi € Ui Vi

! DC [’|DAC| O |ADC[T—
(+)

Y

100(2p +1) 10
5.1) W, (p) = 5.2) W, (p) =
) It(p) 5p3+2p2+11p+1 ) It(p) 35p4+40p3+20p2 +10p+2
5.3) W, (p) = ——o0P + 11 5.4) W, (p) = - 0P +)
p(10p® +3p +1) 3p° +2p° +6p+7
200(5p +1) 100(5p° +15p +1)
5.5) W, (p) = 5.6) W, (p) =
) Wi (P) 12p* +0,1p° + p* +10p+ 21 ) Wi (P) 5p°+1,2p* +0,1p+1
200(5p® +3p +1) 100(0,05p* +2p +1)
5.7) W, (p) = 5.8) W, (p) =
) It(p) 5p4+7p3+4p2 +1’5p+2 ) It(p) 7p4+9p3+2p2+3p+31
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200(7p+1) 5.10) W, (p) = 100(0, 25p +1)

59) Vvlt(p): 2
(p+1)(0,1p+1) (5p° +22p+1)(0,1p+1)
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Chuong VI. PHAN TiCH, TONG HQP HE THONG PKTD XUNG SO
TUYEN TiNH

Muc tiéu hoc tap:
1. Phan tich dugc cac hé BPKTD xung $6.
2. T6i vu duoc hé théng PKTD xung sb.

6.1. Co s& danh gia tinh 6n dinh ciia hé xung so:
Viéc diéu khién trong hé théng xung — sb ciing gom hai qué trinh: qua do va xéac
lap.
Hé diéu khién trong hé thong xung — s6 duge mo ta bang phuong trinh sai phan
a,yi+n)+a, ,yi+n-)+..+ay@i+1)+a,y() =
=b, X(i+m)+b, X({+m-=1)+..+bXx(@{+1)+b,x(i)
Co nghiém 1a y(iT) = yx(iT) + Yqa(iT)
Trong d6: yx(iT) 1a nghi€ém riéng ctia phuong trinh sai phan, dic trung cho qua
trinh xac 1ap cua h¢,
Yqd(iT) 14 nghiém téng quét cuia phuong trinh sai phén, dic trung cho qua
trinh qua do.
Phuong trinh déc trung cua hé c6 n nghi¢m phan biét
n
Ya(T)=Cz} +C,z; +..+C 2, = > CZ'
j=1
Khi i — oo thi yoq(iT) >0 hay z] —0.
Trong do6 zj 1a nghiém cua phuong trinh déc trung:
a,z" +a, 2"t +..+a;z+a,=0
Theo dinh nghia vé toan tir z thi
joT

e(cx+j(o)T _ eaTe

z=e*T(cosoT + jsinoT)
Ma cosoT + jsinoT <1 nén

z=¢T =

|z|<e*T

Tir day ta nhan thay:
a>0 — |z[>1 Hékhong on dinh,
a=0 — |z|=1 He o bién giéi on dinh.

a<0 — |z|<1 Heon dinh.
Ta c6 mit phang Z nhu hinh bén.
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Ajo

jo, 12 thong on dinh

I3
] ] A A

/fuin)
[/

mf@

6.2. Tiéu chuan dai so:

.. —jo, /2

H6.10

Dé tuong ty nhu mit phang P ¢ hé lién tuc, ta chuyén mit phang Z vé mat phang

V.

v+1
Tadat z=——-
v-1

Khi v <0, nhu v1 thi |OP| < |OQ| véi OP=v+1 va OQ =V —1 (nhu hinh sau).

Nén z<0. Vay hé 6n dinh.

\4

+1
mf @

H6.11

Vi1 danh gié tuong tu ta co:

v>0 — |z|>1 Hékhong 6n dinh.

v=0 — |z|=1 Hé & bién gidi on dinh.

v<0 — |z|<1 Heéondinh.
Lwu y: Mit pang V va mit phing P 13 twong ddng véi nhau nén céc tiéu chuan 6n
dinh dai s6 cua hé lién tuc déu co thé ap dung dugc cho hé théng xung sé.

