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CAC TU VIET TAT

STT Tir viét tat Y nghia cia tir
1 DKTD Diéu khién ty dong
2 PC Piéu chinh
3 HTTD Hé thdng tu dong
4 HST Ham s truyén
5 PTTS Pic tinh tan s6
6 PT Dic tinh pha tan s6
7 BT Dic tinh bién d6 tan s6
8 BTL Dic tinh bién d6 tan s logarit
9 TB Thiét bi
10 TBPK Thiét bi diéu khién
11 HT DKTD Hé thdng diéu khién ty dong
12 PID Bo diéu khién ti 18, vi, tich phan
12 Pl B diéu khién ti 1¢ tich phan
14 PD Bo diéu khién ti 1¢ vi phan
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MO DAU

Bai giang Ly thuyét diéu khién tu dong duoc tap thé giang vién thuoc bo mon
Ky thuat dién, dién tir bién soan nham phuc vu cho viéc giang day cta giang vién va
hoc tap cta sinh vién Trudng Pai hoc Cong nghé thong tin va Truyén thong - Pai hoc
Thai Nguyén. Tap bai giang nay duoc bién soan theo ndi dung dé cuong chi tiét hoc
phan Ly thuyét diéu khién ty dong & trinh d6 dai hoc.

Bai giang Ly thuyét PKTD dung cho nganh K thuat Pién — Dién tir nham trang
bi cho sinh vién nhing kién thirc vé phan tich, danh gia va hiéu chinh mot hé thong ly
thuyét DPKTD.

Bai giang nay la tai liéu hoc tap cho sinh vién nganh Ky thuat Bién — Dién tu,
nganh Ty dong hda cling nhu tai liéu giang day tham khao cho giang vién cua cac
truong k¥ thuat dong thoi 1a ngudn tai liéu quy gia cho nhimng sinh vién hoc tip qua
mang trong nha truong.

Noi dung cua gido trinh gdm 8 chuong:

Chuong 1. M6 ta mot hé théng diéu khién co ban[1]

Chuong 2. M6 hinh toan hoc hé théng diéu khién

Chuong 3. Dap tng thoi gian

Chuong 4. Cac phuong phap giam thiéu hoa hé théng da cip

Chuong 5. Su on dinh cua hé théng

Chuong 6. Chat lugng hé théng

Chuong 7. Tong hop hé thong diéu khién[1]

Chuong 8. Hé théng diéu Khién s6

Nhom téc gia chan thanh cdm on sy dong gop nhiing ¥ kién quy bau cia cac
thay c6 gido trong khoa Cong nghé Tu dong hoa, cac phong ban chitc ning trong viéc
xay dung bai giang nay.

Mic du tap thé tac gia da danh nhiéu thoi gian va cong sirc dé bién soan, song
kho tranh khoi thiéu sot. Vay, chiing tdi kinh mong quy thay c6 va cac ban sinh vién
dong gop ¥ kién dé cudn bai giang duoc hoan thién hon. Xin tran trong cam on.

NhOm tac gia
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CHUONG 1: MO TA MOT HE THONG PIEU KHIEN CO BAN

Noi dung chinh cta chuwong: Néu 1én mot sé khai niém vé hé théng diéu khién
tu dong, cAu truc, nguyén tac dicu khién va phan loai cac h¢ théng diéu khién tu dong
hién nay.

Muyc tiéu can dat duoc cta chuong: Sinh vién phan biét duoc cac khai niém vé
hé théng dicu khién tir d6 c6 thé nhin vao céu tric ciia hé théng nhan biét duoc hé
théng diéu khién thudc loai nao va ciing tir d6 thiét 1ap duoc cac bude thiét ké hé
thong diéu khién

Bai 1: Khai niém vé hé thong diéu khién tw dong (So tiét: 03 tiét)
1.1 Cac khai niém co ban

Pé hiéu duoc khai niém vé hé théng diéu khién tu dong trude hét ta xem vi du sau

Van

[ Y Van
tg ] ‘_ Tude Miy phat
~5 LO HOI bin dién >

{ g I I\_
F Y Van n‘\ 'E?U T.hél]']g
s0 vé dién
U, I
A 4 Y v
0; T P T Y
Khong cheé toc
do
r

F
FY

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

Diéu khién la tap hop tat ca céc tac dong c6 muc dich nhim diéu khién mét qua
trinh nay hay qué trinh kia theo mét quy luat hay mét chuong trinh cho trudc.

Piéu khién hoc 13 mot bd mén khoa hoc nghién ctru nguyén tic xay dung cac hé
diéu khién.

Qua trinh diéu khién hodc diéu chinh duogc thyc hién ma khéng cé sy tham gia
tryc tiép ciia con ngudi, thi ching ta goi d6 1a qua trinh diéu khién va diéu chinh tu
dong.

Tap hop tat ca cac thiét bi ma nho d6 qua trinh diéu khién dugc thuc hién goi 1a
hé théng diéu khién .

Tap hop tat ca cac thiét bi k¥ thuat, dam bao PK hodc PC tu dong mét qua trinh
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nao d6 duoc goi 1a hé thong DK hodc PC tuy dong (d6i khi goi tat 1a hé thong ty dong
—HTTD).
1.2 Céc phan tir co ban ciia hé thong diéu khién tw dong

Mot cach téng quat hé théng diéu khién tu dong duoc mo ta bdi so dd cAu trac

nhu sau:
d(t)
u(t) e(t) x(1) y(t)
— TBBK DTDBK
)
TB do luong va
chuyén déi tin hiéu [
Hinh 1.2: So do tong quat hé thong diéu khién tw dong
Trong do:

-DTPK: Pdi tuong didu khién (Co ciu chip hanh), co thé 1a cac thiét bi k¥
thuat, ddy chuyén san xuét, quy trinh cong nghé... 13 myc tiéu diéu khién caa con
nguoi trong cac linh vuc khac nhau.

Céc phan tir chap hanh thuong ding trong diéu khién tu dong 14 c4c loai dong
co budc, dong co DC, dong co servo, dong co AC, dong co thuy luc khi nén...

Mot loai d6i tuong diéu khién ciing thudng gip khac trong cong nghiép 1a hé
théng nhiét, vi du nhu: 16 nung trong day truyén cong nghiép san xuit gach men 16 siy
trong day chuyén ché bién thuc pham, hé thdng 1am lanh trong day chuyén ché bién
thuy san. Yéu cau diéu khién d6i voi hé thong nhiét thuong 1a diéu khién 6n dinh nhiét
d6 hodc diéu khién theo chuong trinh.

- TBDK: Thiét bi diéu khién, 1a thiét bi gia cong tin hiéu diéu khién, n6 c6 nhiém
vu tao ra tin hiéu diéu khién tac dong 1én DTDK theo mdt quy luat nao do dé thoa man
cac yéu cau cong nghé.

- Tin hiéu: 12 mot ham sb phu thudc thoi gian mang thong tin vé cac thong sb ki
thuat va dugc truyén tai boi cac dai luong vat ly.

u(t): Tin hiéu dau vao (tin hiéu dit)

y(t): Tin hiéu dau ra.

X(t): Tin hiéu diéu khién tac dong 1én d6i tuong.

d(t): Tin hiéu nhiéu loan tic dong vao hé thng.

- Hé thong diéu khién don diéu: 1a hé ma dai luong j—z khong dao dau.

- H¢ théng didu khién dao dong: 1a hé ma dai luong j—i ¢ dio diu.
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- Phan hoi: La méi lién hé ngugc trich mot phan niang lugng & dau ra dua ngugc
trd lai dau vao. Co cac loai phan hoi nhu sau:

+ Phan hoi am: tin hiéu phan hoi va tin hiéu dit nguoc dau néu 1a mot chiéu va
nguoc pha néu 1a xoay chiéu. Phan hoi ndy cé tic dung giit on dinh gia tri coa dai
lwong dugc phan hoi.

+ Phan hoi duong: tin hi¢u phan hoi va tin hiéu dat luon cung d4u néu 1a mot
chiéu va cung pha néu 1a xoay chiéu, co tac dung nang cao h¢ s6 khuyéch dai va tao
nén hé tu kich.

+ Phan hoi ctmg: 12 phan hoi tham gia 1am viéc trong hé ca & ché do qua do va
ché d6 xac lap nhung hiéu qua co ban 13 & ché do xac 1ap con & ché do qua do it hiéu
qua (thudng bo qua). Phan hdi ctng c6 tac dung nang cao chat lugng hé théng & ché
do xac lap. Cac thiét bi co tinh ty 1€ nhu may phat tdc, can nhiét, mach dién ti...
thuong dugce str dung cho phan hoi loai nay.

+ Phan hoi mém: 1 phan hdi chi tham gia lam viéc trong hé & ché d6 qua do con
ché @6 xac 1ap thi khong tham gia. Loai phan hdi ndy c6 tic dung ning cao chat luong
ctia hé thong & ché do qua do. Pé tao phan hdi mém phai dung céc thiét bi cé tinh vi,
tich phan nhu mach R - C, R - L, cdu mém (ciu dong), bién &p vi phan...

T6 hop cua bén loai phan hdi trén tao ra: Phan hdi am cimg, dwong mém; 4m
mém, duong ctng tuy theo yéu cau cu thé cia timg hé thong thuc té.

- TB do ludng va chuyén doi tin hiéu: 13 thiét bi gia cong tin hiéu phan hoi dé
dua tré lai dau vao cua hé théng.

Thong thudng cac tin hiéu phan hoi lay vé 1a cac tin hiéu khong dién nhu: téc
d6 quay, nhiét do, luc, tng suat, quang thong... Do d6 can phai c6 cac thiét bi do céc
tin hiéu d6 va chuyén thanh cac tin hiéu dién twong Ung véi tin hiéu dau vao cta hé
théng.

Céu trac cua thiét bi do gdm c6 3 phan chinh: bo phan chuyén doi hay cam
bién, co ciu do dién, va cac so d6 mach khuéch dai trung gian hay mach gia cong tin
hiéu nhu mach khuéch dai, chinh luu 6n dinh.

Cac thiét bi do tbc do nhu DC Tachometer, AC Tachometer, Optical
Tachometer... Cam bién nhiét do nhu Pt 56, Pt 1009, Themorcouple...

Ngoai cac thiét bi ké trén, dé 14y tin hiéu phan hoi tbc do va dong dién nguoi ta
con sir dung hé théng may phét tbc va may bién dong.

1.3. C4c nguyén tic diéu khién co ban

1.3.1. Nguyén tdic diéu khién theo sai léch

La nguyén tic ma tin hiéu diéu khién u(t) duoc thanh 1ap dua trén su sai 1éch cua
luong ra thuc té (y(t)) so véi lugng ra yéu cau (tin hiéu dit & dau vao r(t))

x(t) = flut)-y®)]= f[e®]
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So dd céu tric ciia nguyén tic diéu khién theo sai 1éch nhu sau:

u(t) e(t) x(t) y(t)
—&@——{ TBDK PTPK

(-)

v

TB do luong va
chuyén doi tin

Hinh 1.3: So' do cdu triic cia nguyén tdc diéu khién theo sai léch bam
1.3.2. Nguyén tic diéu khién theo tin hiéu nhiéu loan (00U nhiéu)
La nguyén tic ma tin hiéu diéu khién u(t) dugc thanh 1ap theo tin hiéu nhidu tac
dong véi muc dich dé khtr nhiéu ¢ dau ra:
x(t) = f[d(t)]
Nhitng hé thong duoc xdy dung theo nguyén tic niy la nhimg hé thong ho

(khong c6 phan hoi). So do cau tric nhu sau:

[1BIL L,
d(t)
TR2 X(t:l R Y[t]
PTbK

Hinh 1.4: So do cdu triic ciia nguyén tdc diéu khién theo tin hiéu nhiéu
Trong do:
TBI1: la thiét bi d¢ do tin hi¢u nhiéu.
TB2: la thiét bi d€ tao ra tin hi¢u diéu khién u(t).
1.3.3. Nguyén tic diéu khién hon hop (theo sai léch va bir nhiéu)
LA nguyén tic ma tin hiéu diéu khién u(t) duoc thanh lap dya vao sy téng hop
cua hai phuong phép trén véi

x(t) = [e(t), d ()]

So do cau trac tong quat nhu sau:

1B d(t)

u(t) x(t) Y(t]

(-
% TBBK DTDbK

TB do lwong va -
chuyén doi tin higéu
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Hinh 1.5: So do cdu triic ciia nguyén tdc diéu khién hon hop
1.3.4. Nguyén tic diéu khién thich nghi
La nguyén tic ma tin hiéu diéu khién u(t) duoc thanh lap c6 tinh dén tat ca cac
yéu t6 anh huong dén dai luong can diéu khién.

So dd tong quat cua hé diéu khién thich nghi nhu sau:

Thiét bi phuy
{ TT L
TPT TC TPD |
vit) <(© | doy ©
. y(t)
o0 | TBDK DTDK
______________________ H¢ thong chinh

Hinh 1.6: So' do cdu triic ciia nguyén tic diéu khién thich nghi
Trong do:
TPT : Thiét bi phan tich tin hiéu vao (xac dinh tinh chat cta tin hiéu vao nhu
toc do, gia toc ...).
TPD: Thiét bi phan tich dbi tuong (xac dinh dac tinh dong hoc cua ddi tuong
can diéu khién).
TT: Thiét bi tinh toan (x4c dinh phuong phép bién d6i dic tinh cua thiét bi diéu
khién chinh).
TC: Thiét bi chdp hanh (c6 nhiém vu chinh dinh thiét bi diéu khién theo céc tin
hiéu nhan dugc tir thiét bi tinh toan).
V(t) : La ham tu chinh, n6 12 ham da tham sé.
v(t) = flu(t), r(t), y(t).. ]
Ngoai cac nguyén tic diéu khién da néu trén thi con cd cac nguyén tic diéu khién
khac nhu : Diéu khién md, diéu khién t6i wu, diéu khién bén virng ...
1.4. Phén loai cac hé thong diéu khién tu dong.
1.4.1 Phén loai theo nguyén ly xdy dung.
Céc phﬁn tor dugc phan chia thanh céc loai: hé théng DK theo mach hé, hé théng
DK theo mach kin va hé théng DK hén hop .
Ngoai nhitng nguyén 1y trén, tir nhitng nim 60 cua thé ky XX, trén co so ap dung

diéu khién hoc trong co thé song vao k¥ thuat da ra doi mot loai hinh hé thong tu dong
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mo phong hoat dong cta co thé sdng: d6 1a cac hé ty chinh, thich nghi. Nguyén 1y tu
chinh va thich nghi khong doi hoi phai biét ddy dii cac dic tinh cta qua trinh diéu
khién va trong qua trinh 1am viéc, cac hé théng nay tir chinh va thich nghi véi cac diéu
kién bén ngoai thay doi.

Ly thuyét cac hé DK ty chinh va thich nghi da tré thanh mot nhanh phat trién
quan trong cta ly thuyét DKTD.

Vi hau hét cac hé thong DKTD trong k¥ thuat 1a nhitng hé mach kin va qué trinh
diéu khién céc thiét bi k¥ thuat chung quy lai 12 qua trinh diéu chinh cic tham sb cua
no, néu dudi diy chung ta s& dé cap dén sy phan loai cac hé thong PKTD mach kin va
Iy thuyét vé cac hé do.

1.4.2. Phdn logi theo tinh chdt cia luong vao.

Tuy theo tinh chat ctia tac dong dau vao, cac hé théng DKTD c6 3 loai:

Hé thong 6n dinh tu dong (diéu chinh theo hang s6) 1a hé thong ¢ luong vao
khdng d6i. Nhiém vu cta hé théng 1a duy tri mot hodc mot vai dai luong vat 1y ¢ gia
tri khong d6i. Thi du nhu hé thong DKTD tdc d6 dong co nhiét, hé théng DKTP dién
ap, tan s6 clia may phat, hé 6n dinh duong bay cua may bay khi goc 1ai khong thay doi

Hé thdng diéu chinh theo chuong trinh 1 hé théng c¢6 luong vao 13 cac ham da
biét trudc, c6 thé dudi dang chuong trinh.Thi du hé diéu khién dudng bay dinh trudc
clia may bay khong nguoi 14i, hé théng diéu khién cac may cong cu: bao, phay véi
chuong trinh dinh trudce trong bd nhé may tinh...

H¢ tu dong bam, goi tat 12 hé bam 13 hé théng c6 luong vao 1a céc ham thoi gian
khong biét trude, co thé thay ddi theo quy luat bat ky. Nhiém vu cua hé 13 bao dam
luong ra phai ,,0bam* theo su thay ddi ctia luong vao. Thi du céc hé nhu 14 hé bam dong
bd goc, cac h¢ bam vo myén dién tir cua cac dai radar...

1.4.3. Phadn logi theo dang tin hiéu su dung trong hé théng.

Theo dang tin hiéu sir dung trong hé thong, chiing ta cd céc tac dong lién tyc va
cac hé théng gian doan (hay hé rdi rac).

H¢ tac dong lién tuc (goi tat 1a hé lién tuc) 1a h¢ ma tat ca cac phén tr cua hé co
lugng ra 1a cac ham lién tuc theo thoi gian.

Tin hiéu dudi dang ham lién tuc c6 thé 1a tin hiéu mot chiéu (chua bién diéu)
hodc tin hi¢u xoay chiéu (dd dugc bién diéu) tuong (mg ching ta c6 hé PKTD mot
chiéu (DC) va h¢ thong DPKTD xoay chié¢u (AC) (thi du hé thong bam dong bd cong
suat nho dung dong co chip hanh 2 p ha).

Hé tac dong gian doan (goi tat 1a hé gian doan hay hé roi rac) 1a cac hé co chua it
nhat mot phan tir gian doan, tirc 1a phan ttr c6 lwong vao 1a mot ham lién tuc va luong

ra 1a mQt ham gian doan theo thoi gian.
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Tuy theo tinh chét gian doan cua lugng ra, cac hé gian doan c6 thé phan chia
thanh cac loai: hé thong DPKTD xung, hé thong DKTD kiéu ro le va hé théng DPKTD
s0.

Néu su gian doan ciia tin hiéu ra xy ra qua nhiing thoi gian xac dinh (ta goi 1a gian
doan theo thoi gian) khi tin hi¢u vao thay doi, thi ta c6 hé DPKTD xung.

Néu su gian doan cua tin hiéu xay ra khi tin hiéu vao qua nhitng gia trj ngudng
xac dinh ndo do6 (chung ta goi 1a gian doan theo mirc), thi ¢ thé PKTD kiéu role. Hé
role thuc chét 1a hé phi tuyén, vi dac tinh tinh cta no6 1a ham phi tuyén. Pay 1a d6i tuong
nghién ciru cia mot phan quan trong trong 1y thuyét K .

Néu phan tir gian doan c6 tin hiéu ra dudi dang ma sd (gian doan ca theo mirc va
ca theo thoi gian), thi ta c6 hé PKTD s6. Hé thong DKTD s6 1a hé chira cac thiét bi s6
(c4c bo bién d6i A/D, D/A, may tinh dién tir (PC), bd vi xtr Iy.

1.4.4. Phan logi theo dang phirong trinh todn hoc mé ta hé thong.

Vé mit toan hoc, cac hé théng DPKTD déu c6 thé mo ta bang cac phuong trinh
toan hoc: phuong trinh tinh va phuong trinh dong. Dua vao tinh chat cua cac phuong
trinh, chdng ta phan biét hé théng DPKTP tuyén tinh va hé DPKTP khong tuyén tinh
(phi tuyén).

Hé thong DKTD tuyén tinh 14 hé thong duoc mé ta bang phuong trinh toan hoc
tuyén tinh. Tinh chét tuyén tinh cta cac phan tir va cua ca hé thong DKTD chi 1a tinh
chét Iy tudng. Vi viy, cac phuong trinh toan hoc ciia hé théng 13 cac phuong trinh di
duoc tuyén tinh ho4, tirc 1a thay cac su phu thudc gén ding tuyén tinh.

Hé tuyén tinh c6 phuong trinh dong hoc v6i cac tham sé khong thay d6i thi goi la
hé DKTP tuyén tinh c¢é tham sé khéng thay déi, hay hé DPKTD tuyén tinh dimg, con
néu hé théng c6 phuong trinh véi tham sb thay doi thi goi 1a hé PKTD tuyén tinh c6
tham s6 bién thién, hay hé DPKTD tuyén tinh khong dung.

Hé thong DKTD phi tuyén 1a h¢ thong duoc mé ta bang phwong trinh toan hoc
phi tuyén. Hé phi tuyén 1a hé ¢6 chira cac phan tir phi tuyén dién hinh, thi du d6 1a hé
c6 chira cac phan tt role.

1.4.5. Phdn logi theo tinh chdt ciia cdc tac ddng bén ngodi.

Céc tac dong bén ngodi vao hé tu dong c6 quy luat thay doi di biét trude hodc
mang tinh chat ngiu nhién.

Hé thong tién dinh 14 cac hé co cac tac dong bén ngodi 1a tién dinh, tuc 1a da biét
trudc cac quy ludt thay doi ctia né (thi du xét hé thdng vai cac tic dong dién hinh).

Hé thdng khéng tién dinh (hay hé ngiu nhién) 1a cac hé duoc xem xét nghién ctru
khi cac tac dong bén ngoai la cac tin hiéu ngau nhién.

1.4.6. Phdn logi theo sé luwong dai lvong can diéu khién.

Tuy theo s6 lugng can diéu khién (lugng ra cua hé) chiing ta c6: hé¢ mot chiéu va
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hé nhiéu chiéu.

Hé théng DK TD moét chiu c6 chira mot dai lugng can diéu khién, con hé¢ PKTD
nhiéu chiéu 13 hé c6 chua tir hai dai lwong can diéu khién tro 1én. Thi du vé hé nhiéu
chiéu c6 thé 1a h¢ théng PKTD mot may phat dién, néu hé thong DKTD clng mot lic
diéu khién ty dong dién 4p va tan sb cta nod.

Ngoai céc cach phan loai chinh d xét & trén, tuy thudc vao sy ton tai sai sé cua
hé & trang thai cAn bang, ching ta phan biét hai loai hé théng: hé thong tinh (co sai s6
tinh) va hé phiém tinh (khdng c6 sai s6 tinh). Tuy thudc vao quy luat (dinh luat) diéu
khién (tirc 1a dang cua tin hiéu diéu khién x(t) do co cdu diéu khién tao ra), chiing ta
phan biét cac bo diéu khién ty 18 (bo diéu khién P), bo diéu khién ty 1& vi phan (bd diéu
khién PD), bo diéu khién vi phan — tich phan (bd diéu khién PID).

1.5. Qua trinh thiét 1ap mét hé thong diéu khién

- Budc 1: Chuyén doi cac yéu cau ki thuat thanh mot hé thong vat 1y.

-Budc 2: V& so do khdi chirc nang. Chuyén d6i sy miéu ta dic tinh hé thong
thanh mot so d6 khdi chirc nang. Pay 1a sy miéu ta vé cac phan chi tiét cia hé thong
va mbi quan hé giira ching.

- Budce 3: Thiét 1ap so d6 nguyén Ii.

- Budc 4: Str dung so do nguyén Iy thiét 1ap so dd khdi hodc graph tin hiéu hoic
biéu dién khong gian trang thai.

- Budc 5: Rt gon so dd khbi.

- Bude 6: Phan tich va thiét ké.

Cau hoi, bai tap chuwong 1

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

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

Cau 3. Hay néu céc quy tic diéu khién ca ban dé diéu khién mot hé thong diéu khién?
Cau 4. Néu cac budc thiét 1ap mot hé thong diéu khién?

Cau 5: Hay néu mot sé khai niém vé diéu khién tu dong?

Cau 6: Phan biét hé thong hd (Open-Loop System)

a. La hé thong diéu khién theo cac tin hiéu dau vao

b. La hé thong ma khong c6 kha nang bu bat cir nhidu ndo tac dong 1én hé thong

c.  Lahé théng chi bu nhiéu ciia by diéu khién

d.  Lahé thong ma so d6 khdi 1a mot duong thang va tin hidu dau ra ludn thay doi

theo tin hi€u vao
Cau 7: Hé thdng diéu khién duoc goi 1a hé thdng tuyén tinh dugc phan loai theo
a. Sd luong dai luong can diéu khién

b. Tinh chat cia cac tac dong bén ngoai

19



C. Dang tin hiéu sir dung trong hé théng

d. Dang phuong trinh toan hoc mé ta hé théng

Cau 8: Hé thong diéu khién ho dugce str dung khi nao?

a St dung trong cic qué trinh don gian va chi phi diéu khién thap, va c6 mé hinh
toan hoc thé hién mdi quan hé gitra tin hiéu dau vao va tin hiéu dau ra.

b. Str dung trong cac hé thong c6 chi phi xay dung thap.

C. Str dung trong caché thdng cong nghiép nganh dau khi.

d. Chu yéu st dung trong nganh san xuét xi mang.

Cau 9: Biéu khién tu dong 1a gi?

a.  La qua trinh diéu khién ma c6 su tham gia truc tiép cta cac thiét bi diéu khién

va con nguoi

b. La qué trinh diéu khién ma khong co su tham gia truc tiép ctia bo diéu khién va
con nguoi

C. La qua trinh diéu khién ma khong c6 su tham gia tryc tiép ciia con nguoi

d. La qué trinh diéu khién ma khong su tham gia truc tiép cua cta cac bo diéu
khién

Cau 10: CAc thanh phan co ban trong hé thdng diéu khién ty dong

a.  Thiét bi diéu khién, d6i twong diéu khién, co cau chap hanh va thiét bi do luong
b.  Thiét bi hiéu chinh, ddi twong diéu khién, co ciu chap hanh va thiét bj do luong
c.  Thiét bi diéu khién, co cau co khi va thiét bi do ludng

d.  Thiét bi diéu khién, ddi tugng diéu khién cuc bd va thiét bi do ludng

Cau 11: Cac tin hiéu r(t), c(t) va e(t) duoc viét tat tir

a. Regular Input, Controlled Output, Error
b. Reference Input, Controlled Output, Error
C. Reference Input, Carried Output, Error

d. Refresh Input, Controlled Output, Error
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CHUONG 2: MO HINH TOAN HQC HE THONG PIEU KHIEN

Noi dung chinh cta chuong: Néu Ién cac phuong phap mé ta toan hoc hé thong
diéu khién ty dong trong mién thoi gian va trong mién tan s6 bang méi quan hé vao ra.

Xay dung hé dudi dang phuong tinh vi phan.

Biéu dién dudi dang phuong trinh trang thai, dang ham truyén dat va tir d6 biéu
dién hé dudi dang so dd cau tric

Muyc tiéu can dat duoc cia chuong: Sinh vién sau khi hoc xong chuong nay biét
cach biéu dién hé thong diéu khién ¢ dang phuong trinh vi phan, ham truyén dat va
phuong trinh trang thai.
Bai 2: Ham truyén dat ciia hé thong diéu khién (S0 tiét: 03)
2.1 Cac khau co ban

Ta c6 mot hé thong diéu khién:

v F [Badi [ Cndp [ pd v
khién | hanh | tuong !
+
Y Do luong

-

Hinh 2.1: So' d6 mét hé thong diéu khién tong quét

Pa phan cic mach phan hdi cua hé thong diéu khién 1a mach phan hoi am. Khi
ching ta tién hanh phan tich hé thong tét hay x4u hay thiét ké bo diéu khién cho hé
théng déu phai xuit phat ttr m6 hinh toan hoc cua hé thong hay noéi cach khac ta phai
tim duoc quan hé giira dau vao va diu ra cia hé thong.

2.1.1 Khdu khuéch dai

u y

K >

v

Hinh 2.2: So' do khdu khuéch dai tinh
- Khau khuéch dai 13 tin hiéu dau ra 1a khuéch dai cua tin hiéu dau vao
y=Kx (2.1)
trong d6: K 1a hé s6 khuéch dai
( Khuéch dai tinh la cir ¢6 tin hiéu dau vao thi tim dwoc tin hiéu dau ra)

- Ciing ¢6 hé théng c6 khuéch dai nhiéu ting

u y

— Ki " Ko Ks

h 4

L J

Hinh 2.3: So dé khdu khuéch dai tang
2.1.2 Khau tich phan
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y(t) =%jU(t)dt(+y0) (2.2)

it
Vi Ti la thoi gian tich phéan
2.1.3 Khau vi phan

_p Qu (2.3)
° dt
To 13 hing s thoi gian vi phan
2.1.4 Khdu bdc nhat
Tﬂ+y=K.u 24)

dt
trong d6: K 1a hé sb truyén cua khau
T 1a hang s6 thoi gian cua khau
Phdn tng ciia hé thong tot hay xau phu thudc vao hé sé K, nhanh hay chdm phu
thuoc vao T.
2.1.5 Khau bac hai

T2%+2§T %+ y(t) = Ku(t) (2.5)
Trong d6: K 14 hé sb khuéch dai
T 13 hang s thoi gian
& do suy giam tin hi¢u
Day 1a mo6 hinh toan hoc cua mach RLC.
2.1.6 Khau bac n

d'y _d"ly dy d™u  d™u du
—+ +..+a,_,——+ayt)=b + +...+Db
a e "t YO =0 dt™ . dt™* m

thong thuong n>m.

—+b_u(t
el (t) 26)

8
2.2 M0 hinh trong mién tan so

2.2.1 Khdi niém vé phép bién déi Laplace va img dung

2.2.1.1 Khdi niém va bdn chat ciia phép bién doi Laplace

Khi sir dung cac phép bién d6i tin hiéu hé théng tir mién thoi gian sang mién
khéc dé thuan tién trong viéc xir 1y tin hiéu. Nhu trong hé thong lién tuc nguoi ta hay
str dung phép bién doi Lpalace dé bién doi tir mién thoi gian sang mién tan sb phirc.
Céc phuong trinh vi tich phan s& chuyén dbi thanh cic phuong trinh dai sé thdng
thuong.

Trong cac hé théng roi rac nguoi ta hay sir dung phép bién d6i Z dé chuyén tin
hiéu ty mién thoi gian sang mién tin s phtrc. Trong thuc té ngudi ta con st dung Cac
phép bién ddi khac dé xir 1y tin hiéu nhu giai twong quan, ma hod c6 hiéu qua, chéng

nhiéu,....
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Thuc hién cac phép bién d6i c6 cong cu toan hoc nhu may tinh sd, cong cu phd
bién va hiéu qua 1a phdn mém Matlab hay thyc hién bién ddi bang tay.

a) Bién ddi Laplace thuan

Dinh nghia: Goi F(s) 12 bién doi Laplace caa ham f(t), khi d6 ta c6:

o0

F(s)=L[f(®)]=] f(t)edt 2.7)

0
trong do:
- S=0+ jo
- e * 1 hat nhan cua phép bién doi.
- F(s) 1a ham phic.
- f(t) 12 ham biéu dién trén mién thoi gian xac dinh trén R.
Dé thuc hién duoc bién doi Laplace ham f(t) phai 1a ham thuc va thoa man mot
sb diéu kién sau:
- f(t) 1a ham gdc khi thoa man cac diéu kién sau:
1.f(t) = 0 khit < 0
2. f(t) lién tuc khi £0, trong khoang hitu han bat ky cho trugc chi ¢6 hitu han
cac diém cuc tri.
3. Ham f(t) goi 1a ham bac s6 mii khi t — oo néu ton tai mot sé thuc o> 0 va M
>0 thi | f (t)| < Me”, vt >0, o duoc goi la chi s6 ting cta ham f(t). Khi d6 ham f(t) 1a

ham bac s6 mii néu ham f(t) ting khong nhanh hon hon ham e.

