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LOI NOI DPAU

Mon hoc Ly thuyét diéu khién ty dong 1a mot trong nhitng mén hoc
quan trong trong nhiéu nganh k¥ thuat nhu Ty dong hoa, Dién khi hoa xi
nghiép, Ky thuat dién tir. D& c6 thé tich hop, phan tich dugc cac hé diéu
khién ty dong nguoi k¥ su can phai ¢6 kién thirc rit vimg vang vé Ly thuyét
diéu khién. Trong gido trinh nay, ching t6i cung cdp nhiing kién thirc co
ban nhat cho nguoi hoc vé Ly thuyét didu khién bao gdm céc khai niém vé
hé théng diéu khién ty dong, mo hinh toan hoc cta hé théng diéu khién, sy
6n dinh cua hé thong ciing nhu phuong phéap giam thiéu hé thong da cp,
danh gia chét lugng hé thong. Cac hé théng xem xét trong gido trinh nay
1a gi6i han trong cac hé tuyén tinh. Céc kién thirc thu nhan duoc qua gido
trinh nay s& 1a nhitng nén tang viing chic cho viéc tiép thu cac kién thirc
vé phan Piéu khién nang cao, bao gdm xem xét hé phi tuyén, phan tan, cc
phuong phap méi xem xét tinh 6n dinh ctia hé phi tuyén.

Mic di nhém tac gia da rt can than trong viéc bién soan gido trinh
nhung chic chin trong gido trinh s& khong tranh khoi thiéu sot. Chung toi
rat mong nhan duoc sy quan tdm déng gop cuia cac doc gia dé giao trinh
dugc hoan thién thém. Cac dong gép xin dugc giri  vé

cuongtncdc@gmail.com. Chung t61 xin chan thanh cam on.

Nhom tac gia
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CHUONG 1

MO TA MOT HE THONG PIEU KHIEN TU PONG

1.1. Céac khai niém co ban

Dé hiéu duoc khai niém vé hé théng diéu khién ty dong trudc hét ta

xem vi du sau:

= /\/\
/\/\ .
LO HOI

Po
th'fmg
s0 vé

dién

m Khéng ché U1

A

J N

A AL*

Tin hi€u chu dao
Hinh 1.1: So do diéu khién cua lo hoi dé phat dién

Diéu khién 14 tap hop tit ca cac tac dong c6 muc dich nham diéu khién
mot qua trinh nay hay qua trinh kia theo mét quy luat hay mdt chuong trinh
cho trude.

Diéu khién hoc 13 mot bo mén khoa hoc nghién ciru nguyén tic xay
dung céac hé diéu khién.

Qua trinh diéu khién hodc diéu chinh duogc thuc hién ma khong c6
su tham gia tryc tiép ctia con ngudi, thi chiing ta goi d6 1a qua trinh diéu

khién va diéu chinh tu dong.
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Tap hop tat ca cac thiét bi ma nho d6 qua trinh diéu khién duge thuc
hién goi 12 hé thong diéu khién.

Tap hop tat ca cac thiét bi k§ thuat, dam bao diéu khién hoic diéu
chinh ty dong mot qué trinh nao d6 dugc goi 1a hé¢ théng diéu khién hoic
didu chinh ty dong (d6i khi goi tat 14 hé thong tw dong — HTTD).

1.2. Céc phan tir co ban ciia hé thong diéu khién tu dong
Pbi tugng diéu khién (Object), Thiét bi diéu khién (Controller),
Thiét bi do luong (Measuring device).

- So db téng quat

1(t) _e(t) ' c X(H) ' 5 l_Y(L

Hinh 1.2: So do tong quat hé thong diéu khién ty dong

Moi hé théng diéu khién tu dong déu bao gém 3 bo phén co ban:
- Thiét bi diéu khién C (Controller).

- Pbi twong diéu khién (Object).

- Thiét bi do ludng (Measuring device).

1(t) Tin hiéu vao hay con goi 14 tin hiéu dit; e(t) Sai léch diéu khién;
x(t) Tin hiéu diéu khién; y(t) Tin hiéu ra; z(t) Tin hiéu phan hoi

1.3. Cac nguyén tic diéu khién co bin

C6 3 nguyén tic diéu khién co ban:

-Nguyén tic diéu khién theo sai 1éch (Hinh 1.3).

1(t) et ' - IX(t) ' 5 l_Y(L
o { e

Hinh 1.3: So d6 nguyén tic diéu khién theo sai léch
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Tin hi€u ra y(t) dugc dua vao so sanh véi tin hi¢u vao r(t) nham tao
nén tin hiéu tadc dong 1€n dau vao bo dicu khién C nham tao tin hi€u diéu

khién déi tugng O.

-Nguyén tic diéu khién theo phuong phap bu nhiéu (Hinh 1.4)

()

r(t) e(t) x(t) Y y(t)

— sR)— C o

Hinh 1.4: So d6 nguyén tic diéu khién bi nhiéu

A 4

Nguyén tic bu nhiéu 1a sir dung thiét bi bu K dé giam anh huong cua
nhidu 12 nguyén nhan truc tiép gay ra hau qua cho hé thong (Hinh 1.4).

-Nguyén tic diéu khién theo sai 1éch va bu nhiéu (Hinh 1.5)

)
K ‘_
0 e(t) x(t) Y yit)
» C — 0 >
z(t) M .

Hinh 1.5: So d6 nguyén tac diéu khién hon hop
Nguyén tic diéu khién hdn hop 1a phdi hop ca hai nguyén tic trén,

vira c¢6 hoi tiép theo sai 1éch vira ding cac thiét bi dé bu nhiéu.
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1.4. Phan loai cic hé thong diéu khién ty dong

1.4.1 Phan loai theo nguyén ly xdy dung

Céc phan tir dugc phan chia thanh céc loai: Hé thong diéu khién theo
mach ho, hé théng diéu khién theo mach kin va hé théng diéu khién hdn

hop.

Ngoai nhimng nguyén 1y trén, tir nhitng nam 60 ciia thé ky XX, trén
co s6 4p dung diéu khién hoc trong co thé sdng vao ky thuat da ra doi mot
loai hinh hé thdng t dong mé phong hoat dong ctia co thé sdng: d6 1a cac
hé tu chinh, thich nghi. Nguyén Iy tu chinh va thich nghi khong doi hoi
phai biét ddy du cac dic tinh cua qua trinh diéu khién va trong qua trinh
lam viéc, cac hé théng nay tu chinh va thich nghi véi céac diéu kién bén

ngoai thay doi.

Ly thuyét cac hé diéu khién tu chinh va thich nghi d tr& thanh mot
nhanh phit trién quan trong ctia 1y thuyét diéu khién ty dong.

Vi hiu hét cac hé thong didu khién ty dong trong ky thuat 1a nhiing
hé mach kin va qua trinh diéu khién céc thiét bi k¥ thut chung quy lai 1a
qua trinh diéu chinh cac tham sb cua né, nén dudi day ching ta s& dé cap
dén su phan loai cac hé théng diéu khién tu dong mach kin va ly thuyét vé
cac h¢ do.

1.4.2. Phén logi theo tinh chit ciia lwong vao.

Tuy theo tinh chat ciia tac dong dau vao, cac hé théng diéu khién tir

dong c6 3 loai:

Hé théng 6n dinh tu dong (diéu chinh theo hﬁng sé) la hé théng co
luong vao khong doi. Nhiém vu ctia hé thong 1a duy tri mot hodc mot vai
dai luong vat 1y ¢ gia tri khong d6i. Thi du nhu hé thdng diéu khién toc do
dong co nhiét, h¢ théng diéu khién dién ap, tan sb cua may phat, h¢ on dinh

duong bay ctia may bay khi goc 1ai khong thay doi ...
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Heé thong diéu chinh theo chuong trinh 13 hé théng ¢ luong vao 1a
cac ham da biét trudc, co thé dudi dang chuong trinh. Thi dy hé diéu khién
duong bay dinh trudc cia may bay khong ngudi 131, hé théng didu khién
cac may cong cu: bao, phay véi chuong trinh dinh trude trong bd nhd may
tinh...

He¢ tu dong bam, goi tat 1a hé bam 1a hé thong c6 lugng vao 1a cac
ham thoi gian khong biét trude, c6 thé thay déi theo quy ludt bat ky. Nhiém
vu cua h¢ 1a bao dam lugng ra phai "bam" theo su thay ddi cua lugng vao.
Thi du cac hé nhu 1a hé bam d@)ng bd gbc, cac hé¢ bam vo tuyén dién tir cua

cac dai radar...
1.4.3. Phén logi theo dang tin higu sir dung trong hé thong

Theo dang tin hiéu st dung trong hé théng, chiing ta c6 cac tac dong

lién tuc va cac hé théng gian doan (hay h¢ roi rac).

H¢ tac dong lién tuc (goi tat 1a hé lién tuc) la h¢ ma tat ca cac phﬁn

tr cia hé c6 lugng ra la cac ham lién tuc theo thoi gian.

Tin hiéu duéi dang ham lién tuc c6 thé 13 tin hiéu mot chiéu (chua
bién diéu) hodc tin hiéu xoay chiéu (da dugc bién diéu) tuong tmg ching
ta c6 hé diéu khién ty dong mot chiéu (DC) va hé thong diéu khién xoay
chiéu (AC) (thi du hé théng bam dong bd cong suat nho ding dong co chip
hanh 2 pha).

H¢ tac dong gian doan (goi tat 1a hé gian doan hay hé roi rac) 1a cac
hé ¢6 chira it nhat mot phan tir gian doan, tic 1a phan tir ¢6 lugng vao 1a
mot ham lién tuc va lugng ra 1a mot ham gian doan theo thoi gian.

Tuy theo tinh chét gian doan cua lugng ra, cac hé gidn doan co thé
phan chia thanh cac loai: hé théng diéu khién xung, hé théng diéu khién
kiéu ro le va hé théng diéu khién sb.

Néu su gian doan cta tin hiéu ra xay ra qua nhing thoi gian xac dinh
(ta goi 14 gian doan theo thoi gian) khi tin hiéu vao thay ddi, thi ta co hé diéu

khién xung.
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Néu su gian doan cua tin hiéu xay ra khi tin hiéu vao qua nhiing gia
tri ngudng xéac dinh nao d6 (ching ta goi 14 gian doan theo mirc), thi c6 thé
diéu khién kiéu role. Hé role thuc chat 13 hé phi tuyén, vi dic tinh tinh cta
n6 13 ham phi tuyén. Day 1a d6i tuong nghién ctru cia mot phan quan trong

trong 1y thuyét diéu khién.

Néu phén tir gian doan c6 tin hiéu ra duéi dang mi s6 (gian doan ca
theo mirc va ca theo thoi gian), thi ta c6 hé diéu khién sb. Hé thong diéu
khién s6 1a hé chira cac thiét bi s6 (cac bd bién doi A/D, D/A, may tinh dién
tir (PC), b vi xir 1.

1.4.4. Phan logi theo dang phwong trinh todn hoc mé ti hé thong

V& mit toan hoc, cac hé théng diéu khién déu c6 thé mo ta béng cac
phuong trinh toan hoc: phuong trinh tinh va phuong trinh dong. Dya vao
tinh chit ciia cic phuong trinh, chiing ta phan biét hé thong diéu khién
tuyén tinh va hé théng diéu khién khong tuyén tinh (phi tuyén).

Heé thong diéu khién tuyén tinh 13 hé théng duoc mé ta bang phuong
trinh toan hoc tuyén tinh. Tinh chét tuyén tinh cta cac phan tir va ctia ca
hé thdng diéu khién chi 1a tinh chit 1y tudng. Vi vy, cac phuong trinh toan
hoc cua hé théng 1a cac phuong trinh di duoc tuyén tinh hod, tirc 1a thay

cac su phu thudc gan ding tuyén tinh.

Heé tuyén tinh c6 phuong trinh dong hoc véi cac tham s6 khong thay
d6i thi goi 13 hé thong diéu khién tuyén tinh cé tham sé khéng thay doi,
hay hé diéu khién tuyén tinh dimg, con néu hé thdng c6 phuong trinh véi
tham s6 thay d6i thi goi 1a hé théng diéu khién tuyén tinh c6 tham sé bién

thién, hay hé théng diéu khién tuyén tinh khong dimg.

Hé théng diéu khién phi tuyén 1a hé thong duoc mo ta bang phuong
trinh toan hoc phi tuyén. Hé phi tuyén 13 hé c6 chtra cac phan tir phi tuyén

dién hinh, thi du d6 14 hé c6 chura cac phan tir role.
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1.4.5 Phan logi theo tinh chit ciia cdc tic dpng bén ngodi

Céc tac dong bén ngoai vao hé tu dong co quy luat thay doi da biét
trudc hodc mang tinh chat ngau nhién.

Hé thong tién dinh 1a cac hé c6 cac tic dong bén ngoai 1a tién dinh,
ttrc 1a da biét trude cac quy ludt thay dbi cia nd (thi du xét hé théng véi
cac tac dong dién hinh).

Heé théng khong tién dinh (hay hé ngiu nhién) 1a cac hé dugc xem
xét nghién ciru khi cc tic dong bén ngoai 1a cac tin hidéu ngau nhién.

1.4.6. Phan logi theo sé lwong dai lwong cin diéu khién

Tuy theo $6 lugng can diéu khién (lugng ra cua h¢) chung ta co: hé
mat chiéu va hé nhiéu chiéu.

Hé théng diéu khién mot chiéu c6 chira mot dai luong can diéu khién,
con hé thong diéu khién nhiéu chiéu 1a hé c¢6 chira tir hai dai lugng can
diéu khién tr¢ 1én. Thi du vé hé nhiéu chiéu c6 thé 1a h¢ thong diéu khién
mot may phat dién, néu hé théng diéu khién cing mot luc diéu khién tu
dong dién ap va tan sb cua no.

Ngoai cac cach phan loai chinh da xét ¢ trén, tuy thudc vao su tdn
tai sai sO ctia hé ¢ trang thai cAn bang, chung ta phan biét hai loai hé thong:
hé thong tinh (c6 sai s6 tinh) va hé phiém tinh (khong c6 sai sb tinh). Tuy
thudc vao quy luat (dinh luat) diéu khién (trc 1a dang cua tin hiéu diéu
khién x(t) do co cdu diéu khién tao ra), ching ta phan biét cac bo diéu
khién ty 1 (b diéu khién P), bd diéu khién ty 18 vi phan (bd diéu khién
PD), b6 diéu khién vi phan - tich phan (bd diéu khién PID), b diéu khién

phi tuyén nhu mo, no-ron va ro le.
1.5 Qua trinh thiét 1p mdt h¢ théng diéu khién

- Buéc 1: Chuyén ddi cac yéu cau k¥ thuat thanh mot hé thong vat 1y.
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- Bue 2: V& so d6 khdi chire nang. Chuyén d6i sy miéu ta dic tinh
h¢ thdng thanh mét so d6 khdi chirc nang. Day 1 sy miéu ta vé cac phan
chi tiét cia hé théng va mdi quan hé giira ching.

- Buée 3: Thiét lap so d6 nguyén li.

- Buée 4: Str dung so dd nguyén 1y thiét 1ap so d6 khdi hodc graph

tin hiéu hodc biéu dién khong gian trang thai.
- Buéc 5: Rat gon so dd khoi.

- Bwéc 6: Phan tich va thiét ké.

19



CHUONG 2
MO HINH TOAN HQC CUA HE THONG PIEU KHIEN

2.1. Cac khau co ban

Ta c6 mot hé théng diéu khién:

B¢ dicu

Chép hanh
khién ap fan

Déi tuong

\ 4

\ 4
\ 4

G Do luong |«

Hinh 2.1: So' do mét hé thong diéu khién tong qudt

Pa phan cac mach phan hoi ctia hé thong diéu khién 1a mach phan
hdi 4m. Tuy nhién, ta van c6 thé thiét ké phan hdi duong néu thich hop.
Khi chung ta tién hanh phan tich hé thong tot hay x4u hay thiét ké bo diéu
khién cho hé théng déu phai xuét phat tir mé hinh toan hoc cua hé théng

hay no6i cach khac ta phai tim dugc quan hé gitra dau vao va dau ra cua h¢

thong.
2.1.1 Khéu khuéch dgi
X y
— K ——_—

Hinh 2.2: So d6 khédu khuéch dai tinh

- Khau khuéch dai 13 tin hiéu dau ra 1 khuéch dai coa tin hiéu dau vao
y=Kx (2.1)

trong d6: K 1a hé s6 khuéch dai (c6 gia trj 13 hing sd)
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(Khuéch dai tinh 1a cir ¢6 tin hiéu dau vao thi tim dworc tin hiéu dau ra)

- Ciing c6 hé théng c6 khuéch dai nhiéu ting

X

\ 4
T
\ 4
T

Hinh 2.3: So do khdu khuéch dai tang

2.1.2 Khau tich phdn

t

Y0 =+ [ ¥y

izo

V6i Ti 1a hang s6 thoi gian tich phan

2.1.3 Khdu vi phan
dx
=7 ==
y=1p dt

Tp 12 hing sb thoi gian vi phan
2.1.4 Khéu bdc nhit

Td—y+y:K.x

dt
Trong d6: K 1a hé s6 truyén ctia khau

T 13 hing sb thoi gian cua khau

(2.2)

(2.3)

(2.4)

Phdn iing ciia hé thong tot hay xdu phu thudc vao hé sé K, nhanh

hay cham phu thugc vao T.
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2.1.5 Khdu bdc hai

Y BN
T ” +2(T 7 + y(t) = Kx(¢) 2.5)

Trong d6: K 1a hé s6 khuéch dai
T 12 hing sb thoi gian
& do suy giam tin hi¢u
Day 1a mo6 hinh toan hoc cua mach RLC.

2.1.6. Khau bdc n

aod +ali;+ +a”4 +an)(t)—lg)— Q—+ b, x+bmx(t) (2.6)

thong thuong n>m.

2.2. M hinh trong mién tin sé
2.2.1 Khdi niém vé phép bién doi Laplace va irng dung
2.2.1.1 Khdi niém va ban chdt ciia phép bién déi Laplace

Khi str dung cac phép bién ddi tin hiéu hé thong tir mién thoi gian
sang mién khac dé thuan tién trong viéc xtr 1y tin hiéu. Nhu trong hé théng
lién tuc, phép bién ddi Laplace hay duoc sir dung dé bién ddi tir mién thoi
gian sang mién tan sd phirc. Cac phuong trinh vi tich phan s& chuyén doi
thanh cac phuong trinh dai s6 thong thuong.

Trong céac hé thng rdi rac ngudi ta hay st dung phép bién d6i Z dé
chuyén tin hiéu tir mién thoi gian sang mién tan s phirc. Trong thuc té,
ngudi ta con sir dung cac phép bién ddi khac dé xir Iy tin hiéu nhu giai
trong quan, ma hoa ¢ hiéu qua, chéng nhiéu.

Thuc hién cac phép bién ddi ¢ cong cu toadn hoc nhu may tinh $0,
cong cu phd bién va hiéu qua 1a phan mém Matlab hay thuc hién bién doi
béng tay.
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a) Bién ddi Laplace thuin

Pinh nghia 2.1: Goi F(s) 1a bién dbi Laplace cua ham f(t), khi d6 ta

F(s)=L [f(O]=] f(t)e "dt e

trong do:

-s=0+jw

- e " 1a hat nhan caa phép bién dbi.
- F(s) 1a ham phtec.
- f(t) 1a ham biéu dién trén mién thoi gian xac dinh trén R.

Pé thuc hién dugc bién d6i Laplace ham f(t) phai 1a ham thuc va

thoa man mot s6 diéu kién sau:
- f(t) 1a ham gbc khi:
1. f(t)=0khit<0

2. f(t) lién tyc khi >0, trong khoang hitu han bat ky cho trudc chi c6

htru han cac diém cuec tri.

3. Ham f(t) goi la ham bac s6 mii khi t — oo néu tdn tai mot sd thuc
a>0vaM >0 thi ‘f(t)‘ <Me”" Nt >0, oduoc goi 1a chi sb ting cua

ham f(t). Khi ¢6 ham f(t) 1a ham bac s6 mil néu ham f(t) ting khong nhanh
hon hon ham €',

- Néu f(t) 1a ham gdc c6 chi sb tang a thi tich phan 1 = j e f(t)dt
0
s& hoi tu trong mién Re(s) = 6 > a. Khi do [ = J.e_”f(l‘)dt =F(s)s&la
0
mot ham phure.
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Vi du 2.1: Tim anh cta ham gdc sau

1 khio<t<? p it
f(t)=4-1 khi2<t<3 0 I
0 Khit>3 12
Gidi:

Ap dung cong thirc bién doi, ta co:

3 2

F(s) =fe‘“ FOdt =j).e_s’ fodt—[e” (o) =—ie_5’

2

0

Vi du 2.2: Cho ham

1 khi0O<t<2
f(t)=4-1 khi2<t<3 0

0 khit>3 .

Tim bién d6i Laplace?
Giadi:

—st

e

F(s)= Te““’f(t)dt =——
o s

Vi du 2.3: Tim anh Laplace cua ham f{¢) =

Gidi:

Tir bang bién d6i Laplace ta co

1
+-e"
s

3

2

g =

=

“Lioae® ve®)
S

+00

1

4¢




Ap dung bién d6i tim anh Laplace cua ham f{7) = 47

L{4t2}:4 2L _38

2+1 3
s

b) Bién ddi Laplace nguoc:
Bién doi Laplace nguoc 1a xac dinh tin hiu f(t) tr &nh Laplace F(s)
cua no.
Goi f(t) 13 gbc cua anh F(s) Khi d6 ta co:
c+ joo
LIFGN= £ =5 [F(s)e"ds (2.8)

Cc— Jo

Tuy nhién, cong thic (2.8) nay it dung, phuong phap bién d6i nguoc
ham F(s) c6 dang ham hiru ty hay dugc ap dung.

Gia su f(t) c6 anh Laplace dang sau :

_B(s) by+bs+---+b,s"

F(s) (2.9)
A(s) a,+as+--+as"
voin > m.
Cac buéc thyc hién nhw sau:
Bwéc 1: Phan tich F(s) thanh tong cac ham phan thirc toi gian
F(s):A+Z[:i A +Zq:Bk(S_Uk)+Ckwk (2.10)

k=1 i=1 (S_ak)i k=1 (S_O-k)2+a)1?

trong do A, A, Bk, Ck 1a cac hﬁng s6. ax 1a diém cuc thuc boi r va
o, +jo,la diém cuyc phirc ctia F(s), néi cach khac chiing 1a diém ma tai
do F(s) =+ .

Buwéc 2: Xac dinh ham gbc cho ting phan ti.

-LH{4}=46() (2.11)
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1 Akl £l gt
- {(s ak>} -

-L '1{ Bi(s—a,) } = B,e” cos(w,1)1(t)

(S_O-k)z +a)l§

-L -1{ C"aj" . } =C e’ sin(w,1)1(¢)
(s—0,) +o,

Vi du 2.4: Tim ham gbc f(t) ctia anh Laplace sau

1
F(s)=————
s (s+1)

Giai:
Budre 1: Phan tich thanh tong céc phan thirc tdi gian

Rl L1
s+1 s s

Budre 2: Xac dinh ham gdc cho timg thanh phan
flty=(e "= 1 +)1(t)
Vi du 2.5:

s +2s +6s+7

F(s)=

st+s+2

(2.12)

(2.13)

(2.14)

(2.15)

(2.16)

(2.17)

(2.18)

Ta thuc hién chia tir s6 cho mau s6 cho dén khi s6 du con lai ¢6 bac

cua tir nhé hon bac cuia mau.