6.3. Tiéu chan tan so:

6.3.1. Xét on dinh theo biéu dé da thirc diic trung:
Phuong trinh dic trung ctia hé xung sé:

a,z2" +a, 2" +..+a,z+a,=0
Véi cac nghiém zj thi da thtc c6 thé viét lai:

G(2) :an.ﬁ(z -Z;)
i=0
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Xét trén mit phang Z, thira s cua da thic trén 13 mot vecto ¢6 chan 1a nghiém zi va
dinh nam trén dudng tron don vi:

z=elTo—pl? Wi —n<Q=0T<n

Nhu vay:

n
AargG(z) =)D Aarg(z-z)
—n<Q<n i=0 —n<Q<n

Hinh H 6.12 m6 ta argument cta hai vecto cho trudng hop zi nam trong duong tron
don vi va zj nAm ngoai duong tron don vi.
+ Vi zi:
Khi vecto (z - zi) quay tr A
dén B (-t <Q<0) thi dugc
gbc T.
Khi vecto (z - zi) quay tir B
dén A (0<Q <) thi dugc
goc T.
Vay: Aarg(z—z;)=2n

—n<Q<7

+ Vi z;:
Khi vecto (z — zj) quay tir A dén C thi dugc goc o .

Khi vecto (z — zj) quay tir C &én D thi dugc goc Oly.
Khi vecto (z — zj) quay tir D dén A thi dugce goc ag.
Vay: Aarg(z—z;)=ay+a,+03=0
—n<Q<n
Hé on dinh thi cac nghiém zi déu nam trong dudng tron don vi, goc quay cua biéu
d6 da thirc dic trung la:
n

Y. arg(z-z;)=2nn

i=0 —n<Q<7

Do tinh ddi xang cia nghiém phirc, nén ta chi xét trong phamvi 0< Q<.

Zn: arg(z—z;)=nn

i=0 0<Q<n
Phat bicu:
Hé théng diéu khién xung sé cé phwong trinh dic trung bac n sé 6n dinh néu
biéu do da thirc dic trung ciia né quay mgt géc nm quanh géc tea dé khi Q thay
doi tir 0 dén .
Vi du: Xét tinh 6n dinh caa hé xung s6 c6 phuong trinh dic trung: apz+a, =0
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6.3.2. Xét tinh é dinh ciia h¢ théng kin theo ddic tinh tan bién pha (TBP) ciia hé
ho:

Tuong ty nhu tiéu chuan Nyquist cho hé tuyén tinh lién tuc, d6 véi hé xung sb
tiéu chuan nay duoc phat biéu nhu sau:
Néu hé théng xung sé hé én dinh hodc ¢ bién gidi ciia én dinh thi hé théng kin
sé on dinh néu diic tinh TBP ciia hé théng hé khéng bao viy diém (-1,j0).

6.4. Panh gia chit lwgng hé théng dktd xung sb

6.4.1. Chit lwong qud dp:

Panh gia chat lugng quéa do cua hé théng mot cach gan dung bang cach dua vao
su phan bd nghiém cua phuong trinh dic trung trén mat phang nghiém Z.
Phuong trinh déc trung cua hé c¢6 1 nghi€ém phéan biét.

|
Yu(T)=Cz! +C,z; +..+Cz] =) Cz]
j=1
Anh huong caa nghiém s dén chit luong cua qua trinh qua do thé hién nhu hinh
Sau.

>

(7)/\ is
EAVARAY

@ |

(4) Puong tron don vi

@

Mot s6 nhan dinh:

+ Néu tat ca nghiém cua phuong trinh dic trung déu nim trén tia OA thi hé qua do
khong dao dong.

+ Néu c6 nghiém nam ngoai tia OA, nhung tat ca déu & goc phan tu thir I va thir 1V
thi hé ¢6 dao dong véi tinsé O< o< m/2.

+ Nghiém nam trén truc OB thi hé dao dong véi tan sb o =7/2.