- Néu f(t) 1a ham gbc co chi s6 tiang o thi tich phan | = IefSt f (t)dt s& hoi tu
0

trong mién Re(s) = 6 > . Khi d6 | = je*“ f (t)dt = F(S) s&€ 1a mot ham phirc.
0

Vidu 1: Tim anh ctia ham goc sau

f(t
1 khio<t<?2 * ©
f(t)={-1 khi2<t<3
0 khit>3 >

Ap dung cong thirc bién doi ta c6

+o0 2 3
F(s)=[e™ f(t)dt=[e ™ f(t)dt—[e ™ f(t)dt=— 1o
0 0 2 S

%(1— 2e7?" +e7°)

Vi du 2: Cho ham
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1 khit>0 1 F(t)
ft)= . _
0 khit<0

v

Tim bién d6i Laplace?
Giai

400 —st |
F(s)= [e=fyat=—" =1
0 S S

Vi du 3: Tim anh Laplace cuia ham f(t) = 4t?
Tir bang bién d6i Laplace ta c6
n!
Sn+l

L{t"} =

Ap dung bién doi tim anh Laplace ctia ham f(t) = 4t2

21 8
L{4t?} = 4r=g

b) Bién déi Laplace ngwoc:

Bién d6i Laplace nguoc la xac dinh tin hiéu f(t) tir anh Laplace F(s) cua no.

Goi f(t) 12 goc cua anh F(s) Khi d6 ta co:
C+ joo
LY[F(s)]= f(t) = 2i IF(S)eS‘ds

c—joo

(2.8)

nhung cong thic (2.8) nay it ding, ta hay &p dung phuong phap bién ddi nguoc

ham F(s) c6 dang ham hau ty.

Gia st f(t) co anh Laplace dang sau
B(s) b, +bs+---+b s"

F(s) =
) A(s) a,+as+---+as"

Vvoin > m.
Cac budéc thuc hién nhw sau:
Buéc 1: Phan tich F(s) thanh tong cac ham phan thuc tdi gian

F(S):A+ii$+28k(3—0k)+gwk

k=t i=1 (S — k) (S—Gk)2+a)k2

trong d6 A, A, Bk, Ck 1a cac hang s. ax 1a diém cuc thuc bgi 1 va o,

diém cuc phuc cua F(s), ndi cach khac ching 1a diém ma tai d6 F(s) = + co.

Bwéc 2: Xac dinh ham gdc cho ting phan tir.
- LA} = AS(t)

(2.9)

(2.10)

+ jo, la
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] o Aq N ti—leakt
. {(s—ak)‘} Ad (i—l)!l(t)

- L! {Bk(s—_za")z} = B e cos(m, t)1(t)
(s—o,) + o

- Lt {Ck—wk} =C, e sin(a t)1(t)

(s—0y)" +f

Vi du 1: Tim ham géc f(t) cua anh Laplace sau:

F(S)=——= L
s°(s+1)
Giai:
Bwéc 1: Phan tich thanh tong cac phan thic tdi gian
1 1 1
F(s)=———=+—
) s+1 s s’

Bwéc 2: Xac dinh ham géc cho ting thanh phan
f(t)=(e"=1+t)1(t)
Vi du 2: Tim ham gdc f(t) cua anh Laplace sau:
$®+2s% +65+7
S +s5+2
Ta thuc hién chia tir s6 cho mau sé cho dén khi sb du con lai c6 bac cua tir nho

F(s)=

hon bac cta mau.

F(s)=s+1+ ——
®) s°+s+2
Thuc hién bién ddi Laplace nguoc cé st dung bang bién d6i Laplace
ds() . { 2 }
flt)=—2+50)+L H—"—
® dt ® s°+s+5

Str dung phuong phap phan tich X (s) =82—255thz‘inh tong cac phan thiac don
+S+

gian.

Ta xét mot sé trudng hop sau:

Truong hep 1: Nghiém caa mau thac T(s) 1a thuc va riéng biét. Gia st nghiém
ciia mau thac T(s) ¢6 hai nghiém s; = -1 va s, = - 2.

(s+1)(s+2)
Nghiém ctia mau thuc 1a riéng biét nén tirng phan thuc s& ¢ bac la 1.
2 K, K,

X(s)

= = +
(s+D(s+2) s+1 s+2
Pé tim Ky ta nhan (2.) véi (s+1) dé tach Ky riéng ra
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2 K, + (s+D)K,
(s+2) (s+2)

Sau d6 cho s — - 1, rut ra dugc Ky = 2. Lam tuong ty va cho s — - 2 ta rit ra

duoc
Ky=-2.
Ldc do
22 2
(s+D(s+2) s+1 s+2
Thue hién bién ddi Laplace nguoc cua X(s) ta duoc
x(t) = (27" —2e*)u(t)
Mot cach tong quat khi mau sé caa F(s) cos nghiém thuc va riéng biét, ta thuc

X(s)

hién nhu sau:
F(s) = B(s) _ B(s) (
A(S)  (s+Pp)(s+p,) - (s+Py)--(s+p,) 2.11)
Kl I‘<2 Km Kn
= + 44 4ot

(s+p) (s+py) (s+py) (s+py)
Néu bac cua tir nhé hon bac cia mau ta thuc hién tim cac hé sé Ki nhu sau:
- Nhan hai vé véi (s + pi) dé tim hé sb Ki.
- Cho s — - pi, rit ra duoc Ki.
Truong hop 2: Mau s6 ¢ nghiém thuc va lap lai. Gia sir nghiém cia mau thirc
T(s) c6 ba nghiém s = -1 va sz 3 = - 2. Lic do ta phan tich X(s) nhu sau:
X(s) = 2 2=K1+ K22+ K,
(s+D(s+2)° s+1 (s+2)° (s+2)

Tim céc hé s6 K1, K2 va Ks

p— 2 pa—
' (S+2)2 s—>-1
Pé tim Kz ta nhan hai vé caa (2.) vai (s + 2)2
2
2 _(+2) K +K, +(s+2)K,
(s+1) s+1

Khi cho s — - 2 ta tim duwoc Ky = - 2
Tim K3 bang cach lay dao ham (2.) theo bién s ta c6
-2 (s+2)s
(s+1)?* (s+1°
Cho s — - 2 ta rat ra dugc Kz = - 2.
Thay Ki, K2 va Kz ta co

X(s)

1+ 3

~ 2 222
S (s+D)(s+2)°% s+l (s+2)? (s+2)
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Thuc hién bién ddi Laplace nguoc ta duoc
X(t) = (28" —2te™® —2e*)u(t)
Téng quét cho trudng hop nay

Froy BO) B(s) (2.12)
A(s)  (s+p,) (s+p,)-(s+p,)
— Kl + K2 .. Kr + Kr 4ot K”

_ T
(s+p)"  (s+ p1)r_1 (s+p) (s+py) (s+p,)
Dé thuc hién dugc phai ¢ diéu kién bac cua tir nho hon bac caa mau va cé r
nghiém boi tai - p1. Dé tim K1 d&én K, cho phan thic ¢6 nghiém boi, dau tién ta nhan
hai vé (2. 12) véi (s + p1)" ta co
(s+ p;) B(s) (2.13)
(s+p) (s+Pp,)(s+py)
=K, +(s+p)K, +(s+ p,) Ky +-+(s+p,) 'K, +
LErp) K Hp)K,
(s+p.) (s+p,)
Ta c6 thé tim ngay dugc K khi cho s — - p1. Dé tim K ta lay dao ham (2.12)
theo bién s va cho s — - p1. Lan luot lay dao ta tim duoc Ks dén K. Cong thiic chung
dé tim Ky dén K la:

Fi(s)=(s+ p) Fi(s) =

i-1
N O I
(i-1)! ds™

S—>—p;
Truwong hep 3: Mau thirc ¢6 nghiém phic hay nghiém ao. Gia sir mau sé cua
F(s) co6 nghiém phuec.
3

F(s) = m
F(s) 6 thé phan tich thanh cac phan thirc nhu sau

_ 3 K KeSHKy

s(s?+2s+5) s s?+2s+5
D& dang tim duoc K1 = 3/5 khi cho s— 0. Dé tim Kz va Ks ta quy dong phan thirc

v6i mau sé chung nho nhat 1a s(s? +2s+5)bo duoc cac phan thuc

3=(K2+§Jsz+(K3+§js +3
5 5

Thuc hién déng nhat thire hai vé ta cé

Thay cac hé sé ta dugc
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3
F(s) = 3 A 3 s+2

s(s°+25+5) S 552+425+5

Tur bang tra anh cda tich ham mii va ham sin va cos
A(s+a)

L jAe ™ cosat =
{ } (s+a)’ +o°

Va
L {Be’at sin a)t}: %
(s+a)+w
Cong hai cong thuc trén ta co
A(s+a)+Bw

L {Ae‘at coswt + Be™ sin a)t}z —
(s+a)+w

Ta dua cong thic trén vé dang sau:

F(s)—L—%—?Hl)Jr(%)'z
s(s*+25+5) s 5 (s5+41)+2°

Tra bang ta tim dugc ham gdc nhu sau
ft)= 3 —ge‘t (cos 2t + 1sin ZtJ
5 5 2
Trong trudng hop trén ta ciing c6 thé thuc hién don gian bang cach phan tich
thong thuong
3 3 B 3
s(s?+2s+5) s(s+1+j2)(s+1-j2)
ﬁ+ Ke + K,
S Ss+1+j2 s+1-j2

F(s)

K1 dé& dang tinh duoc va bang 3/5.
3

3 ]
K= ° _ >
2 s(s+1-j2) (2+1)

20

s—>-1-j2

Tuong tu ta tim dugc Kz la nghiém phtrc lién hop cua Ko.

Tacé
3 . )
F(s):é+i 2+J_ + 2_1_
s 20\s+1+j2 s+1-j2

Tir d6 ta tim dugc ham gdc nhu sau

3 3 . . . _
f(t)==-——|(2 -1+2§) 4 (9 — j)e @2k
0=¢ 20( +ie @) 12— ]

3 3 » ej2t +e—j2t ej2t _eijt
=2 ety +2
5 20 H 2 2j

Ap dung cong thtc ole ctiia ham sin va cos
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izt | g-it

cosé =
jot o -jat
sing="—"°
2]
Suy ra
f(t)= §—§e’t c032t+lsin 2t
5 5 2
Bang 1.1. Bién ddi Laplace mot s6 ham don gian:
f(t) F(s) x(t) F(s)
tn—le—at 1
3(1) . (n-1)! (s+a)"
1 . 1)
1(t) S sinwt .
1 S
tu(t) e cosmt CRp
t"u(t ' in(mt)e™ L
® g sin(wt)e (s+a)’ +a
. 1 (o) S+a
e — cos(mt)e™
S+a (s+a)” + o’
e—at _ e—bt b —a
(s+a)(s+Db)
1 e—at e—b'[
= - 1
ab a(b-a) h ¥ a)s+b)
2.2.1.2 Céc tinh chdt ciia phép bién doi Laplace
1. Tinh chat tuyén tinh: L[a.f(t)]=aL[f(t)]=aF(s)
2. Tinh chat xép chong: Néu fi(t) va fa(t) c6 anh bién doi Laplace 1a Fi(s)

va F»(s) thi ta co:
L[ f.(t)+ f,(t)]=L[f,(t)]=L[f,(t)]=F.(s)+F,(s)
Vi du : Tim anh cta ham ham f(t) = cosat trong d6 a 1 hang sd.
Theo cong thirc Ole ta ¢
el e 1

1
COS&t = =_ejat +_eflat
2 2 2

Thuyc hién phép bién doi Laplace

L{cosat}:L{le"a%lej"“}zl 1_ L1 1_ ZESJFJ‘;”SZ—Ja: 25 :
2 2 2s—ja 2s+ja 2 s“+a s“+a

3. Tinh chét tré (Chuyén dich thoi gian -Translation in time):

29



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)

Vi du: Tim 4nh Laplace ctia ham gdc c6 d6 thi nhu sau
A
1 O0<t<12 P
2 1<t<?2
f(t)=
-1 2<t<3
0 t>3

Taco f(t)=[ht)-h(t-1)]+2[h(t-1)-h(t—2)]-[h(t—2)—h(t—-3)]
Ap dung tinh cht tré ta c6

F(s) Z{l—les}+2[1es —lezs}_{lezs _le3s:|

1 1 . 3 50 1 45 1l+e°-3e*+e™
=—+-e*——eF+ZeF=
s s S S s
4. Tinh chat vi phan phicc (Complex diffirentiation):

Néu f(t) c6 anh l1a F(s) thi:
Lt (0] = L F (s)
ds
_dii/(s+a)] 1
ds  (s+a)?

5. Tinh chat chuyén dich anh: Néu f(t) c6 anh 1a F(s), a 1a mot s6 thuc bt
ky hay 1a mot sb phuc khi do:

Vide Lte®]=— dLE‘Zﬂ _

Lle* f()]=F(s+a)
6. Tinh chat vi phan thuc: Néu f(t) c6 anh 1a F(s) thi :
L[f ()] = sF (s) - f (0%)
Tinh chét tich phan thue. Néu F(s) 1a anh cua f(t) thi
f(0
Fs), ] 1O

S S

L[ j f (t)dt] =

7. Tinh chét gia tri cudi:
Néu bién dbi Laplace cua f(t) 1 F(s) va néu gidi han f(t) tn tai khi t — oo khi dé:
Iirr(1) sF(s) = !im f(t)= f ()

8. Tinh chét gi4 tri diu: Néu ton tai It'”(} f (t) thi
f(+0) = lim f (t) = lim sF (s)

2.2.1.3 Ung dung ciia phép bién doi Laplace
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a) Ung dung giii phwong trinh vi phan tuyét tinh.
Khi chuyén phuong trinh vi phan tir mién thoi gian sang mién anh phtrc tro thanh
phuong trinh dai sb. Sau khi giai ra dugc nghiém ta chuyén nguoc vé mién thoi gian.

Vi du 1: Giai phuong trinh vi phan sau vdi cac so kién déu bang khong.

2
9V 10W 30y =300
dt dt
chuyén sang mién anh Laplace v6i y(0-) = 0 va y(0-) =0
S?Y () +12sY (s) +32Y(s) = %
Rut Y(s) ra ta dugc
Y(s) 32 32

- s(s? +12s+32) - s(s+4)(s+8)
Phén tich Y(s) thanh tong cac phan thirc toi gian
Y (S) L ﬁ + L + &

:s(s+4)(s+8): S s+4 s+8

Tim céc hé s6 K1, K2 va Ka.

32
Ki=— | =
(s+4)(s+9)|_,,
- 32 _
s(s+8)|.,_,
- 32 1
(s+4)s|_ 4
Vay
Y-t 2 L

S s+4 s+8
Thuc hién bién d6i Laplace ngugc ta tim dugc
y(t) = (1-2e™ +e™)u(t)
Trong cong thirc trén c6 chtra u(t) néi 1én rang cac dap ung s& bang 0 cho dén khi
t = 0. Vi vy cac dap tmg dau ra ciing bang 0 cho dén kho t = 0. Dé thuan tién ta co thé
b6 ky hiéu u(t) di, vy dap ing dau ra c6 thé viét nhu sau
y(t)=1-2e ™" +e™®

Vi du 2: Giai phuong trinh vi phan bang toan tir Laplace sau

2
d_zy + SQ +2y=0
a2 dt
véi so kien y(+0) = ava YO _y

dt

Chuyén cd hai vé sang mién anh phirc nho toan tur Laplace
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[szv (s) — sy(+0) — %} +3[sY (s) - y(+0) |+ 2Y(s) =0

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

=Y = (s?+35+2) (s+D(s5+2) s+1 s+2

Thuc hién bién ddi Laplace nguogc rut ra dugc y(t)
y(t) = (2a+b)e —(a+b)e™ voit>0.
Vi du 3: Giai phuong trinh vi phan sau

?j;y + 2% +5y=3
vo1 so kién y(+0) = % =0
Thuc hién bién d6i Laplace
< (s +25+5)Y(s) =§
3 3 3x2 3(s+1)

SO = aehs s w0fs a0t 22] s+ +27]

Suy ra
3 3 . 3 .
t)=———e sin(2t) ——e" cos(2t) vdi t >0.
V(O = ¢~ e sin(20) - e cos(2n) voi >
b) Gidi mach dién
Cho mach dién sau

i(t) t=0 K
Q0

wo ()

Q
Y
L/ +

Gia st khi mach dién dong tai thoi diém t — 0 thi uc(0) = 1.0V. Tim dong dién
1(t) chay trong mach di¢n. (trong do U(t) =5V, C= 1uF, R = 1kQ)
Giai:
Ta c6 phuong trinh sau
.1

u(t)=Ri +E-[Idt
hay

Cu(t) = RCi + [ idt

thay cac thong sb dau bai di cho vao

32



5.10° =10%.10 i +jidt
= 5.10° =103 +_[idt

Thuyc hién phép bién doi Laplace

510° s, {1+ Uidt].o]

S S S

Theo dau bai uc(0) = 1.0V nén ta co

U, (0)= é“idtl_o - 101_6 [Jiot] =1

= idtlzo =10

Thay vao cong thurc trén ta co

-6 -6
5.10 :103|+(L+10 j

S s s
- (1+10-3]| _510° 10° 410°
S S S S
& (1+10%s) =4.10°°
-6
B 111835 = 4107 +1looo
Thuc hién tra bang bién doi Laplace ta tim duoc i(t) nhu sau
i(t)=4.107°e ™™
2.2.2 Ham sé truyén ciia hé thong PKTP.
Nhim don gian hoa cac phuong phap phan tich va tong hop hé thdng tu dong

ngudi ta thudng chuyén phuong trinh dong hoc ctia hé & dang phuong trinh vi phan
viét v6i cac nguy@n ham u(t), y(t) thanh phuong trinh viét dudi dang cac ham sé U(S),
Y (s) thdng qua phép bién d6i Laplace.

Vi du xét ham s6 u(t) — ham sb cua bién s6 t (bién sb thuc, & day t 1a thoi gian)
ta goi 1a nguyén ham. Ta cho phép bién d6i ham sb x(t) thong qua tich phan:

U(s) = l u(t).e .dt 215

trong d6: s = o+ jB - bién sb phirc, bién d6i (2.15) ham u(t) thanh ham bién s6
X(s) duoc goi 1a la bién Laplace, va U(s) dugc goi ham anh. Nhu vay ham anh 1a mdt
ham bién sb phirc s. Phép bién d6i Laplace dugc ky hiéu sau:

L{u(t)}=U(s) hodcu(t) — U(s)

Gia st nguyén ham u(t) c6 cac diéu kién ban dau khong, tic 1a véi t=0 gia tri cua
ham u(t) va cac bac dao ham diu(t) / dti v6i i=1,2, 3, ..., (n-1) déu bang 0, tinh theo
tinh chat cua phép bién d6i Laplace (dinh 1y vé anh dao ham cua nguyén ham) ching
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ta co:

dt'
i=12,3,,n

du®)|
L{ai —} =2a,.5'U(s) (2.16)

Nhén hai vé cta phuong trinh (2.16) véi et sau d6 14y tich phan theo t tir 0 dén
oo, tirc 14 14y bién doi Laplace ctia hai vé phuong trinh, v6i gia thiét rang cac ham u(t),
y(t) ¢6 cac diéu kién ban dau bang 0, dua theo tinh chét tuyén tinh ctia phép bién doi
Laplace , phuong trinh (2.16) sé& c6 dang:
a,s"Y (s)+a,s" Y (s)+---+a _,sY(s)+a,Y(s) =
=h,s"U (s) +b,s" U (s) +---+b_ U (s)+b U(s) (2.17)
O day, Y(s), U(s) — 1a cac bién d6i Laplace ciia ham luwong ra va ham luong vao
cua hé.
Phuong trinh (2.17) dugc goi 1a phuong trinh dong hoc mo ta quan h¢ vao ra cia
hé viét dudi dang toan tir Laplace. Py 1a phuong trinh dai s, v6i n va m 1a cac sé mil

ctia bién s6 s giai phuong trinh (2.17) tng v6i lugng ra Y(s).

m m-1
Y(s)= b,s : +bs _ +---+b, ,S+Db, U(s)
a,s +as" +---+a,,S+a, (2.18)
Chung ta ky hiéu:
bys™ +b,s™ "t +---+b_,S+b_

W(s) =
®) a,s"+a;s"t+--+a, ,s+a, (2.19)

va goi biéu thirc dai s6 nay 1a ham sb truyén (hodc ham truyén dat) cua hé thong

tu dong (hay ctia mot phan tir ciia no).

Khi dé Y (s) =W (s)U(s)
(2.20)
Hoac W(s) = Y(s)
U(s) (2.21)

Vay ham sd truyén (H S T) cta hé thong (hay ciia mot phan tir) tu dong 1 ty sd
ham anh cta lugng ra véi ham anh cua luong vao ciia né (qua phép bién d6i Laplace)
v6i gia thiét tat ca cac diéu kién déu bang khong.

Biéu thirc (2.19) cho ching ta thdy, HST 1a mot ham phan s6 hitu ty cua bién s,
¢ béc cac da thirc thoa man 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 gip trong cac hé thong
DKTD.

Phuong trinh (2.20) cho phép x4c dinh ham anh cia lugng ra néu biét ham anh
cta lwong vao va biéu thirc HST cua hé. Nhu vay HST hoan toan xac dinh céc tinh
chat dong hoc ctia hé thong. Pé xac dinh nguyén ham cta luong ra, tirc 13 x4c dinh y(t)
khi biét x(t) c6 thé bién d6i nguoc Laplace, theo do:
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o+jw

y(t) = LY (5)] = 2—11 > ¥ (s)etds 022

D6 14 phuong phép toan tir dé giai phuwong trinh vi phan. Néu Y(s) 1a ham don

gian, chung ta c6 thé st dung bang bién doi Laplace cta cac ham don gian dién hinh,

c6 trong phu luc cac sach néi vé bién d6i Laplace, dé tra ciru nguyén ham y(t). Néu

ham anh Y(s) 1a ham phirc tap, cn phan tich chiing thanh t6 hop tuyén tinh cac ham

don gian, ma chung ta di biét nguyén ham cta né. Nguyén ham y(t) chinh 13 t6 hop

tuyén tinh ctia c4c nguy@n ham thanh phan.

2.2.3 Ham lruyén dat cua mach dién

Trong mach dién c6 cic phan tir co ban 1a dién tro (R), dién cam (L) va tu dién

(©).
a) Pién tré' R
Up
Up I
—_—3 1R v
n -
R
Hinh 2.4: Dién tro
Dién ap roi ty I¢ thuan voi cuong do dong dién I chay qua dién tro:
u(t) = Ri i(t):%u(t) Z-R
Thong qua phép bién d6i Laplace ta c6 dugc ham truyén cia dién trg 1a
oot o1
U R (2.23)
b) Dién cam L
U
UL, ; |
] L — o Uls |——-u>
—W—
T.
Hinh 2.5: Dién cam L
Dién ap roi trén dién cam la:
dl(t)
ut)=L——==i(t) =—|u(t)dt
u(t) = =i(t) = j (®) (2.28)
Thong qua bién d6i Laplace ta tinh duoc tré khang Z va ham truyén cua dién
cam L:
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Z=Ls W, =—=—
U Ls (2.25)
¢) Tu dién C
U
Uc
| Cy p—m—mm>
n (| —
C
Hinh 2.6 Tu dién C
bién &p roi trén di€n dung la:
u(t) = lji(t)olt = i(t) = c u®
Cs dt (2.26)
Trd khang va ham truyén dat cta tu dién:
Z= 1 W, = L Cs
C Ue (2.27)

d) Cac phin tir R, L va C mic néi tiép

Uy i )YT Y

Hinh 2.7: So dé cdc phan tir mach dién RLC mdc noi tiép

ﬂ+Ur
dt

A
=

Uy =Ri+L
du, _ di _ d*,
dt  dt dt?

+RC dy,
dt

urzljidt:izc
C0

d2U,
dt?

Thuc hién phép bién d6i Laplace ta co:

(LCs?+RCs+1)U, =U,

= LC

+UI’ :UV

R0t ra duoc ham truyén 1a:

W(s):tj—r: YyLC

v SZ+LS+L1C

e) Cac phan tir mac song song

(2.28)

(2.29)

(2.30)
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Hinh 2.8: So dé cdc phdn tir mach dién RLC mdc song song
Dong dién ctia mach dién la
| = =2
Z (2.31)
Téng tré cia mach song song duoc tinh 1a
£:£+i+ 1 :RLCSZ+LS+R
Z R Ls 1/Cs RLs (2.32)

Ham truyén cta hé thong 1a

» 1 1
oS (2.33)

2.2.4 Ham truyén ciia hé théng co khi
2.2.4.1 Phan tir chuyén déng thang
a) Lo xo

v(t)

UGs) Y(s) £t A Y

AN

>
07777

Hinh 2.9: So do biéu dién 16 xo
trong d6 : K 1a hé sd dan hoi cua 10 xo
Néu ta 4n 10 xo ¢6 chiéu dai L, di dong dugc mot luong X thi can mot lyuc tac

dong 1én la:

f(t)=Ku(t)
(2.34)
Thong qua bién dbi Laplace to ¢6 ham truyén cua 16 xo nhu sau:
loxo — ﬂ =K
u(s) (2.35)

b) Bo giam chén diu ép (khoéng khi)
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fit) | = O
e [ ] Ye L2 N
x(t) )

Hinh 2.10: So dé biéu dién bé gidm chan dau ép

Pé di dong pit tobng voi van tdc v, ta can tac dong 1én mot lyc 1a f

f(t)=fv(t)= fvM
dt (2.36)
trong d6 f, 12 hé s6 giam chan
Thuc hién bién d6i Laplace
vD ~ ﬂ =fs
U(s) (2.37)

¢) Trong khoi
Khoi hrong

—_— u(t)

U(s) X Y(s)

Hinh 2.11: So dé biéu dién trong khéi
Theo dinh luat II Newton téng cac luc & bén ngoai tac dong vao mat trong khoi

s& bang tich cua trong khéi va gia toc ta co:

2
Zf _Ma=M dv(t) M d ugt)
dt dt (2.38)
Thuc hién phép bién d6i Laplace ta c6 ham truyén cua trong khdi 13:
w, =) g2
U(s) (2.39)

d) Thiét bi giam chin
Thiét bi giam chan bao gdm trong khéi — 10 X0 - bd giam chén

— 1)
U(s) ) Y(s) Z —
B ] e o y(®
Ms*+ fs+ K
Z

Hinh 2.12: So do biéu dién thiét bi giam chin
Dé tim duoc ham truyén cua hé thdng trudc tién ta v& biéu dién cac luc tac dong
trong khoi
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— U

* (1)

Ku(t) «—] KU(s) «+—

s Us) =—— M > Y(s)

Ms2.U(s )=

fdu(t)/die—— M .

Md?u(t)/dt 4=

Hinh 2.13: So dé biéu dién luc tac donglén trong khoi
St dung dinh luat Newton dé viét phuwong trinh chuyén dong:

2
VELCI

du(t) 3
m +Ku(t) = f (t)

dt ' (2.40)
Thuyc hién phép bién doi Laplace:
(Ms® + f,5+K)U(s) =Y (s)
(2.41)
Tir d6 ta rit ra ham truyén cua hé thong 1a:
W(S)=U(s) - 1
Y(s) Ms“+fs+K (2.42)

2.2.4.2 Phan tir chuyén déng quay
Theo dinh luat IT Newton vé chuyén dong quay thi gia téc goc ciia vat quay ti 18
thuan voi tong momen tac dong 1én no, ta ¢6 phuong trinh sau:

d2(p
SM=J—=
dt2 (2.43)

trong do :

J 1a mOmen quan tinh tac dong 1én vat.

@ 1a vi tri goc quay cua vat thé

M la m6 men tac dong 1én vat

Cac mdémen bén ngoai dugc tao bdi dong co do tai trong tdc dong cua 1o xo hoac
vét giam chan. Hinh biéu dién so d6 ctia mot dia quay trong chat long lam cho truc lap
trén no bi bién dang di mot goc o.

Néu ta quay dia véi moémen xodn x, truc sé quay di mot goc ¢ tao nén momen

cua 10 xo xoan:

M, =k
(2.44)
Momen can thiét dé thang lyc ma sat ctia chét 1ong:
v, e
dt (2.45)

trong d6 C 14 hé s6 ma sat cua chat long

Nhu vay ta c6 phuong trinh:
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d?p
dt? (2.46)

dYM=x-M,-M, =]
Thay vao ta dugc:
2
x=J d_;p +C do + ko
dt dt (2.47)
2.2.5 Su twong duong gitra hé co khi voi mot mach dién

Su twong duong gitra mach co khi va mach dién

Trong khéi =M PN dién cam =
B6 giam chan = fy A dién tro = 1/f,
Loxo =K — dién dung =1/ K
luc tac dong = f(t) TN nguon ap = f(t)
van toc = v(t) TN dongvong = v(t)
M fy L R
AVAAV o I —ANN— T —

=
N
A
J
|
AT+
b=
oy
'
A
Q
N
LR

71

f(t) GD %‘U M %; it(t RU L C=

Hinh 2.14: So do biéu dién s twong dwcong gitta mach co khi va mach dién
Khi so sanh véi dong vong ta c¢6 mach twong dwong ndi tiép, néu dung phuong
phép nut, thi mach twvong duong duong 1a mach song song.
Phuong trinh chuyén dong la:
(Ms® + f s+ K)X(s) = F(s)
(2.48)
Déi véi mach RLC ndi tiép 1a:
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1
(Ls +R +§jl (s) =E(s) (2.49)

hai cong thuc trén khong tuong thich véi1 nhau do khoang cach va dong dién
khong tuong thich véi nhau. Ta bién dbi sy twong thich bang cach chuyén doi tir

khoang cach sang van toc:

Ms® + f s+ K K
————sX(s) =(Ms+ f, +?)V (s) =F(s) (2.50)
Ta ciing c6 thé chuyén d6i sang hé song song
Trong khéi =M N bién cam = M
B6 giam chan = f, TN bién tro = 1/,
Lo xo =K — biéndung =1/ K
Luc tac dong = f(t) - Ngudn dong = f(t)
Van téc = v(t) N Dién ap ndt = v(t)
Cong thirc mach song song 13;
(Cs+£+i)E(s)= 1(s) (
R Ls 2.51)

2.2.6 Ham truyén ciia cdc phan tir dién tir

Vit
i:: Volt) V() Vo (2)
O
Vald)
L 2.05) b)
I,(s)

Wils) Zy(s) V.(5) ‘\_ Vols)
o — — l‘_/‘i —_—

L& T

c)

Hinh 2.15: Biéu dién phan tir khuéch dai thudt todn
- Sai 1éch dién 4p dau vao: va(t) — va(t).
- Tro khang dau vao cao: Z1 = oo (ly tudng).
- Tro khang dau ra thap: Zo = 0 (Iy tuong).
- Hé 56 khuéch dai cao A = oo (ly tudng).
Dién ap dau ra duoc tinh 1a:
Vo(t) = A(v, (1) — v, (1))
(2.52)
Néu va(t) duge ndi dat thi bo khuéch dai dugc goi 1a khuéch dai dao.
Luc d6 v, (t) = —Av,(t)
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Trong hinh 2.16 ¢, néu trd khang dau vao cao thi ta c6 Ia(s) = 0 suy ra 11(s)= -
l2(s). Khi hé sb khuéch dai A 16n, vi(t) = 0 thi 11(s) = Vi(s)/Z1(s) va - I(s) = -

Vo(S)/Z2(s).
Cho hai dong dién nay bang nhau ta cé:
VoS) _ _Vi(8) a1y Vo®) _ _Z:(9)
Z,(s)  Zy(s) Vi(s)  Zy(s) (2.53)

Vi du : Tim ham truyén ctia mach khuéch dai dao sau

R o= 220k0 Y = 0.1uF

O, = 5.6 uF — 1

Vit | | Rty Volt)
A

—___
R, = 360k0

Hinh 2.16: So do hé théng khuéch dai ddo
Tong trd Za(s) 1a
1 1 _360x10°

Zl(s) = = =
Cist o 5exi0®sy L+ 20165+
R 360x10

1

Tong trd Z2(s) 1a

7
Z,(s)=R, +i =220x10° +£
C,s S

Thay Za(s) va Zx(s) vao cong thirc 2.
Vo(s)  Z,(5) s2 4 45.951s + 22.547

=-1.232
Vi(s)  Z4(s) s

Cau hei, bai tap
Bai 1: Giai phuong trinh vi phan sau:
2
9 12W 32y -3
dt dt
Bai 2: Cho ham truyén cta hé thong nhu sau:
Y(s)  3(s+2)
U(s) (s+4)(s+1)?
Tim dap ung dau ra ctia hé théng khi tin hiéu vao 1a tin hi¢u bac thang don vi
Bai 3:
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Tim ham truyén ciia mach dién sau, biét tin hiéu vao 13 Uy(t), tin hiéu ra U(t) = Uc(t)

O

Cho: L =5(H), C = 1(F), R = 10(€2)
Bai 4: Cho phuong trinh vi phan sau:
3
d ygt) +4 dy© +12 dy(t) +y(t)= du(t) +5u(t)
dt dt?
Trong d6: y(t) 14 tin hiéu dau ra, u(t) 14 tin hiéu dau Vao.