2

F(s)—s+1+—
ST+s+2

(2.19)

Thuyec hién bién d6i Laplace nguoc co sir dung bang bién d6i Laplace
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1) = d5(t)

s +s+5

—24+5()+L {%} (2.20)

Str dung phuong phép phan tich X (s) = #thémh tong céac
s*+s+5

phan thirc don gian.
Ta xét mot sd trudng hop sau:

Truong hop 1: Nghiém ctia mau thie T(s) 1a thuc va riéng biét. Gia

st nghiém ctia mau thirc T(s) ¢6 hai nghiém s; =-1 va sp =- 2.

2
X(§)=—""— (2.21)
(s+D(s+2)
Nghiém ctia mau thirc 13 riéng biét nén ting phan thire sé c6 bac 1a

2 _ K, K,

1. X(s)= = + (2.22)
(s+D(s+2) s+1 s+2
Pé tim K ta nhan (2.22) v6i (s+1) dé tach K, riéng ra
2 +DK
=K _,_& (2.23)

(s+2) ' (s+2)
Sau d6 cho s — - 1, rat ra dugc K; = 2. Lam tuong ty va cho s — -
2 tarat ra duge Ko = - 2.
Khi d6

2 2 2
)= CiD612) sal 542 (224)

Thuyec hién bién d6i Laplace nguoc cia X(s) ta duoc
x(t)=(2e" =2 Yu(r) (2.25)

Mot cach tong quat khi mau sb ciia F(s) c6 nghiém thuc va riéng biét,

ta thuc hién nhu sau:
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_BGs) _ B(s)
AS) (+p)s+p) (s +p,) (s +p,)
K, K, K

m

F{(s)

(2.26)

n

= + e ——M 4t
(s+p) (s+py) (s+p,) (s+p,)

Neé&u bac cua tir nhé hon bac ciia mau ta thuc hién tim cac hé so Kj

nhu sau:
- Nhan hai vé véi (s + pi) dé tim hé s6 K.
- Cho s — - pi, rut ra duoc K.

Truong hop 2: Mau sé c¢6 nghiém thyc va lap lai. Gia sir nghiém
ctia mau thirc T(s) c6 ba nghiém s1 = -1 va s23 = - 2. Lic d6 ta phén tich
X(s) nhu sau:

2 K, K, K,

X(s)= = + + 2.27
(<) (s+D(s+2)> s+1 (s+2)° (s+2) 227)

Tim céc hé s6 K1, Ko va K3

2
(s+2) .
Dé tim K ta nhan hai vé cta (2.27) véi (s + 2)?

2)°K

2 _GHD Kk (542K, (2.28)
(s+1) s+1

Khi cho s — -2 ta tim dugc Ko =-2
Tim K3 bang cach 1ay dao ham (2.28) theo bién s ta co

-2 (s+2)s
(s+1)>  (s+1)°

+K,

Cho s — - 2 ta rat ra dugc K3 = - 2.

Thay K1, K2 va K3 ta co
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2 2 2 2

MO = 61 54l 6127 642) 2.29)
Thuyec hién bién d6i Laplace nguoc ta dugc
x(t) = (e =2te™ —2e " u(t) (2.30)
Tdng quat cho truong hop nay
F(S):fg :(s+pl>’(sf(:>- 5+p,)
" 2.31)

T SN SN S
(s+p) (+p) (+p) G+p)  (s+p)

bé thuc hién duogc phai c¢6 dieu ki¢n bac cua tir nho hon bac cua mau
va c6 r nghi€m bai tai - p1. D€ tim K dén K, cho phan thirc ¢6 nghiém bdi,

dau tién ta nhan hai vé (2.31) v6i (s + p1)" ta ¢6

(s+p) Bls)
(S+pl)r(s+p2)-..(s+p")
:1(1 +(S+pl)K2 +(S+p1)2K3 +...+(S+pl)i‘flKr +
Jr(Ser')rK"+l A (s+p)'K,
(s+p,) (s+p,)

E@)=(s+p) F(s)=

(2.32)

Ta c6 thé tim ngay duoc K; khi cho s — - p1. Pé tim K» ta ldy dao
ham (2.31) theo bién s va cho s — - p1. Lan luot 1iy dao ta tim duoc K3
dén K. Cong thirc chung dé tim K; dén K, la:

i-1
e 11)vdd]':11(S) i=tro=r (339
1—1)! A

s=—py
Truong hop 3: Mau thic ¢6 nghiém phutc hay nghiém ao. Gia sur
mau s6 cua F(s) c6 nghiém phtc.

3

Fls)= s(s® +2s5+5)

(2.34)
F(s) c6 thé phan tich thanh cac phan thirc nhu sau
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3 _KlJr K,s+K,
s(s* +2s+5) s sT4+25+5

(2.35)

D@ dang tim duoc K; = 3/5 khi cho s— 0. Pé tim K, va K3 ta quy

ddng phan thirc voi miu sé chung nhé nhit 13 s(s? +2s +5); bo duogc cac

phéan thtrc

3:(K2 +§js2 +(K3 +§js +3
5 5

Thuyc hién dong nhat thic hai vé & tir s6, ta c6
3
K2+§ =0>K,=—>

(K3+§j=0—>K3 =—§
5 5

Thay cac h¢ s6 ta duogc

3
F(s) = 3 A 3 s+2

s(s* +2s+5) s 55742545

Tur bang tra anh cua tich ham mii va ham sin va cos

L {Ae‘”’ cosa)t} = A(+a)2
(s+a) +o
Va
L {Be"” sin a)t} = %
(s+a) +w

Cong hai cong thure trén ta ¢

A(s+a)+Bw

L {Ae“” cosat + Be ™ sin a)t} = 5 :
(s+a) +o
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Ta dua cong thirc (2.37) vé dang trén

3 D+(14])2
po 335 b >+2(5X ) o
s(s“+2s+5) s 5 (s+1) +2°

Tra bang ta tim dwoc ham gdc nhu sau

3 3., 1 .
t)=———e | cos2t+—sin2t 2.42
f() 57 s ( 5 j (2.42)
Trong trudng hop trén ta ciing c6 thé thuc hién don gian bang cach
phan tich thong thuong
3 3
F(s)=— = : .
S(s”+2s+5)  s(s+1+j2)(s+1-/2) (0.43)
Kl KZ K3 ‘
=— +
s s+1+j2 s+1-52
K, d& dang tinh duogc va bang 3/5.
3 3 .
T =——~(2+)) (2.44)
s(s+1-72) 12 20
Tuong tu ta tim duoc K3 1a nghiém phuc lién hop cua Ko.
Ta co
% 3 2+ 2—j
F(s)="—+— + (2.45)
s 20(s+1+j2 s+1-,2
Tir d6 ta tim dwoc ham gdc nhu sau:
FO =224 et 4 2= e ]
> 20 (2.46)
jat —j2t j2t  —j2t .
zg_ie,,4e +e Lol € e
5 20 2 2j

Ap dung cong thirc ole ctia ham sin va cos
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Ccos 2t =
. eJ2t — o—j2t (2.47)
sin2f=———
2j
Suy ra
3 3 1.
t)=———e"'| cos2t+—sin2t 2.48
f(@) 573 ( > j (2.48)
Bién doi Laplace mot sé6 ham don gidn:
x(t) X(s) X(t) X(s)
—at —bt 1
1 e e
t 1 —— P —
o(1) ab a(b-a) b(b-a) s(s+a)(s+b)
tg ’]
1) - ° —
S (n-1! (s+a)
tu(t) 1 inomt ®
u — sin® _
g s + o’
n! S
t"u(t) — cosmt SR
S S +0®
~at 1 t 1 ( t) CO
e —_— e * sin(m
S+a (s+a) + o’
—at —bt b-a -at S + o
e =" TG b e cos(mt) (s+ OL)2 P

2.2.1.2 Cdc tinh chdt ciia phép bién déi Laplace

1. Tinh chét tuyén tinh: L[a.f(t)]= a.L[f(t)] = a.F(s).
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2. Tinh chét xép chong: Néu fi(t) va f3(t) c6 anh bién d6i Laplace 1a
Fi(s) va Fa(s) thi ta co:
L[fi(t) £ f2(t)] = L[fi(t)] £ L[f2(t)] = Fi(s) £ Fa(s)
Vi du 2.6: Tim anh cta ham ham f(t) = cosat trong d6 a 13 hang sd.
Theo cong thuc Ole ta co
jat  gmiat |

erte” L Lom (2.49)

cosat=————=
2 2 2

Thuyc hién phép bién d6i Laplace

L{cosat}= L{% e+ % e‘j‘”}
(2.50)
I 1 1 1 ls+ja+ts—ja__ s

2s—ja 2s+ja 2 s +ad s’ +a’

Bén chat cta tinh tuyén tinh 12 bao gom tinh chat 1 va 2, tirc 1a:
L{afl+bf2} = aL{f1}+ bL{f2}
3. Tinh chét dich chuyén thoi gian
Néu f(t) c6 anh 1a F(s), a 1a mot sb thuc va f(t-a) =0 khi 0<t<a thi:
L[ f(t-a)]=¢e* F(s) (2.51)
Vi du 2.7: Tim anh Laplace ctia ham gbc ¢6 d6 thi nhu sau
Ta co f(t) = [h(t)-h(t-1)]+2[h(t-1)-h(t-2)]-[h(t-2)-h(t-3)]  (2.52)

Ap dung tinh chét tré ta c6

F(s)= [1—16_5}4-2[16_5 —le_zs}—|:le—2s _le—3s:|
S R) Ky s S s

=l+le_s _Ee—ZS +le_3s (2.53)

S S S S
-5 -2s —3s
_l+e” -3e " +e

S
4. Tinh chat dao ham anh
Néu f(t) c6 anh 1a F(s) thi:
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Ltf (1)) = ——F(S) (2.54)

Vidu 2.8: L[t.e®]=-dL[e™]/ds = - d[1/(s+a)]/ds = 1/ (s+a)?
5. Tinh chat chuyén dich tan s
Néu f(t) c6 anh 1a F(s), a 1a mot sb thuc bat ky hay 1a mot sé phirc
khi do:
Lle™ f(t)]=F (s +a) (2.55)
6. Tinh chat dao ham gbc
Néu f(t) c6 anh 1a F(s) thi :
L[f'(t)] =sF(s) - f(0) 2.56)
7. Tinh chét tich phan gbc
Néu F(s) 1a anh cua f(t) thi

L[I f@dx == (2.57)
8. Tinh chit gi4 tri cudi:

Néu bién ddi Laplace cua f(t) 1a F(s) va néu gi6i han f(t) ton tai khi
t—>ookhido: limsF(s)=lim £ (1) = f()
5> t—>

9. Tinh chét gia tri dau: Néu ton tai lim £ () thi
f(+0) = lim £(7) = lim sF (s) (2.58)

2.2.1.3 Ung dung ciia phép bién déi Laplace
a) Ung dung giii phwong trinh vi phan tuyét tinh.

Khi chuyén phuong trinh vi phéan tir mién thoi gian sang mién anh
phtec tré thanh phwong trinh dai s6. Sau khi giai ra dugce nghiém, ta chuyén

nguoc ve mién thoi gian.
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Vi du 2.9: Giai phuong trinh vi phan sau véi cac so kién dau déu

bang khong.

d2y
dt*

+12Q+32y:32
dt

chuyén sang mién anh Laplace véi y(0-) =0 va 3(0-) =0

$*Y(s)+12sY(s)+32Y(s) = 32
s

Rut Y(s) ra ta dugc

Y(s) = 32 32

Phén tich Y(s) thanh tong cac phan thire ti gian

B 32 _5_‘_ K, N K,
s(s+4)(s+8) s s+4 s+8

Y(s)

Tim cac hé so Ki, Ko va K.

ko2 | _
(s+4)(s+8)| _,
1 = 32 = —2
s(s+8)|._,
32

1 = :1

(s+4)s|_ 4

Vay
Y(s)= 1.2 + !

s s+4 s+8

Thuc hién bién d6i Laplace nguoc ta tim duoc

y(t)=(1-2e" +e ™ u(r)

(s> +125+32)  s(s +4)(s+8)

(2.59)

(2.60)

(2.61)

(2.62)

(2.63)

(2.64)
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Trong cong thirc trén c¢6 chira u(t) noi 1én rang cac dap ung sé bang
0 cho dén khi t = 0. Vi vy cac dép tmg dau ra ciing bang 0 cho dén kho t
= 0. Dé thuén tién ta c6 thé bo ky hiéu u(t) di, vay dap tng dau ra cé thé
viét nhu sau

y(t)=1-2e" +e™ (2.65)

Vi du 2.10: Giai phuong trinh vi phan bang toan tir Laplace sau

d’y dy
243 1 2y=0 2.66
dr® dt V= ( )

dy(0) _b
dt

vo1 so kién y(0) =ava
Chuyén c4 hai vé sang mién anh phtrc nho toan tir Laplace

|:SZY(S) —sy(0) —%} + 3[SY(S) —y(O)] +2Y(s5)=0

& (s +35+2)Y(s)=as+(Ba+b)
as+Ba+b) as+(3a+b) 2a+b a+b

SY(s)=—;
(s°+3s+2) (s+1)(s+2) s+l s+2

(2.69)
Thuyc hién bién d6i Laplace nguoc rit ra duoc y(t)
y(t)=Qa+b)e” —(a+b)e™ voit>0. (2.70)

Vi du 2.11: Giai phuong trinh vi phén sau

d’ y+2dy+5y 3
dt’ dt
(2.71)
Vi so kién y(0)=%=0

Thuc hién bién d6i Laplace
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< (s? +2s+5)Y(s)=§
s

3 3 3x2 3(s+1) (2.72)
< Y(s)= 2 =< - 2 2] 2 2
s2425+5 55 10[s+1)>+22] S|s+1)% +27]
Suy ra
3 3 3
t)==—-—e"'sin(2t)—=e " cos(2t)véi t
Y0=5"1 @0 -3 ) (2.73)

>0.
b) Giai mach di¢én
Vi du 2.12: Cho mach dién sau

i(t) t=0 R
T |_

v () ) A

Gia st khi mach dién dong tai thoi diém t = 0 thi vc(0) = 1.0V. Tim
dong di¢n i(t) chay trong mach dién. (trong do V(t) = 5V, C = IuF, R =
1kQ)

/1 +

Giai:

Ta c6 phuong trinh sau
W(t) = Ri+ j idt (2.74)
c .

hay
Cv(t) = RCi + j idt (2.75)

thay céc thong s6 dau bai da cho vao
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5.10°° =1o3.1o-6i+jidt
(2.76)
=510 =1o-3i+jidr

Thuc hién phép bién ddi Laplace
I+ —+—=— (2.77)

Theo dau bai vc(0) = 1.0V nén ta c6

=], = L] -

= Uidt]ﬁo =107

Thay V,.(0) vao cong thurc (2.77) ta co

-6 -6
5.10 :10_31+(£+10 J

S S S
1 510° 10  4.10°°
S| =+107 |1 = - =
[s j s S S (2.79)
e [1+107°s) =410
4107 0}

T1410°s 0 $+1000

(2.78)

Thuyc hién tra bang bién d6i Laplace ta tim dugc i(t) nhu sau
i(t)=4.10"e™"" (2.80)
2.2.2 Ham sé truyén ciia hé théng PKTD

Nham don gian hod cac phuong phéap phan tich va tong hop hé théng
ty dong ngudi ta thudng chuyén phuong trinh dong hoc cua hé ¢ dang
phuong trinh vi phan viét v6i cac nguyén ham x(t), y(t) thanh phuong trinh
viét duéi dang cac ham sb X(s), Y(s) thong qua phép bién d6i Laplace.
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Vi du 2.13: xét ham s6 x(t) — ham s ctia bién s6 t (bién sb thuce, & day
t 14 thoi gian) ta goi 1 nguyén ham. Ta cho phép bién d6i ham s6 x(t) thong
qua tich phan:

o0

X(s) = .[x(t).e_” dt

0

(2.81)

trong d6: s = a+ jp - bién s phuc, bién d6i (2.81) ham x(t) thanh
ham bién sé X(s) dugc goi 14 13 bién Laplace va X(s) dugc goi ham anh.
Nhu vay ham anh 14 mot ham bién sé phire s. Phép bién ddi Laplace duoc

ky hiéu sau:
L{x(t)}=X(s) hodc x(t) > X(s)

Gia str nguyén ham x(t) ¢6 cac diéu kién ban dau khong, tic 13 véi
t=0 gia tri ciia ham x(t) va cac bac dao ham dix(t)/dt voi i=1,2,3, ...,
(n-1) déu bang 0, tinh theo tinh chét ctia phép bién ddi Laplace (dinh 1y vé

dao ham gbc) ching ta co:

d 'x(t)| _ i
L{a[ dt ; } = a,;.s X (S) (2.82)
i=1,2,3,- ,n

Nhan hai vé cta phuong trinh (2.82) vé6i e™ , sau d6 14y tich phan
theo t tir 0 dén oo, tirc 12 14y bién d6i Laplace cta hai vé phuong trinh, véi
gia thiét rang cac ham x(t), y(t) co cac diéu kién ban dau bang 0, dya theo
tinh chit tuyén tinh ctua phép bién ddi Laplace , phuong trinh (2.82) sé& c6
dang:

a,s"Y(s)+a,s"'Y(s)+ - +a, sY(s)+a,Y(s)= (2.83)
=bys"X(s)+bs" ' X(s)+-+b, X(s)+b, X(s)

m—1

O day, Y(s), X(s) — 1a cac bién d6i Laplace ctia ham lugng ra va ham

lugng vao cua hé.
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Phuong trinh (2.83) dugc goi 1a phuong trinh dong hoc mo ta quan
hé vao ra ctia hé viét dudi dang toan tir Laplace. Day 1a phuong trinh dai

s0, vOin va m la cac sO mii cua bién s0 s gidi phuong trinh (2.83) ting vdi

luong ra Y(s).
bys" +b,s" "+ + b +b
Y(s)= 217 n12 T On x(5) (2.84)
a,s" +a,s ++a, ,s+a,
Chung ta ky hiéu:
bos™ +b,s" "+ - + b + b
W (S) — OS - lS — m—lS m (285)
a,s" + a,s + - +a, s+ a,

va goi biéu thirc dai s6 nay 1a ham s6 truyén (hodc ham truyén dat)

ctia hé thong tu dong (hay ciia mot phan tir ciia no).
Khi d6 Y(s) = W(s)X(s) (2.86)
Hoac W(s)=Y(s)/ X(s) (2.87)

Vay ham truyén dat cia hé thong (hay ciia mét phan tiz) tw dong la
1y s6 ham anh cua lwong ra véi ham danh ciia lwong vao ciia né (qua phép

bién doi Laplace) véi gid thiét tdt ca cdc diéu kién déu bang khong.

Biéu thirc (2.85) cho chung ta thay, ham truyén dat 1a mot ham phéan
sO hitu ty ciia bién s, c6 bac cic da thirc thoa min m < n. Gia thiét diéu
kién ban dau cua cac ham luong vao va lugng ra déu bang khong 1a phu

hop véi diéu kién thuong gap trong cac hé thong didu khién tu dong.

Phuong trinh (2.86) cho phép xac dinh ham anh cua lugng ra néu
biét ham anh ctia luong vao va biéu thirc ham truyén dat ctia hé. Nhu vay
ham truyén dat hoan toan xac dinh cac tinh cht dong hoc cua h¢ théng.
Dé x4c dinh nguyén ham cua lugng ra, tirc 1a xac dinh y(t) khi biét x(t) co
thé bién ddi ngugce Laplace, theo do:

y(t) = L'[Y (s)]= 2; _ Z Y (s).e'ds (2.88)
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D6 14 phuong phap toan tir dé giai phuong trinh vi phan. Néu Y(s)
13 ham don gian, chung ta c6 thé sir dung bang bién ddi Laplace cua cac
ham don gian dién hinh, c6 trong phu luc cac sach noi vé bién doi Laplace,
dé tra ctru nguyén ham y(t). Néu ham anh Y(s) 13 ham phtc tap, cAn phan
tich chung thanh t6 hop tuyén tinh cac ham don gian, ma ching ta d biét
nguyén ham ciia n6. Nguyén ham y(t) chinh 13 to hop tuyén tinh cua cac
nguyén ham thanh phan.

2.2.3 Ham truyén dat ciia mach dién

Trong mach dién c6 cac phan tir co ban 13 dién tré (R), dién cam (L)

va tu di¢n (C).

a) Dién tré R
UR
Tp I
1R ra
m —
R

Hinh 2.4: Pién tré va so do khoi

bién ap roi ty 1¢ thuan véi cuong dd dong dién i(z) chay qua dién trd:
v(t)=Ri i(t)= %v(z‘) Z=R

Thong qua phép bién d6i Laplace ta c6 duoc ham truyén cua dién

tro 1a

Gp=—= (2.89)

r_1
U R
b) Pién cam L

UL

T

Hinh 2.5 : Dién cam L va so do khoi
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bi¢n ap roi trén dién cam la
di(t) . 1§
v(it)=L——==i(t) =—|v(t)dt 2.90
(=1===i)=- j ) (2.90)
Thong qua bién d6i Laplace ta tinh duoc tré khang Z va ham truyén

cua dién cam L

1 1
Z=Ls G, =—=— (2.91)
U, Ls
¢) Tu dién C
Ue
I
1l
+ _
C

Hinh 2.6: Tu dién C va so do khéi

bi¢n ap roi trén dién dung 1a

1¢. . dv(t)
vty =—|i(t)dt = i(t)=C 2.92
(== j (Nt = i()) =C— (2.92)
Tré khang va ham truyén dat cua tu dién
1 1
Z=— G.=—=0Cs (2.93)
C U.

d) Céc phan tir R, L va C mic ndi tiép
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U"'-.-"'IC_-) it Cor Ur

Hinh 2.7: So do cdc phan tir mach dién RLC mdc néi tiép

di
U,=Ri+L—+U
14 dt r
U, _ di _Ca’zUr

" o 2 (2.94)

Urzijidz:izc
CO

d*U
dt?

du,

= LC " + RC

+Ur :UV

Thuc hién phép bién d6i Laplace ta co
(LCs>+RCs+ 1) Uy = Uy (2.95)
Rt ra duoc ham truyén la:

U
G(s) = ’:L (2.96)
U » R 1
roostTH—s+—
L LC

e) Cac phan tir miac song song

Uy RD L C 1~ Uy

Hinh 2.8: So do cdc phan tir mach dién RLC mdc song song
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Dong dién cua mach dién 1a

U
I=— 2.97
~ (2.97)

Téng tré cia mach song song dugc tinh 1a

L_t. 1 1 RLCs’+Ls+R

=y = (2.98)
Z R Ls 1/Cs RLs
Ham truyén cia hé thong 1a
, 1 1
I 1 ST+ ES + E
G(s)=—=—= (2.99)
u Z is
C

2.2.4 Ham truyén ciia hé théng co khi

2.2.4.1 Phin tir chuyén dong thing

a) Lo xo
v(t) Q
I L (R
a

Hinh 2.9: So do biéu dién 16 xo
trong d6: K 1a hé s6 dan hoi cua 16 xo

Néu ta 4n 10 xo c6 chiéu dai L, di dong dugc mot lugng X thi can
mot lyc tdc dong 1én 1a

F(t) = Kx(t) (2.100)

Thong qua bién d6i Laplace ta c6 ham truyén cua 10 xo nhu sau:

IO

Glom - -
- X(s)

(2.101)
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b) B) giam chéin diu ép (khdng khi)

fity T 2 3
X)) [ | F® HEEE
R ‘_rb_p- !
x(t) )

Hinh 2.10: So dé biéu dién bé giam chdn dau ép

Pé di dong pit tong véi van tdc v, ta can tac dong lén mot luc 1a f

SO=1v@0) =1, d);(;) (2.102)

trong d6 f, 1a hé s6 giam chan

Thuc hién bién d6i Laplace

F(s)
= =fs 2.103
VD X(S) fv ( )
¢) Trong khdi

Ehoi lrong

— x(1)

X(s) L Fs)
—* Mst —> M — fi)

Hinh 2.11: So dé biéu dién trong khoi

Theo dinh luat II Newton téng cac luc & bén ngoai tdc dong vao mot

trong khi s& bang tich cua trong khdi va gia tdc ta c6

Zszasz‘;(tt) :Mdd’;f) (2.104)

Thuyec hién phép bién d6i Laplace ta c6 ham truyén cta trong khoi 1a
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_F@) _
MX(s)

Ms* (2.105)

d) Thiét bi giam chén

Thiét bi giam chan bao gém trong khbi — 16 x0 - bd giam chan

— x(b)

Fiz) | (=)
— -
Ms®+ fs+ K

f(t)

e
o)

Hinh 2.12: So dé biéu dién thiét bi giam chdn

Pé tim duogc ham truyén cta hé thong trude tién ta vé bicu dién cac
luc tac dong trong khoi

— — 10
Rsf) +—o, EX(5) +—
f% — M | g FEE 1 M p(y
y .:i;;r!(rj Mt X (5)e—

Hinh 2.13: So d6 biéu dién lyc tac dong lén trong khoi
Str dung dinh luat Newton dé viét phuong trinh chuyén dong

d*x(t) dx(t)
M +
dt* /, dt

+Kx(t) = f(2) (2.106)
Thuyc hién phép bién d6i Laplace
(Ms2 + f5+ K)X(s) = F(s) 2.107)
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Tir d6 ta riit ra ham truyén ciia hé thong 1a

X(s) 1
F(s) Ms*+ fs+K

G(s) = (2.108)

2.2.4.2 Phan tir chuyén dong quay

Theo dinh luat IT Newton vé chuyén dong quay thi gia tc goc cua
vat quay ti 1& thuan v6i tong momen tac dong 1én nd, ta co phuong trinh

sau

M= dz_(p (2.109)
dt?
trong do:
J 1a mOmen quan tinh tac dong 1én vat.
¢ 1a vi tr goc quay cua vat thé.