+ Néu tat ca nghiém cua phuong trinh dic trung déu nam trén tia OA thi hé qua do
dao dong vai tin sd w=1.
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Dé danh gia chat lwong hé théng thong qua sy phan bd nghiém ta str dung cac chi
tiéu gian tiép. Mot trong cac chi tidu d6 1a khoang cach tir dudng tron don vi dén
nghiém gan nhat.Chi tiéu nay chinh 1a d6 du trix 6n dinh cua hé thong.

Trén mat phang P*, néu goi khoang cach tir truc 4o dén nghiém gan nhat 1a A, thi
nghiém d6 ciing 14 gan duong tron don vi nhat trong mit phang Z va c6 dang

z=e"tel®

Trén mit phang P* ta co6 duong thang p=—A + jo, thi trén mat phang Z ta co
dudmg tron ban kinh r=e7".

A JO Aj

jw0/2; /flw .
o 1 \J

1
—jo, /2 ]
) m
H6.14 @

Tuy vay nhung ciing nhu hé thong lién tuc ta c6 thé xac dinh ving giéi han thay
d6i cua cac thong s6 cua hé thong dé sao cho nghiém sb ciia phuong trinh dic trung
phan bé trong ving mong mudn.

Vi du: X4y dung vung phan bd ao, a2 dé hé théng dugc mé ta bang phuong trinh
dic trung sau c6 do du trir A.

2 _
a,2"+az+ay=0

6.4.2. H¢ toi wu tdc dpng nhanh:

Mot trong nhitng diém khac ctia hé xung sb tuyén tinh so v6i hé tuyén tinh lién tuc
1a kha nang on dinh vo tan. DAy chinh 1a chi tiéu tic dong nhanh cua hé thong diéu
khién xung s.

Trong mat phang P*, néu tit cac cac nghiém pj déu 1ui xa dén vo tan, thi trong mit
phiang Z chung chi c¢6 nghiém doc nhat zj = 0. Trong trudng hop niy phuong trinh
dic trung cua hé thdng phai ton tai diéu kién

dg=a =...=a,, 1 =0

Khi d6 phuong trinh déc trung chi con

f(z)=A(z)=a,2" =0

Ham truyén cta hé thong co m=n—1
byz" 7 +b, 2"
a,z"

W(z)=B, ;2 +B, ,z%+..+Bz" " +B,zz™"

W(2) = +..+biz+b,
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Trong d6 Bj = —
a
0
O bai trudc ta da biét chuyén ddi Laplace roi rac cia ham trong lwong 1a ham
truyén

W (p) = D{W(iT)}= 3 w(iT)e T
i=0
Viét dudi dang toan tir z
W(2) = S w(iT).z"
i=0

Tir hai cong thic vé ham truyén trén ta rit ra két luan
w(0) =0 ; w(T) = Bo; W(2T) = By ;... ; w(nT) = Bn1
w(iT) =0 khii>n. (6.%)
Mat khéc, khi tin hi¢u vao 1a ham x(iT) thi dap ung la

|
y(iT) =2 x(JT).w[(i - J)T]
j=0
Nhu vay qué trinh quéa do cua hé két thuc trong thoi gian t=iT .
Ham trong lwong 1a dap tng dau ra cta hé tng véi dau vao 1a xung 1i teong. Khi
dau vao 1a mot ham x(iT) bat ky thi dau ra 1a y(iT):

y(T) = 3 x(GT) Wl - )T]

j=0
batl=i—jtaco

0
y(iT) =Y x[(i —)T]w(IT)
I=i
Pit j=1va doi j tir i dén 0 thanh tir 0 dén i

y(iT) = 3 X[ - HTIW(T) (6.4
j=0

R rang theo cong thir (6.%*) khi c6 diéu kién (6.*) thi qua trinh qua do s& két thuc
trong khoang thoi gian ngan tee = iT. Vi vay hé 1a tdi vu tac dong nhanh.
Vi du: Tin hi¢u vao 1a ham A.1(t) thi tin hi¢u ra la

y(0)=0

y(T) = A.w(T)

y(2T) = AJw(T) + w(2T)]

y(nT) = A.Jw(T) + w(2T) + ... + w(nT)]
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Khi i > n thi cac gia tri sau ciing bang y(nT). VAy qua trinh qua do s& két thuc ngay
thoi diém nT.