6
2
Y
A
=

Tim ham truyén dat v6i gia thiét cac so kién dau bang khong.
Y (s)
U (s)

Bai 5: Tim ham truyén cua hé théng sau; W(s) =

Vi) 100kQ  1xF

l__
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Bai 3: M6 hinh toin hoc trong mién thdi gian (3 tiét)
2.3 M hinh toan hoc trong mién thoi gian
2.3.1 Khdi niém trang thai va bién trang thai

2.3.1.1 Khdi niém vé trang thai

Khai niém trang thai c6 trong co s& cua cach tiép can hién dai trong mo ta dong
hoc cua cac hé théng da dugc Turing lan dau tién dua ra ndm 1936. Sau d6 khai niém
nay duogc cac nha khoa hoc & Nga va My tng dung rong rii dé giai cac bai toan diéu
khién tuy dong.

Trang thai cta hé théng dugc dic trung nhu 13 lwong thong tin tdi thiéu vé hé,
can thiét dé x4c dinh hanh vi ctia hé trong twong lai khi biét tac dong vao. N6i mot
cach khéc, trang thai cua hé dugc xac dinh bdi té hop cac toa d6 mo rong dic trung
cho hé.

Trang thai cua mot hé théng 1a tap hop nho nhét cac bién (got la bién trang thai)
ma néu biét gia tri ctia cac bién nay tai thoi diém to va biét cac tin hiéu vao thoi diém
t>to ta hoan toan c6 thé xac dinh duoc dap ung cua hé théng tai moi thoi diém t>to.

Hé théng bac n ¢6 n bién trang thai. Cac bién trang thai co thé chon 13 bién vat
Iy hodc khong phai 1a bién vat 1y.

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

- Cac bién vao hay céc tac dong vao Ui duoc tao ra boi cac hé thong nam ngoai
cac hé duoc xét.

- Cac bién ra yi dic trung cho dap tng ctia hé theo céc bién vao di dinh.

- Cac bién trung gian x; dic trung trang thai bén trong cua hé.

2.3.1.2 Khéi niém véc to trang thdi:

n bién trang thai hop thanh véc to cot
x=[x X .. x[
(2.54)

goi la véc to trang thai.

- Khong gian trang thai: khong gian n chiéu 1a khong gian hop boi cac truc cia
cac bién trang thai.

Vi du ta c6 cac bién trang thai dién ap cua dién tré vr va dién 4p cta tu dién vc
céc bién nay s& hinh thanh 2 tryc ctia khong gian trang thai.

Pé thuan loi trong thao tac voi cac dai lugng nhiéu chiéu, t6 hop cac bién vao
c6 thé trinh bay dudi dang véc to cac tac dong vao:

u® =fu,® u,® .. u,OF
(2.55)

T6 hop cac bién ra trinh bay dudi dang vécto ra
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yt) =[y.(t) vt ... y,®f
(2.56)

Céc to hop cac toa do trung gian, dic trung ndi dung bén trong cta hé dugc viét
dang véc to trang thai cua h¢ .

(2.57)
Theo dinh nghia trang thai ciia hé tai thoi diém bét ky t > to, trang thai ciia hé 1a
mot ham cua trang thai ban dau x(to)va véc to vao r(to,t), tirc la:
X(t) = F[x(t,), u(ty, t)]
(2.58)
Véc to ra tai thoi diém t c6 quan hé don tri véi x(to) Va u(to ,t)
y(t) =P [X(t;) u(t,, H)]
(2.59)
Céc phuong trinh (2.58) va (2.59) thuong goi la phuong trinh trang thai cta hé.
Néu hé thong dugc md ta bai cac phuong trinh vi phan tuyén tinh ,thi phuong
trinh trang thai cua h¢ duoc viét dudi dang sau : (Béng cach sur dung cac bién trang
thai, ta c6 thé chuyén phuong trinh vi phan bac n mé ta hé théng thanh hé gébm n
phuong trinh vi phan bac nhat)
X(t) = A(t).x(t) + B(t).u(t)
{y(t) = C(t).x(t) + D(t)u(t) (2.60)
trong do: X (n x1) véc to cac bién trang thai,
u (m x 1) véc to cac bién dau vao
y (r x 1) véc to cac bién dau ra.
A(t) - Ma tran hé thong.
B(t) - Ma tran diéu khién hay ma tran dau vao.
C(t) - Ma tran ra.
D(t) - Ma tran vong.
Cac ma tran co cac phén tir phu thudc vao bién t, 1an luot 6 kich thude la: A(n x
n), B(nxm), C(rxn), D(rxm).

u

D

Hinh 2.17: So dé khéi biéu dién hé thong diéu khién trong khéng gian trang théi
Thuc té cac hé théng thirc déu c6 tinh quén tinh, do d6 D 1a mdt ma tran c6 cac
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phan tir déu bang khong.
2.3.2 Hé tuyén tinh hé s6 hang.
Hé thong c6 mo hinh trang thai 1a:
X =Ax+Bu
- (2.61)
y=Cx+Du

Trong d6 cac ma tran A, B, C va D 1a cac ma tran héng $0.

A duoc goi 12 ma tran hé théng. Néu s 1am cho phuong trinh det(sI - A) = 0 thi s
dugc goi 1a gia tri riéng clia ma tran A (day chinh 13 diém cuc cta hé théng). I 12 ma
tran don vi, s 1a mot sb phirc, det 1a ki hiéu cta 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 Iy phuc tap. Bude
dau tién 1a chon vécto trang thai, viéc lya chon nay phai tuan theo cac yéu cau sau:

- Céac bién trang thai phai 13 toi thiéu nhung van phai dam bao bicu dién day du
trang thai ctia hé thong.

- Céc bién trang thai phai doc 1ap tuyén tinh.

Vi du 1: Cho hé thong vat 1y ¢6 so dd nhu sau:

u(t)i:::) R [il luR(ﬂ C 1 uc(t)

Hinh 2.18: So' dé mach RLC mdc hon hop

Xay dyng mé hinh trang thai cho dbi tuong.

Giai:

Buwéc 1: Pat tén cac dong dién nhanh bao gom ir, iL VA ic.

Buéc 2: Chon cic bién trang thai bang cac viét phuong trinh vi phan cho cac
phan tir chira nang lugng bao gdom ty dién C va dién cam L

C e _ I L ar_ u,
dt dt (2.62)

Ta chon ii VA Uc 14 c4c bién trang thai, nhung do ic va uL khong phai 14 cac bién
trang thai nén ta phai viét dudi dang to hop tuyén tinh ctia cac bién trang thai iL va uc ,
bién dau vao 12 u(t).

Buwéc 3: St dung 1y thuyét vé mach dién cu thé 13 viét phuong trinh dya vao dinh
luat Kirchhoff. Tai nit 1 ta co
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I =—I +1,
1 .
:—EUC +|L

Mat khac ta co
U, =—U. +u(t)

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

di——lu +1
d RS "
di
L—=—-u. +u(t
i (t)
hoac
du. __ 1
dt RC
di 1 1
—=—=U. +—u(t
d L ° L ®

Bwéc 5: Rut ra cong thic cua tin hidu dau ra ir(t)

Uc +E|L

g =—Uc

R

két qua cudi cung la

tin hiéu dau ra

SN

Vi du 2: Cho mach dién gém ba phﬁn tir R, Lva C méc ndi tiép
L E

—N N

0O it ) ]

Hinh 2.19: So' d6 mach RLC mdc néi tiép
U; 1a dién ap dat vao mach. Tim md hinh trang thai.
Giai:

Ta c6 phuong trinh dién 4p cua mach la:

AT+

(2.53)

(2.64)

(2.65)

(2.66)

(2.67)

(2.68)

(2.69)
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U, =Ug +U, +U, (2.70)

thay cac cong thirc tinh dién ap ctia cac phan tir

u, :iR+L%+u2 (2.71)

, 1. 2.72
trong do U, =Uc :Ejldt (2.72)

Trang thai cua mach duogc quyét dinh boi dién ap ra uz va dong dién i. Ta goi u.
va i la cac bién trang thai.

u, =
bat: %
i =X,

Tur cong thire (2.71) va (2.72) ta rut ra cong thirc tinh dong dién la

. du o1

=Ca heg

i R. 1 1 1 R 1 &9
—I:——i——u2+—u1 X, =——X ——X, +—U,

dt L L L L L L

Dang chinh tac duoc viét nhu sau:

X, :0.x1+éx2 +0.u,

(2.74)
X __1 —Ex +iu
2 Lxl L 2 L 1
Viét hé trén dudi dang vécto ma tran
1
. 0o = 0
. 1
] |_1 _Rix| [T
L L
hay viét gon lai
X = Ax+Bu (2.76)

goi 1a phuong trinh trang thai ciia hé thong. Khong gian hai chiéu gom trang thai
dong dién i = x2 va dién ap trén tu 1a uz = X1 dugc goi la khdng gian trang thai.
Vidu 3:

+
u(t) _C} it L

Hinh 2.20: So' @6 mach RLC mdc néi tiép
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Taco

. di 1.
|R+L—+Ej|dt=u(t)

dt
Thay i(t) = ?j—?véo cong thire trén ta dugc
d’qg _dgq 1
L—+R—+—=q=u(t
a dt Co ®
Ta dit i(t), q(t) 13 cic bién trang thai
o
dt
di 1 R. 1
—=———q-—i+—u(t
dt LCq L +L ®

viet duoi dang vécto ma tran

. 0 1 . 0
q [
i -— —lq| |=

LC L L

Pién ap uL 1a bién trang thai du ra

SRR

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

2.4.1 Chuyén tir ham truyén dat sang khéng gian trang thdi

(2.77)

(2.78)

(2.79)

(2.80)

(2.81)

(2.82)

DPé c6 thé mod phong duoc mét hé théng trén may tinh thi mo hinh toan hoc ctua

d6i twong phai duoc biéu dién trén khong gian trang thai. Vi vay khi ta da md hinh cia
d6i twong biéu dién bang ham truyén dat ta phai chuyén sang phuong trinh trang thai.

- Chon céac bién trang thai, moi bién trang thai duoc xac dinh bdi dao ham cua

bién trang thai trudc do.

- Ta xét phuong trinh vi phan sau:

n n-1
Jia S e Y
dt dt dt

Céach thuén tién chon bién trang thai la chon bién dau ra

+..+a,——+a,y =byu

(2.83)
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Lay dao ham hai vé

=dn_1y
gt
_y
Yoot
o
"
%t = dt“y

Biéu dién trén khong gian trang thai

X =X,

X, =%

X3 =X,
X1 =X,
Xy =—89X

—aX

Biéu dién dudi dang vécto ma tran

0 1
0 0
o 0o o
0 0 0
-3, -a -a

0
—a,

0
-a,

_a5

Viét phuong trinh trang thai dau ra

o= a8, X, +byu

(2.84)

(2.85)

(2.86)

(2.87)
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Laplace nguoc véi cac didu kién dau bang khong.

thai.

y=L 0 0 0 ... O

(2.88)

Cdc budce 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 doi

- B2: Thuyc hién chon cic bién trang thai va biéu dién trong khong gian trang

Vi du 1: M6t ddi twong c6 ham truyén dat 13 W (s) =

Giai
Budc 1: Tim phuong trinh vi phan
2

Y (s).(s* +55+4) =5U(s) :>M+5ﬂ+4y _ o5y,

dt? dt

Bwée 2: Lua chon cac bién trang thai

n=y X =X,
=
X, :%=>‘(1 X, = 25U —4X, —5X,

Viét dudi dang vécto ma tran

.10 1 0
X = X+ u
-4 -5 25
y=[1 0]x
Tim gia tri riéng
S 0 0 1 s -1
0 S -4 -5 4 s+5
det(sl —A) =s(s+5)+4=s°+55+4=0
A=25-16=9
s, =-15,=—4
Vi du 2: Cho ham truyén sau:

Y(s) 24
U(s) s°+9s®+26s+24

W(s) =

Chuyén dbi sang hé phuong trinh trang thai.

U(s) s°+55+4

Xay dyng mé hinh trang thai cho ddi tugng. Xéac dinh cac gia tri riéng.

(2.89)

(2.90)

(2.91)

(2.92)
(2.93)

(2.94)
(2.95)
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Giai:
Buwée 1: Tim phuong trinh vi phan
Thuc hién phép nhan chéo
(s°+95” +265+24)Y (s) = 24U (s) (2.96)
Chuyén ddi thanh phuong trinh vi phan bang cach dung phép bién ddi Laplace
nguoc voi diéu kién dau bang 0

y+9y+26y+ 24y = 24u (2.97)

Budére 2: Lya chon bién trang thai

Chon céc bién trang thai nhu sau:
X, =Y (2.98)
X, =y
X3 = y

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

thai
X = X,
X, = X, (2.99)
X, = —24X, — 26X, —9X, + 24u
y=X

Viét dudi dang vécto ma tran
X, 0 1 01X 0

X,|=| 0 0 1] X[+ 0 u (2.100)
% | |-24 —26 9| x,| |24

X
y=[1 0 0] x,

X3

Md hinh duge biéu dién nhu sau:

X (D % (1) (D)

u(?) X5 (7) x5 (1)
o |

9

24 e

Hinh 2.21: So do biéu dién bang so dé khoi trong gian trang thdi
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2.4.2 Chuyén tir khéng gian trang thdi sang ham truyén dat
M0 hinh toén hoc trong gian trang thai duoc biéu dién nhu sau:

X = AX+ Bu
y =Cx+Du (2.101)
Thuc hién chuyén d6i Laplace véi diéu kién dau bang 0
sX(s) = AX(s) +BU(s) (2.102)
Y (s) =CX(s)+DU(s)
Tu rat X(s) ra:
(sl = A)X(s)=BU(s) (2.103)

X (s)=(sl —A)"'BU(s)
Trong do6 I 1a ma tran don vi
Thay X(s) vao (2.94) rat ra dugc
Y(s) =C(sl —A)'BU(s)+ DU (s) (2.104)
Ta goi [C(sI — A)'BU(s) + DU(s)] 1a ma tran ham truyén boi vi né quan hé voi
vécto bién ra Y(s) va vécto bién vao U(s).
Néu U(s) = U(s) va Y(s) = Y(s) 1a cac dai luong v huéng ta co thé tim ham

truyén nhu sau:

W)= c(st - A B+ D (2.105)
U(s)
Vi du: Cho phuong trinh trang thai biét dau ra 1a Y(s) va dau vao 1a U(s)
0O 1 0 10
x={0 0 1 |x+/0 (2.106)
-1 -2 -3 0
y=[L 0 ok
Giai: Tir dau bai ta xac dinh cac ma tran A, B, C va D
0O 1 O 10
A=[0 0 1 B=|0 (2.107)
-1 -2 -3 0
cC= o 0] D=0
Tatim (sl - A)?
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s 00/ |]0 1 O s -1 0
0 1|=|/0 s -1

(sl-A)=|0 s 0|—-| 0
00 s| -1 -2 -3| |1 2 s+3 (2.108)
$?+3s+2 s+3 1
-1 s(s+3) s
(51— Ay = I =A) -5 -(2s+) s?
det(sl — A) s +3s?+2s+1
Thay (sl - A)L, B, C, D vao ta duoc ham truyén
W(s) = 10(s® +3s+2)
(2.109)

$®+3s% +2s+1

2.5 Tuyén tinh hoa
- Cé4c hé thdng ma ta da xét véi gia thuyét 1a tuyén tinh. Trén thyc té hau hét cac

d6i twong la phi tuyén.

- Trong hé thong ciing c6 thé bao gom ca dai luong phi tuyén va tuyén tinh.

- Do thyuc té yéu cau nguoi thiét ké phia tuyén tinh hda mot sé dai lugng phi
tuyén dé su dung.

- Cac buéc thuc hién tuyén tinh hoa
+ Bwéc 1: Viét phuong trinh vi phan ciia hé thong. Véi gia thiét tin hiéu dau vao

nho
+ Buéc 2: Tuyén tinh hoa phwong trinh vi phan, ding bién d6i Laplace vai diéu

kién dau = 0.
Cau héi bai tap chwong 2:
Cau 1: Viét phuong trinh trang thai ctia hé ¢6 so d6 ciu tric sau:

L

Cau 2: Giai phuong trinh vi phan sau:
y(+0) = DE0)_ 0
L 5y(1)=3

- Fe

dt” dt

Vo1 so kién:
Cau 3: Cho d6i tuong c6 ham truyén:
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oo YE) 20
"= S 45544

X4y dyng mé hinh trang thai cho ddi twong. Xéac dinh cac gié tri riéng ctia ma trin A.
Cau 4: Tim ham truyén cta hé c6 phuong trinh trang thai sau, biét dau ra 13 y(t) va
dau vao 1a u(t):

0 1 0 2
wB=0 0 1 |xO)+| 0|u®d
-1 22 -3 0

y@=[1 0 0]x(®
Céu 5: Giai phuong trinh vi pﬁén sau v6i cac so kién ban dau bang khong.

9Y 129 130y -3
dt” dt
CAu 6: Cho phan tr mach dién 1a cuén cam L.Xac dinh ham truyén dat cua phan tu
cudn cam.
i(t) 1, (t)
—| W(5) L,
w,(5)= 21 - W)= - L
a 1(s) b, 1(s) Ls
] o
W)= 26 L [ACEE A
C. U,(s) Ls d. £ ()
CAu 7: Chat lugng diéu khién c6 phu thudc vao yéu té nao
a. Do chinh xac ciia mo hinh toan hoc
b. Nhiéu tic dong vao tin hiéu dau ra cta hé théng
c. Cong suét tiéu thu cua céc thiét bi
d. Nha san xuét cac thiét bi diéu khién
Cau 8: Cho ham gbc
a2 4
J@) =4 +38 tim anh Laplace F(s)
8 24
FCS):T{“T} F(S)=£2[1+2—ﬂ
a. 5 5 C. s s
8 32 8 4
Fio=5422 QCRLITEE]
Y S d h) S

Cau 9: Cho mach dién sau
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v

ol
- vrr—

v(t) = sin3tV, R=6Q, L =3 H va cac so kién ban du bing khong. Tim dong dién
i(t).

1
_S0= e

. f()= %[e_zf —cos(37)+ %sin (3!)]

2 _ cos(3f)+ 2sin(3)]

b.

d.

Céu 10: Cho phuong trinh vi phan sau

Fy0

dr

29400

dy(1)
dt dt

+ () =

a’x(r)

+5x(1)

f()=— [e —cos(3t) + %sin(%)}

f(H= %[e‘zr +cos(37) - % sin(?az‘)]

trong d6 y(t) 14 tin hiéu dau ra, x(t) 1a tin hiéu dau vao. Tim ham truyén dat voi gia
thiét cac so kién bang khong.

W (s) =

C.

%] [2 o
| [0 4

Y(s) _ s+3

W(s)=

X(s) s +4s7+12s+1

s+5
sP+dst +125+1

Y(s)
X(s)

1 &,(8)

b.

d.
CAu 11: Cho hé thdng sau. Tim phuong trinh trang thai ctia hé thong.

W(s)=

W (s) =

L=

Tie

LY
|
26}

1 A8

S T

A

<[ /f |+t

©
|
I

0

d.

Y(s) _ 5
X(s) s +45° +125+1
Y(s) s—35
X(s) s +4s”+12s+1

% Fls)

NN

bl

2

bl
vk 15 1% o

CAu 12: Tim phuong trinh trang thai caa hé thong sau
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CHUONG 3: PAP UNG THOI GIAN
Noi dung chinh ctia chuong: Cung cip cho ngudi hoc biét duoc cac dap Gng
dau ra cua hé thong diéu khién khi dau vao c6 cac tin hiéu tac dong 1a khac nhau.
Muyc tiéu can dat dugc cia chuong: Xac dinh dugc dic tinh thoi gian dic tinh
tan s6 cua cac khau dong hoc dién hinh trong hé thong diéu khién
Bai 4: Pic tinh ciia cac khau dong hoc (3 tiét)
3.1 Cac dic tinh ciia hé thong PKTD
Véi moi mot khau hay hé théng tin hi€u tac dong vao thuong c6 hai loai. Tin
hiéu tién dinh va tin hiéu ngiu nhién. Trong pham Vi bai giang nay chiing ta chi xét tin
hiéu vao khau hay hé 14 tin hiéu tién dinh.
3.1.1 Dac tinh thoi gian
Pic tinh thoi gian ctia phan tir hay hé thong 13 sy thay ddi tin hiéu ra theo thoi
gian khi tin hiéu vao 1a cac ham 1(t), 8(t) hodc tin hiéu bat ky x(t).
Trong dic tinh thoi gian nguoi ta quan tdm dén hai dic tinh co ban: Pic tinh qua
do va dic tinh xung (Ham trong lugng).
Ham trong luwong
Ham trong luong k (t): La phan Gmg cta phan tir khi tin hiéu vao 1a ham xung
don vi 5(t).
Tin hi¢u vao: u(t) =3(t) > U(s) =1
Tin hi€ura: y(t)=k({t) > Y(s)=K(s)
Ham truyén cta phan tu:

(=YK )

e 1 (3.1)
Hay: K(s) =W(s)
(3.2)
Tir H (s) va K () ta c6 mdi lién hé gitra h (t) va Kk (t):
0 dh(t)
h(t) = [ k(t)dt k(t) = 2MY
() I () a (0==7 (33)

Ham qua do
Ham qua d¢ h(t): Mo ta su thay ddi cta tin hiéu ra khi tin hiéu vao 1a ham bac
thang don vi 1(t).

Tin hiéu vao: u(t) =1(t) » U(p) = %

Tin hiéu ra: y(t) =h(t) > Y(s)=H(s)

Ham truyén ctia phan tu:
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_Y() _HE) _ _1
W(s) = ) = 1 s.H(s) ey H(s) S.W(s) (3.4)
S

3.1.4 Bdc tinh tan sé.

Dic tinh tan sb cua phan tr hay hé thong 1a mdi lién hé giita tin hiéu ra va tin
hiéu vao & trang thai xac 1ap khi thay ddi tan sb cua tin hidu vao. Vi tin hiéu vao bién
d6i theo qui luat diéu hoa.

Gia st & dau vao phan tir cho tac dong u(t) c6 dang: u(t) = AvSinwt

thi sau tho1 gian qua do, d4u ra cua nd nhan dugc mot dao dong diéu hoa khac
c6 cung tan sd, khac bién d6 va léch pha so vai u(t) 1 goc o.

y(t) = ArSIn (ot + o)

Néu giit Av = Const va thay dbi o thi Ar va ¢ sé& thay doi theo.

- Su phu thudc cua ¢ vao o dugc goi la dic tinh pha tan sd (PT) ky hi¢u la
P(w).

- Su thay d6i cia A(o) = % theo o dugc goi 1a dic tinh bién do tan s6 (BT) .

- Ham truyén tan s6 cta phan tir:
Néu dau vao phan tir c6 dang: u(t) = Av.ei!, thi & trang thai xac
1ap dau ra ctia phan tir 1a: y(t) = Ar.ei@+9)
DPong thoi:
m

d™u . -
—=A,(jo)"e!™
o v(jo)

n

d y —AR(j(D)n ej(oﬁﬂp)

dt"
Mit khac theo phan trude ta cé:
dy d"y dy d"u d"u du
a,.—+a,. +..+a,_,.—+aylt)=b,,—+b.——+..+b__,.—+b_u(t
0 dtn 1 dtn,1 n-1 dt nY() 0 dtm ldtm,l m-1 d'[ m ()
Thay véo bién d6i ta dugc:
[a,.(jo)" +a,(jo)" . +...+a,_.(jo) +a, ]JAe
=b,.(jo)" +b,.(jo)" +...+b__.(jo)+b_JA, e
Chuyén doi biéu thtrc trén va dat:
. A, b,(jo)™ +b,(jo)" ™ +...+b__ (jo)+b
W(J(D)z_Rejcp — O(Jw) 1(]03) m—l(]m) m (35)

Ay 8, (Jo)" +a,(jo)" " +... 42,4 (jo) +a,

W(jw) dugc goi 1a ham truyén tin sé cua phan tir voi:
A(0) = 2% - La bien d6 ciia W (jo).

A
o(m) - La géc pha cia W (jo).
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Mit khac ta ¢6 ham truyén dat cta phan ti 1a:
W(s) = Y(s) _bs" +bs™ +...+b, s+b,
UGs) as"+as" +..+a, s+a,

So sanh ta thay rang c6 thé nhan dwoc ham truyén tan sé cta phan tir tir

ham truyén dat ctia n6 bang cach thay s = jo.

- Dic tinh tan sé phan thuc va phan ao:
Tach phan thuc va phan 4o ctia W(jo) ta duoc:

R1(®)+j|1((0) _ Rl(@)-Rz(m)+|1(@)-|2(@) " -Rz(m)-ll(@)_Rl(m)-lz(m)
R, (@) +]l,(@) R3 () +13() R3(0+15(w)

W(je) = Aa)e " =

Trong do:

R(w) = R, (@) R, (@) + 1, (@).1, () dugc goi la dat tinh tan s ph?m thuc cua phén tur.
R; (@) + 13 (w)

| () = R, (0).1,(0) ~ R, (@).1, () duoc goi 1a dit tinh tan sd phan 4o ctia phan ti.
R (0+ 13 (o)

Khi d6 dic tinh bién d6 tan sb va dic tinh pha tan s6 xac dinh theo biéu thirc:

A(0) = /R2(0) + 1*() (3.6)

¢(o) = arctg % (3.7)

Pic tinh A (o), R(®) 1a cic ham chin d6i xing qua truc tung.

Dic tinh (o), I(o) 13 cac ham 16 déi xtmg qua gdc toa do.

Iﬁ(ﬁ)) (o)

N

] 0 U .. | 0 .

60



Hinh 3.1: Bdc tinh ciia cac ham trong ddc ¢inh tan sé
- Pic tinh tan s6 bién pha: (BTBP )
Cho o bién thién (tir - 0 — + 0 ) biéu dién ham truyén dat tan sb
W(jo) = R(®) + j.l(0) w(jo)=R()+j(0)=A(®)e®® trén mit phing
phirc ta s& dugc dic tinh tan sd bién pha.
Pic tinh tan sd bién pha gém hai nhanh ddi xng nhau qua truc thuc.
Nén khi khéo sat va vé DTBP ta chi can xét trong doan ® =0 — + oo,
il

Y

.\'-. w

~m * R(0)=+1
<J¢(u) o

w

A(m)

Hinh 3.2: Bdc tinh tan sé bién dg pha
- Pic tinh tan sb logarit:

Lay logarit 2 vé ham truyén tan s6 W (jo) = A(o).e1*@ ta duoc:

INW(jo) = InA(®) + ] ¢(o)
Nguoi ta goi:

- InA(w) : dic tinh bién do tan s logarit ( BTL ). Bé don gian cho tinh toan
chuyén tir In sang lg.

- ¢(w) : dac tinh pha logarit ( PTL ).

Pic tinh bién dj tan sé logarit L(w): duge vé trén hé truc toa dd vudng goc,
voi:

_ Truc tung bidu didn bién do don vi tinh 1a décibel (db). 1 Déxiben bing %

bel. Bel 1a don vi do logarit thap phan ctia hé sé khuéch dai cong suit cua tin hiéu. 1

bel tng voi khuéch dai cong sudt 1én 10 1an, 2 bel khuéch dai 1én 100 lan ...Ma cong
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suét cua tin hiéu lai ty 1€ voi binh phuong bién do tin hi¢u nén:
1 bel — 1gA?(w) = 2IgA(®)
Néu tinh don vi la Déxibel:
1bl =10db — 10.2IgA(®) =20 Ig A(®) (db).
Pic tinh bién d6 tan s6 Logarit tinh theo don vi Pexibel dugc ky hiéu 1 L(w)
L(w)=20IlgA(w) (db) (3.7)

- Truc hoanh biéu dién tan sd ® va c6 thé dung cac don vi:

Radian (rad): biéu dién truc tiép tin sd o (rad/s) don gian dé hiéu nhung phai
chia phi tuyén theo ham logarit co s6 10 nén kho ap dung, chi nén dung khi c6 toa do
chia san.

Decac (dec): 1a don vi do logarit thap phan cua d6 ting tan s6 10 lan:

1 dec ~ lgo, —1go, , néu o, =100,

Chon o, =1 rad lam géc mudn tim gia tri dec ctia o bat ky ta co:

lgo-lgo, =lg2 =lgwo (dec)
®

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

Khi d6 truc hoanh duoc chia déu, day la don vi thuong dung

Bdc tinh pha tan sé logarit e(m ): duoc vé trén hé truc toa d6 vudng goc, vai
tryc tung biéu dién gbc pha ¢ véi don vi do bang d6 hoidc radian truc hoanh do theo
don vi decac (dec).

Dé sir dung thuan loi thuong vé& L(m), ¢(w®) cing chung truc hoanh hoic truc
hoanh 14 tinh tién cua nhau.

Khi xay dung DTTS logarit thi can luu y 1a truc tung va truc hoanh khong cit
nhau tai tan s6 ® = 0. Hai truc s& cit nhau tai mot tan sb thich hop nao d6, boi vi khi o
- 0 thi Ig(w) > - «: nghia 12 © = 0 thi s& twong ung véi diém xa v6 cung. Trén thuc
té, nguoi ta thuong sit dung PTTS bién do logarit ti€ém can. Do nghiéng cua dac tinh
tiém can thuong dung 13 db/dc hay db/oc. Khi tic dong 1én dau vao hé théng TD 1a
mot tin hiéu diéu hoa thi luong ra ciia hé thong ciing thay d6i theo quy luat diéu hoa,
nhung bién d6 va pha cua lugng ra va lugng vao s€ khac nhau. Noi chung, bién do va
pha lugng ra s& phu thudc vao tan sb cua lugng vao. Ngudi ta goi ty sb giita bién do
lwong ra vai bién do Iuwgng vao la moé dun, con goc 1éch pha gitra lugng ra voi lugng
vao la argument cua ham $6 truyén tan s6. Vi thé, ddc tinh tan s6 bién dé dién ta su
thay doi ciia ty s6 cdc bién do lwong ra véi lwong vao, con PTTS pha dién ta goc léch
pha gitta liwong ra véi lwong vao. D6 13 ¥ nghia vat ly d6i DTTS.
3.2 Cac khau dong hoc dién hinh

3.2.1 Pinh nghia cdc khdu dong hoc dién hinh
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Cdc khau dong hoc ma phuong trinh vi phdn mo ta qua trinh dong hoc cua

chiing ¢é bdc nhé hon hodc bang 2, dwoc goi la khdu ddng hoc dién hinh.

Dic diém cua cac khau dong hoc dién hinh Ia chi c6 mot dau vao va mot dau ra,

tin hiéu dau ra khéng anh huéng dén tin hiéu dau vao.

— > Wi — >

Hinh 3.3: Biéu dién khdu dong hoc dién hinh.