M la m6 men tac dong lén vat.

Céac moémen bén ngoai dugc tao bdi dong co do tai trong tdc dong
cuia 10 xo hoic vat giam chan. Hinh biéu dién so d6 ctia mot dia quay trong

chat 16ng lam cho truc lap trén nd bi bién dang di mot goc o.

Neéu ta quay dia véi mdémen xoan x, truc s€ quay di mot goc ¢ tao

nén moémen cua 1o xo xoin:
M =ko (2.110)

Moémen can thiét dé thang luc ma sat cia chat 1ong:

M, =c%
dt
(2.111)

trong d6 C 12 hé s6 ma sat cua chit long
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Nhu vay ta c6 phuong trinh:

2
Zsz—Ml—MzzJ% (2.112)

Thay vao ta dugc:

d*p  _do
x=J +C—+k 2.113
i 7 @ ( )

2.2.5 Su twong dwong giira hé co khi véi mot mach dién

Su tuong duong gitta mach co khi va mach di¢n trong khoi = M <

dién cdm = M b0 giam chdn =f, & dién trd = 1/f,10 xo =K< dién dung

=1/K luc tac dong =1f(t) <> ngudn ap = f(t) van tdc = v(t)<

dong vong = v(t)

|
LS

1
K e(t)

e

f(t)

ity RD Lg C—

A

1 1 |
fit) (¢ fy D M§ K~

Hinh 2.14: So dé biéu dién sy twong dwong gitta mach co khi
va mach dién

Khi so sanh v&i dong vong ta co6 mach twong duong ndi tiép, néu

dung phuong phéap ntt, thi mach twong duong duong 1a mach song song
Phuong trinh chuyén dong 13
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(Ms*> + f.5 + K)X(s) = F(s) (2.114)

Dbi voi mach RLC ndi tiép 1a
1
(LS+R+FJI(S) = E(s) (2.115)
S

Hai cong thirc trén khong tuong thich véi nhau do khoang cach va
dong dién khong tuong thich v6i nhau. Ta bién d6i su twong thich bang

cach chuyeén doi tir khoang cach sang van toc

Ms" 415+ K sy = st £+ Eyv(s) = Fis) (2.116)
N

Ta ciing c6 thé chuyén doi sang hé song song

trong khéi =M — dién cam =M
bd giam chan = f, > dién tro = 1/f,

10 xo =K > dién dung=1/K
luc tac dong = f{(t) - ngudn dong = f(t)

vén tbc =v(t) o dién ap nat = v(t)

Cong thirc mach song song la

(Cs + % + i)E(s) = I(s) (2.117)
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2.2.6 Ham so truyén dat ciia cdc phén tir dién tiv

"l
O—

o0—+

)

N0 - Pl
o ) | Iy

Hinh 2.15: Biéu dién phdn tir khuéch dai thudt todn

- Sai léch dién ap dau vao: va(t) — vi(t).

- Tré khang dau vao cao: Z1 = o (Iy tuong).

- Tré khang déu ra thap: Zo = 0 (1y tudng).

- Hé s6 khuéch dai cao A = oo (1y tudng).

Dién 4p dau ra duoc tinh 1a

vo(t) = A(va(t) — vi(t))

Néu va(t) dugce ndi dat thi bo khuéch dai duoc goi 1a khuéch dai

dao.

Lic d6 vo(t) = —A vi(t).

Trong hinh 2.15 ¢, néu tré khang dau vao cao thi ta c6 L(s) = 0 suy
ra I1(s)=-Io(s). Khi hé s6 khuéch dai A 16n, vi(t) = 0 thi Ii(s) = Vi(s)/Zi(s)
va - In(s) = - Vo(s)/Za(s).

Cho hai dong dién nay bang nhau ta c6

ACNACIN

lé VO(S) __ZZ(S)

Z,(s)  Z(s) Vi(s)  Z(s)

Vi du 2.14 : Tim ham truyén cua mach khuéch dai déo sau
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Ro= 22040 Cy=0.14F

s [

Vi) || Vi) Volt)

o _A

R, = 360400

Hinh 2.16 So d6 hé thong khuéch dai ddo

Téng tré Zi(s) 1a

1 1 360x10°

Al =" = I 2016541

Cs+— 56x10°s+ 3 '

R, 360x10
(2.120)
Tong trd Za(s) 1a
1 , 107
Z,(s)=R, +—=220x10" + — (2.121)
C,s s

Thay Zi(s) va Z»(s) vao cong thuc (2.119).

Vols) 7, (s) s° +45951s +22.547

Vis)  Z(s) s

2.3 M hinh toan hoc trong mién thoi gian

~1.232 (2.122)
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2.3.1 Khdi ni¢m trang thdi va bién trang thdi

2.3.1.1 Khdi niém vé trang thai

Khai niém trang thai c¢6 trong co s¢ ctia cach tiép can hi¢én dai trong
mo ta dong hoc cua cac h¢ théng da duoc Turing lan dau tién dua ra nim
1936. Sau d6 khai niém nay dugc cac nha khoa hoc & Nga va My tng dung
rong rai dé giai cac bai toan diéu khién ty dong.

Trang thdi ciia hé thong dwoc ddc trung nhw 1a leong thong tin toi

thiéu vé hé, can thiét dé xac dinh hanh vi ciia hé trong twong lai khi biét
tac dong vao. No1 mot cach khac, trang théi cia hé dugc xac dinh boi td

hop céc toa d) m¢é rdng dac trung cho hé.

Trang thai ciia mot hé thong 1a tdp hop nho nhit cac bién (goi 1a
bién trang thai) ma néu biét gia trj ctia cac bién nay tai thoi diém to va biét
céc tin hiéu vao thoi diém t>to ta hoan toan co thé xac dinh dugc dap tng
cua hé théng tai moi thoi diém t>to.

Hé théng bac n co n bién trang thai. Cac bién trang thai co thé chon
13 bién vat 1y hodc khong phai 13 bién vat 1y.

Theo quan diém phan tich va tong hop hé thong thuong, nguoi ta

chia cac bién déc trung h¢ thong hay c6 quan hé nhat dinh vdi nd va céac
nhom nhu sau:

- Cac bién vao hay cac tac dong vao u; dugc tao ra boi cac h¢ thong

nam ngoai cac h¢ dugc xét.

- C4c bién ra y; dic trung cho dap tmg cua hé theo cac bién vao
da dinh.

- C4c bién trung gian x; ddc trung trang thai bén trong cua hé.
2.3.1.2 Khai niém véc to trang thai
n bién trang thai hop thanh véc to cot

x:[x1 X, .. xn]T (2.123)
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goi 1a véc to trang thai.

- Khéng gian trang thai: khong gian n chidu 1a khong gian hop boi

cac truc cua cac bién trang thai.

Ta c6 céc bién trang thai dién &p cua dién tré vr (cac phan tir tu va
cudn day méi co trang thai) va dién ap cuia tu dién vc céc bién nay s€ hinh

thanh 2 truc cta khong gian trang thai.

Pé thuén loi trong thao tac vdi cac dai luong nhiéu chiéu, t6 hop

cac bién vao c¢o thé trinh bay dudi dang véc to cac tdc dong vao:

u(®)=[u,(t) w,(t) .. u, (O] (2.124)

T4 hop céac bién ra trinh bay dudi dang vécto ra

yO =0 »t . y,0f

(2.125)

Céc t6 hop cac toa d6 trung gian, dic trung ndi dung bén trong ctia

hé duoc viét dang véc to trang thai cua h¢.
x =[x, x, . x, | (2.126)

Theo dinh nghia trang thai ctia h¢ tai thoi diém bat ky t > to, trang
thai ctia hé 1a mot ham cua trang thai ban du x(to)va véc to vao r(to,t), tirc

la:
x(t) = F[x(to),u(to,t) ] (2.127)
Véc to ra tai thoi diém t c6 quan hé don tri v6i x(to) va u(to ,t)
y(t) = ¥[x(to),u(to,t)] (2.128)

Céc phuong trinh (2.127) va (2.128) thuong goi la phuong trinh

trang thai cua h¢.
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Néu hé théng duge mé ta bai cac phuong trinh vi phan tuyén tinh
thi phwong trinh trang thai cta hé duoc viét dudi dang sau: (Bang cdch sir
dung cdc bién trang thdi, ta cé thé chuyén phirong trinh vi phdn bdc n mé

ta hé thong thanh hé gom n phwong trinh vi phdn bdc nhdt)

x(¢) = A(t) x(t) + B(t) u(t)
y(t) = C(1).x(t) + D()u(t) (2.129)

trong do: x (n x1) véc to cac bién trang thai,
u (m x 1) véc to cac bién dau vao
y (rx 1) véc to cac bién diu ra.
A(t) - Ma trén hé théng.
B(t) - Ma tran diéu khién hay ma tran dau vao.
C(t) - Ma tran ra.
D(t) - Ma tran vong.

Cac ma tran c6 cac phﬁn tor phu thudc vao bién t, 1an luot co kich
thuoc la: A(n x n), B(nxm), C(rxn), D(r x m).

u _ ¥
Tl

13-

Hinh 2.17: So dé khoi biéu dién hé thong diéu khién trong khong
gian trang thai
Thuc té cac hé théng thie déu co tinh quan tinh, do d6 D la mdt ma

tran ¢ cac phan tir déu bang khong.
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2.3.2 H¢ tuyén tinh hé sé hang.

Heé thong c6 m6 hinh trang thai la:

-~ (2.130)
Trong d6 cac ma tran A, B, C va D 1a cic ma tran hﬁng $6.
A dugc goi 1a ma tran h¢ théng. Néu s lam cho phuong trinh det(sI -
A) =0 thi s duoc goi 1a gia tri riéng ciia ma tran A (ddy chinh 1a diém cuc
ctia hé théng). I 1a ma tran don vi, s 1a mot s6 phire, det 1a ki hiéu ctia phép
tinh dinh thirc ma tran.
2.3.3 Ung dung biéu dién mé hinh todn hoc trén khéng gian trang
thai
Ung dung hé phuong trinh trang thai dé biéu dién cac hé vat 1y
phirc tap. Budc ddu tién 1a chon vécto trang thai, viéc lya chon ndy phai
tuan theo cac yéu cau sau:
- Cé4c bién trang thai phai 1a t6i thiéu nhung van phai dam bao biéu
dién day du trang thai ctia hé thong.
- Céc bién trang thai phai doc 1ap tuyén tinh.
Vi du 2.15: Cho hé théng vt 1y c6 so dd nhu sau:
L

—

—_—

Thooaw
0D ]|, e
B i [

Hinh 2.18: Sor @6 mach RLC mdc hén hop
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Xay dung md hinh trang thai cho d6i tuong.
Giai:
Buwdc 1: Dat tén cac dong dién nhanh bao gém iR, iL va ic.

Buwéc 2: Chon cac bién trang thai bang cac viét phuong trinh vi phan

cho cac phén tor chira nang lugng bao gém tu dién C va dién cam L

e _

_ i
d

Io E =v, (2.131)
Ta chon ir, va vc 1a cac bién trang thai, nhung do ic va vi khong phai
1a cAc bién trang thai nén ta phai viét dudi dang t6 hop tuyén tinh cua cac

bién trang thai i va vc , bién dau vao la v(t).

Buére 3: St dung 1y thuyét vé mach dién cu thé 1a viét phuwong trinh
dua vao dinh luat Kirchhoff. Tai nut 1 ta co

Io Iy +1i;
(2.132)
=——v.+i,
Mat khac ta c6
vL=-vc+ v(t) (2.133)

Budrc 4: Thay cong thirc trén véi nhau ta thu dugce cong thire nhu sau:

dv, 1 :
J =—EVC +1,
i (2.134)
di
LE= -V +v(t)
hodc
dv, 1 1.
" Re T
, (2.135)
ai_ —lv +lv(t)
dt L L
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Buére 5: Rut ra cong thirc cua tin hiéu dau ra ir(t)
ix = Ve (2.136)

két qua cudi cung la

PC] RC EPC}{?]M (2.137)
K - 1 . _ ¢
I —— 0Lk L
.
i, Z[E O}L } (2.138)

Vi du 2.16: Cho mach dién gdm ba phan tir R, Lva C méc ndi tiép

L E

— N T
u ) i(t) ) 7

Hinh 2.19: So dé mach RLC mdc ndi tiép

AT+

U 1a dién ap dat vao mach, U, 1a dién &p ra. Tim mo hinh trang thai

ctia hé thong.
Giai:
Ta c6 phuong trinh dién 4p cua mach la:
ur=ur tuL +uc (2.139)

thay céc cong thirc tinh dién 4p cua cac phan tir
. di
u, =zR+La+u2 (2.140)
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trong do u, =u, = %Iidt

(2.141)

Trang thai cia mach duoc quyét dinh bo1i dién 4p ra up va dong dién

1. Ta goi uz va i la cac bién trang thai.
bat:
U =X

1=X2

Twr cong thue (2.140) va (2.141) ta rat ra cong thirc tinh dong dién 1a

Dang chinh tac dugc viét nhu sau:

x, = 0.x, +%x2 + 0.,

. 1
X, =——X——X+—1u,

L L L

Viét hé trén dudi dang vécto ma tran

1
X, _l _B X5 Z
L

hay viét gon lai

X=Ax+ Bu
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goi 14 phuong trinh trang thai ctia hé théng. Khong gian hai chiéu
gém trang thai dong dién 1 = x» va di¢n &p trén tu la vz = x; dugc goi la

khong gian trang thai.

Vi du 2.17:

C R
Fogd
L

+

Hinh 2.20: So dé mach RLC mdc ndi tiép

Tim mo hinh trang thai ctia mach.
Giai:

Ta co

oooodi 1.,
m+La+Eﬁm_wn (2.149)

d
Thay i(¢) = d—cjvéo cong thire trén ta dugc:

d’q dg 1

L—+R—+—q=v(t 2.150

dar’ a ¢! « ( )
Ta dit i(t), q(t) 1a cac bién trang thai

dq _

dt (2.151)

di__ 1 RL

dt ch L L
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viet dudi dang vécto ma tran

e A e

bi¢n ap v 1a bién trang thai dau ra

1
v, :—Eq—Ri+v (2.153)

I
hay v, = [—E —R}Mw (2.154)

1

2.4 Chuyén tir ham truyén dat sang khong gian trang thai va
nguoc lai

2.4.1 Chuyén tir ham truyén dat sang khong gian trang thdi

Dé c6 thé md phong duoc mot hé théng trén may tinh thi mo hinh
toan hoc cua dbi tugng hay h¢ théng nhiéu dau vao va nhiéu dau ra phai
duoc biéu dién trén khong gian trang thai. Vi vay khi ta d c6 mé hinh cua
dbi twong biéu dién bang ham truyén dat ta phai chuyén sang phuong trinh
trang thai.

- Chon céc bién trang thai, moi bién trang thai dugc xac dinh boi dao

ham cua bién trang thai trude do.

- Ta xét phuong trinh vi phan sau:

d"y d"_ly dy
+a ~ +..ta,—=+a,y=bu 2.156
dtn n—1 dtnll ldf Oy 0 ( )

Céch thuan tién chon bién trang thai 1a chon bién dau ra
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_Y
Podt
_d’y
37 2
dt (2.157)
dn—2y
n—1
xn = d n—a}
dt
Lay dao ham hai vé cong thtc (2.157)
;=2
dt
X = 4y
dr
. dy
STar
(2.158)
. d
xn—l z_y
df’
Biéu dién trén khong gian trang thai
X, =X,
X, =X,
X; =X
o (2.159)
‘)‘Cn—l = xn

X, =—ayX, ——a,X,...—a, X, +—byu

Biéu dién dudi dang vécto ma tran
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EREE 0 0 0 0 0 Tx]/[0]
%, 0 0 0 0 0 0 [ x| ]0
X, 0 0 0 1 0 0 0 X, 0 (2'160)
Z‘ = . . + u
i, /1o o o o o o0 1 |x,
L% ] -4 -4 -a -a —a, —as =, | X, | [bo]
Viét phuong trinh trang thai dau ra
Cx ]
Xy
X3
y=[L 0 0 0 ... 0] . (2.161)
xn—l
_xn_

Cdc bude thuc hién bién doi tir ham truyén sang hé phirong trinh

trang thdi:

- B1: Chuyén tir ham truyén vé phuong trinh vi phan va thuc hién
phép bién ddi Laplace nguoc voi cac didu kién dau bang khong.

- B2: Thuc hién chon cac bién trang thai va biéu dién trong khong

gian trang thai.

Vi du 2.18: Mot db6i tuong c6 ham truyén dat 1a
_C(s) _ 25
R(s) s*+5s+4

W(s)
Xay dung md hinh trang thai cho d6i tuong. Xéac dinh cac gid tri
riéng.
Giai
Buwéce 1: Tim phuong trinh vi phan

2
C(s)(s> +55+4)=25.R(s) = % + 5% +4c=25r (2.163)
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Bwoc 2: Lua chon cac bién trang thai

X, =C .
| de =0 (2.164)
xZ:E:xl X, =25r —4x, - 5x,

Viét dudi dang vécto ma tran

SR
X= X+ r
=Tl4 5 725 (2.165)

y=[1 0]5

Tim gia tri riéng:

{s 0} {0 1 } [s -1 }
s[-A = - = (2.166)
0 s -4 -5 4 s+5

det(sI-A)=s(s+5)+4=s+5s+4= 0 (2.167)

A=25-16=9 (2.168)
Céc gia tri riéng 14 s = -1, s2 = -4 va la cac diém cuc clia ham truyén.
Vi du 2.19: Cho ham truyén sau:

C(s) 24

G(s) = =
(5) R(s) s’ +9s” +26s+24

(2.169)

Chuyén d6i sang hé phuong trinh trang thai.
Gidi:
Buwée 1: Tim phuong trinh vi phan
Thuc hién phép nhan chéo
(s° +95> +265 +24)C(s) = 24R(s) (2.170)

Chuyén d6i thanh phuong trinh vi phan bang cach dung phép bién

d6i Laplace nguogc véi diéu kién dau bang 0.
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¢ +9¢+26¢+24c =24r (2.171)
Budre 2: Lua chon bién trang thai

Chon céc bién trang thai nhu sau:

X, =c
X, =¢ (2.172)
X, =¢

Lay dao ham ca hai vé phuong trinh (2.172) ta s& thu dugc hé phuong
trinh trang thai

X = u%)
X, = X3
Xy =—24x, —26x, —9x, +24r
y=c=x
(2.173)
Viét dudi dang vécto ma tran
X, 0 1 0 | x 0
X, |=| 0 0 I |x, [+] O |r
X3 -24 =26 -9 x, 24
¥ (2.174)
y= [1 0 0] Xs
X3

M5 hinh duoc biéu dién nhu sau:
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o 5 (D (1) oy % D 50 ()

26

24 -

Hinh 2.22: So do biéu dién bang so do khéi trong gian trang thdi

2.4.2 Chuyén tir khong gian trang thdi sang ham truyén dat
Mo hinh toan hoc trong gian trang thai dugc biéu dién nhu sau:

X = Ax + Bu
Cx+Du (2.175)

I'< Ix
Il

Thuyc hién chuyén ddi Laplace v6i cac diéu kién dau bang 0
sX(s) = AX(s) + BU(s) (2.176)
Y(s) = CX(s) + DU(s) (2.177)
T (2.176) rut X(s) ra:
(sI - A)X(s) = BU(s) (2.178)
X(s) = (sI- A)'BU(s) (2.179)
Trong d6 I 1a ma tran don vi
Thay X(s) vao (2.177):
Y(s) = C(sI— A)'BU(s) + DU(s) (2.180)

Ta goi [C(sI — A)'BU(s) + DU(s)] 12 ma trdn ham truyén boi vi nd

quan h¢ vdi vécto bién ra Y(s) va vécto bién vao U(s).

Néu U(s) = U(s) va Y(s) = Y(s) 1a cac dai lugng v hudng ta c6
thé tim ham truyén nhu sau:
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T(s) = (};(s)) ~C(sI_A)'B+D

(s (2.181)

Vi du 2.20: Cho phuong trinh trang thai biét dau ra 1a Y(s) va dau
vao 1a U(s)

0 1 0 10
x=0 0 1 |x+|0|u 518
-1 =2 -3 0 (2.182)
y=[l 0 0]x
Giai: Tir dAu bai ta xac dinh céc ma tran A, B, C va D
0 1 0 10
A=l0 0 1 B=|0
(2.183)
-1 -2 -3 0
c=[1 0 0 D=0

Ta tim (sI - A)!

s 0 0 0 1 0 S
(sI-4)=|0 s 0]|—| 0 0 1 [=|0 =« -1
0 0 s -1 -2 -3 1 2 s+3

sP+35+2 s+3 1 (2.184)

-1 s(s+3) s
(T 4)" = adj(sI — A) —s -(2s+1) s°
det(sl — A) §° 4357 +25+1

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

10(s* +35+2)

T(s)=
() P +3s7 +25+1

(2.185)

2.5 So' d6 khdi hé thong diéu khién

Trén thyc té cac hé thong k§ thuat duge biéu dién bang cac s6 d6

khoi rat phuc tap, dé tim dugc quan h¢ gitra tin hiéu dau vao va dau ra
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cua hé théng tuc 1a phai tim dugc ham truyén dat cua hé théng. Do do ta
phai tim cach rit gon hé thong tim dugc ham truyén chung cta toan bo
hé théng.

Hinh 2.23: So do khéi ciia hé thong
Quy dinh:
- Ki hiéu tin hiéu dau vao: R(s).
- Ki hiéu tin hiéu daura: C(s).
- Ki hiéu cac ham truyén con: Gi(s)
- Ki hiéu ham truyén hé thong: G(s).

Quan h¢ cuia tin hiéu dau vao va dau ra dugc biéu dién dudi dang

ham truyén (transferfunction):

G(s) = % (2.186)

Hai dang biéu dién:

- So 6 khdi.