6.5. Bai tap
Khéo sat tinh 6n dinh cia cac hé diéu khién xung sé duoc moé ta boi ham truyén?
10.1) W(z) = —20+1) 10.2) W(z) = — 22+
100z° +2z+0,37 50z° +25z° +12z+5
10.3) W(z)= o2+ 10.4) W(z)=——00z+])
10z" +12z° +20z° + 322+ 65 202> +12z" +8z2° + 2z +17
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Phu lucl: Bang tra chuyén ddi giira anh Laplace va
anh z
Dé don gian khi viét, ta thay thé:

s b=T|T, ; c=T,/(T, - T); Q=0T;

ap=e ™", Q -, TY1 - D (D<1)

. - =TTy . _,-Ir,
a =a =e , a, =e

M, t=0 L k=0
- F(P) O F
k
1 (o (1) 1 (1)
: 1
= Z
P Mo= 21
t
T b k
2 1
1 M. = —DZ
2 q =
p T4 (z-1)
t \2
(7)) b’ K’
3
2 b z(z+1)
. M, = 3
B & (z-1)
t \n
(T1) b K
4
n1! y - n-1 bn-i
n+ n el
1 n z-1 i§0 M‘(n-i)!
5
e-T1 ak
> r §
p’“Ti1 No= 273
t -k k
T, e " bka
6
1 1 abz
T, (p+Ti1)2 17 (z-a)




f (t) ts0 f,: K20
e F @)
()2 e T b’k a"
1
7 2
2 11 : N, o 2D z(z+a)
2 T
T, (p+T1) (z-a)3
e A
( ) e T4 t:’nknak
8 -
n! 1 n-1 i,
an! D
T1n (p Lrd B z-a i=2 Ni vyt (n-i)!
o
t+8 1-ak
9
1 -8 2
p(1+pT,) z-1 z-a
t t i
S T (7;) LS (k)
10 i=0 il i=0 il
1 POASE. LLE
P(1+pTy) bl i
k
[1-oTH] (1-a)"
11 ]
e Frp A
+ — -
1-1 P
¢ L
3 bk-1+a
12
1 bz - Z i z
P T1(1+pT1) (z 1) z=3 Z-a
o sube
13
T,-T, z z
Z‘a1 Z‘az

(1+pT,) (1 +pT,)




L e o
Bk S L
1ce " +c-1)e 2 ;T,FT, | 1-ca, +(c-1)a,
14
1 z 2 (&-1)¢
p(1+pT,) (1 +pT,) z-1 Z-2a4 Z-a
sin mt sin kQ
15 :
0] Z sinQ)
2 2 5
p +tow z -2zcosQQ+1
cos ot cos kQ
16 5
P z -zcosQ)
2 2 2
p tw z -2zcosQ + 1
A k.
e i sin(ot+¢) a sin(kQ+g)
Az  cos@ + ( +i)sin - i
RTiRTY, Y z sinp+zasin(Q-¢)
142 2 2 2
(P 12k to Z -2azcosQ+a
t
e ihcos(ot+q) akcos(kQ+<p)
18 o _ . 2
(p+T1) bt e i z cosp-zacos(Q-¢)
Bt . 4 2 2
(Pp+T;) +o z -2azcosQ+a
Dogt _. 2 1 e
e sin (wyt j1-D );D<1 ay sinkQ,
" 5 1 z ap sin Qg
®, Y1 - 2 2 2 2
p +2Dw, p + ®, z -2apzcos Qp+ ap
Do k
e ° cos(wit|1-D" );D<1| ap coskQy
20 .
p + Do, z -z ap cos Qg

2 2
p +2Dw,p + o,

2 2
z -2apzcos Qp+ap




Phu luc2: Bing tra anh z mé rong

Dé don gian khi viét, ta thay thé:

a—.