Céac khau dong hoc dién hinh bao gém: Khau nguyén ham, khau tich phan, khau

3.2.2.Céac khau nguyén ham.
a) Khau khuéch dgi
- Khéu khong quan tinh lIa khau ma phuong trinh dong hoc ¢6 dang: y = K.x
- Ham truyén dat ciia khau. W(s) =K
- Cac dac tinh thoi gian.
Ham qua do :h(t) = K. 1(1).
Ham trong Iugng : g(t) = K.5(t).

g(t)
ht
(®) A K.5(1)
k
> >
0 t 0 t
Hinh 3.4. Ddc tinh thoi gian cia khdu khong quan tinh
- Cc dic tinh tan sb.
Alo) A BT o(®) PT
K
0 o 0 4

vi phan, khau tré. Khau nguyén ham gém céc khau: Khau khuéch dai (khau khdng
quan tinh), khau quéan tinh bac mét, khau quan tinh bac hai (Khau giao dong). Sau day
ta khao sat cac khau dong hoc dién hinh trén.
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. L(o) 4 TBL
1Q(®) TBP (@)

201gK

K

0 ) P(o) 0
Hinh 3.5: Ddc tinh tan sé cia khdu khéng quén tinh
Ham truyén tan sé : W(jw) = K.
DPac tinh BT : A(w) = K.
bac tinh PT : ¢(w) = 0.
bac tinh BTL : L(w) = 20.1gK
b) Khdu qudn tinh bic nhit:
- Phuong trinh vi phan:
T & +y=Ku
dt
Trong d6 K la hé sé truyén cia khdu.
T 12 hang s thoi gian cua khau.
K

- Ham truyén dat : W(s) =
s+1

- Céc dac tinh thoi gian :
Ham qua do : h(t) = K@1-eT).1(t)

dh(t) _ Ke".1(0)

Ham trong luong : g(t) =
ong luong : g(t) v =

h(t) , g(t) A

¢ L

lgw

(3.8)

0 t
Hinh 3.6: Pdc tinh thoi gian cia khdu qudn tinh bdc nhat
- C4c dic tinh tan so:

Alo) BT Q@) A PT

K 0\
-n/f2

v
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L(CU] A TBL
Q) T TBP D0IgK
K N -20db/dec

: M Plo) \
0 lgoc N fgm

Hinh 3.7: Ddc tinh tan sé cia khdu quan tinh bac nhat
Y(jo) K
U(jo) Tjo+1

DTTS bién d6 pha : W(jw) =

K

(T2w® +1)

DTTS bién do: A(w) = /P?(0)+Q*(w) =
DTTS pha ¢ (o) = arctgTo
DTTS bién d6 logarit (DTBL) L(®) = 20lg A(®)

¢) Khédu qudn tinh bédc hai:

- Phuong trinh:
3.9
T2d2y+2§T oy =Ku (3.9)
dt
Trong do: T la hang s6 thoi gian.

K 14 hé s6 truyén.
£ 1a hé so tat dan twong doi (& > 0).
Y(s) K

- Ham truyén dat: W(s) = =
y : (s) U(s) T%°+2Ts+1

- Cac dac tinh thoi gian:
Truong hop thir nhdt: 0 < £< 1,

Ham qué do: h(t) = K[1—e ™ (cos Bt —%sin i)

Ke

7 .sin &t

Ham trong lugng: g(t) =h'(t) =

Trong do: a:$ va ,B:—“lT_98

Truong hop nay dic tinh qua do c6 dang dao dong tit dan va duoc goi 1a khau
dao dong.

Truong hop thwr hai: &= 0.

Ham qua d9: h(t) = K(1—cos mt)

Ham trong lugng : g(t) = KmiSinmit

V&i 01=1/T : Tan sb riéng dao dong. Pac tinh qua d¢ dao dong diéu hoa va duoc
goi 1 khau dao dong diéu hoa.

Truong hop thur ba : £ > 1.
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Ham qua d¢ :
Khi & =1 véi a la nghiém kép ctia phurong trinh dac trung.
h(t)=KQ-(1-at)e™)

Khi & > 1 v6i a1, a2 1a hai nghiém thuc cua phuong trinh dac trung.

h(t)=K[1— % gy A e"ztj

a, -~y a, -~y

Ham trong luong:

Khi & =1 v6i a 1a nghiém kép ctia phuong trinh dac trung.
K(t) = Kate ™

Khi & >1 véi a4, a2 1a hai nghiém thuc cua phuong trinh dac trung.

k(t) = K222 (gt _g-et)

a, —a

g(t) h(t)

TRy
—

0<e<A

o+

Hinh 3.8: Ddc tinh thoi gian cua khdu bdc hai
- Céc dic tinh tan so:

O(®) o
0

/2 |-

-TC

L(w) ,

‘@\.
&g

0<g<1 0

Hinh 3.9: Pdc tinh tan sé cia khdu béc hai



Y(jo) K
U(jo) 1-T’0’+ j2ETw

K
JA-T20?)? + (26T w)?

DTTS bién do pha : W(jw) =

DTTS bién do: A(w) =+/P?(w) + Q*(w) =

25Tw
DTTS ph =-arctg ————
pha g(w) 9T

DTTS bién d6 logarit (PTBL) L(w) = 20lg A(®).
3.2.3 Khau tich phan.
Phuong trinh vi phan ctia khau tich phan.

y=KIudt hoac ﬂ:Ku:E (3.10)
dt T

Trong d6 T = 1/K duoc goi la hing s thoi gian tich phan.
- Ham truyén dat ctia khau.

Bién doi phuong trinh vi phan sang toan tir Laplace ta co :

w(s)=—&) L
U(s) Ts
- Céc dac tinh thoi gian.
Ham qua d6 : h(t) = Kt.
Ham trong luong : k(t) = h’(t) = K.
h(t) » g(t) a
K
tgo=K
a
0 £ 0 ¢

Hinh 3.10: Ddc tinh thoi gian cua tich phdn
- C4c dic tinh tan sb.
K

Ham truyén tan s6 : W (jo) =.i =—J'i
Tjo To "o

Nhu vay ham truyén tan s cta khau tich phan chi c6 pan ao am khi o thay doi

tir 0 dén oc ma khong co6 phan thyc.

Pic tinh BT: A(w) = —
To

Dic tinh PT : () = —%

bac tinh BTL : L(w) = IgA(®) = -20IgT - 20lgw

Pay la phuong trinh cia mot duong thang cat tryc tung tai diém c6 tung do bang

- 201gT va c6 d nghiéng bang - 20db/dec.
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A(®) A BT o) A PT
0 "
-1/2
0 ®
L(®) A TBL
JO(®) A
IBP N 20igT
0 = P(®) -20db/dec
=0 0 o~ ?a{,)
Hinh 3.11: Bdc tinh tan sé ciia khau tich phan
3.2.4 Khau vi phan
. A e A 1y e du(t)
- Phuong trinh khau vi phan ly tuéng: y(t) =K T
. A A 1A A du(t)
- Phuong trinh khau vi phan bac mdt: y(t) = KT T + Ku(t)
- Ham truyén dat:
Khau vi phan ly tudng: W(s) =Ks
Khau vi phan bac mot: W(s) = Y6 _ K(Ts+1)
U (s)
- Céc dac tinh thoti gian:
Khau vi phan 1y tuéng:
Ham qua do: h(t) = Ko(t)
Ham trong luong: g(t) = dn(®) =K do(
dt dt
Khau vi phan bac mot:
Ham qua do: h(t) = K.1(t) + KT 5(t)
Ham trong lugng: g(t) = dr(;f[t) _K (fjf(t) +Ko(t)
h(t) g
T.5(t) T.5°(t)

v
—ty



Hinh 3.12: Ddc tinh thoi gian cua khdu vi phdn Iy tuong
- Céc dic tinh tan sb:
Khau vi phan ly tuéng :

DTTS bién do pha : W(jw) =M =—jwK
U(jo)

DTTS bién do:  A(w) = P*(0) +Q*(w) = Ke
DTTS pha ¢ (®) = /2
DTTS bién d6 logarit (PTBL) L(w) = 20lg A(®)=20lgK®

A(®) A BT o(®) A PT
/2
> 0 " o
0 ®
JQ(w) (o) o TBL
=0

TBP
201gTL~" 20db/dec
®=0 /

0 P(w) 0 lgw

Hinh 3.13: Pdc tinh tan s6 ciia khdu vi phan Iy teong
Khau vi phan bac mot :

DTTS bién do pha : W(jw) = M =— jwKT +K
U(jw)

DTTS bién do: A(w) =/P? (@) +Q* (@) = K(L+’T2)*?

DTTS pha ¢ (o) =arctg To.

DTTS bién d¢ logarit (PTBL) L(®) = 20lg A(®)=20lgK®

3.2.5 Khéu tré

Khau cham sau la khau dong hoc ma sau mdt khoang thoi gian xac dinh thi
lugng ra ldp lai lugng vao va tin hi¢u khong bi méo.

Phuong trinh dong hoc cua khau tré c6 dang:

y(t) = u(t-7)

Céc phan tir thuoc khau tré nhu bang tai, dudng ng dan nhiét, duong éng dan
chat long ...

- Ham truyén dat ctua khau tré:
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W(S) — Y (S) — e—ST
U(s)

- bac tinh thoi gian:

Ham qua d6: h(t) = 1(t-1)

dh(t)

Ham trong lugng: g(t) = T =o(t-1)
- C4c dic tinh tan sb:
DTTS bién d9 pha ; W(jw)=e"
DTTS bién do ; A(=1
DTTS pha ; o(m) =- ot
DTTS bién do 16garit ; L(w) = 20lgA(w) =0
: 1 A(®
h(t) 1 ) % A(®).¢(0) ©)
NPAS |
> t
t o(®)
Hinh 3.14. Pdc tinh qué do va cdc ddc tinh tan sé ciia khdu tré
3.3 M0 hinh ZPK (Zero, Pole and Gain)
Ta xét ham truyén sau:
W(s) = bys" +bs" T +b,s" . 4b, K (s-2)(s-2,)(.)(s-2,)
a,s"+a,s" " +a,s"C +...+a, (s—p)(s—p)(.)(s=p,) (3.11)
n>m
Dt A(s)=a,s" +a,s"" +a,s"* +...+a, (3.12)

B(s) =b,s™ +b,s™" +b,s"? +...+b,

A(S) 1a miu sé cta ham truyén, B(s) 12 tir sd ctia ham truyén.

- Piém khong (Zeros) 1a 13 cc gia tri 1am cho ham truyén W (s) bang 0 hay 1a

nghiém cta phuong trinh B(s) = 0. Cac diém khong duoc ki hiéu 1a zi (i 1+m).

-Piém cuc (Poles) 1a cac gia tri lam cho ham truyén khong xac dinh hay 1a

nghiém ctia phwong trinh A(S) = 0. Céac diém cuc duoc ki hiéu 12 pi (i: 1+m).

- Hé s6 khuéch dai tinh (Gain) ki hiéu 1a K.

Vi du 1: Tim céc diém cuc, di€ém khong va hé so khuéch daicua hé thong ctia

ham truyén sau:
W(s) = 5(s+1)(s+2)
(s+5)(s+3)
Hé s6 khuéch dai K = 5.

- Piém cyc: A(s) = (s+5)(s+3) = 0suyrapi=-5vap, =-3

(3.13)
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- Piém khong: B(s) = (s+1)(s+2) = 0 suy ra z1 =-1 va 2, = -2

Vidu 2:
Ta c6 ham truyén sau
W(s) = S+2 (3.14)
s(s+5)
Phén tich thanh tong cic phan sb bac nhit
s+2 A B (3.15)
s(s+5) s s+5
Quy dong mau s6 va dong nhat hai vé ta co
(A+B)s+5A=s+2 (3.16)
Giai hé phuong trinh:
A+B=1
S5A=2
Suyra: A=2/5B=3/5
W) - 542 =2_A+3_A (3.17)
s(s+5) s s+5
4 1@
ve-t —h
il s+2 - . " . o
g+5 -5 -2
a) b)
Biem cuc dau vao Diem khong cua hé thong Piem cuc ctia hé thong
1 i i s+2 :r 1
INLE io {SES Lo
HF; i E -2 o E -5 ao
..... i LA e
<)
Hinh 3.15: So do bé tri cac diém cuc va diém khdng
Dap g dau ra:
(3.18)

2 3
t)==+"¢
Y =c+c
trong do: % 1a thanh phan cudng b

ge‘5‘ la thanh phn tu do.

Mot sb két luan:
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1. Piém cyc ctia ham truyén dau vao cua hé thong quyét dinh dang cta dap
ung cudng birc.

2. Diém cyc cta ham truyén hé théng quyét dinh dang cua dép ung tu do.

3. Dép ung dau ra c6 dang ham mi e™® néu c6 diém cyc nim trén truc
thuec.

4, Diém cuc va diém khong quyét dinh bién d6 cua ca dap tng cudng bic

va dap ung tu do.
Vi du 3: Cho hé théng c6 ham truyén nhu sau:
1
Uish==
= Y(s)
(s +3)
(s +2)(s +4)(s +5)

A
A J

Hinh 3.16: Hé thong doi tiwong lam vi dy 3

Tim ham dap tmng dau ra y(t) bao gom hai thanh phan dap tng tu do va dap Gng
cudng buc.

Giai:

- Kiém tra xem cac diém cuc cua hé thong tao ra thanh phan dap tng tu do tuan
theo quy luat ham mi.

- Piém cyc dau vao tao ra thanh phan dap tng cudng bic.

Tacc'):l’(s)z£ + K, + K, + K,

S s+2 s+4 s+5
— “ g P}

(3.19)
bap tng bép ting
-~ b r
cuodng burc i do
Thuc hién bién d6i Laplace nguogc ta duoc:
y(t)=K, +Ke" +Ke " +K,e™"
- = —~ _/
o o (3.20)
bép tng Pap ung
cudng birc
tu do

Cau héi va bai tap:

Cau 1: Cho ham truyén dat sau: W(s) = k(Ts+1); voi k, T 1a hang sé; s 1a bién phtic
cua todn tir Laplace. Hay tinh g(t), h(t), L(o), A(®), ¢(w)

Cau 2: Cho ham truyén dat ciia khau tich phan 1y tuéng, véi k 1a hang s6; s 1a bién
phtrc cta toan tir Laplace.

w(sj{

Hay tinh g(t), h(t), L(), A(®), ¢(w)
Cau 3: Cho h¢ théng sau:
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U(s) Y(s)
W (s)= s+3 e

s+4

a, Tim dap Gmg dau ra y(t) khi tin hiéu tic dong & dau vao 1a ham 1(t).
b, Xéac dinh diém cuc, diém khong cua hé théng va biéu dién trén mat phéng phtrc
. Wis)= E ] . . .
Cau 4: Cho ham truyén dat sau: - Is-1 v6ik, T l1a hang s6; s la bién phirc cua
toan tir Laplace. Hay tinh g(t), h(t), L(®), A(®), ¢(»)

Cau 5: Tim cac diém cuc, diém khong va hé s6 khuéch dai cua hé théng c6 ham

trUyén sau:

_S(s+1)(s+2)

() (s+4)(s+3)

Biéu dién diém cuc, diém khong trén mat phang phic.
CAu 6: Cac tin hiéu thuong dung dé khao sat dong hoc ciia hé théng
a. Tin hi€u bac thang don vi 1(t), tin hiéu xung don vi o (t) , tin hiéu diéu hoa
b. Tin hiéu c6 dang bat ky mé ta 1a x(t)
c. Tin hiéu sb
d. Tin hiéu tuong tu

Cau 7: Tin hiéu bac thang dugc biéu dién nhu sau véi

0 khit<0 1 khit<O0

()= . 1(r)= :
a 1 khit>0 b. 0 khit>0
0 khit=0 0 khit>0

1()= ) 1()= )
c. 1 khit=0 d. 1 khit=0

Céu 8: Ham trong lugng l1a
a.  Phan ung cta hé thong khi hé thong ¢ trang thai co cac diéu kién ban dau bang
0 va tin hiéu tac dong & dau vao 14 tin hiéu xung don vi 1(t)
b.  Phan tmg cua hé thong khi hé thdng & trang thai co cac diéu kién ban dau bang
0 va tin hiéu tic dong & dau vao 1a tin hiéu bac thang don vi 1(t)
c.  Phan ung cta hé thong khi hé thong ¢ trang thai co cac diéu kién ban dau bang
0 va tin hiéu tac dong & dAu vao 1a tin hiéu xung Dirac O (t)
d.  Phan tng cta hé thong khi hé thdng & trang thai co cac diéu kién ban dau khéac
0 va tin hiéu tic dong & dAu vao 1a tin hidu xung Dirac O (t)

Cau 9: Biéu dién don vi do 1a decibel (db)

1bel »>1gA* =21g 4 =10.21g 4 =201g 4 — (db)
a.

b 1bel - IgA* =21g 4 —100.21g 4 =2001g 4 — (db)
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lbel 5> 1gA* =2lg 4 =101g104 =201g 4 — (db)
d 1bel > IgA* =21g 4 =1021g 4=21g104 — (db)
CAu 10: Cho ham truyén dat sau. Xéac dinh ham qua do h(t).

k
(s)= Ts—1

b)) =k(—e").1() o, 0= ke =1.10)
)=k =1).1(7) 4 ht)= k(e +1).1()

Bai 5: Mot s6 van dé hé thong bac 1 va bac 2 (so tiét 03)
3.4 Hé thong bic nhat
Heé théng bac 1 khong c6 diém khong duge biéu dién nhu sau:

'y j@)
W(s)
U(s) Y(s)
SN Y SN NS .0
s+a N
-a
a) b)

Hinh 3.17: Hé tthong bdc nhat va phdn bé diém cuc
néu tin hiéu dau vao 1a bac thang don vi U(s) = 1/s thi dap Gng dau ra Y(s) la:
a (3.21)
s(s+a)

Y(s)=U(s).W(s) =

Thuc hién bién doi Laplace ngugc ta c6 dap ung dau ra biéu dién trén mién thoi
gian la
y) =y, O +y,t)=1-e* (3.22)
- Piém cuc dau vao tai thoi diém ban dau tao ra dap ung cudng birc vy, (t) =1

- Piém cuc hé thong tai —a tao ra dap ting tw do y_(t) =e™
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T u) d6 dbc ban dau = 1/hang s6 thoi gian =a

0.9
0.8 |-
0.7 |-
0.6
0.5
0.4
0.3
0.2
0.1

| | 4 ot
1 2| 3 4 S
a

Hinh 3.18: Bdp g dau ra ciia hé thong bdc 1 véi tin hiéu bdc thang don vi
tai thoi diém t = 1/a ta cO
=e'=0.37

t=1/a

—at

e

. (3.23)
X(t)],y, =17, =1-037=063

Tir viée khao sat dic tinh ctia d6i twong bac ta c6 cac khai niém sau:

- Hang s6 thoi gian (constant time): goi 1/a 1a hang s thoi gian cua dap tng.
Hang s thoi gian ¢ thé duge hiéu nhu 14 khoang thoi gian ma e® giam 37% gia tri
ban dau hay 1a khoang thoi gian dap ung tin hiéu bac thang don vi ting t&i 63% gia tri
xac lap.

Nghich dao ciia hang s thoi gian goi 14 tan s6 (1/s). Vi vay ta co thé goi hang
s6 a 13 tin sb ham mil. Hang so thoi gian duoc xem nhu 13 dic tinh dap Gng thoi gian
cua hé théng bac 1 vi vay n6 c¢6 quan hé véi tbc d6 cua hé théng twong ung voi tin
hiéu bac thang don vi & dau vao.

- Thoi gian tang T (rise time): thoi gian taing dugc dinh nghia la thuoi gian ma
dugc dac tinh map mé di tir 01. dén 0.9 gia tri xac lap.

Thoi gian ting duoc tinh bang su sai 1éch gilta hai thoi diém y(t) = 0.9 va
y(t) =0.1.

T _ 231 011 22 (3.24)
a a a

- Thoi gian x4c l4p hay thoi gian 6n dinh Ts (settling time): thoi gian xac lap 1a

khoang thoi gian ma dap tng dat dén va sai s trong khoang 2%. Véi y(t) = 0.98 thay

vao cong thurc va rit ra duogc
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4 (3.25)
a

Ham truyén cua hé théng bac 1 qua thuc nghiém:

Trén thyc té khong dé dang tim duoc ham truyén cua hé thong boi vi cac thiét
bi trong h¢ théng kho ¢6 thé xac dinh duge. Vi vay ham truyén cua hé théng c6 thé xac
dinh duoc bang cach xic dinh quan hé gitra dau vao va dau ra théng qua phan tich
duong dic tinh cua d6i twong khi cho dap umg dau vao 1a tin hiéu bac thang don vi.
Ham truyén c6 thé xac dinh ngay car khi ta khong biét duoc ciu trac bén trong ctia d6i
tuong.

V6i tin hiéu vao 13 ham bac thang don vi ta c6 thé tinh dugc hang s thoi gian va
cac gia tri xac lap.
Xét vi du sau:

W(s) __K (3.26)
s+a
Céc dap Gmg dau ra:
K K (3.27)
Y(s)= K__ A‘ + A

s(s+a) S s+a

Néu ta xac dinh duoc hé sé khuéch dai K va a tir phong thi nghiém ta s& xac
dinh duoc ham truyén cua ddi tuong.

Gia str ta ¢6 dap trng sau:
. Biéndo
08 |
0 A il
06 |
05
04 | /
03 |+
0.2

0.1

v | | | I I | I
01 02 03 04 05 06 07 038 Thoi gian (s)

A J

Hinh 3.19: Puong ddic tinh déap vng ciia hé thong béc nhat
Pap tng cua hé thdng bac nhat khong c6 do qua diéu chinh va do sai léch diém
khong. Tir duong dap tmg ta xac dinh hang s thoi gian
- Gia tri xac lap 1a gia tri ma duong dap (g dat dén bang 0.72.
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- Hang s6 thoi gian 13 thoi gian ma d6 16n bang 63% gid tri xac 14p va bang 0.63
x 0.72 = 0.45 hay bang 0.13 (s) suy raa = 1/0.13 = 7.7
- Pap ung cudng birc dat dén gia tri xac 1ap K/a = 0.72 suy ra K = 5.54

- Ltic d6 ta c6 ham truyén cia hé thong 1a

3.5 Hé thong bac 2
W(s)
b
> .y —>
| sT+as+1 Y(s)
(](\) = : ﬂ')
W(s)
g2
$s°+95+9
] Y(s)
W(s)
9
—_—
s°+25+9 ()
U(s)= L

s

54 .
W(s) = 55 (3.28)
S+7.7
Ham truyén nay ciing rat gan voi ham truyén cta dap tng trén
W(s) = 5 (3.29)
S+7
(1)
W)=140.171e "™ —-1.171e "1
jo
1
0.5
N2 2 »
N S =
-7.854 -1.146 c
t
ol 111 >
1 2 3 4 5
i a YO y(t)= l—c'(cos\/glwtgsin 81)
\ 14
_ =1-1.06¢ " cos(~/8/—9.47")
— j8 12 | /\
1 \ i
H—T—> 08 | 1
-1 o
- —/\/é 0.6 |
0.4
0.2
L1 .
c) 0

7



1y y(t) = 1 — cos3t
jo
9 ()3
—_— —
00 v
U(s) = N s
y -j3
t
d)
y(t)
A y(t)=1-3e"—e®
W 1
() jo 0.8
9 0.6
—_—
§ +65+9 0.4
I Y(s)
U(s)=— o 02 t
s -3
I R
0 1 2 3 4 5
e)

Hinh 3.20: Cdc hé théng bdc hai va dap vwng voi tin hiéu bdc thang don vi
Ta c6 ham truyén tong quat ctia hé thong bac hai :

W) oo (3.30)
T28% +2ETs+1

trong d6: K 1a hé s6 khuéch dai.
T 12 hang s6 thoi gian.
€ la do suy giam.
3.5.1 Hé thong dap g xung tdt dan (Overdamped)
Pay 1a dap tng khong c6 dao dong trong khoang gia tri on dinh nhung dé dat
tGi dao dong gidi han tat dan lau hon.
Khi khau quan tinh bac hai ¢ hai diém cuc thuc thi bao gém 2 khiu quan tinh
bac mot ndi tiép nhau. Véi diéu kién &> 1ta co
K, K (3.31)

W(s)=—2—
Ts+1 Tss+1

Hai diém cyc la: 81 = -1/T1va sz = -1/T,
Xét dap tmg dau ra sau:

Y& 9 9 (3.32)

T S(s7195+9)  s(s+7.854)(s =1.1.46)
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-Dap tng dau ra c6 mot diém cuc ta géc toa do (do c6 dap ung tin hi€u bac
thang don vi).

- Hai diém cuc thuc cta hé théng.

- Piém cyc dau vao sé& tao ra thanh phan dap tng cudng tc. Mbi diém cuc cta hé
thong s& tao ra dap ung ty do c¢6 dang ham mil trong d6 tdn sé ham mii chinh bang vi
tri cac diém cuec.

Pap (mg dau ra s& c6 dang;

y(t) = K, + K e + K g™ (3.33)

Puong dic tinh ciia hé thong bac hai tat dan thé hién ¢ hinh 3.19b

3.5.2 Hé théng dap iing duwedi tit dan (Underdamped)

Pay 1a dép tng c6 dao dong trong khoang dudng bao suy giam. Hé thong cang
c6 nhiéu dudng bao thi dap ung dat toi trang thai 6n dinh cang 1au. (Xem hinh 3.19c)

Ta xét phuong trinh dac tinh:

T?s* +2(Ts+1=0 (3.34)
Khi & < 1 thi phuong trinh (3.34) sé c6 hai nghiém phuc lién hop hai nghiém

nay la hai diém cuc cia ham truyén.

_ g2

S = _I§_+ j%:—a+ joo,

p—t § —

%777 T (3.35)

N
a= % @, =1] T ¢
r b 7 A 2 A A . \ r \ A H 1_ éz
Qua trinh qua do xdy ra trong khau bac hai 1a qua trinh dao dongw, , =+ T

la khau dao dong bac 2. Pap tng thoi gian bao gdm bién d6 ham mi giam tao boi
phén thuc cua diém cuc hé théng va dang song hinh sin tao bdi phan 4o ctuia diém cuc

hé thong.
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2 Y(©) Puong dac tinh ham mi giam tao boi
phan thyc cua diém cuc

Puong dic tinh hinh sin tao boi phan ao
cua diém cuc

»

Hinh 3.21: Ddp vng bdc hai tao boi cac nghiém phirc
Hang s thoi gian cia ham mil bang phan thuc cia diém cuc hé thong. Gia tri cta
phan 4o 1a tan so thuc ctia dao dong hinh sin. Tan sé dao dong hinh sin dugc goi 1a tin
s6 suy giam cta dao dong wq. dap ung 6n dinh duge quyét dinh boi diém cuc dau vao
dit & gbc toa do. Chiing ta goi dap ung nay 1a dap ang dudi tit dan ma tién t6i gia tri
6n dinh qua dép ung thoi gian goi 1a dao dong suy giam.
3.5.3 Hé thong dap vng khong bi nhut (Undamped)
Néu diém cyc tién gan vé khong o cang bé, dudng bao giam cang lau, luc d6 ta
c6 dao dong khong tat.
Hé théng bac hai nay sé co: diém cyc nim & géc toa d6 do dap ung tin hiéu bac
thang dau vao va hai diém cyc ctia hé thong chi c6 phan a0 (o = 0).
Tt hinh 3.19d
9 (3.36)
s(s*+9)

Hai diém cuc S12 = + j3 tao ra dap Gng dao dong hinh sin ma tan sb cua né bang

Y(s)=

vi tri cua cac diém cuc nam trén truc ao.

Pap (ng dau ra la:

2 3.37
y(t) = K(1—e " (cos wt + Zsin at)) = K[1— /1+(3j (cos(wt—tanl(fj))] (337)
w w w

Thay vao ta co
y(t) =1—cost3t (3.38)
3.5.4 Hé thong dap ving tdt dan téi han (Critically Damped Response)
Day la dép ung dat téi gia tri 6n dinh nhanh nhat. Gia tri giéi han luén luon
bang 1.
Ta c6 dap tng sau:
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99 (3.39)
s(s*+6s+9) s(s+3)°

Y (s)

bép ting nay c6 mot diém cuc nam tai géc toa d6 va hai diém cuc thuc.
y(t) =1—ete™ —™ (3.40)
Xem dang dap tmg hinh 3.19d
3.5.5 Tim dap vng tu do
> Dép tng tit dan:

Cac diém cuc: hai diém thuc — o1, 02

bap ung: y(t) =Ke ™ + K, e (3.41)
> Dép tmg dudi tit dan
Céc diém cuc: 2 nghiém phtrc —o4 + jod
3.42
bap ung: y(t) = Ae ¢ cos(w,t — @); p=tan [ﬂj (3.42)
Wy

> bép tng khong bi nhut
Cac diém cuc: 2 diém cuc a0 + jo
> Pép tng tit dan téi han
Céc diém cuc: 2 diém cyc thuc (kép) o1
bap tng: y(t) = Ke ™ + K,e™ (3.43)
3.6 Mot s6 vin dé chung vé hé thong bac hai
Trong phan ndy ta s& xem xét hai khai niém cta hai thong sd hé théng bac 2
dugce dung dé miéu ta dudng dic tinh dap Gng thoi gian. Do 1a tan sb tu do (natural
frequency) va hé sb tit dan (damping ratio).
- Tén s6 tw do (Natural Frequency, on): 12 tin s6 ctia dao dong trong hé théng ma
khong co su tit dan.

- Hé s6 tat dan (Damping ratio &):

Tan sb suy giam ham mii 1 Chu ki trr do (seconds)
a = - - — 2— - - (344)
Téan so tu do (rad/second) T Hang so mi
Biéu dién hé thong bac hai theo hai théng sb wn va &
b 3.45
W(s)=5—— (3.45)
s“+as+b
Ddi voi hé théng khong bi nhut ta ¢6 cac diém cuc nam trén truc 4o
b (3.46)

W(s) =

s°+b
Theo dinh nghia tan s6 dao dong ty do on 12 tin sb ciia dao dong trong hé thong.

Vi vay cac diém cuc nam trén truc 4o 1a + j\/B . Suy ra
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o =jJb  hay b=’ (3.47)
Véi gia thiét hé théng dudi tit dan diém cuc phirc c6 phan thuc 1a —a/2. Do 16n

cua gia tri nay chinh 1a tan s6 giam ham mi

Tan sb suy giam ham mii ‘O' | “ 2
£z = =" (3.48)
Tén s6 tu do (rad/second) @, @,
suy ra a=28m, (3.49)
. o 2 3.50
Vay ham truyen la W(s) = 2 (559
S*+2w,S+ o]
Vi du:
Cho ham truyén sau:
36 3.51
W(S) S T ——— ( )
s°+4.2s+36

So sanh hai cong thire (3.50) va (3.51) ta co:
@ =36=w, =6
2w, =4.2=&=0.35
Ta tim cac diém cuc cta hé théng:
Phuong trinh dic trung la: s> + 4.2s+ 36 =0
C6 hai nghiém phutec:
s, =—&m, + /£ —1 (3.52)
Duong dac tinh dép Gng tir gia tri cua &
Tua=2&wnva o, = Jb suy ra
a (3.53)
"2

Ta c6 cac dap ung tuong trng véi gia tri cia § nhu sau:
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jo y(t)

A
% - .ja)n » t

j® Hé thong khong bi nhut
1 y(t) 4
_____ -]‘(UFT 1 - 5
0<&<l 5 s
~é0, % jo ITF .,
jo H¢ thong dudi tat dan
4 y(t)
A
§ = 1 ¥ » G
- ga)n : t
H¢ thong tat dan té1 han
i A O y(t)
-0, +0, N3
§>1 \/\ » O
/ >t
— ¢, —0,1-¢" Hé thong tat dan

Hinh 3.22: Pdp g bdc hai theo hé sé tat dan
3.7 Hé thong bic hai dwéi tit dan (Underdamped)

Hé théng dudi tit dan, mo hinh vat 1i pho bién, c6 cac dap tng don nhat nén
dugce xem xét cy thé hon. Pinh nghia cac thong sé dap Gmg cta hé thong dudi tat dan
theo thoi gian va xem xét mdi quan hé véi vi tri cac diém cuc.

Trudc tién ta tim dap tng cua hé théng bac hai véi dap tng tin hiéu bac thang
don vi
w’ K, K,s+K, (3.54)

n

Y(s) —+ 4+

S s(sP 4285+ 07) S S +2im,5+w)

gid thiét & < 1 va thuc hién bién doi ta dugc

& T
Y(S)_l+<s+§wn>+ﬁl_§zw £ .55)
s (s+ém) +al(1-&)

Thuc hién phép bién ddi Laplace nguoc
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y(t)l—e‘fa’"{coscon 1-E2 t+ ¢ sinwll—gzt]
J1-&2

=1— 1152 gt cos(a)nwll—ézt—qo)
trong d6: ¢ =tan™ ]
J1-¢&2

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

(3.56)

y(t)
A
Ymax RN R ———
1.02 /\ A%
' yyr > i N PARRN 7
a0 ! : N\ i \v/
0.98y.. AT E N i
0.9y.. o i
0.1y , ! I

A J
s

bl

R P
T,

Hinh 3.23: Pdp iing bdc hai ciia hé thong duwdi tat dan

Ngoai hai khai niém hé s6 suy giam & va tan sb dap tng tu do on ta c6 thém cac
khai niém sau:

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

-Phéan traim d6 qua diéu chinh: %0S (Percent Overshoot): 1a khoang ma dang
song vuot qua gia tri on dinh Y.