- D6 hinh tin hiéu Graph
2.5.1 Hé thong dang néi tiép

H¢ thong duoc goi 1a mac noi ti€p néu tin hi¢u ra ctia phan tir trude

1a tin hi€u vao cta phan ti sau.

Tin hi€u vao cta h¢ thong 1a tin hi¢u vao cua phan tir dau tién.
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Tin hi€u ra cua hé thong 1a tin hi€u ra cua phan tur cudi cung.

R(s) C(s)

Gi(s) G2(s) Ga(s) Ga(s)

R(s) C(s)

G1(5)xG2(s)xG3(s)xGa(s)

Hinh 2.24: So do khoi ciia hé thong néi tiép

Vidu 2.21: Ta c6 m6 hinh nhu sau:

R, R,
V‘I('\.'] Cj C‘I T~ VI.I(S] V1(5] CQ T~ VQ(S’
a) b)
R, R, R, R,
AW M VA A
,— WO WY WO l W ‘\_.l W l
V,(s5) I c, — () I Va(s) c. ,‘ V,is)
c)

Hinh 2.25: Hé théng ghép néi tiép
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Hinh 2.25 a) ham truyén dugc tinh:

1
Gy(s) =) R (2.187)
AC) R
RICI
Hinh 2.25 b) ham truyén dugc tinh:
b
G,(s) = ACN RZCIZ (2.188)
AC) R
R2C2

Hinh 2.25 ¢) ta tinh dugc ham truyén ciia hé théng bang mach vong
hoac theo nut:

1
GT(S) — V;(S) _ RICIRZCZ (2189)

e ( 111 J I
s + s+
RICI R2 CZ R’ZCI quR2 CZ
Nhung néu tinh theo cong thirc ciia so d6 ndi mic ndi tiép

1
_h6) _ _ RGRG
GT(S)—VI(S) G,(5)Gi(s) S2+[ L ]ﬁ " (2.190)
RG RG) RGRG

Ta théy su khac nhau la do giira hai hé théng tdn tai mot hé sb ty 1€.

Pé khic phuc giita hai hé thong ta mac thém mot khau khuéch dai nhu
hinh 2.25 d).

2.5.2 Hé thong dang song song
Hé théng mic song song 14 hé thdng co tin hiéu vao caa hé thong 1a
tin hidu vao cta cac phan tir thanh phan, con tin hiéu ra ciia hé thong bang

tong dai s6 cua cac tin hiéu thanh phan.
Gi(s)

\ 4

R(s C(s 69
:II GZ(S) II

)\ 4



Hinh 2.26: So dé khoi ciia hé thong mdc song song

C(s) = R(5)[G, (5) + G, (5) + Gy (s)] (2.191)

2.5.3. H¢ théng dang phén héi

H¢ thong c6 mach mac phan hoi gom hai mach: mach thuan va
mach phan hoéi. Tin hi€u ra ctia mach thuén 1a tin hi¢u ra ctia hé thong va

1a tin hiéu vao ctia mach phan héi.
Hé thdng c6 hai dang phan hoi:
- Phéan hdi 4m: E(s) = R(s) — C'(s) .
- Phan hoi duong: E(s) = R(s) + C(s).

R(s) C(s)
Gs(s)

—] Gi(s) Ga(s)

\ 4

v

Ga(s)

Hinh 2.27: So dé khoi ciia hé thong cé phdn hoi
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C(s) R(s) Cis)

Gi(s) C(s)
— 1t GEGE

c)
Hinh 2.28: a) Hé thong phan hoi ém b) Hé thong phdn héi dwong

¢) Ham truyén ciia hé thong cé phan hoi
- Mach phan hdi don vi:

R(s) E(s) C(s)

N G(s)

\ 4

Hinh 2.29: So dé khoi hé thong phan hoi don vi

E(s) = R(s) = C(s) (2.192)
Mat khac:
_C(s)
E(s)= G6s) (2.193)

Ham truyén cia hé thong duoc tinh 1a:

S (s)
13 G(s)

G.(s) (2.194)
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2.5.4 Cac phép bién déi so' dd co ban:
- Chuyén tin hiéu dau vao:
Tur trude ra sau mot khoi:

R(s) C(s)

X(s)

Tur sau mot khoi ra trude mot khoi:

C(s) R(s) C(s)

- Chuyén doi tin hiéu ra:

R(s)

Tur trudec mot khoi ra sau khoi do:

1 Ci(s)
> M |—>
R(S) Ci(s) R(s) @
G(s)——> = A,lG(s) >
——150) C5) C2(5)
Ci(s) =R(s)
Ca (s) = R(s).G(s)
T sau mot khdi ra trude khoi do: Cis)
. »{GO) | —p
Ci(s) R(s)
R(s)
»{G(s) > —_— »|GCOL_,
Ca(s) -

C2(s)
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Ci(s) = Ca(s) = R(s).G(s)
- Cac bo cong 1ién nhau c6 thé d6i chd cho nhau hoidc cong xép chong

lai:

C X1 C
X3 X3 X2
X1 C
X2 X3

C=X1-X2+X3

Vi du 2.22: Rat gon hé thong nhu hinh sau

R(s) ——|G:1(®) G2(s) || Gs(s) » C(s)

Ha(s)

Hax(s)

A

H3(s) |
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Qua trinh rut gon so' dd thwe hién nhw sau:

Ga(s) |—>| Gs(s) |——> C(s)

II Hi(s) I‘I-

» C(s)

R(s)

Hi(s)-Ha(s)+Hs(s) |<—

(b)
R(s) €10.5.9€30) > C(5)
HGODIG (S| HO-HHHHS)
(©)
Hinh 2.30 : Hinh bién déi cdc so dé khéi co ban.

Vi du 2.23: Rut gon so d6 khdi ap dung cac quy tic di chuyén tin hiéu

Vi(s) Va(s)
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Thuyc hi¢n rat gon so dd khéi nhu sau:

C(s)
Gs(s)
1+ Gy H0) [

1 G5(s) CE)

1
R(s) 6o P 14+Gy(s)Hy () [

(b)
R¢s) + Va(s) o
G1(9)G:(5) > ( 1 +1I G() J —
G@)  N+GE)H ()
H(s)
+H (5) |
G
©
Va(s) C(s)
R(s) G(5)Gy(s) ( ! 1]( Gy (s) J
R ALY <t i (O A A AOAC) |
@
R(s) G, ()G, ()1 + G, (5)] C(s)

[1+G,(s)H, (s)+ G, ()G, () H, () [L+ G, () H ()] [
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Hinh 2.31: Rit gon so do dp dung cdc quy tdc bién doi
2.6 Phan tich va thiét ké hé thong phan hoi

Muc dich : tng dung cac quy tic rat gon so dd khdi hé thong dé phan
tich va thiét ké hé théng bac 2. Phan trim d¢ qua diéu chinh, thoi gian
dinh, thoi gian ting dugc tinh todn tir ham truyén ctia hé thong.

Xét hé thong:
R() -+ z C(s)

>

s(s+a)

Hinh 2.32: Hé théng c6 phdn héi m

. 5 K
boi tuong c6 ham truyén la: (2.195)
s(s+a)
Ham truyén cia hé thong duoc tinh 1a:
K
I'(s)=——"— 2.196
() s’ +as+K ( )

Trong do:

K: Hé s6 khuéch dai (ty 18 gitra dién ap dau vao va dau ra)

Khi hé s6 K thay ddi, cac diém cuc thay doi qua 3 ché d6 hoat dong
cua hé théng bac hai: dao dong tat dan, tit tit dan t&i han va dudi tat dan.
Vi du K bién dbi trong rai gitta 0 va a%/4, céac diém cuc cua hé théng la
thuc va dugc tinh toan la:

Sp=moE (2.197)
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Khi hé s6 K tang 1€n, cac diém cuc di chuyén doc theo truc thuc va
hé théng van dao dong tat dan cho dén khi K = a*/4. Tai hé s6 khuéch dai
nay, ca hai nghiém déu la thuc va bang nhau, hé thong 13 tit dan t6i han.

Dbi v6i hé s6 khuéch dai 16n hon a%/4, hé théng 1a dudi tat dan véi
cac nghiém phtc la:

4K —a?

a .
T (2.198)

Khi hé s6 khuéch dai tang 1én, phan thyc 13 hing s6 va phan 4o ting
1én. Do vay, thoi gian dinh giam xudng 1én va phan trim d qué diéu chinh
tang 1én, trong khi settling time van 13 hang so.

- Tinh thoi gian dép ing nhanh.

Vi du 2.24: Cho hé thong sau

R(s) + 25 C(s)

s(s+5)

v

Hinh 2.33: So dé khoi hé thong phdan hoi
biét truede hé sé khuéch dai
Tim hing s6 thoi gian dinh Ty, phan trim d6 qua diéu chinh %
va thoi gian Ts
Giai:
Ham truyén caa hé théng c6 phan héi la:

25

T7(s)=———
) s +55+25

(2.199)
Tur cong thuc:
w =b=+/25=5 (2.200)
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Mat khac:
a=2¢w véia=5tacod 5=2¢5w, (2.201)
Suyra ¢ =0.5

Ta c6 cong thure tinh nhu sau:

T
T=—7" __ —07%6s
e (2.202)
%=1 x100=16.303 (2.203)
I= T 16 (2.204)

o,

Tim hé s6 khuéch dai ciia hé thong khi biét phin trim do qua
diéu chinh

R(s) + K C(sz
s(s+35)

Hinh 2.34: So d6 khoi ciia hé thong phan hoi khi hé sé
khuéch dai K chua biét

Ham truyén cua hé kin la:

K

T(s)=——"-——
) sP+55+K

(2.205)
Ttr cong thire cac cong thitc 5=24w, va w, = VK ta tinh duoc:
¢ = > (2.206)
2K '

Nhu ta d biét phan trim d6 qua diéu chinh %0S 1a ham cta ¢ ma

& day ¢ lai 1a ham phuy thudc hé s K. Do vay, khi ta thay cong thirc (2.206)
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vao cong thue tinh o (2.203), o lai 1a ham phu thudc hé¢ s6 khuéch dai
K.

Vi chi tiéu chét luong o cho trudc ta dé dang tinh dugc hé sb -
= 0.591. Thay vao cong thuc (2.206), ta tim dugc hé s6 khuéch dai K =
17.892.

Mic du thiét ké theo do qué diéu chinh nhung khong thé Iya chon
duogc thoi gian dao dong duoc boi vi phan thuc ludn 1a -2.5 (khong can
tinh dén hé s6 khuéch dai K).

2.7 Grap tin hi¢u
2.7.1 Cac khdi niém co bdn
- Graph 1a mot d6 hinh gdm céc nhanh va céc nit.

- Mbi niit ctia Graph duge biéu dién bang mot diém va ghi tén

mot dai luong nao doé trong hé théng diéu khién.

O

V(s)

Hinh 2.35: Mot nut co ban

- Nut goc la lugng vao, ntit ngon 1a lugng ra cia mét khau nao
do.
- M6t nhanh ndi nat goc va nit ngon cé mili tén, trén do ghi gia tri
cta ham truyén dat twong img v6i mot khau nao do.
Wi

WiiWii
X (_] )
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Hinh 2.36: Biéu dién mét nhanh co ban
Ham truyén dat ciia mot nhanh bang ty s6 cua gia tri nat ngon va
gié tri nut gbc:
W, =— (2.207)
Su lién két cta cac nhanh riéng 1¢ tao thanh mot Graph tin hi¢u cho
mot hé thong diéu khién.
2.7.2 Cdc dang biéu dién Graph tin hi¢u

- Dang ndi tiép:

Gi(s) Ga(s)
R(s) . e , O
V)

Hinh 2.37: Graph biéu dién hé thong noi tiép

- Dang song song:

R(s)

Vals)

Hinh 2.38: Graph biéu dién hé thong song song
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- Dang phan hoi:
1 E(s) G(s)

e > .\>/

H(s)

C(s)

Hinh 2.39: Graph biéu dién hé théng cé phan hoi

2.7.3 Cdc quy tic bién déi Graph
- Céc nhanh ndi tiép:

Gi(s) Ga(s) Gi(5)Ga(s)
RE) O ——D> eCs) T Rve > —oe C6)
V(s)

- Cac nhéanh song song

Gl(s)+G2(s)
R(s) 0 € —RE e > oC(s)

Ga(s)

- Phan héi duong hodc am

Qs)
1£Gs) H(s)
R(s) € —_ R e > e C()
H(s)
- Khtr nhanh tao vong kin.
G1(s)Ga(s)
G165 H(s) 1- H(s)
1(S
R(s) SO = e > o

V(s) T R 81



2.7.4 Quy tic Masson

Ham truyén dat C(s)/R(s) trong mot hé théng duoc biéu dién bang
Graph dugc tinh theo cong thirc sau:
T.A
C(s) 2T

O (2.208)

G(s) =

trong do:

- k 13 s6 duong dong hudng tir dau vao cho dén dau ra. Puong dong
12 mot duong lién tuc bao gdm cac nhanh ¢ cung mot hudng khi di dau
vao cho dén dau ra ma khi tin hiéu truyén dat qua mot nat ciia nd tir gbe

dén ngon chi dugc mot lan.
- Tk 12 ham truyén dat ctia dong thir k hudng tir dau vao dén dau ra.

- A, 14 dinh thirc con clia Graph suy ra tir A bang cich bo di cac

vong kin. Li c6 dinh vdi duong dong thir k.
- A=1- ZL+ZLL ZLLL + o

+ z L, 1atong s0 tat ca cac ham truyen dat cta cac vong kin c6 trong

Graph. Vong kin 12 mot duong khép kin bao gdm cac nhanh lién tiép c6
cung mdt huéng ma tin hiéu di qua mdt ntit cia mdt nhadnh nao né chi dugc
mot 1an.
+ ZLI.L , 1a téng s cac tich ham truyén dat cta hai vong kin
ij

khong dinh vao nhau ¢ trong Graph.
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+ ZL;L L, 14 tong s cac tich ham truyén dat clia ba vong kin
i,j,k

khong dinh vao nhau ¢ trong Graph.
Vi du 2.25: Cho hé thong diéu khién biéu dién bang so d6 Graph

nhu sau

Gy(s) Gy(s) Gy(s) Gy(s) Gels)
R(s) O——> - -

C(s)

Vis)  \Wals)

H(s)

Hinh 2.40: So dé minh hoa quy tdc Masson

Buwéc 1: Xac dinh dudng tién trudce
trong vi du nay chi c6 mot duong duy nht la:
P = G1(8)G2(s)G3(s)G4(s)Gs(s)
Budre 2: Xac dinh ham truyén cua cac vong kin
L1 = Ga(s)Hi(s)
Lo = Ga(s)Ha(s)
L3 = G7(s)Ha(s)
La= G2(5)G3(5)Ga(s)Gs(5)Ge(5)G7(5)Gs(s)

Buwéc 3: Xac dinh tich cac ham truyén cta hai vong kin khéng dinh

vao nhau
LiL>= G2(s)Hi(s)G4(s)Hz(s)
LiLs = Ga(s)H1(s)G7(s)Ha(s)

LoLs = Ga(s)Ha(s)G7(s)Ha(s)
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Budc 4: Xac dinh tich cac ham truyén ciia ba vong kin khong dinh

vao nhau
LiLoLs = Ga(s)H1(s)Ga(s)H2(s)G7(s)Ha(s)

Buwéc 5: Tinh A

i ik
—1-[Gy()H() + Gy(s)H(s )+ Gy (s)H(s 1+ Go(8)G(8) G4(8)8) G(8)G(5)G(s ]+
+[Gy(5)H(S) G5 H(5 1+ Gy H(S)G(5) H(5 1+ Gy(5) H(5) G H(s)
~[Gy($)H(8)G(s)H(s)G(s)H(s)

Buéce 6: Xac dinh A,

A=1-3L; +3hL ~ 3 LLL
LJ

O day chi c6 Ls 1a khong dinh dén P
A=1-G,(s)H ,(s)

Tur cac cong thire tinh todn trén ta thay vao cong thirc tinh G(s) ta

duoc:

69 - e _ GGG ©)1-G,OH, )]
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CHUONG 3: PAP UNG THOI GIAN

3.1 Cac dic tinh ciia hé théng PKTD

3.1.1 Dac tinh thoi gian

Mot trong céac dac tinh quan trong cia hé théng tu dong la dac tinh
thoi gian. Nguoi ta thudng sir dung déc tinh thoi gian dé mo ta hé thong tu
dong tuyén tinh ding va khong dimg. Ddc tinh thoi gian la phan iing ciia
hé thong doi véi tac dong ndo dé khi diéu kién ban dau bang 0. Cac tac dong
thuong duoc sir dung 1a tac dong xung don vi §(t) va tac dong bac thang don
vi u(t).Vi vy nguoi ta thudng dinh nghia ddc tinh thoi gian 1a sy thay doi
ctia tin hiéu ra theo thoi gian khi dau vao tic dong 13 cac ham chuan. Trong
dic tinh thoi gian ngudi ta quan tim dén hai dic tinh co ban: Pac tinh quéa

d6 va dac tinh xung (Ham trong luong).

3.1.2 Ddc tinh xung (Ham trong luong):

Phdn iing ciia hé thong doi véi tac dong xung don vi khi diéu kién
ban dau bang 0 dwoc goi la ham qud do xung g(t) (ham trong leong). Him
xung don vi 8(t-1) c6 dang tuong tu nhu 5(t), nhung sai 1éch theo thoi gian
mot khoang 13 t. Tuong tu, phan tng cua hé thong ty dong tuyén tinh ddi
voi tac dong ad(t-t) s€ 1a ag(t-t); voiala hﬁng s6 nao do.

Té6i trude thoi diém co tac dong, gia tri cua dac tinh qua do xung
bang 0 nghia la:

gt-t1)=0,t<rt

Ding thirc nay duoc goi 1a diéu kién vat 1y thuc té.

Dung khai niém ddc tinh qua d¢ xung, ta c6 thé tim dugc phan tng
ctia hé thong d6i véi tac dong bat ky cho trude.

Giira dic tinh qua d6 xung va ham sb truyén cua hé thdng c6 quan

hé v6i nhau. Anh ham trong luong sé& bang:
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Y(s)= J'x(r)e""’dtTg(t —1)e*"dt = X(S)Tg(v)e""vdv (3.1)

Ma  Y(s)= X(5).W(s) (3.2)

So sanh (3.1) va (3.2) s€ co:
W(s) = j g()e " dt (3.3)
0

Nhue viy ham sé truyén dat la bién doi Laplace ciia ham qud dé xung.
Tat nhién, ham qua d6 xung c6 thé nhin duoc theo ham sd truyén bang
cach bién ddi nguoc Laplace:

g(t)=L"W(s)} (3.4)
3.1.3 Ham qua do

Bdc tinh quad do h(t) la phan g ciia hé théng doi véi tac dong bdc
thang don vi khi diéu kién ban dau bang khéng.

Dbi véi hé thong ty dong dumg, dic tinh qua d6 khong phu thude vao
thoi diém bat dau tac dong. Pac tinh h(t) c6 thé co dang dao dong hay bién
d6i mot cach don diéu. Hién nay, dé danh gia chit lugng hé thong tu dong
ngudi ta thuong sir dung dic tinh qua do h(t) bai vi né thé hién duoc cac

chi tiéu chit luong co ban cua hé théng.

Gitra dac tinh qua dé xung va dac tinh qua dd cé lién hé vi nhau,
thay x(t) = 1(t) trong tich phan sau ta co:

h(t) = Tl(t)g(t —7)dr = Tg(t —7)dr

(3.5)

Poi bién t-t = v va dt = -dv, ta nhan duoc:
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h(t) = —_(fjo g(v)dv= } gv)dv= i g)dv (3.6)

—0
Nhu vy, dic tinh qua d6 1a tich phan ciia déc tinh qua d6 xung. Ly

dao ham cua ca hai vé cua (3.6), ta sé nhan duogc:

_ dn)

g(?) %

(3.7)
Vay dac tinh qua d¢ xung la dao ham theo thoi gian cua dac tinh
qua do. Viét (3.7) dudi dang todn tir, sé& co:
W(s) =s.H(s) (3.8)
Trong do H(s) = L[h(t)] va W(s)=L[g(t)] (3.9)
Tir (3.8) ta c6 mdi lién hé giita anh ham cua dic tinh qué do theo
ham truyén cua hé théng.

H(s)= %W(s) (3.10)

Str dung bién ddi nguoc Laplace, s& x4c dinh dwgc ham qué do theo
ham sb truyén.

h(t)=L" {1 W(s)} (3.11)
S

3.1.4 Diic tinh tin sé.

Céc dic tinh tan s (PTTS) c¢6 ¥ nghia quan trong trong md ta hé
théng tuw dong dung. Co thé nhan duoc cac dic tinh nay khi nghién ctru
chuyén dong cudng burc ctia hé thdng dudi tic dong cua tin hiéu diéu hoa.

Tinh chét co ban cia hé théng tuyén tinh 14 tinh chat xép chong. Gia
sir nhidu loan g(t) tic dong 1én hé thong bang khong, ta c6 mdi quan hé
gitta luong ra y(t) voi luong vao x(t) dugc mo ta bang phuong trinh vi phan

sau:
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by +---+an_1%+an=bocj—m+---+bm_1%+bmx 12)
1

Cac DTTS xac dinh mdi lién hé giita phd lwong vao X(jo) va phd
luong raY(jo). Cac phd nay chinh 14 bién d6i Fourier cia cac ham thoi

gian tuong Ung:

X(jo) = | s i = Flx(o))
0 (3.13)
Y(jo)= | y(t)e/“dt = Fiy(1)}
0
& day: F - ky hiéu bién d6i Fourier.
o - bién thuc, 13 tan s6 cua tin hiéu diéu hoa.

Lay bién dbi Fourier phuong trinh (3.13) v&i diéu kién ban dau bang
0, s& nhan dugc phuong trinh biéu dién quan hé gitra phd luong ra v6i phd

lugng vao cua h¢ théng tu dong:

(o) Vo +a(jey Vjor+ - +a (jo)=hyje) " X(je)+ - +b,X(je) (3.14)

sau khi bién d61, s€ nhan duoc:

. \m . sm-1
Y(jo) = X(jy DU _+AU) 1+”‘+bm — X(joW o) (3.15)
ag(jo) +aq(joy" +--+a,

Ty s6 cua cac da thtrc:

by(jo)" +b,(jw)"" +---+b, E(jo)
ay(jo)' +a,(jo)"" +-+a, D(jw)

wW(jo)=

(3.16)

duoc goi la ham s0 truyén tan so cta h¢ tu dong.
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Tir day, ta thay c6 thé nhan duoc biéu thirc ham truyén tan s6 tir ham

s6 truyén bang cach thay bién s bang phirc jo.
Ham s truyén truyén tan sé W(jo) c6 thé biéu dién dudi dang;

W(jo)=P(@)+ j0(w) = A(w)e’ (3.17)

O day
_ [p2 2
A(0) =P (@) + 0*(®) -
p(w) =arctgh (jo)
Néu  |arcigh (jo) S%
Thi ()= arctg% (3.19)

Trén mit phang phac (Hinh 3.1) ¢mg v6i tan s6 nao d6 thi ham sb
truyén tan s s& xac dinh véc to. Do dai véc to bang A(w), con argument
(goc hop thanh bdi véc to nay vai ban truc thuc duong) la ¢(®). Puong
cong dugc v& boi ddu mat ciia véc to ndy, khi tan s6 bién thién tir 0 dén o
(d6i khi tir o0 dén o) goi 1a ddc tinh tin s (DTTS) bién d6 pha cua hé
théng tu dong.