Pt B S
e T
b - F :
|k=012 .. ,0=<e<1 (Z' i )_ .
z[ez+(1-¢)]
1| k+e -
(z-1)
. z[e 2z +(1+26-26 )z+(1-£) ]
2| (k+¢g) 5
(z-1)
€
za
3| (k+e)
’ (z-a)
“[ez+(1-¢)a]
i za [ez+(1-g)a
4l e
2
(z-a)
5.2 @
o za [e 72 +(1426-28 )ez+(1-8) a ]
9] (k+g) a 4
(z-a)
Z[zsineQ +sin(1-g)Q]
6| sin(k+g)Q 2
zZ -2zcos Q+1
Z[zcoseQl-cos (1-€g) Q]
7| cos(k+g)Q -
z -2zcos Q+1
(k + €) zag[zsinsQ+asin(1-e)Q]
8| a sin(k +€) Q s .
Z -2azcosQ +a
(k + €) zag[zcoseQ-acosU-s)Q]
9| a cos (k +g) Q s 3
Z -2azcosQ+a
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"5 BAI TAP LON
G | MON LY THUYET DIEU KHIEN TU DONG

1. Gidang vién giao nhiém vu bai tap lon:
1.1. Gidng vién 1
- Ho va tén: Lé Thai Hiép
- Chue danh, hoc ham, hoc vi: Gidng vién chinh, Tién si
- Email: thaihiepalpha@gmail.com bién thoai lién hé 0979708259
1.2. Giang vién 2
- Ho va tén: Nguyén Thai Bao
- Chue danh, hoc ham, hoc vi: Gidng vién chinh, Thac si

- Email: ntbao@ftt.edu.vn Dién thoai lién hé: 0983417757
2. Ngi dung thuc hién: .
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Ma SV chi:a 4duwl | MaSVchiaddw2 | MaSVchiaddue3 | MaSV chi? 4du0
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Biét: Ro=330Q; R1=220Q; R2=330Q; Cy=100pF
Mach transistor (Tr) xem gan ding nhu mot khau quan tinh: k; = 20 ; T¢=0,0015s;
bong co DC: kac = 30 rad/(s.V); Tae=0,15(3); Tdac=0,35(9).
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Biét: Ro=330Q; Ri1=110Q; R,=330Q C1=220puF;
VR1 va VR 14 hai bién tro gidng nhau véi VR1 1am nhiém vu dit goc quay dau vao (av), VR2 1am
nhiém vu do va phan hdi 4m goc quay dau ra (or);
Mach transistor (Tr) xem gﬁn ding nhu mot khau quan tinh: k¢ = 20; Tt = 0,001 s ;
bong co BC:  kgc =20rad/(s.V); Ta=0,15s; Tac=0,355s;
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Thong hé:
R1=ZQOQ; R2 =510 Q R3 =330 Q C1 =470 uF
Xem gan ding Ws3=1; ) Wi=1; ‘ . 7 ’
Mach phat xung st dung bien ép xung (BAX) va chinh luu cau dieu khi€n khong doi xung (Th)
dugc xem gan dung nhu mdt khau quén tinh: kin = 220 ; Tih=0,0055s;
bong co BC:  kge = 20 (vong/phut/V); Tat =0,1 (S); Tdc=0,4 (s);

May phat toc FT: ks = 0,01 (V/vong/phiit).

Cac mach dong pha va tao xung ring cua véi muc dich phat xung diéu khién dong bd véi dang
song dién ap ngudon AC, nhung khong c6 tac dung nhu mot vong phan hoi. Do vay trong so d6 ham
truyén c6 thé bé qua anh hudng ciia cac mach nay.
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220V AC

SO' dé 4. Mach tao xung rang cua i
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Thong hé:
R1=1QOQ; Ry, =470 Q R =330 Q C1 =220 uF
Xem gan ding W3=1; ) Wi=1; ‘ ‘ i )
Mach phat xung st dung bien ép xung (BAX) va chinh luu cau diéu khi€n khong doi xuang (Th)
duoc xem gén ‘dL'lng nhu mét khau quan tinh: kin = 220 ; Tih=0,005s;
Lo dot bang dién: kis=1°C/V; Tw=5s;

Nhiét ngadu NN: knn = 0,2 V/°C .