- Thoi gian tang Ty (rise time): thoi gian ting dugc dinh nghia l1a thuoi gian ma
dugc dac tinh map mo di tir 0.1 dén 0.9 gia tri x4c 1ap.

- Thoi gian xéc 1ap hay thoi gian 6n dinh Ts (settling time): thoi gian xéac lap 1a
khoang thoi gian ma dap Gmg dat dén va sai s6 trong khoang +2%.

a) Tinh Tp

602

L{'y(t)}=sv<s) O

s°+2Ew S+ o)

@, 22 (3.57)
) o e
C(5+ém)’ + @l (1-&%)  (s+&m)’ +al(1-&7)

Bién do6i Laplace nguoc ta co:
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y(t) =—2 e tsin -2t (3.58)

1—§2
Cho y(t)=0 suy ra
hay
(o Nz (3.60)
w \J1-&°
Khi n = 1 duong dac tinh dat gia tri max
T (3.61)
T = —
w,\1-¢

b) Tinh phan tram dé quad diéu chinh
Tu hinh v€ 3.22 taco

%0S = M.lOO (3.62)
Y
Ymax 12 gia tri khi duong ddc tinh dat gia tri max tai thoi diém Tp
oy o/ (3.63)
Yoex = Y(T,) =1-¢ /Jl‘_i c037r+—eg sinz |=1+e /Jl‘T
J1-&2
Déi véi tin hiéu bac thang don vi
e =1 (3.64)
Thay vao cong thirc (3.62) ta tim duoc phan tram d6 qué diéu chinh
S — (3.65)
005 =¢ /7 100
Suy ra
0,
‘e ~In(%0S{05)
\/ 7+ In? (%08 ) (3.66)
c) Tinh Ts
Pé tim dugc Ts ta phai tim dugc thoi gian ma y(t) dat dén va giit 6n dinh trong
khoang + 2%
Tir cong thire (3.56) ta tinh bién do cua y(t) dat dén 0.02
1 (3.67)

e~ =0.02

J1-£&7

v6i gid thiét cos(@, 11— E*t — @) =1tai Ts.

85



—In(0.02 1—§2) (3.68)
Suy ra T, =
S,
Lay x4p xi cong thirc (3.68)

T - 4 2 (3.69)
Lo,
d) Tinh T,
Tim ont bang cach cho y(t) = 0.9 va y(t) = 0.1. Liy gan dung ta duoc thoi gian
tang on Ir.
Vi du: Cho ham truyén sau
100 3.70
W(S)=5——= ( )
s° +15s+100

Tinh Tp, %0S, Tsva T
Giai:

Tlr ham truyén ta tinh dwoc @, =10,& =0.75
Thay vao cong thurc tinh Ty

T 3,14

= =0,475
o, \J1-E%  104/1-0,75°

T, =

_§ay . 70,75.y _
%0S =¢ /" 100=e /0% 100=2838

T4 __ 4
* " fm, 0,75.10

=0,533

Ta c6 bang sau:

Hé sé suy giam  Thoi gian ting 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

Duya vao bang trén ta tinh dugc thoi gian ting thong thuong xap xi 2.3 suy ra
Tr=0.23 vi on = 10.
Cau héi va bai tap:
Cau 1: Cho ham truyén sau:
100

Gls)=———
)= T 5. 7100
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Tinh: T, %0S, Ts.
CAu 2: Cho ham truyén sau:

120
Gis)= ———
55 +125+120

14 e i - q__z
Tim cac thong so cua hé thong béc 2: ¢. @, L. I,. %05

Cau 3: Cho h¢ théng sau:

G(s)
9
»— - —»
55 +25+9
C(s)

R(s)= %

a, Tim cac thong s6 cua hé théng bac2:  £. @, L. T,
b, Tim céc diém cyc cta hé thong va cho biét hé thong 12 loai gi?
CAu 4: Cho hé théng sau:
R(s) + 25 Cts)

5(s +5) -

Tim hang s6 thoi gian dinh, phan trim d6 qua diéu chinh va thoi gian xac 1ap.
CAu 5: Cho h¢ théng sau:

R(s) + 36 Cis)
s(s+2) -
Tim cac thong s cua hé théng bac 2: . oo, L. T

Cau 6: Cho ham truyén dat ctia hé théng
1
57 +18s* +101s + 168

W(s) =

Xéc dinh cac diém cuyc cua h¢ thong.

a. p1: _3>p1: _7:p1: -8 b P.= _33p1: —5,1)1: -3

C. p1:_27p1:_3:p1:_4 d. p1:_69p1:_79p1:_8
Cau 7: Cho hé théng



R(S) ()
N (s)= s+3 >
s44

Tim dép tmg dau ra c(t) khi tin hiéu tac dong & dau vao 13 ham 1(t).

3.1 . 1 3 .

[)=— — = — ——

X c(?) 4+4e N c(t) 1 4@
3 1, 31

t:— — = — — —

R c(t) YR ) c(t) 27 2¢

CAu 8: Néu diém cuc nam trén truc thuc ¢ bén trai truc 4o cang xa thi.
a. Dao dong cua dap ung tu do cang nhanh giam vé 0
b. Dao dong cia dap Gng tu do cang nhanh dat trang thai xac lap
c. Dao dong cua dap ung tu do cang tang cham
d. Dao dong ctuia dap ing cudng birc cang nho

CAu 9: Cong thirc tinh d6 qua diéu chinh cta hé thdng bac 2

V= =

. %0S=e"¥1100 o Y008 =e 5100
Y o

) %05 —¢ V100 L %0S=e Y 100

Cau 10: Piém khong ctia hé thong

a. La cac gia tri 1am cho ham truyén bang khong hay 13 nghiém cua da thirc cta tir
sd khi cho tir s bang khong

b. La cac gia tri lam cho ham truyén khong xac dinh hay & nghiém cta da thirc
ctia ttr s khi cho tir s6 bang khong

c. Lacac gid tri 1am cho ham truyén bang khong hay 13 nghiém cta da thirc cia tir
sd khi cho tir s6 bang mot hang s6 khac khong

d. La cac gia tri lam cho ham truyén bang khong hay 13 nghiém cua da thtrc cua
mau s6 khi cho miu sé bang khong
Cau héi va bai tap chwong 3:
Cau 1. Hay x4c dinh ham trong lugng g(t) va ham qua do h(t) cua nhitng hé tuyén tinh

c6 ham truyén dat sau

s+1 2s+1
a) W()=——— byW(s)= —=—">"=
) W) 25 +3s+4 ) WES) (1+3s)(1+5s)
CAu 2. Tim vi tri c4c diém cuc, diém khong va vé trén mit phang phirc
2 1
) WE) S+2 ) WE) (s+3)(s+4)
C) W(s) __ 5(s+2)
(s+7)(s+14)
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Cau 3. Tim ham truyén va diém cuc cta hé thong sau:
-2 1 0 0
x={ 0 0 1 |[x+|0ju()
0 -2 -4 1

0
y=[L 0 O0x x(0)=|0
0
Cau 4. Tim céc thong s6 ciia hé théng bac2 ¢, w,, T, T, T, %O0S
120 0.01
a) W()=————— b) W(s) =
) W) s*+12s5+120 ) W) s*+0.002s+0.01
CAu 5. Tim dap Gng dau ra y(t) khi biét tin hiéu tac dong 1 tin hiéu bac thang don vi
5 4
Y s(s+5) )Y() s(s+4)
16 16
C)Y(S)=————— dyYE)z=———
) s(s® +16) ) s(®*+8s+16)
Céu 6: Ham trong lugng la
a. Phan tng ctia hé thdng khi hé thdng & trang théi c¢6 cac diéu kién ban dau bang

0 va tin hi¢u tac dong & dau vao 1a tin hiéu xung don vi 1(t)
b. Phan tng ctia hé thong khi hé thdng & trang thai ¢ cac diéu kién ban dau bang
0 va tin hiéu tic dong & dau vao la tin hiéu bac thang don vi 1(t)
c.  Phan tng cua hé thong khi hé théng & trang thai c6 cac diéu kién ban dau bing
0 va tin hiéu tac dong & dau vao 1a tin hiéu xung Dirac O (1)
d.  Phan (mg cta hé thong khi hé théng & trang thai co cac diéu kién ban dau khéac
0 va tin hiéu tac dong & dau vao 1a tin hiéu xung Dirac O (t)
Cau 7: Khi mudn tim ham truyén dat tan s ta can

a. Thays=jo vaoham truyén dat ctia hé thong ta thu duocW (jw)

b. Thays=w vaoham truyén dat cia hé thong ta thu dugc W (jw)

c. Thay s=o+j vao ham truyén dat cua hé théng ta thu dugc W (jw)

d. Thay s=j vao ham truyén dat cta hé théng ta thu dugc W (jo)
Cau 8: Cho khau quan tinh bac nhat. Hay xac dinh ham qua d6 cua khiu quan tinh
bac nhat.

k

T Ts+1

W (s)
h(r)zL"{ k 1}:k(1e""r)l(r) i h(;):L-f{ k }:ke-fff.l(t)

Ts+1s Ts+1
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h(t)= L‘{TskJr ! é} =k(1—e)1(t) h(t)= L"{ k l} = k(e™ —1)1(r)

C. d Ts+1's
CAu 9: Cho ham truyén dat cta khau tich phan Iy tuong. Xéc dic tinh tan s6 bién d6 16
garit.

w(s)=~
5
. Lw)=201gk-20lge b L(@)=201gw -201gk
o Ll@)=20lgk +20lg o 4 L(@)=20lgw+201gk
k
‘ w(s)==
Cau 10: Cho ham truyén dat ctia khau tich phan ly tuong S
Xéc dinh ham qua do h(t) va ham trong luong g(t) néu tin hidu dau vao 1a 1(t).
a. h(t)=kt.1(t),g(t)=k.1(t) b. h(t)=k.1t),g(t)=kt.1(t)
C. h(t)=k.1(t) g(t)=k.1(t) d. h(t)=kt.1(t), g(t)=kt.1(t)
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CHUONG 4: CAC PHUONG PHAP GIAM THIEU HE THONG PA CAP

Noi dung chinh ctia chwong: Cung cip cho sinh vién cac phuong phap rat gon
hé thdng diéu khién khi duoc biéu dién dudi dang so dd cau tric hoic dudi dang grap
tin hiéu.

Muc tiéu can dat duoc cia chuong: Phai rit gon dugc hé théng khi duogc biéu
dién dudi dang so d6 ciu trac hay dudi dang grap tin hiéu dé tinh dugc ham truyén cia
hé thong.

Bai 6: Cac phwong phap giam thiéu ham da cip( so tiét 03)

Trén thyc té cac hé thong k¥ thuat duoc biéu dién bang cac s6 dd khdi rat phirc
tap, dé tim duoc quan h¢ gitra tin hi¢u dau vao va dau ra cua hé théng trc 1a phai tim
duoc ham truyén dat cua h¢é théng. Do do ta phai tim cach rat gon hé théng tim duoc
ham truyén chung cua toan bo hé théng.

4.1 So’ d6 khdi ciia mot hé thong

Ham truyén
cua h¢ thong

U(s) Y(s)
» W(s) >
Déu vao Dau ra
(Input) (Output)

Hinh 4.1: So dé khoi ciia hé thong

Quy dinh:

- Ki hiéu tin hiéu dau vao: U(s).

- Ki hiéu tin hiéu ddura:  Y(s).

- Ki hiéu cac ham truyén con: Wi(s)

- Ki hiéu ham truyén hé thong: W(s).

Quan h¢ cua tin hiéu dau vao va dau ra duoc biéu dién dudi dang ham truyén
(transferfunction):

Y(s
W(s) = ﬁ 4.1)

Hai dang biéu dién:

- So dd khéi.

- D4 hinh tin hiéu Graph

4.1.1 Hé théng dang noi tiép

Hé théng dugc goi la méc ndi tiép néu tin hiéu ra cua phﬁn tr trudce 1a tin hiéu

vao ctia phan tir sau.

Tin hiéu vao cua hé thong la tin hiéu vao ctia phan tur dau tién.
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Tin hiéu ra ctia hé thng 14 tin hiéu ra cta phan tir cudi cung.
U(s) Y(s)
Wa(s) Wi(s)

) 4

) 4

Wai(s) ——>

Y

—_— Wi(s)

U(s) Y(s)

—_—  Wi(s)XWa(s)XW3(S)XWi(S) e

Hinh 4.2: So dé khoi ciia hé thong noi tiép
Vi du: Ta c6 mo6 hinh nhu sau:

R, R,
AN N _ A AN .
U1(S)C> C, 1 Us) Ui(s) C) C, T~ Uas)
a) b)
R R, R R
U1(S]:: c, c, { Ua(s) Ui(s))) c“-— K c, }
L
c) d)

Hinh 4.3: Hé thong ghép néi tiép.
Hinh 4.3a) ham truyén dugc tinh:

(4.2)

(4.3)

1
W, (s) = U, (s) _ RC,
Ul(s) S+ 1
RlCl
Hinh 4.3b) ham truyén dugc tinh:
1
W2 (S) — U 2 (S) — RZCZ
R,C,
Hinh 4.3¢) ta tinh dugc ham truyén cua hé théng bang mach vong hoic theo nut:
_1
R1C1R2C2

WT (s)= tJJZ(S) =

.(s) - 2 1 1 1 1
2+ + + S+
RC, RC, RC RC,R,C,

Nhung néu tinh theo cong thirc ciia so d6 nd61 mac noi ti€p

(4.4)
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1

_ U,(s) _ _ RCR,C, (4.5)
W, (s) 0,(5) W, (s) W,(s) (i1, 1
RC, RGC, RC.R,C,

Ta théy su khac nhau la do gitra hai h¢ théng tdn tai mot hé sb ty I¢. Pé khic
phuc giwa hai hé thong ta méc thém mot khau khuéch dai nhu hinh 4.3 d).

4.1.2 Hé thong dang song song(Parallel Form)

Hé thdng mic song song 1a hé thdng co tin hiéu vao cua hé théng 13 tin hiéu vao
clia cic phan tir thanh phan, con tin hiéu ra cua hé théng bang tong dai sb cua cac tin
hiéu thanh phén.

Wl(S)
U(s) Y(s)
WQ(S)

A 4

A 4

Y

Ws(S)

A 4

Hinh4.4: So do khéi ciia hé thong mdc song song

Y () =U (S)[W, () + W, (s) + W, (s)] (4.6)
4.1.3. Hé thong dang phan héi (Feedback Form)
Hé théng c6 mach mic phan hoi gé)m hai mach: mach thuan va mach phan hoi.

Tin hiéu ra ctia mach thuan Ia tin hiéu ra ctia hé théng va la tin hiéu vao ctia mach
phan hoi.

Hé thong c6 hai dang phan hoi:

- Phan hoi am: E(s) = U(s) — Y'(s) .

- Phan hoi duong: E(s) = U(S) + Y'(8).

U(s) E(s Y(s)
— 3| Wis) Wa(s) » Wi(s) >
(+)
Y'(s)
Wq(S) a

Hinh 4.5: So' do khoi ciia hé thong cé phan hoi

Y(s)

U(s) Yi(s)

4

—

-
v

—
5T
—
A
L
[

93



W(s)
— Mi+wEew [

c)
Hinh 4.6: a) Hé thong phan hoi &m b) Hé thong phan hoi dwong
¢) Ham truyén ciia hé thong cé phan hoi
- Mach phan hdi don vi:
U(s) E(s) Y(s)
Wi(s)

A J

H

Hinh 4.7: So dé khoi hé thong phdn héi don vi

E(s)=U(s)£Y(s) 4.7)
Mat khac:
E(s) = Y (s) (4.8)
W(s)
Ham truyén cta hé thong duoc tinh 1a:
W, (s) = W (s) (4.9
1FW(s)

Cac k¥ niing bién déi so dd co ban:
- Chuyén tin hiéu dau vao:
T trude ra sau mot khdi:
U(s) Y(s) U(s) Y(s)

W) — = —W()
W(s)
X(s) T
X(s)
Ttr sau mot khéi ra trude mot khoi:
U(s) Y(s) U(s) y(s)
—| W(s) . W(s) p—p
X(s) ]
Wi(s)
'y
| xe

- Chuyén doi tin hiéu ra:
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Tur trude mot khoi ra sau khoi do:

=
>

U(s) Yi(s)
Wi(s) >
Ya(s)

A 4

Y1(s) = U(s)
Y2 (s) = U(s).W(s)

Tu sau mot khoi ra trudc khoi do:

EEEEEEE———
U(s) Yi(s)
(W(s)

Y

U(s)

U(s)

Yi(s)

~1—>

Wi(s)

A 4

W(s)

Ya(s)

Yi(s)
W(s)b—>

h A

Yg( S?

Y1(s) = Y2(s) = U(s).W(s)

Y

W(s) b—>
Ya(s)

- Cdc bo cong lien nhau co thé doi cho cho nhau hodac cong xép chong lai:

Xy Y

HOi_iC la: Y=X;-X2 + X5

Vi du 1: Rat gon hé théng nhu hinh sau

X

X;

—» Y(s)
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U(5) ———b

U(s) —{Wi(s)

Wa(s) | Wa(s) » Y(s)
\ Hi(s)
Hy(s) [e
Hi(s) |e
(a)
Wa(s)+Ws(s) » Y(s)

H;(s)-Ha(s)+Hs(s)
(b)

F 3

W,(s)W,(s) W, (5)

U(s)

h 4

l+Wl(s)W:(s)“’31(5)[H,(3')—H:(s)+ H;(S)]

» Y(s)

(c)

Hinh 4.8: Hinh bién doi cdc so do khéi co ban.
Vi du 2: Ruat gon so do khdi ap dung cac quy tic di chuyén tin hiéu

Vi(s)

Vz(S)
+
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W, (s)
L+ W, (s)H(s)

Y(s)
1 W.(s)
> +1|—» : >
JIJJV:(T) I+ ”’fs(-ﬁ')H;(g)
U A% )
+ ; 7 (¢
© WOWa® :[ l ”][ 02 ] ]
W,(s) 1+ W,(s)H ,(s)
- HE(S) +H1 (\) —
W(s)
(©)
Va(s)
Y(s)
U(s) W, (5) W, (5) { 1 J[ W.(s) ]
—_— = > +1 — —_—
1+ W,(s)H, (s)+W,(s) W,(s)H,(s) W,(s) L+ W,(s)H(5)
(d)
U(s) W, (s) W, (s)[1+77,(s)] Y(s)

[1+ W, (s)H,(5)+ W,(s) W, (s)H () ][1+ W,(s)H,(5)]

(e)
Hinh 4.9: Rit gon so do dp dung cdc quy tdc bién doi
4.2 Phén tich va thiét ké h¢ thong phan hoi
Muc dich: tmg dung cac quy tic trén dé phan tich va thiét ké hé thong bac 2.
Phan tram do qua diéu chinh, thoi gian dinh, thoi gian ting c6 thé duoc tinh toan tir
ham truyén cta hé thong.
Xét hé théng:
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U(s) + K Y(s)

) 4
Y

s(s +a)

Hinh 4.10: Hé thong c6 phan hoi am

K (4.10)
s(s+a)

Déi twong c6 ham truyén la: W(s) =

Ham truyén cua hé théng duoc tinh la:
T(s) = K (4.11)
s“+as+K

Trong do:

K: Hé s6 khuéch dai (ty 1é giita 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 h¢ théng
bac hai: dao dong tat dan, tat tat dan toi han va duéi tat dan. Vi du K bién doi trong rai
giita 0 va a%/4, cac diém cyc cia hé thong 1a thuc va duoc tinh toan 1a:

a_ +a’-4K (4.12)
S1,2 - 2 2

Khi hé s6 K ting 1én, cac diém cuc di chuyén doc theo tryc thyc va hé théng van
dao dong tit dan cho dén khi K = a%4. Tai hé¢ s khuéch dai nay, ca hai nghiém déu la
thue va bang nhau, hé thong 13 tat dan t6i han.

Dbi v6i hé s6 khuéch dai 16n hon a%4, hé thong 1a dudi tit dan voi cac nghiém
hue la:

a _ .vJAK -a’ (4.13)
Sip = P *] 5

Khi hé s6 khuéch dai ting 1én, phan thuc 13 hang sé va phan ao ting 1én. Do viy,
thoi gian dinh giam xudng 1én va phan trim d6 qué diéu chinh ting 1én, trong khi
settling time van 13 hing sb.

- Tinh thoi gian dap (g nhanh.

Bai toan: cho hé thong

U(s) +

Y(s)

]
h

" s(s+35)

Hink 4.11: So khoi hé thong phdn héi biét triede hé so khuéch dai
Tim hang s6 thoi gian dinh Tp, phan trim d6 qua diéu chinh 6% va thoi gian Ts
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Giai:
Ham truyén cta hé thong c6 phan hoi 1a:

T(8) = 25 (4.14)
S°+5s5+25
Tur cong thirc:
w, =+b =+/25=5 (4.15)
Mat khac:
a=2¢W,véia=5taco 5=2w, (4.16)
Suyra £ =05
Ta c6 cong thire tinh nhu sau:
T, =——~——=0726s (4.17)
W A/1-¢?
%0S = e x100=16.303 (4.18)
T-2% _16s (4.19)
cwW,
- Tim hé s6 khuéch dai ctia hé thong khi biét phan trim d6 qua diéu chinh
U(s) + K Y(s)
s(s+35) >

Hinh 4.12: So d6 khoi ciia hé thong phan hoi khi hé s6 khuéch dai K chira biét
Ham truyén cta hé kin la:
K (4.20)
s +5s5+K

Tur cOng thire 5=2¢W, va w, = VK ta tinh dwoc:

T(s) =

o5 (4.21)
2K
Nhu ta da biét phan traim d6 qua diéu chinh %OS 1a ham cua ¢ ma ¢ day ¢ lai 1a

ham phu thudc hé sé K. Do vay khi ta thay cong thirc (4.21) vao cong thic tinh o
(4.18) , & lai 1a ham phy thudc hé sé khuéch dai K.

Véi chi tiéu chat lugng o cho trude ta dé dang tinh duge hé sé ¢ = 0.591. Thay
vao cong thire (4.21) ta tim duoc hé sé khuéch dai K = 17.892.

Mic du ta thiét ké theo do qua diéu chinh nhung ta khong thé lua chon duoc
thoi gian dao dong dugc boi vi phan thuc luén 1a -2.5 (khong can tinh dén hé sb
khuéch dai K).
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Cau héi va bai tap:
Cau 1: Cho h¢ théng sau:

4 1 | £© l:l 5 (s)
§=2 2
U(s) Y(s)
—
1 |5 ] 1
s—4 2 | ¥.(s)
Tim ham truyén cta hé.
CAu 2: Tim ham truyén cua hé théng c6 so dd khbi sau:
3 -+
* X, ‘
—-l 4 | 3 § dt 2 1
-4 Y
U
2
X
N % § dt M 2
-4 e
Cau 3: Cho hé théng ¢6 so d6 ciu tric sau:
Wﬁ l
—> Wi O W Q- W3 Wy /=&
L H,
H, |=

RUt gon so do x4c dinh ham truyén cta hé

CAu 4: Cho hé théng c6 so d6 khdi nhu sau:
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Ws |-

—» W L Y e W - > W | W Ja-
u(s) ! - { ! - | 2 | | ! Y(s)
—

W

W5 —

Str dung cac quy tic bién ddi so d6, xac dinh ham truyén cta hé
CAu 5: Cho hé théng c6 so d6 khdi nhu sau:

uft) ; v(t)
. Gl P G: —P G-. >
L H, |

Str dung cac quy tac bién doi so do, xac dinh ham truyén cua hé.

Cau 6: Hinh v& nao thé hién bién d6i mot tin hiéu vao tr trude mot khau ra sau mot
khau

R(s) C(s) R(s) C(s)
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¢ R C(s)

d. X(s)
Cau 7: Hinh v& nao thé hién bién doi mot tin hiéu ra tir trudc mot khau ra sau mot
khau

1 Cis)
RG) C169) RE) el
Nrerey! = —fsol—
a — Cx(s)
T Cuts)
> ., !
3
R(s) (55 Ci(s) — R(z) (s .
b. Cxs) Cxs)
R 1 | Cxs)
Ll Ll G Ll
Ris) ..I@I c 1(5.) = R(s) () C1Es)
C. e
1 | cxs
> 5
R(s) Cils) R c
N rerey (s) Ks)

N S fsol»

CAu 8: Uu diém cua quy tic Masson so voi quy tic so d6 khoi

a. Mang tinh hé thong

b. Xac dinh dac tinh qua d6 thuan tién

c. Khao sat tinh diéu khién dugc nhanh

d. Tinh phuong trinh dic tinh cta hé théng don gian
Cau 9: Hinh v& nao thé hién bién d6i mét tin hiéu ra tir sau mot khau ra trudéc mot
khau.

C1(5)
et —.—“(S)
R(z) Ci(s) R(z) -
,'I G(s)ll e = o{ G (=) |—sp
s — x9)
d.
Cxfs)
R)  — “a__ RE Cafs)
b M EE) cz(s; = ’-@_’
1 Ci(s)
[ED
R(s) — Cals) R(s) Cs)
# G(s) » = 1 »
c — CAs) (£S5 *
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d

1 Cis)
L % Lt
Ci(s)
Ris) = ’ _ R(s)
8 = W) "

Cau 10: Ham truyén dat ctia mot nhanh
a.

b
C.
d

La ty sO cua gid tri nit ngon va gia tri nut goc

La ty sO cua gia tri nut ngon trude nd va gia tri nat goc lien ké

La ty so cua gia tri nut goc chia cho gia tri ctia nut ngon

La ty s6 gitta nhanh gdc va nhanh ngon
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Bai 7: Grap tin hiéu ( sé tiét 03)
4.3 Grap tin hi¢u
4.3.1 Cac khai niém co ban
- Graph 12 m6t @6 hinh gdm cac nhanh va cé4c nit.
- Méi nit cua Graph dugc biéu dién bé’mg mét diém va ghi tén mot dai lugng nao
d6 trong hé thong diéu khién.
O
V(s)
Hinh 4.13: Mot nut co ban
- Nt gbce 1a lwong vao, nat ngon 13 lwong ra ciia mot khau nao do.
- Mot nhanh ndi nat gbc va nit ngon c6 miii tén, trén d6 ghi gia tri cua ham
truyén dat tuong ing v4i mot khau nao do.
Wi

/_;\-. X
X; 0)

(1)
Hinh 4.14: Biéu dién mét nhanh co ban
Ham truyén dat ciia mot nhanh bang ty sb ctia gia tri nat ngon va gia tri nut goc:
(4.22)

Su lién két ctia cac nhanh riéng 1é tao thanh mét Graph tin hiéu cho mot hé thong
diéu khién.
4.3.2 Cdc dang biéu dién Graph tin hiéu
- Dang ndi tiép:
Wi(s) Wa(s)
U(s) o—> —> ® Y(s)
Vi(s)
Hinh 4.15: Graph biéu dién hé thong néi tiép

- Dang song song:

U(s)

Vj(S)

Hinh 4.16: Graph biéu dién hé thong song song
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- Dang phan hoi:

1 E(s) W(s)
Us) e > .\>_/. Y(s)
H(s)

Hinh 4.17: Graph biéu dién hé thong cé phdan hoi
4.3.3 Cdc quy tdc bién doi Graph
- Céc nhanh ndi tiép:
Wi(s) Wa(s) Wi(s).Wa(s)

Us) o—>—eo—> oY) T U@l e > ® Y(s)
V(s)

- Cac nhanh song song:

Wi(s)+Ws(s)
Ues) Y UG e > O

Wa(s)
- Phan hoi dwong hodc 4m

W(s)
1+W(s).H(s)

-Y(s) — U(s) ® — * Y(s)
H(s)

- Khir nhéanh tao Vong kin.

W, (s) W,(s)
l(s}Q Wa(s) 1-H(s)
U(s) e > ® Y(s) —— U(s) ® » * Y(s)

V(s)
4.3.4 Quy tic Masson
Ham truyén dat Y(s)/U(s) trong mot hé théng duoc biéu dién bang Graph dugc

tinh theo cong thirc sau:

4.2
Y (S) _ ;TKAK ( 3)
U(s) A

W(s) =

trong do:

-k 1a s duong dong huéng tir ddu vao cho dén dau ra. Puong dong 13 mot
duong lién tuc bao gdm c&c nhanh c6 cing mot huéng khi di dau vao cho dén dau ra
ma khi tin hiéu truyén dat qua mQt nat cua no tir géc dén ngon chi dugc mot lan.

- Tk 1a ham truyén dat ctia dong thtr k hudng tir dau vao dén dau ra.
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- A, 1a dinh thtrc con cua Graph suy ra tir A bing cach bo di cac vong kin. Li co
dinh v6i1 duong dong thu k.
A=1->Li+> LiL,=> LiLL +... (4.24)
i i

ik

+ > L 1a tong so tit ci cac ham truyén dat cua cac vong kin c6 trong Graph.

Vong kin 12 mot dudong khép kin bao gdm cac nhanh lién tiép c6 cting mot hudng ma
tin hiéu di qua mot nit cia mot nhanh nao né chi dugc mot lan.

T > L la téng sb cac tich ham truyén dat cta hai vong kin khong dinh vao
i
nhau ¢ trong Graph.
+ >LLLla téng sb cac tich ham truyén dat cua ba vong kin khéng dinh vao

ij.k
nhau ¢ trong Graph.
Vidu:

e o Wi ES) . “"QES) _ V\"sES) \7\"4(‘;5) Ws(s)

Y(s)

Hi(s)
Hinh 4.18: So khéi minh hoa quy tic Masson

Buéc 1: Xac dinh duong tién trude

trong vi du nay chi c6 mot duong duy nhat 1a:

P = W1(S).W2(S).W3(S).Wa(S).Ws(S)

Buéc 2: Xac dinh ham truyén cta cac vong kin

L1=W2(s).Hi(s)

L2 = Wa4(s).Hx(S)

L3 = W?7(s).Ha(s)

L4 = W2(S).W3(S).Wa(S).Ws(S).We(s).W+7(s).Ws(s)

Buére 3: Xac dinh tich cic ham truyén ctia hai vong kin khong dinh vao nhau
LiL2 = W2(S).H1(S).Wa(s).H2(s)

L1Ls = W>(S).H1(s).W7(s).Ha(s)

LoLs = Wa(S).Hz2(s).W+(s).Ha(s)

Buérc 4: Xac dinh tich cac ham truyén clia ba vong kin khong dinh vao nhau
LiLoLa=W>(s).H1(s).Wa(s).Hz(s).W7(s).Ha(s)
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Budce 5: Tinh A

A=1-Y L +> LL - LLL,
i i

i,jk
=1- [W2 (S).H,(s)+W,(s).H, (s) +W,(s).H,(S) +W, (). W, (S).W, (5). W, (S). W, (5).W, (). W, (s)] +
+[W, (5).H,(5).W, (5).H, (5) + W, ().H, (5).W, (5).H, (5) +W, (5).H, (5).W, (5).H, (5)] -
—[W, (5).H,(5)-W, (5).H, (5).W, (5).H, ()]
Bude 6: Xac dinh A,
O day chi c¢6 Ls 1a khdng dinh dén P
A, =1-W, (s).H,(s)
Tur cac cong thirc tinh todn trén ta thay vao cong thire tinh G(s) ta duogc:

_TeA _ Wi(S)- Wiy (S). Wy (s). W, (5). W (s) [1-W, (s).H,(s)]
A A

W(s)

Cau héi va bai tap chuwong 4:
Cau 1: Rat gon so do hé thong sau:

Wi(s) Le
| - Y(s)
Ty o Wa5) 3L Wits) 50— W) >
- + T+
» Wi(s)
‘Wﬁ(s) +
a)
U ¥ Y(s)
(S) _'.; @ . s > s +; > s >
- +
J 1
3
1l e
3
b)
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CAu 2: Cho hé théng sau

U(s) E(s)

49

Y(s)

s(s +49)

Tim d6 qua diéu chinh OS%, thoi gian qua d6 va thoi gian dinh khi tin hiéu du vao 1a

tin hi€u bac thang don vi.