4 1Q(w)

W(jo) / P()

v
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Hinh 3.1: Bdc tinh tan sé bién dé pha

Ham truyén tan sd dugc goi 14 ham tan so bién do pha. Phan thuc
ctia n6 P(0) =ReW(jo) va phin 40 Q(») = InW(jo) duoc goi twong tmg
1a ham tan s6 phéan thyc va ham tan s6 phan 0. Do thi ciia ham tan sb phan
thue P(m) goi 1a DTTS phan thuc. Con do thi ctia ham tan sb phan 4o -
DTTS phan a0 Q(w).

Mbdun A(o) = | W) | goi 1a ham tan sb bién do. Pd thi cua no
goi 1a DTTS bién do. Con ¢(w) 1a argument cia W(jow) dugc goi 1a ham
tan sb pha. D4 thi ctia nd goi 1a DTTS pha.

Ngoai cac DTTS noi trén, con thudng st dung cac DTTS bién do
logarit L(w) va PTTS pha logarit ¢(w). Goi:

L(w) =201g A(w) =201 (jo) (3.20)

12 ham tan sd bién do logarit. Db thi dién ta su phu thudc gitra ham
tan s6 bién do6 logarit L(w) v6i ham logarit tan s6 1g(w), goi 1a DTTS bién
d6 logarit hay con goi 1 d thi Bode.

Khi xay dung DTTS bién do logarit, trén truc hoanh ta dat cac tan sb
theo ty 1¢ logarit, & cac diém chia tuong tng véi gi tri 1g(w), nhung lai
ghi gia tri cia o dé tién cho viéc doc tan sb, chir khong ghi gia tri lg(w).
Con truc tung 13 L(w). DTTS pha logarit 1 do thi biéu dién sy phu thudc
gitta ham tan so pha @(w) v6i logarit 1g(®). Truc hoanh cia DTTS pha
logarit gidng truc hoanh ciia DTTS bién d¢ logarit.

Pon vi cia L(o) tinh theo (3.20) 1a déxibel [db]. Pon vi co s& caa
truc hoanh trong DTTS bién d6 logarit la décac [dc] hay octavo [oc]. Décac
1a d6 rong khoang tin s ma trén d6 tan sb thay d6i 10 lan. Tuong tu,

octavo 1a khoang ma trén d6 tan s thay doi 2 lan.

Khi xay dung DTTS logarit thi can luu ¥ 1 truc tung va truc hoanh
khong cit nhau tai tan s6 ® = 0. Hai truc s& cit nhau tai mot tan sb thich

hop nao dd, bai vi khi @ = 0 thi Ig(w) = - c: nghia 1a ® = 0 thi s€ twong
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mg v6i diém xa vo cung. Trén thyc té, nguoi ta thuong sir dung DTTS
bién dg logarit tiém can. BJ nghiéng cua dac tinh tiém can thuong dung 1a
db/dc hay db/oc. Khi tac dong 1én dau vao hé thong ty dong 1a mét tin hiéu
diéu hoa thi luong ra ciia hé théng ciing thay ddi theo quy luét diéu hoa,
nhung bién d§ va pha cua lugng ra va lugng vao s€ khac nhau. Noi chung,
bién d¢ va pha lugng ra s€ phu thudc vao tan sb cua luong vao. Nguoi ta
goi ty so gitta bién d6 luong ra voi bién d6 luong vao 1a mé dun, con goc
léch pha giita luong ra v6i luong vao 13 argument cta ham sé truyén tan
s6. Vi thé, ddc tinh tan sé6 bién do dién ta su thay doi ciia ty $6 cdc bién
dé lwong ra véi lwong vao, con DTTS pha dién ta goc léch pha giita lrong
ra véi lwong vao. Do 1 ¥ nghia vat Iy d6i DTTS.

3.2 Cac khau dong hoc dién hinh
3.2.1 Pinh nghia cdc khiu dong hoc dién hinh

Cdc khau dong hoc ma phwong trinh vi phdn mo ta qua trinh dong
hoc cua chung co bdc nho hon hodc bc%ng 2, dwoc goi la khau dong hoc
dién hinh.

Dic diém cua cac khau dong hoc dién hinh 1a chi c6 mdt dau vao va

mot dau ra, tin hi¢u dau ra khong anh hudng dén tin hi¢u dau vao.

X(s) Y(s)
—_— V) Y—

Hinh 3.2 Biéu dién khdu déng hoc dién hinh.

Céc khau dong hoc dién hinh bao gdm: Khau nguyén ham, khéu tich
phan, khau vi phan, khau tré. Khau nguyén ham gdom cac khau: Khau
khuéch dai (khau khong quén tinh), khau quéan tinh bac mot, khau quén
tinh bac hai (Khau dao dong). Sau day ta khao sat cac khau dong hoc dién
hinh trén.
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3.2.2.Cdc khau nguyén ham.

a)Khdu khuéch dai

- Khau khong quan tinh 1a khau ma phuong trinh dong hoc c6 dang:
y =K.x (K>0)

- Ham truyén dat cua khau W(s) =K

- Céc dac tinh thoi gian.

Ham qua do :h(t) = K.1(1).

Ham trong luong : g(t) = K.o(t).

h(t) g
1 K.8(t)
K

—+Y

Y
S

Hinh 3.3. DBac tinh thoi gian cua khdu khong qudn tinh

Cac dac tinh tan so.

A(o) A BT o() PT
K
0 o 0 o
10(@) A e L(w) A TBL
201gK
K > N
0 P(o) 0 lgw
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Hinh 3.4: Bdc tinh tan sé6 cia khdu khéng qudn tinh

Ham truyén tan s6 : W(iw) = K.
bac tinh BT : A(w) =K.

bic tinh PT : p(®) = 0.

bic tinh BTL : L(w) = 20.1gK
b) Khdu qudn tinh bdc nht:

- Phuong trinh vi phan:

dy
T=+vy=K. 3.21
dt Y * ( )

trong d6: K la hé s6 truyén ciia khau.
T 12 hang sb thoi gian cua khau.
- Ham truyén dat : W(s) = K/ (Ts+1)
- Cac dac tinh thoi gian :
Ham qua do : h(t) = K( 1-e*'T) .1(t)
Ham trong luong : g(t) = dh(t)/dt = K.e*' T.1(t)/T

t
h(tp &(®)
o.K
kT
A T A
0 t 0 \ t >

Hinh 3.5: Bdc tinh thoi gian cia khdu qudn tinh bdc nhdt

- C4c dac tinh tan so:

A(w) A BT o(@)A PT R
K 0 "o
-1t/2
0 »
. L(w) A TBL
Q@ 4 TBP 0lgK
5 v f’(co) -20db/dec 93

0 lgoo. lgo
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Hinh 3.6: Pdc tinh tan sé cua khdu quan tinh bdc nhat

DTTS bién do pha : W(jo) = Y(jo)/X(jo) =K/ (Tjo + 1)
DTTS bién do : A(w) =[ P? (o) + Q*(w)] " =k/ (T?*w? + 1)!?
DTTS pha ¢ (o) =arctgTo

DTTS bién d¢ logarit (DTBL L(w) = 20Ig A(w)

¢) Khau quan tinh bdc hai:

- Phuong trinh:
2
T Y2y (3.22)
dt dt
Trong do: T la hang so thoi gian.
K 1a h¢ s6 khuéch dai.

£ 1a hé sb tat dan tuong ddi (&> 0).

s travén dat: e Y(S «
- Ham truyén dat: yy(g)— xgs; T T 4 26Ts+ 1

- Céc dac tinh thoi gian:

Trieong hop thir nhat: 0 < E< 1.
Ham qué do: h(t) = K[1— ™ (cosBt %sinBt)]

—at

Ham trong luong: g(¢t) =h'(¢) = .sin St



, \ 1-¢
Trong d6: o =—va =12
g T va g 7

Trudng hop nay, dic tinh qua d6 c6 dang dao dong tat dan va duoc

goi la khau dao dong.
Truong hop thir hai: &= 0.
Ham qué do: h(t) = K(1- cosm,t)
Ham trong luong: g(t) = Koisinmit

Vé6i @1=1/T : Tan s6 riéng dao dong. Pic tinh qua d6 dao dong

diéu hoa va duoc goi 1a khau dao dong diéu hoa.
Truong hop thirba : £ 1.
Ham qua d6 :
Khi & =1 v6i a la nghiém kép cua phuong trinh déc trung.
h(t)=K(1-(1-at)e ™)
Khi > 1 v&i o, o 1a hai nghiém thyc ctia phuong trinh déc trung.

&,

h(t) = K(1 _ % ey %n e“z‘j
o, —o, o, —a,

Ham trong luong:
Khi € =1 v6i1 a 1a nghiém kép ctia phuong trinh dac trung.
k(t) = Ko te ™

Khi € >1 v6i o, o 1a hai nghiém thyuc cia phuong trinh dac trung.

K(t) = K—22_ (gt —gd)
o, —a,
gty &=0 h(®) ,  \&=0
2\ A«(KAI A
/};\] o<t 21 t> K = e>1 95
0 $
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Hinh 3.7: Dac tinh thoi gian cua khdu bdc hai



Cac dac tinh tan so:

A(o)
K] <E<

JQ(@) A

0

~>1
£ =1
0<g<

Hinh 3.8: Bdc tinh tan s6 ciia khdu bdc hai

DTTS bién d6 pha : W(jo) = Y(jo)/X(jo) =K/( 1-T?w? +j2.To)

DTTS biéndd : A(w)=+/P z(w)+Q2(w)=ﬂ(l T’ 2; (2¢7 )2J
— w + w

DTTS pha ¢ (o) = -arctg [2ETow/(1-T2w? )].

DTTS bién do logarit (DTBL L(w) = 20lg A(w).
3.2.3 Khau tich phdn.

Phuong trinh vi phan cta khau tich phan.

dy X
=K[xdt hoac —=Kx=— 3.23
y=K[x e 7 (3.23)

Trong d6 T = 1/K duoc goi 1a hing s thoi gian tich phén.
- Ham truyén dat cta khéu.
Bién doi phirong trinh vi phéin sang todn tir Laplace ta ¢ :

Y _ 1

=5 " T
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- Céc dac tinh thoi gian.

Ham qua d6 : h(t) = Kt.

Ham trong luvong: k(t) =h’(t) = K.

g A
K

h(t)

tga=K

Y

[e)
Yy
[e)

Hinh 3.9: Dac tinh thoi gian cua khdu tich phan
Cdc dic tinh tan sé.

v g 1 1 K
Ham truyéen tanso : W(jo)=—=—-j—=j—
Tiw Tw o
Nhue vdy ham truyén tan sé ciia khdu tich phan chi c6 phan do dm
khi @ thay déi tir 0 dén oc ma khéng cé phan thue.
1

DPadc tinh bién do tan sé: A(O)) =—
Tw

Bdc tinh pha tan s6 : p() = —%

Bdc tinh BTL (bién dé tan sé 16 ga rit) - L(w) = IgA(w) = -20IgT -
20lgw (thém co s6 10, truc hodnh c¢é don vi la thdp phdn - decade)

Pay la phwong trinh ciia mét dwong thang cdt truc tung tai diém ¢
tung dé bang - 20IgT (hoanh do twong ing) va cé dé nghiéng bang -
20db/dec.
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A() BT Ao PT

Y

L(w) TBL
T TBP

=0 0 lgo
Hinh 3.10: Ddc tinh tan sé ciia khdu tich phin

3.2.4.Khéu vi phan.

- Phuong trinh khau vi phan: y(t) = Kdx(t)/dt.
- Phuong trinh khau vi phan bac mot: y(t) = KTdx(t)/dt + Kx(t).
- Ham truyén dat:

Khéau vi phan 1y tudng: G(s) = Ks

Khau ti I¢ vi phan: G(s) = C(s)/R(s) =K(Ts + 1)
- Cac dac tinh thoi gian:

Khau vi phan 1y tuéng:

Ham qua d¢: h(t) =Kd(t)

Ham trong luong: g(t) = dh(t) /dt = Kdo(t)/dt
Khau vi phan bac mot:

Ham qua d6: h(t) =K.1(t) + KTd(t)

Ham trong luong: g(t) = dh(t) /dt = Kdo(t)/dt + Kd(t)
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Hinh 3.11: Ddc tinh thoi gian cua khdau vi phdn [y tuong

- Céc dac tinh tan sb:

Khau vi phén 1y tudng:
DTTS bién do pha: G(jo) = C(jo)/R(jo) =-] oK
DTTS bién d6: A(w) =[ P? (0) + Q¥(»)] "* =K®
DTTS pha: ¢ (w)=m/2

DTTS bién d¢ logarit (PTBL): L(w) =20lg A(®m)=201gK®

A(w) BT [0](Q), N PT
/2
> 0 > ®
0 [O)
1Q(®) L(w)4 TBL
W= TBP
201gF 20db/dec
=0 - .
0 P(w) 0 lgw

Hinh 3.12: Bdc tinh tan sé ciia khdu vi phén 1y twéng

Khau vi phan bac mot :
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DTTS bién d¢ pha : G(jo) = C(jo)/R(jw) =-] oKT + K

PTTS bién d6 : A(w) = [ P? (0) + Q*(®)] > =K(1 + *T?)"?
DTTS pha: ¢ (o) = arctg Tw

DTTS bién do logarit (PTBL) L(w) = 201g A(®m)=201gKw
3.2.5 Khéu tré

Khau cham sau 1a khau dong hoc ma sau mot khoang thoi gian xac
dinh thi luong ra 1ap lai lugng vao va tin hi¢u khong bi méo.

Phuong trinh dong hoc ctia khau tré c6 dang :
y(t) = x(t-1)

Céc phan tir thudc khau tré nhu bang tai, dudng dng dan nhiét, duong
6ng dan chit 1ong ...

- Ham truyén dat ctia khau tré:
W(s)=Y(s) /X(s)=¢e™
- Péc tinh thoi gian:
Ham qua d6: h(t) = 1(t-1)
Ham trong luong:  g(t) = dh(t)/dt = 5(t- 1)

- Cac dic tinh tan so:

DTTS bién d pha : G(jo) = elor

DTTS bién do : A(w)=1

DTTS pha : o(0) = - o1

DTTS bién do logarit : L(®w) =20lgA(®w) =0
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A
Alo)
h(t) iQ(®) Ao f——"7

3
>

P(w @

o(w)

—

Hinh 3.13. Pdc tinh qua do va cdc dac tinh tan sé cua khau tré
3.3. M6 hinh ZPK (Zero, Pole and Gain)
Ta xét ham truyén sau:

m m—1 m-2
bys™ +b;s™ +b,s" " +...+b,

G(s) =

n n-1 n-2
aos +a1S +a2S +...+an

_K (s=z)=2z,)(.)Ns—2,) .
(5= PGS — )G - py) (.24

nzm

CA(s)=as" + as" +a,s" .. +a,

Pit : 1 i
B(s)=bys" +b,s"" +b,s" +..4b,

(3.25)
A(s) 12 mau s cuia ham truyén, B(s) 1a tir s6 ctia ham truyén.

- DPiém khong (Zeros) 1a 1a cac gid tri lam cho ham truyén G(s)
bang 0 hay 1a nghiém ctia phuong trinh B(s) = 0. Cac diém khong duoc
ki hiu la z; (i: 1=m).

- Piém cuc (Poles) 1a cac gia tri lam cho ham truyén khong xac
dinh hay la nghiém cia phuong trinh A(s) = 0. Cac diém cuc duoc ki hi¢u
1a pi (i: 1-m).

- Hé s khuéch dai tinh (Gain) ki hiéu 1a K.

Vi du 3.1: Tim céc diém cuc, diém khong va hé sb khuéch dai cua

hé thong cua ham truyén sau:
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B S5(s+1)(s+2)
© (s+5)(s+3)

Hé sb khuéch dai K = 5.

G(s) (3.26)

- Piém cuc: A(s) = (s+5)(s+3) =0 suy ra p1 = -5 va pr = -3
- Piém khong: B(s) = (s+1)(s+2) =0 suyraz; =-1 vaz, = -2
Vidu 3.2:
Ta c6 ham truyén sau
s+2

C(s) = o~ (3.27)

Phan tich thanh tong cac phan sb bac nhat

> 4 B
ST _4, (3.28)
s(s+5) s s+5

Quy dong mau sé va déng nhat hai vé ta c6
(A+B)s + 5A =5 +2 (3.29)
Giai hé phuong trinh:
A+B=1 5A=2
Suyra: A=2/5,B=3/5

s+2 % +ﬁ (3.30)

Cls)=—F2 75
s(s+5) s s+5
im
R 1 (€8] ]
()= 7 [oe2 C(s) -
5+5 -5 -2 |
a) b)
Piém cwc diuvao Piém khong ciia hé thong Diém cuc cia hé thong
1 s+2 1
5 jo ja s+3 ja
| = -2 o -5 | a
c)

Hinh 3.14 : So' do bé tri cdc diém cuc va diém khéng
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Dap ung dau ra:

2.3
c(t)=—+—-e¢ 3.31
() s t3 (3.31)
2 A N ,
trong do: 35 la thanh phan cudng buc

%e_St 13 thanh phén tu do.

Mot s6 két ludn:
1. Biém cyc cia ham truyén déu vao ciia hé thdng quyét dinh dang
cua dép tng cudng birc.
2. Piém cuc cua ham truyén hé thong quyét dinh dang cua dap
ung tu do.
3. Pap ung dau ra c6 dang ham mii e néu c6 diém cuc ndm trén
truc thuec.
4. Piém cyc va diém khong quyét dinh bién do cua ca dap tng
cuong buc va dap ung tu do.
Vi du 3.3: Cho hé thdng c6 ham truyén nhu sau:
R =+ C(s)
(s+3)
(s+2(s+4(s+5)

v

Hinh 3.15: Hé théng doi twong lam vi du 3

Tim ham dap tmg dau ra c(t) bao gdm hai thanh phan dap tng tu
do va dép trng cudng birc.
Gidi:
- Kiém tra xem céc diém cyc ctia hé thong tao ra thanh phan dap

ung tu do tuan theo quy luat ham mii.

- Piém cuc dau vao tao ra thanh phan dép tng cudng birc.

104



K K K K
Ta c6: C(s)=—- +—2 43 44

\ ) S S+\2{ s+4 s+5
(3.32)
bép ting bép ting
Thuc hién bién d6i Laplace nguoc ta duogc:
c(t) =Ki+ Koe?'+ Kie*+ Kue™t
- N — ~ (3.33)

bép ting bép ting

3.4 Hé thong bac nhét

Heé thong bac 1 khong c6 diém khong duogc biéu didn nhu sau:

A
G(s) )0
R(s) C(s)
—) d de—_y >0l
S+a -a
a) b)

Hinh 3.16: Hé ttho”'ng béc nhdt va phan bé diém cuc

Néu tin hiéu dau vao 13 bac thang don vi R(s) = 1/s thi dap tng dau
ra C(s) la:

a

s(s+a)

Thyc hi¢n bién doi Laplace ngugce ta c6 dap tng dau ra biéu dién

C(s) = R(s)G(s) = (3.34)

trén mién thoi gian 1a

c(t) =cit) +ca(t) =1 —e™ (3.35)
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- Piém cyc du vao tai thoi diém ban diu tao ra dap ing cudng birc
ci(t)=1

- Piém cuc hé thong tai — a tao ra dap tng tu do ca(t) = - ™.

2 x(t) d6 ddc ban dau = 1/hing sb thoi gian =a
1
0.9
0.8 /
0.7 |-

0.6
05 |-
04 -
03 |
0.2

0.1

| | | ot
1 2 3
T g

43
a

7

Hinh 3.17: Ddp vmg dau ra cia hé théng béc 1
VvOi tin hiéu bdc thang don vi

tai thoi diém t= 1/ata co

1'=0.37

e—at

—y =€

(3.37)
x(t)‘ Yy = l—e™

-y = 1-0.37=0.63

Tu viée khao sat dic tinh cua dbi tuong bac ta ¢6 cac khai niém sau:

- Hang s thoi gian (constant time): goi 1/a 1a hing s6 thoi gian cta
dap tmg. Hang s thoi gian ¢ thé dugc hiéu nhu 1a khoang thoi gian ma
e giam 37% gia tri ban dau hay 1 khoang thoi gian dap tng tin hiéu bac
thang don vi tang t&1 63% gia tri xac 1ap.

Nghich ddo cua hing s thoi gian goi 14 tan s (1/s). Vi vay ta c6 thé

goi hang so a 1a tan s6 ham mii. Hang s6 thoi gian dugc xem nhu 1a déac
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tinh dap ung thoi gian ciia hé théng bac 1 vi vay n6 ¢ quan hé véi toc do

cta hé thong twong tmg voi tin hi¢u bac thang don vi & dau vao.

- Thoi gian tang T; (rise time): thoi gian tang dugc dinh nghia 1a thoi

gian ma dudng dic tinh map mé di tir 0.1 dén 0.9 gia tri xac 1ap.
Thoi gian ting dugc tinh bang sy sai léch gitra hai thoi diém c(t) =
0.9 va c(t)=0.1.

T =2.31_0.1122 (3.38)

-
a a a

- Thoi gian xéc 1ap hay thoi gian 6n dinh Ts (settling time): thoi gian

xac 1ap 1a khoang thoi gian ma dap Gmg dat dén va sai s6 trong khoang 2%.
Vi c(t) = 0.98 thay vao cong thirc va rit ra dugc

4

T =—

s

(3.39)

Ham truyén caa hé théng bac 1 qua thuc nghiém:

Trén thuc té khong d& dang tim duoc ham truyén cua hé thong boi
vi céc thiét bi trong h¢ théng kho ¢6 thé xac dinh duoc. Vi vay ham truyén
cua hé théng 6 thé xac dinh duoc béng cach xac dinh quan h¢ gitra dau
vao va ddu ra thong qua phan tich duong dic tinh cua ddi twong khi cho
dap tmg dau vao 1a tin hiéu bac thang don vi. Ham truyén c6 thé xac dinh

ngay ca khi ta khong biét dugc ciu trac bén trong ciia ddi tuong.

Vi tin hi€u vao 1a ham bac thang don vi ta c6 thé tinh duoc hang
s6 thoi gian va cac gia tri xac 1ap.

Xét vi du sau:

G(s) = (3.40)

S+a

Céc dap g dau ra:
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K/ K
Cis)=—=X =4+ e (3.41)

s(s+a) s  S+a

Néu ta xac dinh dugc hé s6 khuéch dai K va a tir phong thi nghiém
thi ta s& x4c dinh dugc ham truyén cua dbi tuong.

Gia st ta co dap ung sau:
4 Bién do
0.8 I
0.7
0.6
0.5
0.4
0.3

0.2
0.1

I
I
I
I
I
I
1
1
1
1
A | | | | | | >
1

Hinh 3.18 : Puong déc tinh ddp img ciia hé thong bdc nhdt
Dap tmg ctia hé thong bac nhat khong co d6 qua diéu chinh va do
sai léch diém khong. Tir duong dép mg ta xac dinh hing s thoi gian
- Gia tri x4c 1ap 1a gia tri ma dudng dap ung dat dén bang 0.72.
- Hang s6 thoi gian 13 thoi gian ma do 16n bang 63% gia tri xac 1ap
va bang 0.63 x 0.72 = 0.45 hay bang 0.13 (s) suy raa = 1/0.13 = 7.7

- Pap tng cudng birc dat dén gia tri xac 1ap K/a = 0.72 suy ra K =
5.54

- Luc d6 ta c6 ham truyén cua hé thong 1a

5.54
G(s) = 342
(<) s+7.7 G.42)
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Ham truyén nay cling rat gan v4i ham truyén cua dap tng trén

G(s) = (3.43)

s+7

3.5. Hé théng béc 2

G(s) 4 <O
b 1
B EETY
B +as + )
R(s)=—
S
G(s) c(t)=1+0.171e7%* —1.171e7 %
5 0.5
— o
s"+9s+9
1 C(s)
R(s)=—
S
a) t
Jo 0 | | | | | >
c 1 2 3 4 5
Z [
ZaN ZaS >
-7.854 - 1.146
b
G(s)
A o(t) , NCO
9 14 L c(t):l—e(cos\/§t+?51n8t)
7 . .
s +25+9 C(s) L L /\ =1-1.06¢" cos(v/8 —9.47
1

jo 4
R 08 | N
0.6 |_
e > 0.4
1 (&}
i 0.2
L -8
[ T T ,!
0

c)
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G(s) A1)
c(t)=1—cos3t
9
= > 2
. s°+9
R(s)=— Cs)
$ ) A
jo
\<J3 1
G \
e | | | ot
! 0
d) 1 2 3 4 5
G(s)
5 e0)
- - t:1*3_3t* -6t
S +6s 19> 1 o ©°
R(s) =+ Cs) 1
0.8
. 0.6
jo
0.4
—X > 0.2 )
-3 o I I
0 1 2 3 4 5
e)

Hinh 3.19 : Céc hé théng béc hai va dap ing
véi tin hiéu bac thang don vi
Ta c6 ham truyén tong quét ctia hé théng bac hai :
K
G(s)= T (3.44)
T°s” +2&Ts +1

trong d6: K 1a hé s6 khuéch dai.