Cac mach dong pha va tao xung ring cua véi muc dich phat xung diéu khién dong bd véi dang
song dién ap nguon AC, nhung khong c6 tac dung nhu mot vong phan hoi. Do vay trong so d6 ham
truyén c6 thé bé qua anh hudng ciia cac mach nay.
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Khau thtr 2:

Sinh vién chon khau 2 theo bang nay

M3i SV chia 6 du 1

M3 SV chia 6 duw 2

M3 SV chia 6 dw 3

M3 SV chia 6 du 4

M3 SV chia 6 dw 5

M3 SV chia 6 du 0
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Sinh vién 1ay thong s6 ciia khau 2 theo bang nay
Ma SV chia 5 dw 1 Ma SV chia 5 dw 2 Ma SV chia 5 du 3 Ma SV chia 5 dw 4 Ma SV chia 5 du 0
R1=330Q R1 =220 Q R1=110Q R1 =180 Q R1 =240 Q
R3 =470 Q R3 =510 Q R3 =560 Q R3 =680 Q R3 =430 Q
C1 =220 uF C1 =100 pF C1 =330 uF C1 =220 puF C1 =100 pF
Co = 470 uF C> =330 uF Co = 470 uF C, =330 uF Co =220 uF

Yéu ciu: (Smh vién nén sir dung phan mém MatLab dé lam bai, néu c6 thé).
1) (2 diem) Viét phuong trinh vi phan mo ta quan h¢ vao ra va lap ham truyen cho khau thtr 2?
2) (2 diém) Lap so d6 ham truyén va tinh ham truyén ctia hé? Chuyén d6i giita cic dang: ham truyén —
phuong trinh trang thai — toa d6 cuc (xem Ghi chi)?
3) (2 dzem) Chon bd hiéu chinh tét nhat cho hé PKTD dé ¢ luong qua diéu chinh 6 <10%. Tinh tqq ?
4) (2 diém) V& @6 thi Bode cho hé trudc va sau khi hiéu chinh? Néu két luan vé tinh 6n dinh cua hé
ung véi trudng va sau hi¢u chinh can cur vao dd thi Bode?

5) (2 diém) Thay khau thtr 2 bang mét bo diéu khién sb c6 ham truyén W, (z) =

10
z-0,08"

Chuyén d6i ham truyén ctia cac khau con lai sang sd véi thoi gian ldy mau T = 0,01s. Tinh ham tuyén
cua hé Wi(z)? Khao sat tinh 6n dinh ctia hé diéu khién?
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Ghi chu :

K] T(k+p)
m m-1 L ]
Wi(p) = 2P DTt DR YD, ,\T,I((p)) = =C.(pl-A)"B+D
ap'+a +..+a,p+a
nP n-1P P 0 /p H(p + pi)
- ——
Dang ham truyén Dang toa d6 cuc Biéu dién ham truyén qua ma tran hé sb

cua pt trang thai
Xi = AX, +Bu
y=CX, +Du
Bai 2: (I diém diéu ki¢n) M3i sinh vién ty tong hop cc kién thirc da hoc mot cach co dong (trong 01
trang giay A4), nhung twong doi day du nhat vé mon hoc thanh so do tu duy (hoac dang tuong duong).

Dang phuong trinh trang thai: {

Chi chu: Diéem diéu kién la diém xét dé danh gia kién thirc nén.

Néu diém bai 2 thi diém bai tip lom

Piém bai 2> 0,7 DPiém bai tdp lén = Diém bai 1 + 0,5
0,7 > Piém bai 2 > 0,4 Piém bai tip l6n = Piém bai 1 + 0,0
0,4 > Piém bai 2> 0,3 Piém bai tdp 16n = Piém bai 1 - 0,5
0,3 > Piém bai 2> 0,2 Piém bai tip l16n = Piém bai I - 1,0
0,2 > Diém bai 2> 0,1 Piém bai tdp lén = Piém bai I - 2,0
0,1 > Piém bai 2> 0,0 Diém bai tap lén = Diém bdi I - 3,0

3. Tién d¢ lam vigc:
» Nogay giao:
» Ngay hoan thanh:

4. Quy cdach trinh bay:

Toan b ndi dung dugc viét tay rd rang khong tay xoa trén gidy A4, trir nhitng noi dung lam trén
MatLab dugc in va dan vao vi tri phu hop.
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