Tim tin hiéu c(t) khi tin hiéu dau vao r(t) 13 tin hiéu bac thang don vi.

U(s) E(s)
+

Y(s)

s(s+4)

v

Céau 3: Tim ¢, , 0S%, thoi gian dinh va thoi gian qua d¢ clia hé thong sau

w , . E®

500

Y(s)

s(s +50)

™

Cau 4: St dung quy tic Masson tim ham truyén W(s) ctia hé thong cho duéi day

Sau:

T)PU

Céu 6: Khai niém vong kin 1a

“"4(5)

Y(s)
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a. La mot dudng cong khép kin khong phu thudc vao chiéu miii tén cta cac nhanh

b. La mot duong khép kin bao gdm cac nhanh va cac nit lién tiép nhau c6 cung huéng
ma tin hiéu di qua mdi nat cia mot nhanh mot lan

c. La mot dudng khép kin bao gom cac nhanh va cac nat lién tiép nhau c6 cung hudéng
ma tin hiéu di qua mot nit géc va mot lan

d. La mot duong khép kin bao gdm nhanh lién tiép nhau ciia mot dudng tién c6 cling
huéng ma tin hiéu di qua mdi nit ciia mot nhanh mot lan

Cau 7: Tim ham truyén dat ctia vong kin
H(s)
Gy

Fis) Cre)
V(g
Wi(s) - Cs) _ G (5)G,(5) (s = () _ G)G:(5)
a R(s) 1-H(s) b. R(s) 1+H(s)
W(s)= Cls)_ G() W(s)= C__ G
C. R(s) 1-G/(s)H(s) d. R(s) 1+G/(s)H(s)

Céau 8: A, la dinh thirc con cta Graph dugc tinh bang
a. Bo di cac vong kin c6 dinh v6i duong tién thir k
A =1-LL
A=Y L
LA =1+) L, -1,

Cau 9: Cong thuc nao dugc ding dé tinh ham truyén dat cta hé thong theo quy tic
Masson

ZTkAk
W (s)=“="""F q ,
a. A vsi Ala mot bidu thitc bac hai da bidt
T.A
W(S) — Z E—k
-3 L+ LL-YLLI
b. i ij ij.
ZT.’:AIc
W(s)=
-3 L+ LL =Y LLL+.. A
C. T véi Tk 1a duong tién, Dk 1a dinh thic
con cua Graph
TA
W(S) — Z E—k
1= L+ Y Ll =Y LL L, - ’
d. N E v6i Ti la dudng tién, Ay 1a dinh thic

109



con cua Graph
Cau 10: Puong tién 1a
a. Mot duong lién tuc bao gdm cac nhanh va nat c6 ciing hudéng di tir dau vao cho

dén dau ra ma khi tin hiu truyén dat qua nat gdc va nit ngon chi mot lan

b. Mot dudng lién tuc bao gdm céc nhanh va ndt co cing hudng di tir ddu vao cho
dén dau ra ma khi tin hiéu truyén dat qua mot nut tur géc dén ngon it nhat mot 1an

C. Mot duong lién tuc bao gdm cac nhanh va nat trén mot duong thang

d. Mot duong lién két giira nat gbe va nlt ngon
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CHUONG 5: SU ON PINH CUA HE THONG

Noi dung chinh cia chuong: Xét on dinh cho hé théng diéu khién tuyén tinh
theo céc tiéu chuan dai sb (Tiéu chuan Routh, Tiéu chuin Hurwitz) va céc tiéu chuin
tan s6 (Tiéu chuan Nyquist, Tiéu chuan Mikhailov).

Muc tiéu can dat duoc cla chuong: Sau khi hoc xong Chuong 5, sinh vién hiéu
duoc khai niém sai s6 caa hé théng diéu khién tu dong va biét van dung cac tiéu chuan
6n dinh dai sd, tiéu chuan 6n dinh tan sé dé xét 6n dinh cho hé thong.

Bai 8: Tiéu chuén 6n dinh dai s6 (S6 tiét: 03)
5.1 Khai niém vé 6n dinh hé thong diéu khién tw dong

Dinh nghia:

On dinh cua hé théng la kha nang ctua hé¢ théng tu trg lai trang thai xac 1ap sau
khi cac tic dong phéa v trang thai xac 1ap d4 c6 mat di. Thuc chat khi noéi ti on dinh
1a noi t6i mot dai lwong duoc didu khién nao d6 6n dinh.

Mot hé théng DPKTD 1a mét hé théng dong hoc, thudng dugc mé ta bang phuong
trinh vi phan bac cao:

VO, L, HO,, 0, VO, L O 51

T +a,y(t)=h, St +b o +b, x(t) (5.1)
Nghiém cua phuong trinh vi phan nay gom hai thanh phan:

Y(t) = Yaa () + Yo (1) (5.2)

- Yqd (t): 12 nghiém tong quat cta (5.1) khi vé phai bang 0, dic trung cho qua trinh
qué do.

- Yo (t): 1a nghiém riéng ctia (5.1) khi c6 vé phai, no dic trung cho qua trinh xac
lap.

Qua4 trinh xac 1ap 1a qué trinh 6n dinh, vi vay chi can xét qua trinh qua d6. Néu qué
trinh qua d6 theo thoi gian bi triét tiéu thi hé on dinh, néu khong triét tiéu thi hé khong on
dinh. Ma nghiém qua do duoc biéu dién bang biéu thirc tong quét sau:

n Sit
yqd = § Cie (5.3)
=1
Trong do si la nghiém cua phuong trinh dac trung :
aos"+ais"t+. .. +an=0 (5.4)

Tir nhitng nhan xét trén ta cd thé két luan nhu sau: Mot hé thong duoc goi 1a 6n
dinh néu qua trinh qua d¢ tat dan theo thoi gian. Hé thong khong 6n dinh néu qua trinh
qua do ting dan theo thoi gian. Hé thong ¢ bién giéi on dinh néu qué trinh qua do
khong doi hoic dao dong khong tit dan.

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

n st
Jim Ygq O =1im 2, Cje ''=0 (5.5)
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va hé khdng 6n dinh khi:

. n st
|,myd(t)_llmi§1Cie =00 (5.6)

Hé thong dugc xét 1a hé ding, nghia 13 cac hé s6 ai khong bién ddi theo thoi gian.

lim» Ce™ =lim) Ce™ = (5.7)

t—oo t—o0

Néu ai < 0 Hé 6n dinh, néu ai = 0 hé ¢ bién gidi 6n dinh, néu o >0 hé khong 6n
dinh.
Khi si 1a cap nghiém phurc lién hop si = ai * ] Bi

: t : t .
Cie(alﬂﬁ) +Ci+1e(a'+m) :2Aea't cos(A& + @) (5.8)

Néu ai < 0 Hé 6n dinh , néu o = 0 hé ¢ bién gi6i 6n dinh , néu o >0 hé khong on

dinh.
5.2. Nhan xét chung

Heé thdng s& on dinh khi va chi khi tit ca cdc nghiém cia phuong trinh dic tinh
c¢6 phan thuc am (tit ca cac nghiém nam & nira bén trai mat phang phirc).

- Hé théng s& ¢ bién giéi 6n dinh néu phuong trinh ddc tinh c6 it nhat mot
nghi¢m thuan 4o con tat ca céac nghiém khéc 1a nghiém thuc am hoac nghi¢m phirc c6
phén thuc am (co it nhat mot nghi¢m nam trén truc 4o con cac nghi¢ém con lai nam &
ntra trai mat phang phuc).

- Hé théng s& khong 6n dinh néu phuong trinh dic tinh c¢6 it nhat mot nghiém co
phéan thyc duong (¢ it nhit mot nghiém nam & nira phai mat phang phirc).

Nhu vay dé xét tinh 6n dinh cia hé théng ta can phai tim nghiém cia phuong
trinh vi phan (5.1) roi lay gidi han. Viéc nay rat khd khan, nén dé xét 6n dinh chi can
tim nghiém ciia phuong trinh dic trung (5.3). Trong thuc té ngudi ta tim mdi quan hé
giita c4c hé s6 cua phuong trinh dic trung véi cac nghiém c6 phan thuc am dé danh
gia tinh 6n dinh cua hé. Bo 1a cac tiéu chuan 6n dinh. C6 hai tiéu chuan 6n dinh:

- Tiéu chuan 6n dinh dai s: Tim diéu kién rang budc gitta cac hé s6 ctia phuong
trinh d4c tinh dé h¢ 6n dinh. D6 1a tiéu chun Routh va tiéu chuan Hurwitz.

- Tiéu chuan on dinh tan s6: Thong qua dic tinh tan sé cua hé thong dé xét tinh
6n dinh. D6 1a tiéu chuan 6n dinh Mikhaildp va tiéu chuan Nyquist.

5.3 Tiéu chuén 6n dinh dai sd.

DPiéu kién 6n dinh can thiét cia HT DKTD:

Gia sir h¢ thong c6 phuong trinh dic tinh: aos” + a1s™ + ... + an-1S + an = 0

Nhu vay, phuong trinh déc tinh ¢0 hai loai nghiém :

C6 m nghiém thuc (si = -a) va (n - m)/2 nghiém phirc (si = -ok £ jok ).
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Véi aii, ok, ok déu duong.

Phuong trinh dic tinh dugc chuyén sang dang:

n-m

] [(5+ ) [(s+ i~ )5+ e + o) =0 5.9)
suy ra:
] [+ )] [(+,)° +?)=0 (5.10)

Néu ta khai trién phuong trinh trén s€ dugc mdt da thirc co tat ca cac hé sd déu
duong. Nhw vdy, diéu kién can thiét dé hé thong on dinh la tdt ca cdc hé s6 cia
phurong trinh ddc tinh phdi dicong (phdi ciing dau).

5.3.1 Tiéu chudn Routh

5.3.1.1. Phdt biéu tiéu chudn

Diéu kién can va da dé cho hé thdng tuyén tinh 6n dinh 13 tit ca cac sé hang
trong cot thir nhat caa bang Routh duong.

Vidu 1:

Hé théng c6 phuong trinh dic tinh: s* - s® + 552 + 4s + 1 = 0 khong 6n dinh vi
khong théa man diéu kién can (do co h¢ $6 am).

Hé thdng c6 phuong trinh dic tinh: s* + 2s° + s + 2 = 0 khong 6n dinh vi khong
thoa man diéu kién can (do ¢ hé sb bang 0)

5.3.1.2. Cach thanh ldp bang Routh
Gi4 st cho phuong trinh dac tinh sau:
as" + ars"t + as"? +azs" + ... +apas+an =0 (5.11)
Hai hang dau bang Routh dugc sap xép nhu sau :
& A& a  as ...
aa a as a7 ...
bo b2 bs bs...
b: b3 bs br...
Co C C4 Cé ...

Céc s6 hang trong cac hang dugc tinh theo biéu thirc sau :

a, a, a, a4‘
b __al a5 _alaz_aoas.b __al a5 _a1a4_aoas
0 - 12 T -
a, a, a, a
a a, a, a
b = b0 b2 _ boas — a’lbz ‘. = b0 b4 _ boas — a1b4
b, b, ' b b
0 0 0 0
b, b, b, b,
b, by bb,—bb,. b, by bb, —bb, 13
CO - = ’ C2 — =

b, b,



5.3.1.3. Nhan xét

M&i mét s6 hang trong mot hang cua bang Routh 1a mét thuong s6 cé:

- Tir s&: La mot dinh thire hang hai mang diu Am véi cot thir nht cta nd cling la cot
thtr nhat ctia hai hang dimg sat trén hang c6 s6 hang dang tinh ,con cot thir hai ciia dinh thirc
chinh 13 cot dimg sat bén phai s6 hang dang tinh cling ctia hai hang trén.

- Mau sb: Trong tat ca cac s hang ctia mot hang c6 chung miu s chinh 1a sb
hang dtng & cot thir nhat va & hang sat ngay trén s6 hang dang tinh.

Vi du 2: Cho phuong trinh dic tinh ctia hé thong :

s+ 253 +8s2+4s+3=0 (5.12)

Xét 6n dinh cho hé thng trén theo tiéu chudn Routh.

Giai:

Ta thiy cac hé sd ciia phuong trinh dic tinh trén déu duong nén thoa man diéu

kién can. Dé xét diéu kién du, ta tién hanh lap bang Routh.

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

Ta thay tat ca cac sé hang trong cot thi nhat ciia bang Routh duong nén ta két
luan hé théng trén 6n dinh.
5.3.1.4. Mot s6 tinh chat ciia bang Routh
- Khi 1ap bang Routh, dé gian don trong tinh toan, c6 thé nhan hay chia cac hé sb
trong cot voi cung mot dai luong, két qua van khong thay doi.
- Trong truong hop hé khong 6n dinh, bao nhiéu l1an doi dau ¢ cot 1 thi co bay
nhiéu nghiém & ntra phai mit phang phuc.
- Néu tri s6 gan cudi ¢ cot mot bang 0 (Cin = 0) c6 nghia la nghiém kép thuan do.
Tri s6 cudi cuing s& khong tinh duoc vi 1 = oc. Néu tri s6 cudi ciing bang 0 (Cine1 =
0) thi phuong trinh dic trung c6 mot nghiém bang 0 vi an = 0.
- Néu cac hé sb ciia mot hang bang 0, hé c6 nghiém phai hodc cip nghiém nam
trén truc ao.
5.3.2 Tiéu chudn Hurwitz
5.3.2.1. Phat biéu tiéu chudn.
Diéu kién can va di dé hé tuyén tinh 6n dinh 1a hé s6 a0 > 0 va cac dinh thirc
Hurwitz duong.
5.3.2.2. Thanh lap dinh thirc Hurwtiz.
- PBinh thuc Hurwitz 1ap tir ma tran h¢ s6 theo quy tic sau:
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Theo duong chéo cua ma tran, viét cac hé so tir a1 dén an.
Phia trén duong chéo, cac hé so6 tang dan, phia duodi giam dan.
Cac hé s0 nho hon ap va 16n hon an déu bang 0.

- Ma tran c6 dang nhu sau:

Al AZ AS An
a, a3 ag e 0
a, a, a, - 0 (5.13)
0 a, ag e 0
0 0 o .- an
Céc dinh thirc Hurwitz duong tuong tng voi :
Ar=a >0
a a
dQ
al 8.3 a5
0 a a4
An-l > 0
An = an. An-l > O

Luu y: Khi khao sat tinh 6n dinh v&i ao > 0, néu c6 hé s6 bat ky nao 4m (ai < 0)
thi du dé két luan 1a hé khong 6n dinh.
Vi diéu kién ai> 0 (1=0,1,2...n) thi chi can xét Ai > 0 voii= 2, ... n-1 1a duoc,
Vi A1= a1, An= an. An-1.
cha y: Tiéu chudn 6n dinh Hurwitz chi 1a mot dang biéu dién khéc cua tiéu
chuan Routh. N6 chi ding vé6i hé thong c6 phwong trinh dic tinh bac thap (dudi
bac 4).
5.3.3 Mot s6 truong hop ddac biét cua tiéu chudan Routh.
Hai truong hop dic biét co thé xay ra:
- Xuét hién 6 0 & cot thir nhat.
- Xuét hién mot hang toan s 0.
a) SO 0 & cot thir nhat
Néu ¢ 6 0 & cot thir nhét thi viéc tao ra hang tiép theo s& chia cho s6 0. Dé tranh
treong hop ndy, ta thay hé sb bang 0 & cot 1 bai sé € duong, nhé tiy y. Sau d6 dung € dé
tinh toan va xét dau cho cot dau tién.
Vi du : Xéc dinh tinh 6n dinh ctia hé thong c6 phwong trinh dic tinh sau:
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s+ 2s°+4s?+8s+3=0 (5.16)
Lap bang Routh va xét dau:

Liye=1%
st 1 4
s 2 810
s? 0()>0 |3
st| (8-6/g)<0 |0
s? 3

Ta thiy bang Routh d6i diu hai 1an 1an c6 nghia 1a phuong trinh dic tinh c6 hai
nghiém nim bén phai truc 40. Vi vay hé thong trén khéng 6n dinh.

b) Cé mdt hang toan sé khong

Khi gap trudng hop ndy, dau tién ta quay lai hang phia trén hang c6 toan s6 0 va
thanh 1ap mot da thirc phu P(S) ma sir dung cac gié tri ciia hang d6 1am hé s6. Pa thirc bat
dau véi Ity thtra ctia s ¢ c6t ki hi€u s va bo bién tiép theo va thuc hién ha bac da thirc phu,
ta dugc da thirc dP(s)/ds. Thay hang c6 tat ca cac hé sé bang 0 bai mot hang khéc cé cac
hé s6 chinh 14 hé s6 ctia da thirc dP(s)/ds, sau d6 qua trinh tinh toan tiép tuc.

Vi du: Xac dinh s6 nghiém nam bén phai, bén tréi truc 4o cta hé kin c6 phuong
trinh dac tinh sau:

S +4s*+8s2+852+7s+4=0 (5.17)
Lap bang Routh
|1 |8 7
14 18 |4
|6 |6 0
14 |4 |0
st 9 0
8
0|4
Da thirc phu : P(s) = 4s? +4 (5.18)
Lay vi phan da thirc P(s) ta duoc:
dP(s)/ds = 8s + 0 (5.19)

Str dung cac hé sb trong da thire (5.19) dé thay thé hang c6 toan sb 0. Sau khi
thay va tinh toan ta thiy cot dau tién cac hé s6 déu duong, do vay, khong c6 diém cuc
nao nam bén phai tryc 40.

Da thirc phu c¢6 nghiém la j va —j cling chinh la nghiém ctia phuong trinh dac tinh
nén hé kin c6 2 nghi¢m nam trén truc ao.

S6 nghiém nam bén trai truc 40 la: 5—2 =3
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Hé thong & bién gidi 6n dinh.
Chu y: Nghiém cua da thirc phu ciing chinh 1a nghiém ctia phuong trinh déc tinh.
5.3.4. Sur dung tiéu chuan Routh — Hurwitz dé thiét ké su 6n dinh

Vi du: Cho hé thong sau:

Uts) E(s) p Y(s)

4 s(s+7)(s+11)

v
L 4

Hinh 5.1. Hé théng c6 hé s6 khuéch dai K chira biét
Tim pham vi cua hé sb khuéch dai K dé hé thdng 6n dinh, khong 6n dinh hay &
bién gidi on dinh.
Giai:

Ham truyén cta hé kin la:

W)= +1832E T7s+K (.20)
Thanh 1p bang Routh
s? 1 77 0
s? 18 K 0
s! 1386 - K 0
18
s K

Gia thiét K > 0: Cac phan tir trong cot dau tién déu duong ngoai trir hang th
ba. Gia tri c6 thé duong, am hay bang khong tuy thudc vao gia tri ciia K.

Néu K < 1386 thi tit ca cac phan tir clia cot dau tién déu duong, khong
6 sy d6i dau, do vay cac diém cuc nim bén trai truc ao. Vay hé théng on dinh véi K <
1386.

Néu K > 1386 thi phan tir & hang tht 3 4m va trong cot dau tién c6 su
d6i dau hai lan, do vay, c6 hai nghiém ndm bén phai truc 40 v mot nghiém nim bén
trai truc 40. Piéu nay co6 nghia 1a hé thong khong 6n dinh khi K > 1386.

Néu K = 1386 thi s& xuat hién s6 0 ¢ hang thir 3 (hang s'), quay lai hang s? va

thay K = 1386.
Sau d6 1ap da thirc phu: P(s) = 18s? + 1386 (5.21)
L4y vi phan:
p
d d(S) _365+0 (5.22)
S
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Thay céc hé s trong da thirc (5.22) vao bang Routh, ta duoc:

s’ 1 77 0
s’ 18 1386 0
s! 36 0

s? 1386

Nhéan xét:

- Céc phan tir trong cot thir nhat déu duong va khong cé sy do6i dau.

- Pa thirc phu c6 hai nghiém nam trén truc 40 va nghiém con lai nam bén tréi
truc ao.

Do vay hé thong & bién gidi 6n dinh khi K = 1386.
Cau hoéi va bai tap
Cau 1: Néu khai niém on dinh cta hé thong. Trinh bay cach xét 6n dinh cho hé thong
diéu khién tu dong dya vao nghiém cua phuong trinh dac tinh.
CAu 2: Cho phuong trinh dic tinh cta hé thong
a) A(S) =s°+ 2s*+ 553+ 65+ 8s + 6
b) A(s) =s*+ 583+ 75+ 9s + 1
Dung tiéu chuan Routh xét 6n dinh cua hé thong.
Cau 3: Hé thdng c6 ham truyén sau:

1

W(s) =
() s*+8s%+3s?+11s +9

Dung tiéu chuan Hurwitz xét tinh 6n dinh cta hé thong.
Cau 4: Xét tinh 6n dinh cua hé thong sau theo hé s6 K

RE) E(s) K C(s)
" | sa+10(s+5) "

CAu 5: Trinh bay cac truong hop dic biét ciia Tiéu chuan Routh va cho vi du minh
hoa.

Cau 6: biéu kién can cua cac tiéu chuan dai sb 1a;

a. Tt ca cac hé s6 cta phuong trinh hé s6 khac khong va cing dau

b.Tét ca cac hé sb ciia phuong trinh dai s6 khac khong va cing dau

c.Tat ca cac hé sb cuia phuong trinh tuyén tinh ciung diu

d.T4t ca cac hé s cua phuong trinh dic tinh khac khong va cing dau

Cau 7: Trén duong chéo chinh ciia ma tran Hurwitz bao gom:

a. Cac h¢ o tir a1 dén anw

b. Cac hé so tir ap dén an-1
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c. Céc hé s6 tir ag dén ap
d. C4c hé s tir a1 dén an
Céau 8: Tiéu chuan Routh 4p dung cho hé théng nao?
a. Hé kin va h¢ ho
b.Chi cho hé thong kin
¢. Chi cho hé théng hé
d. Hé théng phan hoi 4m
Cau 9: Tiéu chuan 6n dinh Routh cho biét diéu gi ?
a. Co bao nhiéu diém cyc va diém khong
b. C6 bao nhiéu diém cyc nam bén trai, bén phai hay trén truc a0 ctia mit phang s
c. Hé thong 14 tuyén tinh hay 1a phi tuyén
d. Hé thong 1am viéc duoc trong thoi gian bao nhiéu lau
Cau 10: S 1an d6i dau trong cot thir nhat ciia bang Routh thé hién diéu gi ?
a. S6 diém cuc cua hé théng
b. S6 nghiém nam bén trai truc 4o
c. S6 nghiém cua phuong trinh ddc tinh
d. S6 nghiém nam bén phai truc a0
CAu 11: Cho hé thdng kin c6 ham truyén dat sau:
W(s) = 12(s+1)
4s(3s® +6s° +18s+9)

Hé théng do6 la:

a. On dinh

b. Khong 6n dinh

c. O bién gidi sy 6n dinh

d. Khong két luan duoc gi

Céau 12: Cho dac tinh qua d6 ciia mot hé théng nhu sau
& 10t

Hoi hé théng 1am viéc nhu thé nao ?
a. Hé théng on dinh

b. Hé théng khong 6n dinh

c. Hé thong & bién gidi su on dinh

d. Hé thong c6 dao dong khong tit dan
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Bai 9: Tiéu chuin 6n dinh tin s6 (SO tiét: 03)
5.4. Tiéu chuin 6n dinh tin s6
5.4.1.Tiéu chudn én dinh Nyquist

Tiéu chuan nay ap dung dé xét 6n dinh cho hé thdng Kin véi phan hoi (-1) dya
vao dic diém cta dic tinh tan sb hé théng hé.

5.4.1.1. Sir dung déic tinh tan so6 bién pha: Wu(jw)

Phat biéu: Diéu kién can va du dé hé diéu khién tu dong tuyén tinh 6n dinh &
trang thai kin la:

- Khi hé hé 6n dinh hodc ¢ bién gi6i 6n dinh thi dic tinh tin sb bién pha hé ho
Wh(jo) khong duge bao diém (-1, jO) khi o bién doi tir 0 — oo,

- Khi hé hé khong 6n dinh thi dic tinh tan s6 bién pha hé hd Wh(jo) phai bao
diém (-1,j0) m/2 vong khi o bién d6i tir 0 — co. Vi m 13 s6 nghiém cta phuong trinh
dic tinh hé hé c6 phan thuc duong.

Nguyén ly bao:

- Cho dudng cong kin 1 va 1 diém M nam ngoai duong cong. Tir M ké vector
MA tiép xtic v6i duong cong |. Cho vector MA truot trén dudng cong tir A —B theo
chiéu mili tén vector ndy quay di dugc goc - nhu hinh vé.

- Tiép tuc cho MB truot trén 1 tir B —A theo chiéu mili tén, vector ndy quay di
1 g6c +. Nhu vy, khi vector nay trugt trén toan duong cong |, tong goc quay ma nd
dat dugc la: Ao = - +¢ =0

- Cho diém M’ nam trong duong cong kin I. Tir M’ ké vector M'A va cho n6
truot trén toan duong cong kin 1. Tong goc quay ma nd dat duogc 1a: A = 2n

Nhu vay: khi diém M’ duoc bao 1 vong thi vector M’A quay di goc 2. Néu M’
dugc bao k vong thi vector M’ A quay di géc 2km.

Hinh 5.2. Vong bao ciia dirong cong Wh(j o)
Két luan: Mudn tim s6 vong bao cta dudng cong Wh(jo) véi diém (-1,jO) thi
tir diém (1,j0) ké vector t6i dau duong cong (ing voi @ = 0) va cho truot trén toan
duong cong néu tong goc quay = 0 thi két luan 1a khong bao. Néu téng goc quay la
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2kn thi két luan 12 bao k vong.

Nguyén 1y diém chuyén déi:

- Piém chuyén d6i: La cac diém ma duong cong Wh(jo) cat tryc hoanh trong
khoang tr (- oo — -1).

- Nguyén 1y diém chuyén d6i: Di theo chiéu ting ctia o (tir 0—o0 ) néu tai cac
diém chuyén doi dic tinh Wh(jo) chuyén tir goc thir 3 sang goc thir 2 ta co diém
chuyén ddi duong (ky hiéu 1a ¢ *), con chuyén tir goc thir 2 sang goc thir 3 ta c6 diém
chuyén d6i am (ky hiéu ¢’). Khi d6 sé vong bao duoc tinh:

k =

¢t —c (5.23)

Chuy:

Tiéu chuan nay chi 4p dung xét 6n dinh cho hé kin v&i phan hdi don vi (-1). Néu
hé c6 phan hoi khac (-1) thi ta phai bién d6i vé phan hoi ( -1 ) sau d6 méi dugc ap
dung.

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

- Buéc 1: Xét on dinh cho hé ho. Néu hé ho khong on dinh ta phai tim xem
phuong trinh dic tinh ¢6 bao nhiéu nghiém cé phan thuc dwong (tim m). C6 thé dung
tiéu chuan Routh hodc giai tryc tiép phuong trinh dic tinh.

- Budc 2: V& dic tinh Wr(jo) xac dinh sd vong bao ciia nd véi (-1,j0) theo
nguyén 1y bao hodc nguyén ly diém chuyén doi. Dua vao 2 budc nay két luan hé kin
6n dinh hay khong.

5.4.1.2. Sir dung ddc tinh tan s6 Logarit: Lu(w)va gn(w)

Phat biéu:

Diéu kién can va du dé hé diéu khién ty dong tuyén tinh on dinh & trang thai kin
1a: hiéu so gitra diém chuyén d6i duong va diém chuyén d6i am trén dic tinh tan s6
loga hé ho phai bang m/2 khi ® bién thién tr 0 — +oo (Vi m 1a s6 nghiém cua
phuong trinh ddc tinh hé ho' ¢ phan thyc duong).

Piém chuyén ddi:

Theo chiéu ting ciia ® tir 0 — +oo néu duong dic tinh er(w) cat duong (- )
trong khoang Lr(m) > 0 thi diém d6 goi 1 diém chuyén doi.

Néu tai diém chuyén doi er(m) chuyén tir trén dudng (- ©) xudng dudi duong
(- m) thi ta c6 diém chuyén ddi duwong ¢ * chuyén tir dudi dudng (- n) 1én trén dudng (-
m) thi ta c¢6 diém chuyén doi 4m c-

m

c++c":—

Piéu kién dé hé kin 6n dinh 1a:
2 (5.24)
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Lu(®),,0u(o)

Lu(w)<0 Lu(®)<0

PG %

-

Hinh 5.3. Diém chuyén doi trén ddc tinh tan sé Logarit

lgo

B

Theo hinhtréntacé6c*=2,c=0—>c"-c =2

Néu phuong trinh dic tinh hé hé ¢ 4 nghiém c6 phan thuc duong (m = 4) thi hé
kin 6n dinh.

Chay:

Tiéu chuan nay chi 4p dung xét 6n dinh cho hé kin vé&i phan hdi don vi (-1). Néu
hé c6 phan hoi khac (-1) thi ta phai bién doi vé phan hoi ( -1 ) sau d6 méi duge ap
dung.

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

- Budc 1: Tim xem phuong trinh dic tinh hé hé c6 bao nhiéu nghiém c6 phan
thuc duong (tim m). Cé thé dung tiéu chuan Routh hodc giai truc tiép phuong trinh
dac tinh.

- Budc 2: V& dic tinh Lu(0) va @n(o). Xac dinh diém chuyén d6i, dwa vao 2
budc nay két luan tinh 6n dinh cho hé kin.

5.4.2. Tiéu chudn on dinh Mikhailov

5.4.2.1 Phat biéu

Diéu kién can va da dé hé diéu khién tuyén tinh 6n dinh 1a véc to da thic dic
tinh A(jo) phai xuat phat tir 1 diém trén truc thuc co gia tri dwong quay 1an lugt n goc
phan tu nguge chiéu kim dong hd khi o bién thién tir 0 — co. Vi n 1a sb bac cua

phuong trinh dic tinh hé théng.
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n=3

~—_ n=2

Hé 6n dinh Hé khong 6n dinh
Hinh 5.4. Véc to da thirc ddc tinh A(jw)
54.2.2 Cach vé A(j o)

Pé vé& vector A(jo) ta xuat phat tir phuong trinh dic tinh hé théng, thay p = jo
sau d6 tach thanh phan thyc va phan 40: A(jo) = R(w) + j I(®). Cho @ bién thién tir 0
—> oo 1ap bang bién thién tir 46 v& A(jo).

Chuay:

Tiéu chuan ndy ap dung cho ca hé hd va kin v6i phuong trinh dic tinh c¢6 bac bat
ky. Trong truong hop khong can vé A(jo) ma van co thé ap dung tiéu chuan nay bang
cach:

Giai 2 phuong trinh R(®w) = 0 va I(®) = 0 dugc cac nghiém wri va wi; va dat cac
nghiém nay nén truc tan s6, néu:

- Cac tan s6 1am R (w) = 0 hoic I (o) = 0 1an luot xen k& nhau
- Khi ® =0 thi R (w) >0.
- S6 nghiém s6 = s bac ctia phuong trinh

Thi két luan hé 6n dinh. Néu khong két luan hé khong 6n dinh.