T 1 hang s thoi gian.
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¢ 1a dg suy giam.
3.5.1 H¢ thong ddp irng xung tit dan (Overdamped)
Pay 1a dap tng khong c6 dao dong trong khoang gia tri 6n dinh

nhung dé dat t6i dao dong gidi han tit dan lau hon.

Khi khau quén tinh bac hai c6 hai diém cuc thuc thi bao gém 2

khau quan tinh bac mét ndi tiép nhau. Véi diéu kién & > 1, ta c6

K K
G(s)=—"1—x—2 (3.45)
Iis+1 T,s+1
Hai diém cuc 1a: p1 =-1/T1 vap2 = -1/T>
Xét dap tmg dau ra sau:
9 9
C(s)= (3.46)

s(s> +9s5+9) - s(s+7.854)(s +1.1.46)

- Pap tng dau ra c6 mot diém cyc tai gdc toa do (do co dap ung tin

hi€u bac thang don vi).
- Hai diém cuc thyuc cua hé théng.

- Biém cuc dau vao s€ tao ra thanh phan dap tng cudng trc. Moi
diém cyc cua hé thong s€ tao ra dap ung tu do c6 dang ham mii trong d6
tan s6 ham mii chinh bang vi tri cac diém cuc.

Daép tmg dau ra s& c6 dang:

c(t) =K + Koe ~ 783 + Kje - 1146t (3.47)
Puong dic tinh ctia hé thong bac hai tat dan thé hién ¢ hinh 3.19b

3.5.2 H¢ thong ddp irng dudi tit dan (Underdamped)

bay la dap img c6 dao dong trong khoang duong bao suy giam. H¢
thdng cang c6 nhiéu duong bao thi dép ing dat t6i trang thai on dinh cang
lau.(Xem hinh 3.19¢)

Ta xét phuong trinh dac tinh:
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T +2(Ts+1= :
T?s* +2 1=0 3.48

Khi & < 1 thi phuong trinh (3.48) s€ c6 hai nghiém phuc lién hop

hai nghi¢ém nay la hai diém cuc cua ham truyén.

& 1-¢7 .
plz_?_'_J T =0+ o
1_ 2
=t Mmoo, (3.49)
S 147
CZ_T,O)u:i] T

Quad trinh qia d§ x4y ra trong khau bac hai 1a qua trinh dao dong

J1-¢&

®,=1j - 1a khau dao dong bac 2. Pap ung thoi gian bao gdm

bién do ham mi giam tao bdi phﬁn thuc cua diém cuc hé théng va dang

song hinh sin tao bdi phan do cta diém cuc hé thong.

Ac(t Duong déc tinh ham mil gidm
tao boi phan thyc ctia diém cuc

Puong dac tinh hinh sin tao bdi
phén do cua diém cuc

> t

Hinh 3.20: Dap wng bdc hai tao boi cac nghiém phirc

Hang s0 thoi gian cia ham mii bang phan thuc cua diém cuc h¢
thong. Gia tri ciia phan 4o 1a tan so thyc ctia dao dong hinh sin. Tan so
dao dong hinh sin dugc goi 1a tan so suy gidm cua dao dong wq. dap ing

on dinh duoc quyét dinh béi diém cuc ddu vao dit & géc toa do. Chung ta
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goi dap tmg nay 1a dép ung dudi tit dan ma tién t6i gid tri on dinh qua
dap g thoi gian goi 1a dao dong suy giam.
3.5.3 H¢ thong ddp irng khong bi nhut (Undamped)

Neéu diém cuc tién gan vé khong o cang bé, duong bao giam cang

lau, lac d6 ta c6 dao dong khong tit.

Hg¢ thong bac hai nay s€ c6: diém cuc ndm & goc toa d do dap tng
tin hi¢u bac thang dau vao va hai di€m cuc cua hé thong chi c¢6 phan 4o
(c=0).

Tt hinh 3.19d

9

Hai diém cuc p12 =+ j3 tao ra dap img dao dong hinh sin ma tan s6

cuia no bang vi tri cua cac di€ém cuc nam trén truc 4o0. Pép ting dau ra la:

o) = K(1—e (cosat +Z sinar))= K1 - /1{“) (cosaét—tan"l(o-))): (3.51)
w w (0]

Thay vao ta co
c(t) = 1- cost3t (3.52)

3.5.4 Hé thong ddp iing tit din t6i han (Critically Damped
Response)

Day la dap tng dat t6i gia tri 6n dinh nhanh nhat. Gi4 trj gidi han

ludn ludn bang 1.
Ta c6 dap ung sau:

9 9
s(s> +65s+9)  s(s+3)°

C(s) = (3.53)

bép uing nay c6 mot di€ém cuc nam tai goc toa do va hai diém cuc
thue.
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c(t)y=1-3te 3t —e 3 (3.54)
Xem dang dap g hinh 3.19d

3.5.5 Tim dap vng tu do

> Pap tng tat dan:

Céac diém cuc: hai diém thuc — o1, 62

bap ung: c(t)=Ke ™ +K,e ™ (3.55)

> Pap tng dudi tit dan

Céc diém cyc: 2 nghiém phirc —64 + jod

Pip tmg: df)=Ae™ cost—9); ¢=tanl(z;’j (3.56)

%
» Dap tng khdng bi nhut

Céac diém cuc: 2 diém cuc 4o + jo
(o
Dép tng: c¢(¢) = Acos(w t — @); ¢ =tan" {—J (3.57)

> Dap tng tit dan t6i han
Céc diém cuc: 2 diém cuc thuc (kép) o1

Pap ng: c(t))=K,e™ +K,e " (3.58)
3.6. Mot s6 van dé chung vé hé thong bic hai

Trong phan nay ta s& xem xét hai khai niém cua hai thong s6 hé
thong bac 2 duoc dung dé miéu ta dudong dic tinh dép tng thoi gian. D6 1a
tan sb tu do (natural frequency) va hé sd tit dan (damping ratio).

- Tan sé t do (Natural Frequency, on): 13 tan sb cua dao déng trong

hé thong ma khong co sy tat dan.
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- Hé s6 tat dan (Damping ratio &):
1 Chu ki tu do (seconds)

Tén sb suy giam ham mi
T 2 =— : p 3.59
Tan s6 ty do (rad/second) 2T Hang s6 mii ( )
Biéu dién h¢ thong bac hai theo hai théng s6 oy va &
b
(3.60)

G(s)=—2
() s’+as+b

Ddi voi hé théng khong bi nhut ta c6 cac diém cuc nam trén truc 4o
b (3.61)
s*+b '

Theo dinh nghia tin sé dao dong tu do w, 14 tAn s cia dao dong

G(s)=

trong hé théng. Vi vy cac diém cyc ndm trén truc 4o 1a + J \/Z . Suy ra

w=jJb  hay b= (3.62)
= J y \

Véi gia thiét hé thdng dudi tat dan diém cuc phirc 6 phan thyc 13 —

a/2. BJ 16n cua gia tri nay chinh 1a tan s6 giam ham mi

Tan s6 suy giam ham ’O" % (3.63

Tan s6 tu do
: () ()

n n

suyra a =2¢w, (3.64)
Vay ham truyén 1a

a)2
(3.65)

n

s’ +28w s+ @

G(s)=
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Vi du 3.4:

Cho ham truyén sau:

36
s’ +42s+36

G(s) = (3.66)

So sanh hai cong thic (3.66) va (3.65) ta co:
a)f =36>w, =6

28w, =4.2=£=0.35

Ta tim céc diém cuc caa hé théng:

Phuong trinh dic trung 1a: s> +4.2s +36 =0

C6 hai nghiém phuc:

S, =—¢o, T, -1 (3.67)

Duong dac tinh dép ung tir gia tri ctia
Tra=28mnva @, = \/Z suy ra
a
E=—F1 (3.68)
24b

Ta c6 céac dap ung twong img vai gia tri cia & nhu sau:



1o c(t)
g - O » G /\A/
- > t
® H¢ thong khong bi nhut
A J C(t)
)I(____
: Heé théng dudi tat dan
e c(t) 5 8
f =1 3¢ > G
- — » t
H¢ thong tat dan t6i han
i c(t) -
\A
F>1 fan o)
A >

He¢ thong tit dan

Hinh 3.21 : Pdp ieng bdc hai theo hé s6 tdt dan
3.7 Hé thong bac hai dwéi tit din (Underdamped)

Heé thong dudi tat dan, mo hinh vat 1i phd bién, c6 cac dap tmg don
nhat nén dugc xem xét cu thé hon. Pinh nghia cac théng s6 dap ung cua
hé théng dudi tit dan theo thoi gian va xem xét mdi quan hé véi vi tri cac
diém cuec.

Trudc tién ta tim dap ung ciia hé thong bac hai véi dap tng tin hiéu
bac thang don vi

@ K K s+K,

C(s)= " =—+ 3.69
) s(s’ +2lms+@’) s ST +2Zhms+@ (369
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Gia thiét & < 1 va thyc hién bién déi ta dugc

s+éo)+ 2w 18

ll _ 2
C(s):l-l— 3 52 5 (3.70)
s (s+cw,) +o,(1-¢7)

Thuc hién phép bién ddi Laplace nguoc
c(t):l—eéa’"’Lcosa)n 1-&t+ ] = sinwll—cfth

I-¢ (3.71)

1
=1———=e"""cos(w,1- &t — @)
1-¢&2

trong do: ¢ = tan™' [ﬁ]

Khi & cang nho thi dap tng dao dong cang nhiéu.

A

Cmax —»f-----

1.02¢ \_, /0N y A%
Coo L

0.98Coo/¢

0.9¢x

 T» T,

Hinh 3.22: Ddp vmg bdc hai ciia hé thong diwdi tdt dan



Ngoai hai khai niém hé s suy giam & va tan s6 dap ung tu do o, ta
c6 thém cac khai niém sau:

- Thoi gian dinh T, (Peak Time): 1a thoi gian ma c(t) dat max dau
tién.

- Phan tram d6 qua diéu chinh: %0S (Percent Overshoot): 1a khoang
ma dang song vuot qué gia tri 6n dinh cu.

- Thoi gian tang T: (rise time): thoi gian tang duoc dinh nghia 1a thoi
gian ma duogc dic tinh map mé di tir 0.1 dén 0.9 gia tri xac 1ap.

- Thoi gian xéc 1ap hay thoi gian 6n dinh Ts (settling time): thoi gian

xac 1ap 1a khoang thoi gian ma dép tng dat dén va sai s trong khoang
+2%.
a) Tinh T,
2

L)} =sCs)=———

s’ +2lms+ @

o (3.72)

n 1_§2
@ 1-&

TGrea) +@(-8) G+éa) +ad(-E)

Bién do1 Laplace nguogc ta co:

(0]
¢(t) =———e " sin,/1 - E°¢ (3.73)

Cho ¢(¢) =0 suyra

o \1-Et=nx (3.74)
hay
ni
/= (3.75)
@,1-¢&
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Khi n =1 dudong dic tinh dat gia tri max

A — (3.76)

T A1-&°

b) Tinh phan tram d¢ qud diéu chinh
Twr Hinh v& 3.22 ta co

%0S = Smn ~ S 11 3.77)
C

Cmax 12 gid tri khi dudong dic tinh dat gia tri max tai thoi diém Tp
_so,
Coe =C(T))=1-¢ /W[cowr +Lzsin7rj
1-¢ (3.78)

=1+ e_&%?

D6i v6i tin hiéu bac thang don vi
oo =1 (3.79)

Thay vao cong thirc (3.77) ta tim dugc phan trim d6 qua diéu chinh

_éo,
%0S = e /@xloo (3.80)

Suy ra

- (%05 )
\/7[ +In? A’OS/ )

c) Tinh T

(3.81)

Dé tim duogc Ts ta phai tim duoc thoi gian ma c(t) dat dén va giit 6n
dinh trong khoang + 2%.

Tir cong thie (3.71) ta tinh bién d6 cua c(t) dat dén 0.02
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e =0.02 (3.82)
1-¢&7

voi gid thiét cos(m, /1 — £t — ¢) =1tai Ts.

~1n(0.021-¢°)
s,

Suyra T =

(3.83)

Lay x4p xi cong thirc (3.83)

T = Cfi _2 (3.84)
w a
d) Tinh T,

Tim wat bang cach cho c(t) = 0.9 va c(t) = 0.1. LAy gan ding ta duoc
thoi gian tang @, T.

Vi du 3.5: Cho ham truyén sau

100

G(s)=—
) s2+155+100

(3.85)
Tinh Tp, %08, Ts va T.
Giai:
Tl ham truyén ta tinh duge @, =10,& =0.75
Thay vao cong thtrc tinh Tp

3.14
o, £’ J1-0.75%

=0.475
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_0.75x1

_do, 0
%0S = e /ﬁxlOO —e /7 %100 =2.838

4 4
= = =0.533
S, 0.75x10
Ta c6 bang sau:
H¢ s0 suy giam Thoi gian tang thong thuong
0.1 1.104
0.2 1.203
0.3 1.321
0.4 1.463
0.5 1.638
0.6 1.854
0.7 2.126
0.8 2.467
0.9 2.883

Dura vao bang trén ta tinh dugc thoi gian ting thong thuong xéap

xi 2.3 suyra

T:=0.23 vi o, = 10.
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CHUONG 4: KHAO SAT ON PINH CUA HE THONG

4.1. Khai niém vé 6n dinh cia hé thong diéu khién tw dong

Dinh nghia:

Tinh én dinh ciia hé théng la kha nang cua hé théng tw tro lai trang

théi xdc ldp sau khi cdc tdc déng phd vé trang thdi xdc ldp da ¢é mat di.

Thue chét khi noi t6i 6n dinh 13 noi t6i mot dai lvong duoc didu
khién nao d6 én dinh. Mot hé théng DPKTD la mot hé théng dong hoc,
thuong dugc mo ta bang phuong trinh vi phan bac cao:

a)dg? + —ﬁ) +ay(t) b, CITy(t)+ +b.. ;@) +o X(t)4.1)
Nghiém cuia phuong trinh vi phan nay gdm hai thanh phan :
y(t) = Yaa () + yo (1) (4.2)

- yqd (t): 12 nghiém tong quat cta (4.1) khi vé phai bang 0, dic trung

cho qué trinh qua do.

- yo (t): 14 nghiém riéng cua (4.1) khi c6 vé phai, né dic trung cho

qué trinh xac 1ap .

Qué trinh x4c 14p 13 qué trinh 6n dinh, vi vy chi can xét qua trinh qua
d6. Néu qué trinh quéa do theo thoi gian bi triét tiéu thi hé on dinh, néu khong
triét tiéu thi hé khong 6n dinh. Ma nghiém quéa do duoc biéu dién bang biéu

thirc tong quét sau:
=Y Ce'! (4.3)

Trong do s; 1a nghiém cia phuong trinh dic trung :

aps"+ais"!+. .. +an=0 (4.4)

123



T nhitng nhan xét trén ta cé thé két luan nhu sau: Mot hé théng
duogc goi 1a 6n dinh néu qua trinh quéa do tit dan theo thoi gian. Hé thong
khong 6n dinh néu qua trinh quéa d6 ting dan theo thoi gian. Hé théng ¢
bién gidi 6n dinh néu qua trinh qua d6 khong d6i hodc dao dong khong tat
dan.

Biéu dién bang biéu thirc toan hoc dinh nghia trén ta c6 hé théng 6n
dinh khi:

n S.t
. —_1: 1 _
Aim Yo (1) = hmglcl. el =0 (4.5)

va hé khong 6n dinh khi:
(4.6)

n S.t
0y (O=limY C.e! =
A0 Y qd i=1 !

Hé théng duoc xét 1a h¢ dung, nghia la cac hé sb aj khong bién ddi

theo thoi gian.

limY Ce* =limY Ce™ =0 4.7)

Néu ai < 0 Hé 6n dinh, néu o; = 0 hé ¢ bién giéi on dinh, néu o; >0
hé khong 6n dinh.
Khi s; 1a ca@p nghiém phtrc lién hop si=oi +j Bi
(%‘Uﬂ)t (%"Uﬂ)t ot
e +C. e =24e ' cos(¥ + ) (4.8)
Néu o < 0 Hé 6n dinh , néu oi = 0 hé & bién gi6i 6n dinh , néu o; >0
hé khéng 6n dinh.
4.2 Nhan xét chung

- Heé théng sé on dinh khi va chi khi tat ca cdc nghiém ciia phwong trinh
ddc tinh ¢6 phan thiee dm (tdt cd cdc nghiém nam ¢ mira bén trdi mdt phang

phitc).
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- Hé thong s& & bién gidi 6n dinh néu phuong trinh dic tinh ¢ it nhat
mot nghiém thuan 4o con tat ca cac nghiém khac 1a nghiém thyc am hodc
nghiém phirc ¢6 phan thuc 4m (c6 it nhit mot nghiém nim trén truc 40 con
cac nghiém con lai ndm & ntra trai mét phang phic).

- Hé thong s& khong 6n dinh néu phuong trinh dc tinh ¢ it nhat mot
nghiém c¢6 phan thyc duong (c6 it nhat mot nghiém nam & nira phai mét phang
phurce).

Nhu vy dé xét tinh 6n dinh cua hé thong ta can phai tim nghiém cta
phuong trinh vi phan (4.1) rdi ldy giéi han. Viéc nay rat khé khin, nén dé
xét on dinh chi can tim nghiém ctia phuong trinh ddc trung (4.3). Trong
thue té ngudi ta tim mdi quan hé giira cac hé sd ctia phuong trinh dic trung
v6i cac nghiém co phan thyc am dé danh gia tinh 6n dinh cua hé. D6 1a cac
tiéu chuan 6n dinh. C¢ hai tiéu chuan 6n dinh:

- Tiéu chudn 6n dinh dai s6: Tim diéu kién rang budc giira cac hé s6
ciia phuong trinh dic tinh dé hé on dinh. Do 1a céac tiéu chuan Routh,
Hurwitz.

- Tiéu chuan 6n dinh tin s6: Thong qua dic tinh tan sd ciia hé thong

dé xét tinh 6n dinh. D6 1a cac tidu chuan on dinh Mikhaildp, Nyquist.
4.3 Tiéu chuin 6n dinh dai s6
Diéu kién 6n dinh can thiét chia HTPKTD:

Gia sir hé thong c6 phwong trinh dic tinh: aps™ + ais"™ + ... + an.is
g cop g

Nhw vd@y phwong trinh ddc tinh co hai loai nghiém :
Co m nghiém thuc (s; = -) va (n - m)/2 nghiém phiec (si = -c £j ox ).
Véi o, o, ax déu dwong.

Phwong trinh ddc tinh dwoc chuyén sang dang:
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n—-m

a,[[(s+a)[(s+0a, —jo,)s+a, +jo,)=0 (4.9)

i=1

suy ra:

n—

3

m

a,[1(s+a)

i=1

—

((s+0a,)’ +»*)=0 (4.10)

=
1l

1

Néu ta khai trién phuong trinh trén s& duoc mot da thirc c6 tit ca cac
hé sb déu duong. Nhuw vdy diéu kién can thiét @é hé thong on dinh la tit ca

cdc hé s6 ciia phiong trinh ddc tinh phdi dwong (phdi ciing ddu).
4.3.1 Tiéu chuén Routh

- Phat bi€u ti€u chuan: " Piéu kién can va du dé cho hé thong tuyén

tinh 6n dinh 1a tdt cd cdc sé hang trong cot thir nhdt ciia bang Routh dwong

- Céch thanh lap bang Routh
Gia st cho phuong trinh déc tinh sau:
aps" + ars" ! +axs"? + a3 s" + ...+ anis+an =0 (4.11)

Hai hang dau bang Routh duoc sip xép nhu sau :

a0 a a a ...

al as as a7z

bo by bs be...

br by bs br...

Co € c4 C6 ...
Céc sb hang trong cac hang dugc tinh theo biéu thuc sau :

Nhan xét -
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Mdi mot s6 hang trong mot hang ctia bang Routh 1a mot thuong sb

a, 4a,
h. = — a, 4, a,a, — a,a,
’ a, a,

a, a;
h = — b, b, byay —ab,
I b, b,

by b,
N AN Y
’ b, b,

co:

a, a,
a, as| aja,-a,a;
a, a,
a, a,
b, b,| byas—ab,
b() bO
b, b,
b, by|  bb, - byb,
b, b,

- T4 56: 1a mot dinh thic hang hai mang d4u am véi cot thir nhat cia

né ciing 1a cot thir nhat cua hai hang dtng st trén hang c6 sé hang dang

tinh ,con ¢t thtr hai ctia dinh thic chinh 1a c6t dung sat bén phai ) hang

dang tinh ciing cua hai hang trén.

- Mau so: trong tat ca cac s6 hang cia mdt hang c6 chung mau so

chinh 14 s6 hang dtng & cot thir nhit va ¢ hang sat ngay trén sb hang dang

tinh.

Vi du 4.1: Cho phuong trinh dic tinh ctia hé thong :

s +253+8s2+4s+3=0 (4.12)
Lap bang Routh :
1 8
2 4
6 3
3 0
3

Hé théng on dinh vi tit ca cac sb hang trong cdt thir nhat duong.
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Mot s6 tinh chit clia bang Routh

- Khi lap bang Routh, dé gian don trong tinh toan, c6 thé nhan hay
chia cac hé sb trong cot v6i ciing mot dai luong, két qua van khong thay
doi.

- Trong truong hop hé khong 6n dinh, bao nhiéu lan dbi ddu & cot

1 thi ¢6 bay nhiéu nghiém & nira phai mat phang phic.

- Néu tri s6 gan cubi & cot mot bang 0 (Cin = 0) c6 nghia 1a nghiém
kép thuan ao. Tri s6 cudi cling s& khong tinh duoc vi roe1 = oc. Néu tri s6
cudi cing bang 0 (Cin+1 = 0) thi phuong trinh dic trung c6 mot nghiém
bang 0 vi a, = 0.

- Néu cac h¢ s6 cia mot hang bang 0, hé c6 nghiém phai hodc cap

nghiém nam trén truc ao.
4.3.2 Tiéu chudn Hurwit;
Phét biéu tiéu chuan.

Diéu kién can va du dé hé tuyén tinh on dinh la hé so ap > 0 va cdc

dinh thiec Hurwitz duwong.
Thanh 18p dinh thirc Hurwtiz.
DPinh thic Hurwitz 1ap tir ma tran hé s6 theo quy tic sau:
- Theo duong chéo cua ma tran, viét cac hé s6 tir a; dén an.
- Phia trén duong chéo, cac hé sb ting dan, phia dudi giam dan.
- Céac hé s6 nho hon ap va 16n hon a, déu bang 0.

Ma tran c6 dang nhu sau:
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al a3 aS ...... 0

a, @, a, e 0 (4.13)
0 a a; - 0

0 0 0 .- a,

Céc dinh thuc Hurwitz duong tuong ung voi :

A,=a,>0
a da;
a, d,

An: an. An-l > O

Luu y: Khi khao sét tinh 6n dinh vé6i ap > 0, néu c6 hé sb bat ky nao
am (ai < 0 ) thi du dé két luan 1 hé khong 6n dinh.

Vi diéu kién ai> 0 (i = 0,1,2...n) thi chi can xét A > 0 véii=2, ...
n-1 1a duoc, vi Aj=aj, An= an. An-1.

Chii y: Tiéu chuan 6n dinh Hurwitz chi 13 mot dang biéu dién khac cua
tiéu chudn Routh. N6 chi ding v6i hé thong c6 phuong trinh dic tinh bac thap
(dudi bac 4).
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4.3.3 Mgt sé trwong hop ciia tiéu chuin Routh — Hurwitz
Hai truong hop dic biét co thé xay ra:

- Xuét hién s6 0 & cot thit nhét.

- Xuét hién mot hang toan $6 0.

a) Truong hop thir nhét: $6 0 ¢ cot thir nhit

Néu c6 6 0 & cot thir nhat thi viée tao ra hang tiép theo sé& chia cho sb
0. Pé tranh truong hop nay ta gan mot gid trj e dé thay thé sb 0. Sau d6 dung

£ dé tinh toan va xét ddu cho e( %e).

Vidu 4.2: Xac dinh tinh 6n dinh ciia ham truyén hé kin sau:

10
T(s)=— y ; . (4.14)
s +2s"+3s +6s +55+3
Lap bang Routh va xét diu
€=+ | €=-
5 1 3 1 + +
g 2 6 2 + ]+
S 0=¢ 7/2 0=e + -
s 6s—7 3 6c—7 - +
& &
g | —6&’+425-42¢| O —68" +425 —A2¢e + +
126 —14 126 -14
g 3 0 3 + o+
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Nhin bang xét ddu ca trong hai truong hop € == thi & cot thir nhat doi
d4u hai 1an c6 nghia 1a phuong trinh dic tinh c6 hai nghiém nam bén phai truc
40. Do vy hé théng trén 1a khong 6n dinh.

b) C6 mot hang toan s6 khong

Khi gap trudng hop nay ta dau tién ta quay lai hang phia trén hang co
toan s6 0 va thanh 1ap mdt da thirc phu ma st dung cac gia tri cua hang do
1am hé sb. Pa thtc bét dau voi luy thira ctia s & cot ki hiéu s va bo bién tiép
theo va thyc hién ha bac da thac phu.

Vi du 4.3: Xéc dinh s6 nghiém nam bén phai truc 4o ciia hé kin sau:

10
T(s)= 4.15
() $°+7s* +65° +425% +85+56 (*15)
Lap bang Routh
s° 1 6 8
st 7 1 42 6 56 8
$ |4 4 1 ¥ 127 3 o 0
s? 3 8 0
s! 1/3 0 0
s 8 0 0
Da thitc phu : P(s) =s* + 65> + 8 (4.16)
LAy vi phan da thtc (4.16)
dP(s
d—()=4s3 +125+0 (4.17)
S
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Str dung cac hé sb trong da thirc (4.17) dé thay thé hang c6 toan sb
0. Sau khi thay va tinh toan ta thiy cot dau tién cac hé sb déu duong do

vy khong c6 diém cuc ndo nam bén phai truc do.
4.3.4 Sir dung tiéu chuéin Routh — Hurwitz dé thiét ké sw én dinh

Vi du 4.4: Cho hé thong sau:

R(s) E(s) % C(s)

* ] s(s+7)(s+11)

v

Hinh 4.1 : Hé thong c6 hé sé khuéch dai K chwa biét
Tim pham vi ctua hé s6 khuéch dai K dé hé théng on dinh, khong on
dinh hay ¢ bién giéi 6n dinh.
Gisi:

Ham truyén cua hé kin la

K
T(S):S3 +18s° +77s+ K (19
Thanh 13p bang Routh
§ 1 77
§2 18 K
s' 1386 - K

18
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SO SO K

Gia thiét K > 0. Cac phén tir trong cot dau tién déu duong ngoai trir &
hang s'. Gia trj c6 thé duong, 4m hay bang khong tuy thudc vao gia tri cua K.

Néu K < 1386 thi tit ca cac phan tir ctia cot dau tién déu duong, khong
¢6 su d6i dau do vay cac diém cuc ndm bén trai truc ao. Vay h¢ théng on dinh
véi K < 1386.

Néu K > 1386 thi phan tir & hang s' am va trong ct dau tién c6 sy doi
d4u hai lan do vay ¢o hai nghi¢m nam bén phai truc 4o va mdt nghi¢m nam
bén trai truc d0. Piéu ndy c6 nghia 14 hé thong khong 6n dinh khi K > 1386.

Néu K = 1386 thi s& xuat hién s6 0 & hang s' quay lai hang s> va thay
K =1386.

Sau do lap da thic phu
P(s) = 18s? + 1386 (4.19)
Liy vi phan
dP(s
4P) 36510 (4.20)
ds

Thay céc hé sb trong da thirc 5.20 vao bang Routh

§? 1 77
¢ 18 1386
¢ H 36

g 1386

Nhan xét:
- Céc phan tir trong cot thir nhat déu dwong va khong c6 sy doi dau.
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- Pa thirc c6 bac chén (s?) ¢6 hai nghiém nim trén truc 40 va nghiém

con lai ndm bén tréi truc do.
Do vy hé théng & bién giéi 6n dinh khi K = 1386.

4.4 Xét 6n dinh cho hé c6 mé ta toan hoc dwéi dang mé hinh

trang thai.

Cho hé théng c6 m hinh trang thai 1a nhu sau:
(4.21)

Diéu kién can va du d€ cho h¢ thong o6n dinh 1a cac gia tri riéng cua

ma trdn A phai nam bén trai truc 4o ciia mat phang phuec.

Trong d6 tri riéng ciia ma tran A dugc tim bang cach giai phuong

trinh.
det(sI- A)=0 (4.22)

Vi du 4.5: Cho h¢ thong c6 mé hinh trang thai:

X = X+ u
T2 3 s (4.23)
y=[l ok

Ta co:

ot 4

Cé hai nghi¢m la: s1 = -1 va s, = -2, day la cac gia tri riéng cia ma

s -1

det6/—A)= ) SJ =s(s+3)+2=5"+35+2=0

tran A. Vi céc gia tri riéng nay déu nam bén trai truc 4o cho nén hé thong

oOn dinh.

Vi du 4.6: Hé thng dugc mo ta toan hoc nhu sau:
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ao.

Tim xem c6 bao nhi€u diém cyc nam trén, bén trai va bén phai truc

Giai:
Tinh det(sI - A):
1 00 0 31 s -3 -1
det(s/ —A)=|s|0 1 0|—-| 2 8 1 |=]-2 s-8 -1
0 0 1 -10 -5 =2 100 5 s+2
=s’—65s°—75-52=0

Thanh 1ap bang Routh
s® 1 -7
s? <6 -3 52726
s A4Y3 -1 A 0
s° -26

Tir bang Routh ta thay trong cot dau tién d6i ddu mot lan, hé thong

cd mot diém cyc nam bén phai va hai diém cuc nam bén trai truc do suy ra

h¢ thong khong 6n dinh.
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dé noi rang hé théng c6 hoat dong hay khong, con chat lugng qué trinh qua
do moi dé cap dén hé théng c6 st dung duoc hay khong. Cu thé & day ta
xem xét dén sai s6 & trang thai xac 1ap va cach thirc didu khién. Mt khac
hé thdng diéu khién duoc thiét khi phéi cin bang giita dap tmg thoi gian
nhu mong mudn, sai s6 ¢ trang thai xac 1ap va cac yéu cau vé su on ding
ctia h¢ hé thong.

CHUONG 5: CHAT LUQONG HE THONG

5.1 Mé dau

Trong chuong 4, ta da xét 6n dinh cta hé théng 1a chi tiéu dau tién

Trude hét xem xét sai s6 & trang thai xac lap 1a gi?

Sai s6 ¢ trang thai xac 1ap (steady-state error) 1a su sai léch gitta tin

hiéu vao doi vai tin hi¢u thir dau vao khi t— co.

Céc tin hiéu thir ddu vao dugc sir dung dé thiét ké va phan tich sai

s0 xac lap
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\ r(t)

1

Tin hiéu bac thang don vir(t) =1 —> —
S
(dac trung cho hing sb vi trf)

v

1(t)

Tin hi¢u c6 suon doc r(t) =t —> —

(d3c trung cho hing sb van téc)

1(t)
A

» t

Tin hi€u bac hai (Parabol)

1, 1
r()y==t"—>—
) 2 s

t

Hinh 5.1: Cac tin hiéu thu



Ung dung ddi véi hé thdng 6n dinh. Sy sai léch giita ddu vao va dau
ra ciia hé thong diéu khién phan hoi sau khi trang thai 6n dinh da dat duoc.
Trong chuong nay chi xét dén hé thong 6n dinh ma dap tng tu do tién vé
khong khi t — 0.Viéc tinh toan sai s6 & trang thai xac 1ap c6 thé ap dung
sai cho hé théng khong on dinh. Vi vay khi phén tich va thiét ké ta phai

kiém tra tinh 6n dinh cta hé thong.
Ta c6 hai dang sau:

T(s) 12 ham truyén cua hé kin, E(s) 1a sai s6, C(s) 14 tin hiéu dau ra,

G(s) 1a ham truyén cua hé ho.
- Sai léch gitta ddu vao va ddu ra thuan tuy T(s) (Hinh 5.2 a)

- Sai 1éch trong hé thdng phan héi don vi G(s)(Hinh 5.2 b)

R(s) Ce) ¥F Es) RO 4 E(s) C(s)
T(s)

v

\ 4

- G(s)

b)

Hinh 5.2: Cdc dang phdn hoi

Nguon gbc gy sai sb

Rét nhiéu sai s6 & trang thai xac 1ap 1a do tir cac ngudn phi tuyén nhu
1a khe hé trong hop s6 hay dong co s& khong chay khi c6 su vuot qua dién
ap.

Néu G(s) trong Hinh 5.2b 1a hé s6 khuéch dai K thi sai s6 E(s) = R(s)
— C(s). Xét hé thong véi tin hiéu dau vao 1a tin hiéu bac thang don vi. O
trang trang thai xac 1ap, néu c(t) = r(t) thi e(t) = 0. Nhung K 1a hé s6 khuéch

dai thuan nén sai s6 e(t) khong thé bang khong duoc, né nhét dinh t6n tai
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trong h¢ thong. Néu ta goi Csteady-state 12 gid tri xac 1ap cua dau ra va esteady-

state 214 tri x4c 1ap cua sai s6 thi
Csteady-state = K€steady-state (5.1)
5.2 Sai s6 ¢ trrang thai xac 1ip (SSE) cho hé thong phén
héi don vi

Sai sb ¢ trang thai x4c 14p c6 thé dugc tinh tir ham truyén vong kin
ctia hé théng T(s) hodc tir ham truyén cia vong hd G(s) trong hé théng
phan hdi don vi.

5.2.1 SSE déi véi T(s)

Tur Hinh 5.2a) ta co:

E(s) = R(s) — C(s) (5.2)
Va
C(s) = R(3)T(s) (5.3)

Thay cong thuc 5.2 vao 5.1 ta dugc

E(s) =R(s)[1 — T(s)] (5.4)
Ta can tim e(0) ta ap dung dinh 1y gia tri x4c 1ap duoc tinh toan tir

bién d6i Laplace
1lj )= [ Fwe di=sF(s)- £(0-)
0—

s—0

[ @)t = f(20) = £(0-) =limsF(s) - £(0-)

0—

hay  f(0)= linolsF(s)

(5.5)

Nén ta cb
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e(0) =lime(r) = limsF(s)=1lim SR()[1 - T(5)](5.6)

Vi du 5.1: Tim sai sd ¢ trang thai x4c 1ap ciia hé théng sau

R(s)

z Cs) x¥ E@s)

() =——— -
© s +7s+10

A 4

Hinh 5.3: Hé thong c6 sai sé & trang thdi xdc ldp véi T(s)

Vi tin hiéu dau vao 14 tin hiéu bac thang don vi.
Giai:
Tin hi¢u vao R(s) = 1/s

Thay R(s) va T(s) vao cong thirc 5.5

s’ +7s+5
s(s2 +7s+10)

E(s)=R(s)[1 - T(s)]== (5.7)

Vi T(s) 12 6n dinh nén E(s) khong c6 cac diém cyuc bén phai truc 4o
hay 14 ndm trén tryc 4o hay 1a & gdc toa do vi vay ta c6 thé ap dung dinh
1y gia tri xac 1ap suy ra

e(0)=1/2
5.2.2 SSE cho G(s)
Xem xét hé¢ théng phan hdi & Hinh 5.2b). Khi ham truyén phan hoi
H(s) = 1 nén ta c6 hé théng phan hoi don vi. Thuc chat E(s) van 12 sai s6
gitta dau ra C(s) va dau vao R(s). Do vy ta tim cong thirc biéu dién E(s)
sau do ap dung dinh 1y gia tri xac lap.
E(s) =R(s) - C(s)
(5.8)
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Ma
C(s) = E()G(s) (5.9)

Thay cong thic 5.9 vao 5.8 ta rat ra dugc

R(s
E(s)=—R) (5.10)
1+ G(s)
Ap dung dinh 1y gia tri xac 1ap véi gia thiét hé kin 6n dinh
: R
e(0) = th) (5.11)
=0 1+ G(s)

Ta xem x€&t moi quan h¢ gitta hé hd G(s) va sai sO xac ¢ trang thai
xac lap cua dap ung tu do bang cach cho dau vao lan lugt 1a cac tin hi¢u

sau:

a) Tin hi¢u bac thang don vi (Step Input) R(s) = 1/s

AN
dw)—%,gp(w)—{§1+ o) L+ TinGs) (5.12)

Xét lim G(s) nhu 1a h¢ s6 khuéch dai mot chiéu ctia ham truyén
50

mach thuan. Khi s 1a bién tan sd tién t6i khong. Pé c6 sai s6 & trang thai
xéc 1ap bang khong thi

lim G(s) = = (5.13)

Pé thoa mén dugc cong thirc 5.13 ta biéu dién G(s) dudi dang sau

G(s) = (s+z)s+z,) (5.14)

SH(S+p1)(S+p2)"'

Neéu n > 1 thi c6 it nhat mét diém cyc ndm & goc toa d§. Nén viéce
chia cho s trong mién tan s6 cung nhu la 1ay tich phan trong mién thoi gian,

chung ta thuong néi rang co it nhat mot bo tich phan trong mach thuan.
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Néu khong co b tich phan nao thi n = 0 khi d6 ta c6

lim G(s) = 122"

(5.15)
s—0 p1p2

Tom lai di vé6i tin hiéu vao hé théng phan hdi don vi 13 bac thang
don vi thi sai sb ¢ trang thai xac 1ap bang khong khi c6 it nhat mot bo tich

phén ¢ trong mach thuan.

b) Tin hiéu c6 swon déc (Ramp Input) R(s) = 1/s2

1
S\ /2
e(o)=e, () =lim (A ) =lim ! =— ! (5.16)
i 0 1+G(s) 520 s+5G(s) 11_r)101sG(s)

Dé ¢ sse = 0 d6i voi R(s) = 1/s° thi

lingsG(s) =0 (5.17)

Pé thoa man cong thic 5.17 va G(s) dugc biéu dién nhu (5.14) thi n
> 2 hay nbi cach khac trong mach thuan phai c6 it nhét hai b tich phan.

Néu chi c6 mot b tich phan trong mach thuén ta c6

limsG(s) = 222" (5.18)
50 PiDy

Trong trudng hop ndy sai s6 s& 1a mot hang sb.
Néu khong c6 bo tich phan nao trong mach thuan thi

limsG(s)=0 (5.19)

s—0

Luc d6 sai s6 s& 1a vo han dudng dap tmg s& tach khoi duoc dic tinh

dau vao.

¢) Tin hiéu bac hai Parabol (Parabolic Input) R(s) = 1/s*
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S(y 3) 1 1

CCORT M COE llm 1+G(s) EE’FS T 5°G(s) llmsz Gs) (5.20)

Dé co sse = 0 d6i véi R(s) = 1/s> thi
lin(}szG(s)zoo (5.21)
Nhu trong truong hop trén dé thoa man thi trong mach thuan phai co
it nhét 3 bo tich phan.
Néu trong mach thuan co6 2 bo tich phan thi

ZIZZ..;

lims*G(s) = (5.22)
50 Py
va sai s s& 13 hing sb.
Néu khong c6 b tich phan nao thi
lgr(l) 5°G(s) =0 (5.23)

va sai s sé& 1a khong xéc dinh.
Vi du 5.2: SSE dbi véi hé thong khong c6 b tich phan

Cho tin hiéu dau vao 1a Su(t), Stu(t) va 5t2u(t) va u(t) la tin hiéu bac
thang don vi

R(s) E(s) C(s)
+ 120(s +2)

(s+3)(s+4)

v

Hinh 5.4: Hé thong khéng cé bé tich phin

Tinh sai sb ctia hé thong ¢ trang thai x4c 1ap.
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Giai:
Dau tién phai chi ra hé thong kin 14 6n dinh

- 1(t) = 5u(t) — R(s) =5/s

5 5 5
A0) = ey () =17 limG(s)  1+20 21 (529)
- 1(t) = Stu(t) — R(s) = 5/s?
5 5

e(o) =e,,, (©) = hrr%s—G(s) = 6 = (5.25)

- 1(t) = 5t%u(t) — R(s) = 10/s>

1 1

€(09) = € () = ———— =2 —oo(5.26)

lims*G(s) "0
Vi du 5.3: SSE cho hé théng c6 mot khau tich phan

Cho tin hiéu dau vao 1a Su(t), Stu(t) va 5t2u(t) va u(t) 1a tin hiéu bac
thang don vi

RE) E) c)
Y+ Y [oas+2)6+6)]

— s(s+3)(s+4)

Hinh 5.5: Hé théng co mot bo tich phdan
Tinh sai sb ctia hé thong ¢ trang thai xac 1ap.
Giai:
Dau tién phai chi ra hé thong kin 14 6n dinh

- 1(t) = 5u(t) — R(s) =5/s
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5 5
e(0) =e,,, (©) = P ) == 0 (5.27)
s—0

- 1(t) = 5tu(t) — R(s) = 5/s?

5 5 1
e(o)=¢e_(0)= = =— 5.28
() ’”’””( ) limOsG(s) 100 20 ( )

- 1(t) = 5t%u(t) — R(s) = 10/s*

+ _10_ 0 (5.29)
llln(}s G(s) O

e(OO) = eparabola (OO) =

5.3 Hing so sai s6 tinh va loai hé thong
5.3.1 Hang sé sai sé tinh

Ta xét h¢ théng phan hdi am don vi va dinh cac théng s ma st dung
nhu 14 sai s6 & trang thai xac 1ap, cac thong sb hoat dong 1a hé¢ ) suy giam,
tan sb tu do, thoi gian xac lap, phén tram do qua diéu chinh....nhu 1 cac
thong sb hoat dong dbi voi dap ung thoi gian. Cac thong s hoat dong sai
sO & trang thai xac 1ap duoc goi 14 hing sd sai s tinh.

Hiing s6 sai s6 tinh

Ta di xac dinh duoc mbi quan hé giita sse khi tin hiéu dau vao u(t).

-1(t) =u(t) > R(s) = 1/s

1
e() = e, (0) = moG(S) (5.30)
- 1(t) = tu(t) — R(s) = 1/s?
1
e(o) =e,,, (©) = limos—G(s) (5.31)

- 1(t) =1/2 2u(t) — R(s) = 1/s3
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1
e(OO) = eparabola (w) = m (5.32)
s—0

Ta c6 cac khai niém tir gid1 han cua mau so goi la cac hang s6 sai s6

tinh:
- Hang s6 vi tri K,
K, = lsilrolG(S) (5.33)
- Hang s6 vén toc K,
K, = limos G(s) (5.34)
- Hang s6 gia toc Ka
K, = ling s2G(s) (5.35)
Khi hang sb sai s6 ¢ trang thai xac 1ap giam thi hang s6 sai s tinh
tang.
Sai s6 & trang thai xac 1ap qua cdc hing s6 sai s6 tinh
Vi du 5.4: Cho céc hé théng sau
R(s) E(s) C(s)
2 + 500(s +2)(s +5) R
~ (s +8)(s+10)(s +12)
E(s)
RO 500(s + 2)(s + 5)(s + 6) )
b .
) s(s +8)(s +10)(s + 12) >
R E)
) + 500(s +2)(s +5)(s + 6)(s +7)| €O
¢ [ S(s+8)(s+10)(s+12) 1T
Hinh 5.6: Hé théng co mot bo tich phdan
Tim cac hang s sai sd tinh va sai s6 khi cho cac tin hiéu dau vao
chuan.
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Giai:
Chi ra rang cac hé thong kin 6n dinh.
Xét Hinh 5.6a)
Céc hang s6 sai s6 tinh
- Hang s6 vi tri K,

K. =limG(s) = 220%2X5 _ 508
P o0 8Ex10x12

- Hang so van toc Ky

K, = limos G(s)=0

- Hang s6 gia toc K,
K, = hrré s*G(s) =0

Sai sb ¢ trang thai xéac l1ap

-1(t)=u(t) > R(s)=1/s

1
e(o)=e, (0)=——=0.161
( ) b[ep( ) 1+K

- 1(t) = tu(t) — R(s) = 1/s?

1
eltn)=e¢e V)= —=00
(o) =e,,, () z

v

- 1(t) =1/2 2u(t) — R(s) = 1/s3

e(CD) = eparabola (CD) = K_ =

a

Xét Hinh 5.6b)

Céc hang so sai so tinh

(5.36)

(5.37)

(5.38)

(5.39)

(5.40)

(5.41)



- Hang so vi1 tri K,

K, =1limG(s) =

s—0
- Hang so6 van toc Ky

K, = lims G(s) = 220X 2X5X6 _ 5 55
50 8x10x12

- Hang s6 gia toc K,
K, = lirré s*G(s) =0
Sai sb ¢ trang thai xéac lap

-1(t)=u(t) > R(s)=1/s

1
e(o)=e, (0)=—+=0
() =e,,, () K.
- 1(t) = tu(t) — R(s) = 1/s?
e(o)=e (oo)—L—;—OOZQ
K, 3125

- 1(t) =1/2 2u(t) — R(s) = 1/s3

e(CXJ) = epambola (CX)) = K_ =

Xét Hinh 5.6¢)
Céc hang s6 sai s6 tinh
- Hang s6 vi tri K,

K, =1limG(s) =

s—0

- Hang so6 van toc Ky

(5.42)

(5.43)

(5.44)

(5.45)

(5.46)

(5.47)

(5.48)
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K, =limsG(s) =0

s—0

- Hang so gia toc Ka

(5.49)

(5.50)

(5.51)

(5.52)

K, =lims’G(s) = 500x2x5x6x%x7 _g75
550 8x10x12
Sai s6 & trang thai xac lap
-1(t) =u(t) > R(s) =1/s
() =, (%)= =0
step 1 + Kp
- 1(t) = tu(t) — R(s) = 1/s?
— p— 1 p—
e(w) - eramp ((X)) - Z - 0
- 1(t) =1/2 tu(t) — R(s) = 1/s°
e(w)=e (OO)—L—L—I 14 x107(5.53)
parabola K 875 : )

a

5.3.2 Logi hé thong

Xét mach phan hoi don vi am. Céc gia tri cua cac hang so sai sO

tinh phu thudc vao dang ctia ham truyén G(s) dic biét 1a sb bo tich phan

c6 trong mach thuan. Cac loai hé théng dugc dinh nghia theo gia trin &

mau s6 hodc sd luong bo tich phan c6 trong mach thuan. Vi vay hé théng

v6in = 0 1a hé thong loai 0. Néu n= 1 hodc n =2 thi hé thdng tuwong tmg 1a

loai 1 hoac loai 2.
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C(s)
K(s+z)(s+z,) -
S”(S+p1)(S+p2)"'

R(s) E(s) C(s)
+

v

Hinh 5.7: Hé thong khéng cé bé tich phin

Ta c6 bang sau thé hién moi quan h¢ gitra cac thong so sai so tinh va

loai hé théng nhu sau:

Cong Loai 0 Loai 0 Loai 0
Dau thirc Hing Hing Sai Hing Sai
A : . . . ai | ai
vao tinh sosai | Sais0O |[sosai | . |[sOsai |
. . s0 . s0
SSE so tinh s0 tinh s0 tinh
1| T 1
u(t consta Kp=o | 0 Kpy=o [0
® 1+K, 1+K |7 b
nt r
1 =
tu(t) ? Ky=0 | o consta L Ky=0 |
Y nt K,
1 1 fa
—t'u(t)| —— Ki=0 | Ka=0 | |consta | |
2 K, _
nt K,

5.4 Cac tham s6 k¥ thuat rit ra tir SSE

- Céc hang s0 sai s tinh c6 the su dung dé xéac dinh cac dac tinh cua
hé thong di¢u khién.
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- Hé sb suy giam &, thoi gian quéa do Ts, thoi gian dinh (thoi gian cuc
dai) Tp va phan trim d6 qua diéu chinh %0S dugc sir dung nhu 1a cac
thong sb ctiia dap tng thoi gian cia hé thong diéu khién.