5.5. Xét 6n dinh cho hé ¢6 mé ta toan hoc dwéi dang mé hinh trang thai.

Cho h¢ thdng c6 mé hinh trang thai nhu sau:

X(t) = Ax(t) + Bu(t)

(5.25)
y(t) =Cx(t) + Du(t)

Piéu kién can va di dé cho hé thong 6n dinh 14 cac gia tri riéng cia ma tran A
phai nam bén trai truc 4o ciia mat phang phtc.
Trong d6: Gi4 tri riéng cia ma tran A dugc tim bang cach giai phuong trinh.
det(sl - A) =0 (5.26)
Vi du : Cho hé théng c6 mo hinh trang thai:
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- 0 1 0
z(t){_z _Jg(t){S}_l(t)

y=[1 0]x()
o315
S — =
0 1 -2 -3

C6 hai nghiém la: s; = -1 va s = -2, day la cac gia tri riéng ctia ma tran A. Vi

s -1

Ta co: det(sl — A) = ) a3
+

‘zs(s+3)+2=sz+35+2=0

cac gia trj riéng nay déu nam bén trai truc 4o cho nén hé théng on dinh.
Cau hoéi va bai tap
Cau 1. Tiéu chuan Nyquist 4p dung cho hé thdng nao?
a. Hé kin va hé hé
b. Chi cho hé théng kin
¢. Chi cho hé thong ho
d. Hé théng Kin phan héi don vi &m
Cau 2. Cho hé théng diéu khién biéu dién bang mé hinh toan hoc sau:
X(t) = Ax(t) + Bu(t)
y(t) =Cx(t) + Du(t)
Piéu kién can va du dé hé thdng 6n dinh 1a gi?
a. C4c gia tri riéng ctia ma tran hé thong det(sl — A) =0 nim bén tréi truc o
b. Céc gia tri riéng cuia ma tran hé thong dEt(SA) =0 nim bén trai truc a0
c. Céc gia tri riéng clia ma tran hé thong det(sl — A) =0 nam bén phai truc a0
d. Binh thic cia ma trdn A 16n hon 0
Cau 3. Tiéu chuan Mikhailov ap dung cho hé thong nao?
a. Ca hé ho va kin v6i phuong trinh dic tinh ¢ bac bat ky
b. Chi h¢ ho
. Chi h¢ kin
d. Hé kin phan hdi don vi 4m
Cau 4. Tiéu chuan 6n dinh tan s6 Nyquist dugc hiéu nhu thé nao?
a. Khi biét dugc dic tinh ctia hé ho ta co thé suy dic tinh cua hé ¢6 phan hoi
b. V& duoc dic tinh tin s6 khi —00 < @ < +0
¢. Xac dinh dugc diém khong va diém cuc cua hé théng kin
d. Xac dinh duoc dic tinh tan sb pha
Cau 5. Khi hé hd 6n dinh thi theo tiéu chuan Nyquist thi duong dic tinh cta hé kin
phai nhu thé nao dé hé kin on dinh?
a. Khong bao diém (-1+j0)
b. Bao diém (-1+j0) 1 1an theo chiéu duong
c. Puong dic tinh tan sé di qua gbc toa 4o khi @ = 27
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d. Trén mach phan hoi c6 mot khau vi phan

CAu 6. Khi hé ho khong on dinh thi duong dic tinh cua hé kin phai bao diém (-1+j0)
nhu thé nao?

a. Bao diém (-1+j0) m/2 lan theo chiéu duong khi o bién thién tir —oo dén + oo
(m 13 nghiém nam bén phai tryc a0)

b. Bao diém (-1+j0) m/2 1an theo chiéu &m khi c bién thién tir — oo dén + o0 (M la
nghiém nam bén phai truc a0)

¢. Bao diém (-1+j0) m/2 lan theo chiéu duong khi ¢ bién thién tir —co dén + oo (M
la nghiém nam bén trai truc 40)
d. Bao diém (-1+j0) m/2 1an theo chiéu duong khi e bién thién tir — oo dén + oo (m
1a nghiém nam bén phai truc thyc)
Cau 7. Néu hé ho ¢ bién gi6i sy 6n dinh va c6 dudng dic tinh bao diém (-1+j0) 1 lan
theo chiéu duong thi két luan duoc didu gi
a. Hé kin 6n dinh
b. H¢ kin ¢ bién gidi sy 6n dinh
c. Hé kin khong 6n dinh

d. Chua két luan duoc diéu gi
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Cau héi va bai tap chwong 5:

Cau 1. Cho phuong trinh dic tinh cta hé théng:

a) A(s) = s>+ 3s*+ 553+ 652+ 8s + 4

b) A(s) =s*+ 253+ 75+ 9s + 1

Dung tiéu chuin Routh xét 6n dinh cho hé thong.

CAu 2. Cho hé théng mé ta bang phuong trinh trang thai nhu sau:

0 1 0 10
Xt)=| 0 0 1 |x(t)+| 0 |u(t)
a, -1 -2 -3 0
Y(t)z[l 0 0]x(t)
0 3 1 10
=l 2 8 1 |xt)+| 0 [u()
b, 10 -5 -2 0

Y(t) =[1 0 0]x(t)
Tim xem hé théng ¢4 bao nhiéu diém cuc ndm trén, bén trai va bén phai truc ao.
Cau 3. Cho hé c6 phuong trinh dic tinh A(S) =s* +3s® +4s” +6s+4 . Xét 6n dinh
cho hé.
Cau 4. Cho hé ¢6 phuong trinh ddc tinh A(S) =s* +5s° +4s° +7s+16. Viét dinh thuc

Hurwitz ctia phuong trinh dac tinh trén.

- [1 1 10
X(t){o —2}(0){2 1}U(t)

Cau 5. Cho hé théng c6 PTTT: L
t) = T x
y(®) Ll . }_()

Hay két luan tinh 6n dinh cta hé thong.

CAu 6. Xét 6n dinh cho hé théng sau theo tiéu chuan Hurwitz.

R(s) E(s) C(s)
10
—— >
s(s +10)

]
S+5

F 3

Cau 7. Cho hé thdng c6 phuong trinh dac tinh A(s) = 25" +5° +4s° +65+5
- Xét tinh 6n dinh hé thong theo tiéu chuan Routh.
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- Hé c6 may nghiém nam bén phai mit phang phirc? Vi sao?
Cau 8. Vi gia tri ndo cua k dé hé théng sau 6n dinh?

R(s) E(s) C(s)
— 55 +1

4s° —1

v
k 4
v

k
s+5

¥ 3

Cau 9. Trinh bay nguyén ly bao, nguyén 1y diém chuyén doi va cac luu ¥ khi sir dung
Tiéu chuan Nyquist.

Cau 10. Trinh bay cach vé& vector A(jo) va cac luu y khi st dung Tiéu chuan
Mikhailov.
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CHUONG 6: CHAT LUQONG HE THONG
Nbi dung chinh ciia chuong: Tinh sai s6 & trang thai xac 1ap cta hé théng phan
hdi don vi, hé théng phan hdi va hé thdng ha. Xac dinh cac hing sb sai sd tinh va loai
hé thong.

Muc tiéu can dat duoc cua chuong: Sau khi hoc xong Chuong 6, sinh vién
hiéu dugc khai niém sai s ¢ trang thai xac lap cua hé thong diéu khién ty dong va biét
van dung kién thirc dé tinh sai s6 d6; xac dinh dugc cac hing s sai s6 tinh va loai hé
théng.

Bai 10: Sai s6 & trang thai xac 1ap va loai hé thong (SO tiét: 03)
6.1 Mé dau
Trong chuong 5 ta di xét 6n dinh cua hé thong 1a chi tidu dau tién dé noéi rang

hé thdng c6 hoat dong hay khong, con chat luong qué trinh qua do mai dé cap dén hé
thng c6 st dung dugc hay khong. Hé thong diéu khién duoc thiét ké phai can bang
giita d4p ung thoi gian nhu mong muén, sai sd & trang thai xac 1ap va cac yéu cau vé
su 6n dinh cua hé théng. Cu thé & day ta xem xét dén sai s6 & trang thai xac lap va
cach thirc diéu khién.

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

Sai s6 & trang thai xac lap (steady-state error) la su sai 1éch giira tin hi¢u dau vao
v6i tin hiéu dau ra cta hé théng diéu khién sau khi trang thai 6n dinh d3 dat duoc.

Céc tin hi€u thtr dau vao dugc str dung dé thiét ké va phan tich sai s6 xac

lap:
a 1) ,
Tin hiéu béc thang don vi r(t) = 1(t) = R(s) =—
s
(dac trung cho hé'mg s6 vi tri)
p
r(t)
rF 3
. 1
Tin hiéu c6 swon doc r(t) =t = R(5)=—
s
>t (dac trung cho hé“mg s6 van toe)
R
1, 1
Tin hiéu béc hai (Parabol) (/)= 5!“ = R(s)=—
s
> t (dic trung cho hing sb gia toc)

Hinh 6.1. Cdc tin hiéu thir dau vao

Trong chuong nay chi xét dén hé théng 6n dinh ma dap Gmg tu do tién vé khong
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khi t — oo. Viéc tinh toan sai s6 & trang thai xac 1ap c6 thé ap dung sai cho hé théng
khong 6n dinh. Vi vay, khi phén tich va thiét ké ta phai kiém tra tinh 6n dinh cta hé
théng.

Ta c6 hai dang sau:

- Sai 1éch giira dau vao va dau ra thuan tuy (hinh 6.2 a)

- Sai léch trong hé thdng phan hoi don vi (hinh 6.2 b)

G(s) 1a ham truyén cua mach thudn, E(s) 1a sai s6, C(s) 1a tin hiéu dau ra, R(S) la

tin hi€u dau vao.

R(s) C(s) + E(s) R(s) + E(s) C(s)
T(s) > G(s)

v
A J

a) b)
Hinh 6.2. Cdc dang hé thong tinh sai s6 & trang théi xdc ldp

Ngudn gbc gay sai so

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

Néu G(s) trong hinh 6.2b 1a hé s6 khuéch dai K thi sai s6 E(s) = R(s) — C(s). Xét
hé théng v6i tin hiéu dau vao 1a tin hiéu bac thang don vi. o) trang trang thai xac lap,
néu c(t) = r(t) thi e(t) = 0. Nhung K 13 hé s6 khuéch dai thuan nén sai s e(t) khong thé
béng khong duoc, nd nhét dinh ton tai trong hé théng.

Néu ta g0i Csteady-state 14 gid tri xac 14p ctia dAu ra va esteady-state i4 tri xac 1ap cua
sai s thi:

Csteady-state = K.Esteady-state (6.1)
6.2 Sai s6 & trang thai xac lap (SSE)
6.2.1. SSE doi véi hé he (T(s))

Tu hinh 6.2a) ta co:

E(s) = R(s) — C(s) (6.2)
Va:

C(s) =R(s)T(s) (6.3)
Thay cong thirc (6.3) vao (6.2) ta duoc:

E(s) = R(s)[1 - T(s)] (6.4)

Ta can tim e(0) ta 4p dung dinh 1y gia tri xac 14p duogc tinh toan tir bién ddi

Laplace
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L[f @)= @)edt=sF(s) - f(0-)

s—0 (6.5)
J £ ©dt = £ (o0) - f(0-) =limsF (s) -  (0-)

hay f(x)= IsilpsF(s)

Nén ta co:
e(0) = !Lnog e(t) = I;gg SE(s) = Islﬂg SR(S)[1-T(9)] (6.6)

Vi du: Tim sai s6 & trang thai xac 1ap cua hé théng sau:

R(s) : C(s) T K

s+ 75 +10 -

—  1(s5)=

Hinh 6.3. Hé thong c6 sai sé & trang thdi xdc ldp voi T(s)
Vi tin hiéu dau vao 1a tin hiéu bac thang don vi.
Giai:
Tin hi€u vao R(s) = 1/s
Thay R(s) va T(s) vao cong thuc (6.4), ta co:
s +7s+5
s(s? + 75 +10)

Vi T(s) 14 6n dinh nén E(s) khong c6 cac diém cuc bén phai truc 4o hay 13 nim

E(s)=R(s)[1-T(s)]=

(6.7)

trén truc do, hay la & géc toa d6. Vi vay, ta co thé ap dung dinh ly gia tri xac lap suy
ra.
. . . s’+7s+5 5 1
e(o0) =lime(t) = IS'LTJSE(S):IS'mm:EZE (6.8)
6.2.2. SSE doi vdi hé thong phan hoi don vi
Xem xét hé thong phan hoi don vi ¢ hinh 6.2b). Khi ham truyén phan hoi H(s)
= 1 nén ta c6 hé théng phan hdi don vi. Thuc chat E(s) van 12 sai s giita dau ra C(s)
va dau vao R(s). Do vy, ta tim cong thic biéu dién E(s) sau d6 ap dung dinh 1y gia tri

xac lap.
E(s) = R(s) — C(s) (6.9)
Ma
C(s) = E(s)G(s) (6.10)
Thay cong thirc (6.10) vao (6.9) ta rut ra duogc:
R(s)
E(s) “14G(s) (6.11)
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Ap dung dinh 1y gia tri x4c 1ap vai gia thiét hé kin 6n dinh:

o) =i SR(S) A2
) =S (6.12)

Ta xem xét mdi quan hé giita hé hd G(s) va sai sé xac ¢ trang thai xac 1ap cua
dap ng tu do bang cach cho dau vao 1an luot 1a cac tin hiéu sau:
a) Tin hiéu béc thang don vi (Step Input) R(s) = 1/s

—s(%) 1
e(0) = €y, () = tm1+G(s) :1+|Sifo‘G(S) (6.13)

Xét 1imG(s) nhu 1a hé s6 khuéch dai mot chiéu ctia ham truyén mach thuan. Khi
s<«0

s 12 bién tan sb tién toi khong. Dé c6 sai sb & trang thai xac 1ap bang khong thi:
lim G(s) = o (6.14)

s—0
Dé thoa mén duoc cong thirc (6.14) ta biéu dién G(s) dudi dang sau:
s+2)(s+12,)
oo (+2)(s+2) 615
S (S+ pl)(s+ pz)

Néu n > 1 thi ¢ it nhat mot diém cuc nam & gbc toa do. Nén viéc chia cho s

trong mién tan s cung nhu 14 1ay tich phan trong mién thoi gian, ching ta thudng noi
rang co it nhat mot bo tich phan trong mach thuén.
Néu khong c6 b tich phan nao thi n = 0, khi d6 ta co
lim G(s) = 2222 (6.16)

s—0 | p2 ces
TOm lai: doi véi tin hiéu vao hé thong phan hoi don vi 1a bac thang don vi thi sai
s6 o trang thai xac 1ap bang khong khi co it nhat mot bo tich phan & trong mach thuan.
b) Tin hiéu swon déc (Ramp Input) R(s) = 1/s2
S\ 7.2
€(00) = €4y (0) = lim (% ) lim 1 L (6.17)

01+G(s) 05+5G(S) lim $G(s)

Dé c6 SSE = 0 d6i voi R(s) = 1/s? thi
lim sG(s) = (6.18)
Pé thoa man cong thic (6.18) va G(s) dugc biéu dién nhu (6.15) thi n > 2 hay noi
cach khac trong mach thuan phai c6 it nhat hai bo tich phan.
Néu chi c6 mot bd tich phéan trong mach thuén ta co:
lim sG(s) = 222 (6.19)
s—0 pl p2
Trong truong hop ndy sai s6 sé 1a mot hang sb.
Néu khong c6 b tich phan nao trong mach thuan thi:
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lim sG(s) =0 (6.20)

Luc d6 sai s6 sé& 1a vo han, duong déap tmg s& tach khoi duoc dic tinh dau vao.
¢) Tin hiéu bac hai Parabol (Parabolic Input) R(s) = 1/s°

) 1

e =e =lim -
(OO) parabol (OO) 550 1+ G(S) s—0 32 + 32G (S) |||Tg SZG (S)

(6.21)
Dé ¢ SSE = 0 d6i voi R(s) = 1/5% -
lims*G(s) = (6.22)

Nhu trong trudng hop trén dé thoa méan thi trong mach thuan phai c6 it nhéat 3 bo
tich phén.
Néu trong mach thuan c6 2 bo tich phan thi:

lim s2G(s) = 222 (6.23)
pale p.p, -
va sai s6 s& 13 hing sb.
Néu khong c6 b tich phan nao thi:
lim s?’G(s) =0 (6.24)

va sai s6 s& 1a khong xéc dinh.
Vi du 1: SSE dbi v6i hé théng khong c6 bo tich phan.
Cho tin hiéu dau vao 12 5u(t), 5tu(t) va 5t2u(t) va u(t) 1a tin hiéu bac thang don vi

R E C
-  Mos+y |

(s +3)(s +4)

.
-

Hinh 6.4. Hé thong phan hoi don vi khéng cé bé tich phdn
Tinh sai s6 ctia hé théng o trang thai xac lap.
Giai:
Dau tién phai chi ra hé théng kin 13 on dinh.
r(t) = Su(t) —» R(s) =5/s

5 5 5
) _ _ _5 6.25
8(0) = Bsup (%) 1+1imG(s) 1+20 21 o

r(t) = Stu(t) — R(s) = 5/s2

5 5
e(oo) = €ramp (OO) = IlerOS—G(S) = 6 =0 (626)

r(t) = 5t2u(t) — R(s) = 10/s®
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1 10
e(OO) = eparabol (OO) = m = E =0 (627)
s—0

Vi du 2: SSE d6i véi hé thong 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.

R E C
R ® M00G + 205 + 6) o

s(s +3)(s + 4)

Y

Hinh 6.5. Hé thong phan hoi don vi ¢6 mét bé tich phan
Tinh sai s6 ctia hé théng & trang thai xac lap.
Giai:
Dau tién phai chi ra hé théng kin 13 6n dinh.
r(t) = Su(t) — R(s) = 5/s
8(00) = €4 (20) = m =2 -0 (6.28)

s—0

1(t) = 5tu(t) — R(s) = 5/s?

5 5 1
&) = Bramp () IimOsG(S) 100 20 ( )

r(t) = 5t2u(t) — R(s) = 10/s®

€(00) = € papapor () = Islngs+6(s) = % =0 (6.30)
6.3. Hing s6 sai s6 tinh va loai hé thong
6.3.1. Hang sé sai sé tinh

Ta tiép tuc xét hé thong phan hoi am don vi v6i cac thong sé sir dung 1a: sai sb &
trang thai xac 1ap va cac thdng sé hoat dong (hé sd suy giam, tan sb tu do, thoi gian
xac 1ap, phan tram d6 qua diéu chinh)....nhu 1a cic thong sd hoat dong d6i voi dap
ng thoi gian. Cac thong sb hoat dong & trang thai xac 1ap dugc goi 1a hang sb sai s6
tinh.

Hiing s6 sai so tinh

Ta da xac dinh dugc mbi quan hé gitta SSE véi G(s) khi tin hiéu dau vao r(t) la
céc tin hiéu chuan.

+r(t) =1(t) > R(s) = 1/s

1
() = €y, () = W (6.31)

+1(t) = t— R(s) = 1/s?
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e(OO) = eramp (OO) ; (632)

:IimosG(s)
1, 1
+r(t) ==t R(s) = —
r) ot = (s) ~
1
= = = 6.33
e(OO) eparabola (Oo) | Ing s ZG (S) ( )

Ta c6 cac khai niém tir gidi han ciia mau s6 goi la cac hang so sai so tinh:
+ Hang s0 vi tri Kp
K, =1im G(s) (6.34)
s—0

+ Hang s6 van toc Ky
K, =lim sG(s) (6.35)
+ Hang s6 gia toc Ka
K, = IirrgszG(s) (6.36)
Khi hang sd sai s6 ¢ trang thai xac 1ap giam thi hing s sai s6 tinh tang.

Vi du: Cho céc hé thdng sau:

R(s E(s s
, ® 4 ® 35006 +26+5) v .
” (s +8)(s+10)(s +12) ]
R(s) E(s) )
) + 500(s +2)(s + 5)(s + 6) .

s(s +8)(s+10)(s +12)

R(s) E(s) C(s)
o + 500(s + 2)(s + 5)(s + 6)(s + 7) R

sT(s+8)(s+10)(s +12)

Hinh 6.6. Hé thong khong ¢ va cé bé tich phin

Tim céac hang so sai so tinh va sai so khi cho cac tin hiéu dau vao chuan.

Giai:
- Chi ra rang cac hé théng kin 6n dinh.
- Xét hinh 6.6 a)
Céc hang s6 sai s6 tinh:
Hang s6 vi tri Kp
K, = lim G(s) = 22X2X5 _ 5 0g (6.37)
s 8x10x12

Hang s6 van toc Ky
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K, = IimOsG(s) =0

Hing s6 gia toc Ka
K, = IirrgszG(s) =0

Sai s6 ¢ trang thai xac 1ap:
r(t) = 1(t) —» R(s)=1/s

o(e2) =€, () = —=0.161

p

r(t) = t— R(s) = 1/s?

o(0) =, () = =0

\

1, 1
rt)==t> > R(s) = —

1

e(OO) = eparabola (OO) =, =®

K

a
- Xét hinh 6.6b)
Céc hang sd sai s6 tinh:
Hang s6 vi tri Kp
K, = IsiggG(s) =0
Hang s van toc Ky
K, = limsG(s) = 220x2x5%6 _ 4 o5
s—0 8x10x12
Hang sé gia toc Ka
K, = IirrgszG(s) =0

Sai sb ¢ trang thai Xac 1ap:
rt) = u(t) » R(s) = 1/s
1

e(0) =g, (0) =———=0

1+ K

r(t) = tu(t) — R(s) = 1/s?
1

() =€, (6) = = —— =0.032

K 3125

(t) =%t2 S R(s) =Si3
1
E(OO) = eparabola (OO) =T, =%

a

(6.38)

(6.39)

(6.40)

(6.41)

(6.42)

(6.43)

(6.44)

(6.45)

(6.46)

(6.47)

(6.48)
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- Xét hinh 6.6¢)
Céc hang s6 sai sé tinh:
Hang s6 vi tri Kp
K, =1lim G(s) = o0
Hang s véan téc Ky

K, = IimosG(s) =00

Hang s6 gia toc Ka

K, = lim s°G(s) :500><2><5><6><7:875
s-0 8x10x12
Sai s6 ¢ trang thai xac 1ap:
r(t) =u(t) - R(s) = 1/s
1
(20) =€y () =

p

r(t) = tu(t) — R(s) = 1/s?

e(0) = I (0) = Ki =0

1, 1
rit)=—t" > R(s) =—
(=3t >R =5

2oL 1140t
K, 875

a

e(0) = € paranola (o0) =

6.3.2. Loai hé théng

(6.49)

(6.50)

(6.51)

(6.52)

(6.53)

(6.54)

Xét mach phan hoi don vi am. Cac gia tri cua cac hé“tng sb sai sd tinh phu thudc

vao dang cua ham truyén G(s), dac bi¢t la s6 b tich phan co6 trong mach thuan. Céc

loai hé théng duoc dinh nghia theo gia tri n & mau sd hoic sb lwong bo tich phan co

trong mach thuan. Vi vay, hé théng voin =0 la hé théng loai 0. Néun=1 hoacn=2

thi hé théng tuong tng 1a loai 1 hodc loai 2.
G(s)

RE + ) K(s+z)s+z,) -

C(s)

5 (s+p)(s+py)

Hinh 6.7. Hé thong c6 n bé tich phin

L J

Ta c6 bang sau thé hién moi quan hé giuva cac thong s6 sai sO tinh va loai hé

thdng nhu sau:

136



Bang 6.1. Mdi quan hé giira cac thong s sai sé tinh va loai hé thong

Tinhigu | . Hé théng loai 0 Heé théng loai 1 Hé théng loai 2
diu vé;o Cong thac
a ) x . 3 A = A N A s &A
i Hang so sal Hang so sai so6 Hang so sai so
' tinh SSE ;g ° SSE g ° SSE g ° SSE
SO tinh tinh tinh
Kp = 00
1 K, = constant 1 | Kp=o
K. =0 Kv = constant e = K e =0
v = v = 00 =
1(t 1+K_ | K.=0 ”
® 1+K p Ka=0 p ’ 0 Ka = constant
Kp =00
1 e,= |Ky=w
K, = constant Ky = constant
t — €, = Ky =0 e =0
K KV = 0 Ka = 0 1
v K =0 — Ka = constant
a Kv
1, 1 K, = constant Kp=o0 e = Kp=o0 1
—t — Kv=0 e_=oo | K,=constant Ky =00 e =
2 K _ _ » ] K
a Ka=0 Ka=0 K, = constant a

Chu y: Héng s6 sai sb tinh phu thudc vao loai hé thong con SSE phu thudc vao
tin hi¢u dau vao cta hé.
Cau héi va bai tap
Cau 1. Cho hé théng phan hoi don vi sau:

hr G(g)

L 3

a.Tim sai sb tinh SSE v6i: G(s) = —220__ va tin hiéu dau vao 1an luot la:1(t), t, t2
s(s+10)
b.Tim d6 qua diéu chinh OS% va thoi gian quéa do Ts.
. 10(s+1)(s +3)(s +5 A a s
c.Tim sai soO tinh SSE vgi G(S) = ( > )(S+3)(s+5) va tin hiéu dau vao la 20t2.
s°(s+4)(s+6)

\ cr e o g} £ [ K(s+2) ., .. o . 2 . A,

d. Tim gid tri cua hang s6 K vgi G(s) = m va tin hi¢u dau vao 1a 10t%, sai sO ¢

trang thai 6n dinh 13 0.01.
CAu 2. Cho hé théng sau:
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o0 C(g)
sls+2)

L 3

&

{s+2)

a) Tim Kp, Ky va Ka

b) Tim sai sb tinh SSE néu tin hiéu dau vao 1a 100, 100t va 100t2
c) Hé théng 1a loai may?

Cau 3. Cho hé thbng sau:

FO L N ey | °©
o (s + 215 +5) -

a) Tinh sai 1éch tinh v&i tin hiéu tac dong & dau vao 1a 4.1(t), 4.t.1(t).
b) Tinh cac hang s6 sai sd tinh cua hé.
Cau 4. Cho hé thong sau:

O A et oere]

sle+Nis+4)

a) Tinh sai léch tinh véi tin hiéu tac dong & dau vao 1 3t?
b) Tinh cac hing s6 sai s tinh cua hé.
Cau 5. Tim cac hang sd sai sb tinh cia hé thong sau:

R E(s (54235 +31(z +8)(s+9) © .
_'(E g SJ(S+]_[:]:||:S+12) F

CAu 6. Sai léch tinh giira tin hiéu dau vao va dau ra thuan tay dugc tinh theo cong thic
nao dudi day? véi R(s) 1a ham truyén dau vao, W(s) ham truyén caa hé kin.
8. e(0)=lime(t) = limsR(s)[L-W (s)]

b. e(c0) = lime(t) = limsR(s)[1+W (s)]
. e(e0) =lime(t) = limsR(s)[L-W (s)]

d. e(w0) = lime(t) = lIMR(s)L-W (s)]
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Cau 7. Nhan t6 nio anh hudng dén viéc xac dinh sai léch tinh cia hé hé théng?

a. Hé sb khuéch dai

b. Céc diém cuc cta hé thong

c. Khéau tich phéan

d. Khau vi phan

Cau 8. Mudn triét tiéu sai léch tinh cho hé théng phan hdi 4m don vi khi ¢6 tin hiéu
tac dong 1a tin hiéu sudn dbc thi:

a. Trong ciu triic ¢ it nhat mot khau tich phan

b. Trong cdu tric c6 it nhat hai khau tich phan

c. Trong ciu triic ¢ it nhat ba khau tich phan

d. Trong cau tric c6 it nhat mot khau vi phan

Cau 9. Cho ham truyén dat hé ho la:

1

s®+2s® +5s+k

Véi tac dong dau vao u(t) = 1(t) thi SSE bang bao nhiéu ?

b. L C. 1 d. k+l
1+k k K

Cau 10. Trudc khi tinh sai s6 ¢ trang thai xac 1ap ta phai lam gi?

W(s) =

a. k

a. X¢ét dac tinh dong hoc cua hé théng

b. Xét ddc tinh tan s bién d6 pha

c. Chi ra hé théng lam viéc 6n dinh

d. Tinh d6 qua diéu chinh

Cau 11. Loai hé thong phu thudc vao :

a. S6 khau tich phan c6 trong mach thuan

b. Gi4 tri ctia cac hang sé sai léch tinh

c. Sy ton tai g161 han cua ham truyén dat

d. Bac cua dao dong tu do

CAu 12. Khi tin hiéu tac dong ¢ dau vao 13 ham 1(t), mudn triét tiéu sai léch tinh thi

trong hé théng ¢ cau trac nhu sau:

R(s) E(s) Y(s)

(s+z)Ns+z)...
s* (s +p s+ p,)...

\ J
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(s+z)s+z)... Y(s)

s(s+pNs+p,)...

A J

(stz)s+z)... Y®

s*(s+p)s+p,)...

v

(s+z)s+z)... Y

s (s+p)s+p,)...

v

CAu 13. Muén triét tiéu sai 1éch tinh cta hé thong ngudi ta st dung thém khau

a. Quan tinh bac nhat b. Vi phan

c. Tich phan d. Tré

Bai 11: Céc tham s ky thuit rat ra tir SSE va tinh SSE cho hé thdng phan hdi, hé
théng ¢6 nhiéu (S6 tiét: 03)

6.4. Cac tham sb k¥ thuit rat ra tir SSE

- C4c hang s6 sai s6 tinh c6 thé sir dung dé xac dinh cac dic tinh cta hé thong
diéu khién.

- Hé s6 suy giam &, thoi gian qua do Ts, thoi gian dinh (thoi gian cuc dai) Tp va
phan trim d quéa diéu chinh %0S dugc sir dung nhu 1a cac thong s6 cia dap Gng thoi
gian cta hé thong diéu khién.

- Hang s6 vi tri Kp, hang s6 van toc Ky va hang s6 gia toc Ka dugc sit dung nhu
1a cac thong sb sai s6 ¢ trang thai xac 1ap cia hé thong dicu khién. Ta c6 thé rit ra
dugc nhiéu thong tin chtra dung trong cac didc tinh ciia hang sd sai sd tinh.

Vidu1: Taco Ky = 1000, co thé rat ra cac két luan sau:

- Hé thong 13 6n dinh.

- Hé théng 13 loai 1, boi vi chi co hé théng loai 1 méi ¢ hang sd Ky xac dinh.

- Tin hiéu dau vao thir 14 tin hiéu xung suon déc vi Ky duge xac dinh nhu 1a
mot hang s xéac dinh.

- SSE la: 1/Ky = 1/1000.

Vidu 2: Tacé Kp = 1000, c6 thé rat ra cac két luan sau:

- Hé thdng 1a 6n dinh.

- Hé thong 1 loai 0, boi vi chi c6 hé théng loai 0 méi c6 hang s6 Ky xac dinh.

- Tin hiéu dau vao thir 1a tin hiéu bac thang don vi vi Ky dugc xac dinh nhu 1a
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mot hang s xéac dinh.
- SSE la:

coy- L oL _ 1
1+K, 1+1000 1001

Vi du 3: Thiét ké hé s6 khuéch dai thong qua dic tinh ciia SSE
Cho hé théng sau:

(6.55)

R(s) + E(s) K(s+5) C(s)
sS(s+6 )s+7)s+8)

»
>

A 4

v

Tim hé sb khuéch dai K biét c6 10% sai s & trang thai xac 1ap.
Giai:

Hé thong 14 loai 1. Sai s6 cta hé 1a hing sé nén tin hiéu dau vao thir 13 tin hiéu

suon dbc.
() = €y (30) = Ki ~10%=0.1 (6.56)
Vi vay:
. K x5
KV_lO_LIEJSG(S)_Gx?xS (6.57)
Tt cong thire (6.57) rut ra:
K =672 (6.58)

6.5. SSE cho nhiéu

Cac hé théng phan hdi dugce st dung dé bu nhidu hodc cac tin hiéu dau vao
khong mong muén. Uu diém cua viée sir dung phan hoi 13 khong chi ¥ dén nhiéu, hé
théng c6 thé dugce thiét ké theo tin hiéu dau vao, co sai s6 nho hoic bang 0.

Xét hé thong sau:

D(s)
+
R(s) E(s) + C(s)
Ga(s) Gs(s) >
Hinh 6.8. Hé thong phan hoi am c6 nhiéu tac dong
Ham truyén dau ra 1a: C(s) = E(5)G1(5)Ga(s) + D(5)G2(s) (6.59)
Ma:  C(s) = R(S) - E(s) (6.60)

Thay thé cong thirc (6.60) vao (6.59) ta duoc:
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5 G,()
E(s)= R(s) - 2 5 |
O, G,(5)G, (s) O G,(s)G,(s) © (6.61)
Trong do:
1+ G,(5)G,(s) coi 1a ham truyén quan h¢ gitra E(s) va R(s)
G, (s)

coi 12 ham truyén quan hé giira E(s) va D(S)

1+G,(s)G,(8)

Dé tim gia tri xac 14p cua sai sb, ta 4p dung dinh 1y x4c dinh gia tri xac lap ¢

phan trude.