- Hang s vi tri Kp, hang s van toc Ky va hang sd gia tc K, duoc sir
dung nhu 13 cic thong s6 sai s6 & trang thai xac lap cia hé thong diéu
khién. Ta c6 thé rut ra duoc nhiéu thong tin chira dung trong cac dic tinh
ctia hang sd sai s6 tinh

Vi du 5.5: ta co Ky = 1000 ching ta c6 thé rit ra cac két luan sau:

- Hé thdng 13 6n dinh.

- Hé thdng 1a loai 1. B4i vi chi c6 hé thong loai 1 méi c6 hang s6 Ky
xac dinh.

- Tin hiéu dau vao thir 14 tin hi¢u xung suon déc Vi Ky duge xéc dinh
nhu 1a mot hang s6 xac dinh.

- SSE 1a /K.

Vi du 5.6: ta c6 K, = 1000 ching ta c6 thé rut ra cac két luan gi?

- Hé thdng 13 6n dinh.

- Hé thdng 1a loai 0. Boi vi chi c6 hé théng loai 0 méi c6 hang s6 K,
xac dinh.

- Tin hiéu dau vao thir 1a tin hiéu bac thang don vi. Vi K, dugc xéc
dinh nhu 12 mot hiang s6 xac dinh.

- SSE 1a 1/K,.

I 1 1
1+K, 1+1000 1001

e() =

(5.54)

Vi du 5.7: Thiét ké hé s6 khuéch dai thong qua dic tinh ctia SSE

150



Cho hé théng sau:

R(s) + E(s) K(s+9) C(s)

s(s+6)(s+7)(s+8)

v

Hinh 5.8: Hé thong khéng cé bé tich phin
Tim hé s6 khuéch dai K biét co 10% sai s6 & trang thai xac 1ap.
Giai:

H¢ thong 1a loai 1, sai sO cia h¢ thong dugc thir voi tin hi¢u suon

e(o)=e, ()= KL =0.1 (5.55)

Vi vay

K, =10=1limsG(s) =22 _—  (5.56)
s—0 6)(7)(8

Tur cOng thire 5.57 rut ra
K =672 (5.57)
5.5 SSE cho nhiéu

Céc hé thdng phan hdi dugc st dung dé bu nhidu hodc cac tin hi¢u

dau vao khong mong muon. Uu diém cua viéc stt dung phan hoi 1a khong

cht ¥ dén nhidu, hé thong co thé duoc thiét ké theo tin hiéu dau vao co sai

s0 nho hodc bang 0.

Xét hé thong sau:
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D(s)
+

Bo diéu khién Déi tuong

C(s)

RGS) 4 g E(s)

Gi(s) Gi(s)

v

Hinh 5.9: Hé thong phan héi Gm c6 nhiéu tic dong
Ham truyén dau ra la
C(s) = E(s)G1(s)Ga(s) + D(s)Ga(s) (5.58)
Ma
C(s) = R(s) - E(s) (5.59)

Thay thé cong thirc 5.59 vao 5.58 ta dugc

E(s) = ! R(s)——26)  peg
[+G,()G,(s)  1+G,(5)G,(s)
trong do:
) (l)Gz ) coi la ham truyén quan hé gitra E(s) va R(s)
G,(s)

coi 12 ham truyén quan hé giira E(s) va D(s)

1+ G, (s)G,(s)
Pé tim gia tri xac 1ap cua sai s6, ta ap dung dinh 1y x4c dinh gia tri

xac 1ap ¢ phan trudce.

) sG(s)
o) =linsHs)= IWR(S) fonm (5.60)

=€, (09 +¢,(0)
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s
trong d6: e, (00) = HO 15 G (5)G.(5) R(s)

sG,(s)

“lim——222 P
=0 1+ G, (5)G, (s)

ep(®) =

er(0) 1a sai s ta co thé xac dinh duoc.
ep(0) 14 sai s6 do nhidu tac dong ta phai di xac dinh.
B6 diéu khién

D(s) -E(s)
U+ Gi(s) )

Déi tuong

Gi(s)

Hinh 5.10: Hé thong phan hdi nhiéu

Gia sir tin hiéu nhiéu 1a tin hiéu bac thang don vi D(s) = 1/s

L 3G 1

Dis)= (5.61)
P 1+G(5)G(S) hrr# +11rrG(S)

P G(s)

D( )__

Sai s & trang thai xac 1ap do nhiéu bac thang don vi tac dong co thé
giam bang cach tang hé sb khuéch dai mot chidu cia Gi(s) hodc giam hé

s6 khuéch dai mot chiéu ctia Ga(s).

Vi du 5.8: Tim SSE khi c6 nhiéu tic dong vao hé thong sau
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Gi(s)

| D(s)  Ga(s)
R(s) E(s) + 1 >
. 1000 see2s| |
NS

Hinh 5.11: Hé thong phdn héi dm c6 nhiéu tac dong
véi cac doi twong thuc
Giai:

He¢ thong 1a 6n dinh.

Ap dung cong thiic 5.61 ta co

€y ((X)) =- 1

1 1
lim +1imG (s) 0+1000 1000
5s—0 G ( )

s—0
, S

(5.62)
Sai s6 trong truong hop nay ty nghich véi hé sé khuéch dai ctiia Gi(s).
Hé sb khuéch dai ctiia Ga(s) 1a khong xéac dinh trong vi dy nay.

5.6 SSE cho hé thong phin hoi khong phai 1a don vi

R(s) + Ea(s) C(s) + Ea(s) C(s)
G(s) > o [ G(s) >
| Hs) &
H(s) |«
1 |
a)

b)
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C(S) R(S) E(S) R G(S) C(S) R
i _|: |1+ G(s)H(s) - G(s) o

c) d)

Hinh 5.12 : Hé thong phan hoi khéng phdi la don vi

Hé théng phan hdi khong phai 1a don vi dung dé bu nhidu cai thién
hoat dong cua hé théng hodc 1a mo hinh vat 1i cua hé théng. Mach phan
hdi c6 thé 1a hé sé khuéch dai thuan tuy hodc 1a hé théng dong hoc.

Pé tinh dugc sai s6 & trang thai xac 1ap cta hé thong phan hoi
khong phai 1a don vi, ta bién ddi dua vé hé théng c6 mach phan hdi don vi
dé tinh. Goi Ea(s) 14 tin hiéu thuc té ctia d6i tugng va sai s6 thuc té 1a E(s)
= R(s) — C(s). Thuc hién bién ddi so dd vé nhu so d6 5.12d thi ta ap dung
dugc cach tinh nhu trong hé thong phan hdi don vi.

Vi du 5.9: cho hé thong sau

RG) Ea(s) — C(s)

— s(s+10)

[
>

1
s+5

A

Hinh 5.13: Hé thong phan hoi khéng phdi la don vi

Tim hang so sai so twong tng voi loai hé thong, sse khi tin hi¢u dau

vao la tin hiéu bac thang don vi.
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Giai:
- Chi ra hé théng 12 6n dinh.

- Bién dbi hé théng vé dang 5.12d)

Ta co
100
§)=—— (5.64)
s(s+10)
Va
1
H(s)= (5.65)
s+35

Tinh ham truyén c6 sai s6 thuc té 1a

G (s) = G(s) _ 100 (s + 5) (5.66)
‘ 1+ G(s)H(s)— G(s) s®+10s> —50s—400)

Heé thong 12 loai 0 vi khong c6 mot bo tich phan don trong hé thong
do vay hang s6 twong tng 1a K,

100x5 5
K =1imG,(s) = == 5.67
p, =lMG,(s) =— 200 - 2 (5.67)
SSE 1a
1 1
e(o) = —4 (5.68)

1+Kp:1+(—%):

SSE nhan gia tri &m c6 nghia la tin hi€¢u bac thang don vi cuia dau ra
16n hon dau vao.

Khi ¢6 nhiéu tac dong vao hé thong
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D(s)
B9 diéu khién + Déi tugng
E(s) + )
+ G (S) Gl(S)

R(s)

H(s) <

Hinh 5.14: Hé thong phdn hoi dm
khéng phdi la don vi ¢6 nhiéu tic dong

SSE cuia hé théng e(o0) = r(o0) — c(c0) duge tinh nhu sau

GOGE) o
1+G ()G, (H()

P G,(s)
{1‘% 1+ G, ()G, ()H(s) D(S)}}

Trong gidi han R(s) = D(s) = 1/s cong thurc 6.69 s¢ la

lim[G, (5)G, (s)]
e(0)=limsE(s) =41 ———F>*
-0 llg)l[l +G,(5)G,()H (5)]

limG, (s)
| lim[l+ G, ()G, (5)H (5)]

Dé sai s6 bang khong thi

e(o0) = lgg]sE(s) = l}g}s{l -

11m [G1 ()G (s)] hm G2(s)
11m[1+G1(s)G2(s)H(s)] va 11rn[1+G1(s)G2(s)H(s)]

v

(5.69)

(5.70)

(5.71)
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Dé thoa mén 5.71 néu

- Hé thdng 6n dinh.

- Gi(s) 1a hé thong loai 1, Ga(s) 1a hé thdng loai 0 va H(s) 1a hé thong
loai 1¢6 hé s khuéch dai don vi.

5.7 Do nhay

Mirc do thay d6i cua cac thong sb trong hé thong anh huong dén
ham truyén cua hé théng va hoat dong ctia n6 dugc goi la do nhay. Bo
nhay bang 0 dugc coi 1 Iy tuong.

Vi du: ta c6 ham truyén sau

K

F =
K +a

NéuK =10 vaa= 100thi F = 0.091

Néu tang a 1én gap 3 1an a = 300 thi F = 0.032

Su thay déi ciia thong s6 1a 22219 _5 ¢4 nghia 12 thay dbi 200%
Su thay d6i ctia ham truyén 1a %z -0.65 c6 nghia la thay

ddi -65%

Qua day ta thiy rang 6 nhay ciia ham truyén da giam khi c6 sy thay
dbi thong sd a.

Vay ta xem do nhay 13 gi? P nhay ld ty s6 giita phin thirc thay doi
ciia ham truyén véi phan thire thay doi ciia cdc thong sé khi phan thire thay

doi cua thong so tién toi 0.

S, =llm—"=lm—>-=—— (5.72)
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P nhay ciia ham truyén hé kin

R(s) + E(s) z C(s)

s(s+a)

Hinh 5.15: Do nhay doi véi hé kin
- Tinh d§ nhay cua h¢ kin

Ham truyén cua hé kin

K
7'(s)=—— 5.73
() s+as+ K 6.73)
Do nhay
S, _aor_ 4 ( —Ks j: —as (5.74)
“ T o ( K )s2+as+K s+as+ K
s+as+ K

Vay khi ting K thi 1am giam d6 nhay cta ham truyén hé kin d6i véi

su thay d6i cua thong sb a.
Do nhay ciia SSE véi tin hiéu swon ddc ¢ dau vao
SSE ctia h¢ thong 1a

1 a
0)= — = — 5.75
e(*) K, K 6.75)

Do nhdy cua e() doi véi su thay doi cua a la:

a oe a (1
Sea —_£=—a (Ej =1 (5.76)
ed 4
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D6 nhdy cia e(co) dbi voi su thay ddi cua K 1a:

Ko K (-a
e K a4y

Khi thay d6i thong s6 K va a lam anh hudng truc tiép dén e(o0).

Khong co sy tang 1én hay giam xubng ctia d6 nhay, dau am thé hién e(c)
giam khi ma K tang.
P nhay ciia SSE véi tin hiéu bac thang don vi & diu vao

Cho hé thdng sau

R(s) + E(s) z C(s)

(s+a)(s+b)

v

Hinh 5.16: Do nhay doi véi SSE

SSE ctia h¢ thong loai 0 1a

o(o0)= 11 ab (5.78)
1+K, | K abtK '
+7
ab
D6 nhay clia e(e0) ddi véi su thay doi cua a la:
Sea:géz a (ab+K)b+2ab __ K (5.79)
“ eq ( ab ) (ab+K) ab+K
ab+K

D6 nhdy cia e(co) dbi voi su thay ddi cua K 1a:
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S

K& K LA I U,
¢ e 0K ( ab ) (ab+K) ab+ K
ab+ K

Ta thay rang d¢ nhay khi c6 sy thay ddi ctia thong s6 K va a 1a nho hon
néu a va b déu duong. Thyc chét, phan hdi trong trudng hop nay lam

giam d¢ nhay cua hé thong khi cé sy thay ddi ciia ca hai thong so.
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CHUONG 6 TONG HQP HE THONG PIEU KHIEN

6.1 Khai niém

Tong hop hé diéu khién 1a qua trinh chon cau tric bd dicu chinh va
xac dinh tham s6 cua n6 d€ cho hé thong 1am viéc 6n dinh va dép ung yéu
cau dat ra.

Xét hé thong diéu khién c6 cdu trac nhu hinh 6.1.

(s HON

— = (—n  Gcls) Gp(s)

Hinh 6.1: Cdu triic co ban ciia mét hé thong diéu khién

h 4

Ham truyén cua dbi tuong 1a Gy(s), dugc gia thiét 1a da biét. Ham

Ge(5).G ,(s)

truyén dat ctia hé kin khi d6 s& 1a: W (s)=
1+ Ge(s).G,(s)

Trong thuc té nguoi ta cd gang chon cau truc cia bd dicu khién Ge(s)
sao cho ham truyén cia hé kin c6 dang bac hai nhu sau:
%

Wi(s)=

5 khi d6 ham qua do¢ la:
87+ 2{wys + o)

1
h(t)=1- ec"’(’tcos((n 1—§2t+6)
J1-¢2 '
T
=t =
wyy1-C°

T

C
6% =100.eV5 %

4 4 : .
t, 4 ®—— =—Ung vGi vung gi6i han a =+2%
Co, o
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Bang o,

£ 0,9 0,8 0,7 0,6 0,5 0,4 0,3

G% 0,2 0,5 4,6 9,5 16,3 254 37,2

Trén co s¢ yéu cau dé qua diéu chinh cua hé thong, ta s€ chon &, sau

do s€ xac dinh tham so ctia b di¢u chinh.

6.2 Chon b diéu chinh

6.2.1 Phén loai cdc bé diéu chinh

a. Theo chirc nang

+ B0 diéu chinh ty 16 P: W(s) =kp

+ B0 diéu chinh tich phan I: W(s) =1/Tis

+ B diéu chinh ty 18 tich phan PI: W(s) =kp + 1/Tis

+ B diéu chinh ty 18 vi phan PD: W(s) =kp + Tas

+ B0 diéu chinh ty 1¢ vi tich phan PID: W(s) =kp + 1/Tis + Tas
b. Theo cach ghép ndi giira cac phin tir.

Theo cach ndi ghép giita cic phan tir ta c6 thé phan ra lam 3 dang:
+ Nbi tiép

+ Song song

+ Hon hop

PI nbi tiép: Ge(s) = (Tis +1)/Tis

PI song song: Ge(s) =kp +1/Tis

PI hon hop: Ge(s) = kp (1+1/Tis)

c. Theo ban chit vat ly

Theo ban chat vat 1y, bd diéu chinh duoc phan thanh céc loai sau:
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+ B0 diéu chinh dién tu.

+ BO diéu chinh khi nén.

+ B9 diéu chinh thuy luc.

+ B6 diéu chinh hdn hop. Bao gom su két hop gitra cac bo diéu chinh

dién tu, khi nén va thuy lyc.

6.2.2 Phwong phap Ziegler- Nichols.

a, Phwong phap 1. Gia st d6i twong c6 ham qua d6 nhu hinh 6.2.

Tham s6 cua b diéu chinh duoc chon nhu sau:

B diéu khién|  Ham truyén Kp Ti Ta
P Kp T/t
PI Kp(1+1/Tis) 09T/ 3T/
PID Kp(1+1/Tis +Tas) 12T/ 2T/t | 0,5T/
T

Phuong phap nay duoc sir dung hidu qua khi thoa mén diéu kién: 01

<1/T<0,6

hit) #
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b, Phwong phap 2.

Cho hé thng diéu khién c6 cau trac nhu Hinh 6.3.

Thay d6i K caa bo diéu chinh P sao cho hé théng 1am viéc ¢ bién

gidi 6n dinh, khi d6 K = ken. Tin hiéu ra y c6 dang dao dong véi chu ky

Tgh.

sau:

ctia d6i turong, T tong cac hing sé thoi gian bé ciia dbi tuong.

A 4

G(s)

Hinh 6.3: So' d6 ciu tric cé hé s6 khuéch dai K

Thong s6 ciia bo diéu chinh PID dugc x4c dinh theo ken va Tgn nhu

Bo diéu Ham truyén Kp Ti Ta
chinh
P Kp 0,5kgn
PI Kp(1+1/Tis) 0,45ken | 0,83Tgn
PID Kp(1+1/Tis +Tas) | 0,6ken | 0,5Ten | 0,125Tgh

6.2.3 Tiéu chuin phing

Gia thiét ddi twong c6 ham truyén: G(s) =

1+STb

ng
M,

T

J

T; 14 hang so6 thoi gian trdi cua doi1 tugng, ns sO hang so thoi gian trdi

So dd hé thdng diu khién ¢ cau trac nhu Hinh 6.4.
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G(s) -

@ Gel®)

A 4

Hinh 6.4: Cdu triic diéu khién c6 phan héi don vi

Cau truc cua bo diéu chinh duoc chon nhu sau:

G(s) = (1 +5T;)

|| EQ:

b
STy

Tham so ctia b di€u chinh duogc xac dinh theo diéu kién: nc = ns va
Tci=Ts.

) k
Sau khi da bu du, hé hé c6 ham truyén: W,(s) = ————
sT;(1+sT})
\ A 1At W) 1 1
Ham truyén cua hé kin: S)= = =
Y ' WO 1+W () n 1 1+sI(1+s'l;)
W) k

1

14 L—2Tb o +
k (k

Diéu kién dé hé t6i wu 1a: |} (jo)| ~ 1

Ta co: W/ (jo) =

Bo qua cac thanh phan bac cao cua o, cho thanh phan thir 2 bang
khong ta co: Ti/k = 2Ty, suy ra T; =2kThb.

Cau trac va tham s6 ctia bd di€u chinh dugc xac dinh theo bang dudi

day.
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B dicu X A )
Bs | hinh Ham truyén Th Tv Tv2 Ti
1 PI (sTat1)/sTi T 2kTy
2 | PID (sTat1)(sTyv+1)/sT; T T, 2kT,
3 PIDz (STn+1)(STV+1)(ST\/2+1)/ST1 T1 Tz T3 2ka
Vidu 6.1:

Cho ddi twong c6 ham truyén dat 1a

10

G(s)=

Thiét ké bo diéu khién theo tiéu chuén phing.
Téng hang s6 thoi gian bé 1a: Ty = 0,5 + 0,01 = 0,51

Céc hang s6 thoi gian troi cua ddi twong 1a T1 = 50, T = 10.

(50 s +1)(10 s +1)( 0,55 +1)(0,01 s +1)

Vi doi tuong c6 hai hang so thoi gian trdi cho nén ta chon cau trac

ctia bd diéu khién 13 PID. Céc tham sb dugc xac dinh nhu sau:

Tn=T1=

Tv:TZZ

50
10

Ti=2*k*Ty =2*10*0,51 =10,2

6.2.4 Phwong phdp tong hang so thoi gian (Kuhn)

B(s) e

Cho d6i tugng c6 ham truyén: G(s) = k,

Trong do:

A(s)

e

B(s)= (1+sTa1) (1+sTa2)...(1+sTam) va A(s) = (1+Tis)
(1+T2s)...(1+Ths)
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n m
Ty =T +t-) Ty

Cau triic va tham so ctia b di¢u chinh dugc xac dinh theo bang

i=1

sau:
Bo :
diéu Ham truyén ke Tn Tv Ti
chinh
PI kp(sTynt+1)/sT; 0,5kat | Tx/2 Tx/2
PID kp(sTnt1)(sTv+1)/sTi | 0,5kat | Tx/3 Ts/3 | Ts/3
Vidu 6.2:
Cho dbi tuong c6 ham truyén dat nhu sau: G(s)= e
one yen ¢ v (505 +1)(10s + (5 +1)

Hing s6 thoi gian tong Ty =50+10+5+2=67

kdt = 10

- Néu ta chon b diéu khién ¢6 cau truc 1a PI, thi tham so cua bd dicu

chinh duogc xac dinh nhu sau:

Ky = 0,5kai = 0,5%10 = 5

Tu=Ts/3=67/2=33,5

Ti=Ts/2=67/2=33,5

- Néu ta chon bd di€u khién c¢o cau truc PID, thi tham s6 ctia n6 dugc

xac dinh nhu sau:

Kp=0,5kat=0,5%10=5

Ta=T:/3=67/3=223

Tv=T=/3=67/3=223

Ti=T=/3=67/3=223
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Trong thiét ké, ta cb ging chon cau triic bd diéu chinh cang don gian
cang tét, cho nén ta s€ chon cAu tric cua bd diéu chinh 1a PI, néu nhu bd
PI khong dap Gmg duoc cac yéu cau dit ra thi ta s& chon cdu trac PID

6.3 Diéu khién dwoc va quan sat dwoc
Cho hé théng ¢6 mé hinh trang thai nhu sau:
X=Ax+ Bu

y=Cx+Du

Hé théng duoc goi la diéu khién duoc néu va chi néu tdn tai tin hiéu
diéu khién u ¢ thé dua hé tur trang thai ban dau x(0) t6i trang thai x(T)
trong mot khoang thoi gian hiru han T.

Hé théng 1a diéu khién dugc néu va chi néu ma tran P = [B AB A’B

...A"'B] c6 hang bang n hay ma tran P khong suy bién.

Hé théng duoc goi la quan sat dugc néu bién trang thai x(0) dugc
xac dinh khi biét dugc u va y trong thoi gian hitu han 0 <t <T.

Hé thong 13 quan sat dugc néu va chi néu ma tran Q = [CT ATCT ...
(AT)™'CT] ¢ hang bang n hay dinh thirc ciia Q khac khong.
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