S . sG, (s
e(oo)_llmsE(s)—Il R(s) —lim :(8) D(s)
=01+ G,(s)G,(S) 014G, ()G, (s) (6.62)
=g, () +e,(x)
S
Trong d6: €, (o0) = S
246 & () = 6. 96,6
sG, (s)
e ——22 ___D(s
o) = e e
er(0) 1a sai s6 ta co thé xac dinh dugc.
ep(0) 12 sai s6 do nhiéu tac dong ta phai di xac dinh.
Bo diéu khién
D(s) - E(s)
+ Gi(s) .
- Déi twong
Go(s) |,
Hinh 6.9. Hé thong phan hoi nhiéu
Gia st tin hiéu nhiéu la tin hiéu bac thang don vi D(s) = 1/s
sG, (s 1
e, (o) =—lim :(8) D(s)=— (6.63)
Ho1+G( )G, (S) 1

lim +1imG,(s)

s—0 G2 (S) s—0

Sai s & trang thai xac 1ap do nhiéu bac thang don vi tic dong c6 thé giam bﬁng
cach tang hé sd khuéch dai mot chiéu ciia Gi(s) hodc giam hé sé khuéch dai mot chiéu
cua G2(S).

Vi du: Tim SSE khi ¢6 nhidu tac dong vao hé thong sau:
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DB Gye)

Poi trong
+ C(s)
1

s(s +25)

B0 diéu khién

R(s) E(s)

+

v

1000

Hinh 6.10. Hé thong phdn hoi am cé nhiéu tac dong véi cac doi tiwong thire
Giai:
Hé théng 14 6n dinh.
Ap dung cong thirc (6.63) ta co:
1 _ 1 _ 1
~0+1000 1000

e, () =— (6.64)
lim

s—0 GZ (S)

+UTGA9

Sai s trong truong hop nay ty nghich véi hé s khuéch dai cua Gi(s). Hé sb
khuéch dai ctia Go(S) 12 khong xac dinh trong vi du nay.
6.6. SSE cho hé thong phan hdi khong phai la don vi

Hé théng phan hoi khong phai 1a don vi ding dé bu nhidu cai thién hoat dong ciia
hé thdng hodc 1a mo hinh vat 1i cua hé thong. Mach phan hoi co thé 13 hé sé khuéch dai
thuan tuy hoac 1a hé théng dong hoc.

Dé tinh duoc sai s6 ¢ trang thai xac lap cia hé thong phan hdi khong phai 1a
don vi, ta bién d6i dua vé hé théng c6 mach phan hdi don vi dé tinh. Goi Ea(s) 14 tin
hiéu thuc té ctia d6i twong va sai s6 thuc té 1a E(s) = R(S) — C(s). Thuc hién bién d6i so
d6 vé nhu so d6 6.11d thi ta 4p dung duogc cach tinh nhu trong hé thong phan hoi don

vi.
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C(s)

R(s) Ea(s)
D+ G(s)
H(s) )
a) b)
Eq(s) C(s) R(s) E(s) C(s)
RE) G(s) > i +: G(s) >
u — 1+ G(s)H(s) - G(s)
B H(s)-1 |«
c) d)

Hinh 6.11. Bién doi hé théng phdn héi khong phdi la don vi thanh hé thong phdan hoi

don vi.
Vi du: Cho hé thong sau:
R(s) + Ea(s) 100 C(s)
> ’'s(s +10) >
1
§+35

Hinh 6.12. Hé thong phan hoi khéng phdi la don vi
Tim hang s6 sai s6 tuong ing vai loai hé théng va SSE khi tin hiéu dau vao 14 tin
hiéu bac thang don vi.
Giadi:
- Chirahé théng 1a 6n dinh.
- Bién d6i hé théng vé hé phan hoi don vi
100

G110 (6.65)

Ta co: G(s)

Va H(s) :L (6.66)
S+5

Tinh ham truyén c6 sai so thyc té 1a:

G.(s) = G(s) _ 100(s +5) (6.67)
¢ 1+G(s)H(s)—G(s) s®+10s®>—-50s—400

Hé thong 12 loai 0 vi khong c6 mot bo tich phan don trong hé théng, do viy, hiang

sd twong tng 1a K
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100x5 5

K, ZLiﬂ?)Ge(S)Z 00 - 4 (6.68)
SSE la;
1 1
e(e0) = = =4 (6.69)
14K, 14 (— %)

SSE nhan gia tri am c6 nghia Ia tin hi€u bac thang don vi cia dau ra 1én hon dau

Vao.
Khi ¢6 nhidu tac dong vao hé théng
D(s)
B diéu khién Doi tugng
R(s) + E(s) o) + t - C(s)
> > 1(8) >
H(s) |,

Hinh 6.13. Hé thong phdn héi am khéng phdi la don vi ¢é nhiéu tac dong
SSE cuia hé thong: e(0) = r(c0) — ¢(o0) duoc tinh nhu sau:

i T _ G(5)G,(s)
e(o0) = ISLnow SE(s) = ISLnO1 s{{l 1+ G.(5)G. (5)H (S)}R(S)
(6.70)
_ {Iim G, () D(s)}}
=01+ G,(5)G,(s)H(s)
Trong gidi han R(s) = D(s) = 1/s cong thirc (6.70) s€ 1a:
_ lim[G, ()G, ()]
e(e0) = limsE(s) = {[1 " limL+ G, (3)G, (s)H (s)]]
P (6.71)
limG, (s)
) [ lim[1+ G, ()G, (s)H (s)]]}
Dé sai s6 bang khong thi:
lim[G, (s)G, (s)] limG, (s)
. s—0 — Va . s—0 — 0
lim[1+ G, (s)G,()H (5)] lim[L+ G, (5)G, ()H (5)]
(6.72)

(6.72) thoa man néu:

- Hé thng on dinh.
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- Gi(s) 1a hé thong loai 1, Gz(s) 1 hé thong loai 0 va H(s) 1a hé thong loai 1c¢6 hé
sb6 khuéch dai don vi.
6.7 Do nhay

Mirc d6 thay ddi ciia cac thong sd trong hé théng, anh huong dén ham truyén va
hoat dong cua né dugc goi la d§ nhay. Do nhay béng 0 dugc cot la ly tudng.

Vi du: Ta c6 ham truyén sau:

F= 6.73
K+a ( )

Néu K =10 vaa =100 thi F = 0.091

Néu tang a 1én gap 3 lan, tirc a = 300 thi F = 0.032

Sy thay ddi cta théng sb 1a: % =2 c6 nghia la thay d6i 200%

Su thay déi ctia ham truyén Ia: %901'091 _ _0.65 6 nghia 14 thay déi -65%

Qua day ta thy rang d6 nhay ctia ham truyén da giam khi c6 su thay doi thong s6

Vay: Do nhay 1a ty so gitta phan thirc thay d6i cia ham truyén véi phan thirc thay
d6i cia cac thong so khi phan thirc thay d6i cua thong s tién téi 0.

AF PAF P SF

— lim —£F — jim 22 _FoF
See = M, A% = Jim, FAP F &P (6.74)
D) nhay ciia ham truyén hé kin
R(s) E(s) C(s)
( + ( X ( _
-~ s(s+a) .
Hinh 6.14. B nhay doi véi hé kin
Ham truyén cta hé kin:
K
T()=—— 6.75
©) s’ +as+K (6.75)
D0 nhay:
aofl a —Ks —as
S. =22 _ = 6.76
™ T sa ( K )(sz+as+Kj s’+as+K (6.76)
s’ +as+K

Viy khi ting K thi 1am giam d6 nhay ctia ham truyén hé kin déi vé6i sy thay doi
ctia théng s a.

P nhay ciia SSE véi tin hiéu swon doc ¢ diu vao

SSE cuia hé thong 1a:
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e(c0) :Ki :% (6.77)

\

D0 nhay cua e(c0) doi véi su thay doi cua a la:

€ oa K
Do nhay cta e(co) ddi véi su thay dbi cua K 1a:
S =5§—E=a£(;—ij=—1 (6.79)
e oK 3

Khi thay d6i thong s K va a 1am anh hudng truc tiép dén e(e0). Khong co su
tang 1én hay giam xudng ctia d6 nhay, ddu 4m thé hién e(0) giam khi ma K ting.

P nhay ciia SSE véi tin hiéu bac thang don vi & dau vao

Cho h¢ thong sau:

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

(s+a)s+Db)

L J

Hinh 6.15. B nhay déi véi SSE
SSE cua hé thdng loai 0 1

1 1 ab
e(o0) = = = (6.80)
1+K, . K ab+K
ab
Do nhay cia e(0) ddi véi su thay ddi cua a 1a:
ab+ K )b+ ab? K
1. T (G ALY AL (6.81)
e da ( ab ] (ab+K) ab+K
ab+K
Do nhay cua e(c0) ddi véi su thay dbi cua K la:
K de K —ab’ -K
S =———= = 6.82
€ e 5K ( ab j((ab+K)2J ab+K (6.82)
ab+K

Ta thay rang do nhay khi c6 sy thay d6i cta thong s6 K va a 1a nhé hon néu a va
b déu duwong. Thuc chét, phan hoi trong trudng hop nay lam giam d6 nhay cua hé
thong khi c6 sy thay doi cia ca hai thong so.
Cau héi va bai tap chuong 6:
Cau 1. Khi cho Kp = 25 ta c6 thé két luan dugc diéu gi ?

a. La hé thong loai 0, 1am viéc 6n dinh va sse = 0.0384

b. L& hé thong loai 0,1am viéc on dinh va sse = 1/25

c. La hé thong loai 0, 1am viéc khong 6n dinh va sse = 0.384
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d. La hé thong loai 0, lam viéc khong 6n dinh va sse = 0,05
Cau 2. Khi cho Ky =200 ta c6 thé két luan duoc diéu gi ?

a. La hé thong loai 1, 1am viéc khong 6n dinh va sse =0

b. La hé théng loai 1, 1am viéc 6n dinh va sse = 0.005

c. La hé thong loai 1, 1am viéc 6n dinh va sse = 0.05

d. L& hé thong loai 1, 1am viéc 6n dinh va sse = 0.5
Cau 3. Khi cho K, =420 ta c6 thé két luan duoc diéu gi ?

a. La hé thong loai 2, 1am viéc 6n dinh va sse = 0

b. La hé théng loai 2, 1am viéc on dinh va sse = 0.125

c. La hé thong loai 2, 1am viéc 6n dinh va sse = 0.0125

d. Lahé théng loai 2, lam viéc khong 6n dinh va sse = 0.0125
Cau 4. Cho hé théng phan héi nhidu nhu hinh vé:

Bo diéu khién
D(s) + o) E(s)

A J

- Déi tuong

Ga(s)

<l
-

Sai sd ¢ trang thai xac 14p do nhidu bac thang don vi tac dong co thé giam bang cach
nao?

a. Tang hé sé khuéch dai mot chiéu cua Gi(s) hodc giam hé sé khuéch dai mot
chiéu ciia G2(S).

b. Giam hé s6 khuéch dai mot chiéu ciia Gi(s) hodc ting hé s6 khuéch dai mot
chidu ctia Gz(s).

c. Tang hé sé khuéch dai mot chiéu cta Gi(s) hodc ting hé sb khuéch dai mot
chidu ctia Gz(s).

d. Giam hé sé khuéch dai mot chiéu cta Gi(s) hodc giam hé sd khuéch dai mot
chiéu ciia G2(S).
Cau 5. Cho hé thng kin sau:

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

s(s +a)

A J

Mubn giam d6 nhay ciia ham truyén hé kin ddi véi sy thay dbi ciia thong sb a ta phai
lam gi?
a. Tinghé s6 K
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b. Giam hé s6 K
c. TangE(s)
d. Giam E(s)

CAu 6. Tim gia tri K trong hé thong néu biét tin hiéu dau vao 1a 100tu(t) va sai sd &

trang thai xac 1ap 1a 0.01

R E® | g C(x)
;_ - > sis+1) )
10s
K |

CAu 7. Cho ham truyén dat hé ho la:

1
s*+2s* +5s5+k
Véi tac dong dau vao 1a u(t) = 1(t) thi SSE bang bao nhiéu ?

W (s) =

CAu 8. Cho ham truyén dat hé ho la:
4

W (s) =
) s(2s® +5s + k)
Véi tac dong dau vao 1a u(t) = t.1(t) thi SSE bang bao nhiéu ?
Cau 9. Cho ham truyén dat hé ho la:
24

W (s) =
() s(15s® + 24s? + 3ks)
Véi tac dong dau vao 1a u(t) = t21(t) thi SSE bang bao nhiéu ?

Cau 10. Tim sai sb & trang thai xac 1ap cua hé théng sau, Véi tin hiéu dau vao 1a tin

hiéu parabol .

R(s cs) £ E@)

T(s)=

I
L

L 4

s +45+3 —

Cau 11. Tim c4c hang s6 sai s6 tinh ctia hé thong sau:

L
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L J

R@s + E(s) 10(s +2)(s+6) CGs)
s(s+3)(s+4)
Cau 12.

a, Néu khai niém loai hé théng.

b, Cho héng s6 sai s6 tinh Ky = 100. C6 thé rat ra duoc két luan gi? Vi sao?

¢, Cho hang s6 sai s6 tinh Ky= 2000. C6 thé rat ra duoc két luan gi? Vi sao?

Cau 13. Tim SSE cho h¢ kin 6n dinh sau, biét tin hiéu nhiu la tin hiéu suon doc.

G()  |De) ©®
B0 dieu khien DPo1 trron

E(s) _ + + 1' P Cs) h
s(s +25)

R(S)A"‘%_ 100

CAu 14. Cho SSE = 0,1; Hang s sai s tinh Kp= const. C6 thé rat ra duoc két luan gi?
Vi sao?
Cau 15. Tim SSE cho h¢ kin 6n dinh sau, biét tin hiéu nhiéu 1a tin hiéu parabol.

G, (s)

D(s) G,(s)

Bo diéu khién Poi trgn
RO 4 x| S s
+ 100 L ‘
s(s+25)
Cau 16. Cho hé théng sau:
R(s) + E(s) = C(s) -
s(s + 3) -

a, Tim diéu kién cho K dé hé thong on dinh.

b, Khi hé 6n dinh, tim gia tri K trong hé thong néu biét tin hiéu dau vao la 100t va sai
s6 & trang thai xac lap 1a 0.02.

¢, Vi gia tri tim dugc cua K, xac dinh Ky, Kp, Ka.

CAu 17. Tim sai 1&ch tinh cua hé théng sau, khi tin hiéu dau vao 1a 10t.
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RE)

Cau 18. Tim sai léch tinh ctua hé théng sau, khi tin hiéu dau vao la 5t2.

RG)

E(s)

C(s)

Es(s)

-~

100

s(s+10)

C(s)

.
L

-~
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CHUONG 7: TONG HQP HE THONG DPIEU KHIEN

No6i dung chinh cua chuong: Xéac dinh cac tham s6 cho bd diéu khién PID.
Xét tinh diéu khién dugc va quan sat dugc cua hé thong diéu khién ty dong.

Muc tiéu can dat duoc ctia chuwong: Sau khi hoc xong Chuwong 7, sinh vién
hiéu duoc khai niém téng hop hé thdng; cac luat diéu khién; tinh diéu khién duoc,
quan sat duoc ciia hé thong diéu khién tu dong. Van dung dugc cac phuong phap tong
hop bo diéu khién PID cho cac ddi tuong diéu khién va x4c dinh tinh diéu khién dugc,
quan sat dugc cua hé théng diéu khién tu dong.

Bai 12: Tong hop hé thong diéu khién( so tiét 03)
7.1. Khai niém

Téng hop hé didu khién 1a qua trinh chon ciu trac b didu chinh va xac dinh
tham s ctia n6 dé cho hé théng lam viéc on dinh va dap Gng yéu cau dit ra.

Xét hé thong diéu khién co cau tric nhu hinh 7.1.

() Tls)

— () Gcls) Gels)

k4

Hinh 7.1. Cdu triic co ban ciia mét hé thong diéu khién
Ham truyén cua ddi twong 14 Gp(s), duoc gia thiét 1a da biét. Ham truyén dat cta
Gc (5).Gp(s)
1+G¢(5).Gy(s)

hé kin khi do s& 1a:w, (s) = (7.1)

Trong thuc té, ngudi ta cd gang chon cdu tric cta b diéu khién Ge(s) sao cho
ham truyén cta hé kin c6 dang bac hai nhu sau:

2

)
W, (s) = L 7.2
(s) 32+ZCa)OS+a)§ (7.2)

Khi d6 ham qua do la:

h(t)=1- L ec""“cos(w0 1—§2t+9)
J1-¢?
:tG:L (73)

030\/1_@2

ng
6% =100V %
4 4

" o = — Ung véi vang gidi han a = +2%
®, o

t

Bang 7.1. Bang phin trim dd qua diéu chinh oo
& 0,9 0,8 0,7 0,6 0,5 0,4 0,3
C% 0,2 0,5 4,6 9,5 16,3 25,4 37,2
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Trén co s& yéu cau d6 qua diéu chinh cta hé thdng, ta s& chon &, sau d6 s& Xac

dinh tham sb cua bo diéu chinh.
7.2. B diéu khién PID

Trong nganh cong nghiép hién nay, bo diéu khién PID (Proportional Intesgral
Derivative) duoc str dung rat rong rai va phé bién. Luat diéu khién PID dua vao hé
théng v6i muc dich lam cho hé théng dam bao tinh 6n dinh va dap tng chi tiéu chat
luong theo yéu cau. C6 thé khing dinh, trong hé théng diéu khién ty dong hoa qua
trinh san xuat, thiét bi diéu khién PID lubn giit vai trd quan trong va khong thé thiéu.

7.2.1. Pinh nghia

Mot bd diéu khién ti 18 vi tich phan (bd diéu khién PID - Proportional Integral
Derivative) 1a mot co ché phan hoi vong diéu khién (bd diéu khién) téng quat dugc sir
dung rong rai trong cac hé thong diéu khién cong nghiép — b diéu khién PID 1a bo
diéu khién duoc st dung nhiéu nhat trong cac bo diéu khién phan hoi. B diéu khién
PID s& tinh toan gia tri "sai s6" 1 hiéu sb giita gia tri do thong sd bién d6i va gia tri
dat mong mudn. B diéu khién s& thuc hién giam tdi da sai sd béng cach diéu chinh
gia tri diéu khién dau vao. Trong truong hop khong cé kién thirc co ban (md hinh toan
hoc) vé hé thdng diéu khién thi bd diéu khién PID s& la bo dicu khién tot nhat. Tuy
nhién, dé dat duoc két qua t6t nhét, cac thong sé PID st dung trong tinh toan phai diéu
chinh theo tinh chat ctia hé thdng - trong khi kiéu diéu khién 13 gidng nhau, cac thdng

sb phai phu thudc vao dac thu cia hé théng.

A 4

P K e(1)

+ i
—Setpoint—@ Error» I K _[ e(r)dr | Process —Output—»
0

A

D g %O
dt

A 4

Hinh 7.2. So d@6 khi ciia b¢ diéu khién PID
Giai thuat tinh todn bo diéu khién PID bao gom 3 thong sb riéng biét, do d6 doi
khi n6 con dugc goi 1a diéu khién ba khau: cac gia tri ti 18, tich phan va dao ham viét
tat 1a P, 1, va D. Gia tri ti 1& x4c dinh tic dong cua sai s6 hién tai, gia tri tich phan xac
dinh tac dong ciia tong cAc sai s6 quéa khir, va gid tri vi phan xéac dinh tac dong cua toc

d6 bién d6i sai s6. Tong chap cua ba tac dong nay ding dé diéu chinh qua trinh thong
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qua mdt phan tir diéu khién nhu vi tri ciia van diéu khién hay bo ngudn cua phan tir gia
nhiét. Nho vay, nhitng gia tri ndy c6 thé 1am sang to vé quan hé thoi gian: P phu thudce
vao sai s6 hién tai, | phu thudc vao tich lity cac sai s6 qua khi, va D du doan cac sai
sb tuong lai, dua vao tdc do thay ddi hién tai.

Bing cach diéu chinh 3 hang s trong giai thuat ctia bo diéu khién PID, bo diéu
khién c6 thé dung trong nhitng thiét ké c6 yéu cau dic biét. Pap tmg cua bo diéu khién
cO thé dugec mo ta dudi dang d6 nhay sai s6 ciia bo diéu khién, gid trj ma b diéu
khién vot 16 diém dit va gia trj dao dong cua hé théng. Luu ¥ 13 cong dung cia giai
thuat PID trong diéu khién khong dam bao tinh t61 wu hodc 6n dinh cho hé théng.

Vai tng dung c6 thé yéu cau chi sir dung mot hodc hai khau tuy theo hé thong.
biéu nay dat duoc béng céch thiét dat do lgi cua cac dau ra khong mong mudn vé 0.
Mot bo didu khién PID s& dugc goi 1a bo didu khién PI, PD, P hoic I néu vang mit cac
tac dong bi khuyét. Bo diéu khién PI kha pho bién, do dap (mg vi phan kha nhay ddi
v6i cac nhiéu do ludng, tréi lai néu thiéu gia tri tich phan c6 thé khién hé théng khdng
dat dugc gia tri mong mudn.

Vé 1y thuyét, mot bo diéu khién c6 thé dugc st dung dé diéu khién bat ky mot
qua trinh nao ma c6 mot dau ra do duoc, mot gia tri ly tuéng biét trude cho dau ra va
mot dau vao chu trinh s& tic dong . Cac bd diéu khién duogc sir dung trong cong nghiép
dé diéu chinh nhiét do, ap suat, toc d6 dong chay, tong hop hda chit, tbe d6 va cac dai
luong khac co thé do luong duogce. Xe hoi diéu khién hanh trinh 1a mot vi du cho viée
ap dung diéu khién tu dong trong thuc té.

Cac bo diéu khién PID thudng duoc lya chon cho nhiéu ing dung khac nhau, vi
ly thuyét tin cay, dugc kiém ching qua thoi gian, don gian va dé cai dat ciing nhu bao
tri cua chung.

Trong cac hé thong diéu chinh ty dong trong cong nghiép hién nay thuong st
dung cé4c quy luat diéu chinh chuan, d6 1a: quy luat ti 1&, quy luat tich phéan, quy luat i
1¢ tich phan, quy luat ti I¢ vi phan.

7.2.2. Cac Lugt Diéu Khién

7.2.2.1. Ludgt diéu khién ty Ié (P)

Phuong trinh vi phan trong mién thoi gian:

y(t) = Kp. u(t) (7.4)

Trong do:

y(t): tin hiéu ra cia bo diéu khién

Kp: hé s6 khuéch dai ctia bd diéu khién

u(t): tin hiéu vao cta bo diéu khién

Ham truyén: W(s) = K (7.5)

Ham truyén tan s6: W(jo) =K (7.6)

p
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Ham qua do: h(t) = Kp.1(t) (7.7)

Ham qua do xung (ham trong lugng): g(t) =K o(t) (7.8)
Djc tinh bién tan: A(w) =K (7.9)
Dic tinh pha tan sb: ¢(w) =0 (7.10)
Nhin xét:

Quy luit ty 1& phan tng nhu nhau d6i voi tin hiéu & moi tan sd. Goc léch pha
giira tin hiéu ra va tin hiéu vao bang khong. Vi vay, tin hiéu ra (tin hiéu diéu khién s&
xuét hién ngay khi ¢6 tin hi¢u vao (tin hi€u sai 1&€ch). Gié tri va tdc do thay ddi cua tin
hiéu ra ty 18 véi gia tri va toc do thay doi cta tin hiéu vao.

Uu diém: Tc do tac dong nhanh, vi vay trong cong nghiép quy luét ti 1& lam
viéc 6n dinh véi tat ca cac d6i tuong.

Nhugc diém: Quy luat ty I¢ khong triét tiéu duoc sai Iéch tinh.

Nhu vy, quy luat ty 1é khong thé thiét ké cac bo dicu khién theo chuong trinh
dugc. Ching ta biét mubn giam sai léch tinh,ta phai ting hé sé khuéch dai,nhung khi
tang hé sd khuéch dai tinh dao dong cuia hé thong s& ting 1én va c6 thé dua hé thong
toi mat 6n dinh.

7.2.2.2. Quy ludt tich phan (1)
Phuong trinh vi phan trong mién thoi gian:

v = %iu(t)dt (7.11)

Trong do:
y(t): tin hiéu ra ctia bo diéu khién
Ti: hang s6 thoi gian tich phan

u(t): tin hiéu vao ctia bo diéu khién

\ 5 1
Ham truyén trong mién anh Laplace: W(s) = s (7.12)
\ A A A X . 1 1 -iZ
Ham truyén trong mién tan so: W(jo)=——=—¢ 2 (7.13)
Tjo To
. ca A A 1 T
Dic tinh bién tan, pha tan: A(®) = — o(w) = —5 (7.14)
@
. e 1
Ham qua do: h(t) = ?t (7.15)
Y r A \ 1
Ham qué do xung (ham trong luong): g(t) == (7.16)

T

Nhéan xét:

Quy luat tich phan phan Gmg kém voi cac tin hiéu tin sb cao. Trong tit ca dai tan
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A s 1ia N A R \ e o T a2 .2
s0, tin hi¢u ra luén cham pha hon so voi tin hi¢u vao mot goc > nén luat diéu khién

tich phan tac dong cham. Hé théng tu dong sir dung luat diéu chinh theo quy luat tich
phan s¢€ dé bi dao dong, phu thudc vao héng s6 thoi gian tich phan Ti.
Ti cang nho thi qua trinh diéu chinh cang dao dong manh.
U'u diém: Bo diéu khién tich phan tri¢t ti€u dugc sai 1éch du cua hé théng, it chiu
anh huong tac dong ctia nhidu cao tan.
Nhuwoe diém: Bo didu khién tac dong cham nén tinh 6n dinh ctia hé théng kém.
7.2.2.3. Quy ludt vi phdn (D)
Phuong trinh vi phan trong mién thoi gian:
Y =T, % (7.17)
t
Trong do6:
y(t): tin hiéu ra ctia bo diéu khién
Ta: hang sd thoi gian vi phan
u(t): tin hiéu vao ciia bo diéu khién

Ham truyén trong mién anh Laplace: W(s)=T,s (7.18)
Ham truyén trong mién tan s6: W(jw) =T, jo=T, we 'z (7.19)
Dic tinh bién tan, pha tan: A(w) =T,®;o(w) :% (7.20)
Ham qua do: h(t) =T,o(t) (7.21)
Ham qué d6 xung (ham trong lugng): g(t) =T,0(t) (7.22)

Nhan xét:

Luat diéu khién vi phan tac dong manh véi cac tin hi€u ccso tan s cao. Trong tat
ca cac dai tan sb, tin hiéu ra phan Gmg sdm pha vdi tin hiéu vao mot goc 90° nén luat
diéu khién vi phan tac dong nhanh.

U'u diém: Bo diéu khién vi phan dap tng tinh tac dong nhanh

Nhwoc diém: Khi trong hé théng dung bo diéu khién ¢ luat vi phan thi hé théng
dé bi tac dong bai nhifu cao tan.

7.2.2.4. Ludt diéu khién ti 1é - vi phan ( PD).

B diéu chinh PD Ii tuéng 14 ciu triic ghép song song cua khau P va khau D. Tin
hiéu ra ciia khau PD 14 tong tin hi¢u ra cia hai thanh phan.

Phuong trinh vi phan:

du(t)

V() = Ku(t) + K, — = = K (0O +T, du(t)

TR (7.23)

Trong do:
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y(t): tin hiéu ra ctia bo diéu khién
u(t): tin hiéu vao ciia by diéu khien
Kp = K1: hé s6 khuéch dai

Ta = Ko/K1: hang s6 thoi gian vi phan

Ham truyén trong mién anh Laplace: W(s) = K, (@+T;8) (7.24)
Ham truyén trong mién tan s6: W(jo) = K,1+ jT0) (7.25)
Dic tinh bién tan, pha tan: A(w) = Kpm ; () = ar tan p(T, ) (7.26)
Ham qua do: h(t) = K (1) +T,4(t)) (7.27)
Ham qua d¢ xung (ham trong luwong): g(t) =K (5(t) +T,0(t)) (7.28)
A(o)]
BT
5
(o) ] h(t)]
TB 40— w K,
=0 ® t
K., " ”
Hinh 7.3. Cdc ddc tinh cia quy ludt diéu chl’n‘h 1y 1é vi phan

Nhan xét:

Quy luat PD c6 hai tham s hiéu chinh 1a Kp va Ta.

Néu Tqg = 0 thi quy luat PD tro thanh quy luat ty 18, néu Kp = 0 thi quy luat PD
tr¢ thanh quy luat vi phan.

Tin hi¢u ra 1é€ch pha so v&i tin hi¢u vao mot géc « , (O<a < %)

Trong toan dai tan so, tin hiéu ra ludn ludn vuot trude tin hiéu vao nén quy luat
PD tic dong nhanh hon quy luit ty 1& nhung qué trinh diéu chinh van khéng c6 kha
nang triét tiéu sai léch du gibng nhu quy lut ty 1&. Phan tr vi phan ting tbc do tac
dong nhung ddng thoi ciing rit nhay cam v6i nhiu & tan sb cao.

Vi vay, trong cong nghiép, quy luat ty 1€ vi phan chi st dung khi quy trinh c6ng
nghé cho phép co sai 1éch du va doi hoi tée d6 tac dong rat nhanh.

7.2.2.5. Ludt diéu khién ti I - tich phan ( PI)

Bo diéu chinh PI 1a cdu trac ghép song song ctia khau P va khau I . Tin hiéu ra
cua bd Pl la téng tin hiéu ra cua 2 khau thanh phém.

Dé vira tac dong nhanh,vtra tri¢t tiéu sai léch tinh, nguoi ta két hop quy luat ti 1€

va quy luat tich phan dé tao ra quy luat ti 1¢- tich phan.
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Phuong trinh vi phan:

y(t) = Ku(t) + szu(t)dt =K, (u(t) +leu(t)dt) (7.29)
Trong do:

y(t): tin hiéu ra ctia bo diéu khién
u(t): tin hiéu vao ctia bd diéu khién
Kp = K1: hé s6 khuéch dai

Ti = Ku/K2: hang s6 thoi gian tich phan
. \ 1
Ham truyén trong mién anh Laplace: W(s) =K (1+ —S) (7.30)
Ham truyén trong mién tin s6: W(jo) =K (1+=—)

Dic tinh bién tan, pha tan: Alw) =K, [1+ %; o(w) =artan (- i)
T w Tw

(7.32)
\ C 4A 1
Ham qua d¢: h(t) =K, 1+ ?t)

(7.31)

(7.33)
L aA \ 1
Ham qua d¢ xung (ham trong lugng): g(t) =K, (o(t) + ?)

(7.34)
Ao)] o(0)4
BT

R(m) 1

Hinh 7.4. Cdc ddc tinh cia quy ludt diéu chinh ty 1é tich phdn
Nhan xét:

Tir cac ddc tinh trén ta thay: Khi tan s tin hiéu thap, tac dong ctia phan tich phan
13 16n nén bién d6 16n. Tan sb cang ting tac dong cua tich phan cang giam xudng, con

tac dong cua ty 16 ting 1én, goc 1éch pha giira tin hiéu ra va tin hiéu vao giam xudng.
Quy luat PI c6 hai tham s6 hiéu chinh 1a Kp va T;.

Khi Tj = oo thi quy luat PI tr¢ thanh quy luat P, khi K, = 0, quy luat PI tr¢ thanh
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Khi tan sb bién thién tir 0 dén oo, goc 1éch pha giita tin hiéu ra so véi tin hiéu vao
bién thién trong khoang -r / 2 dén 0. Do d6, quy luét PI tac dong nhanh hon quy luat
tich phan song cham hon quy luat ty 1¢€.

14 A A r.* 14 A \ A 14 ﬂ.
Tin hiéu ra lIéch pha so véi tin hiéu vao mét goc « (_E <a<0)

Uu diém: Quy luat ty 1¢ tich phan 1a tac dong nhanh do c6 thanh phan ty 1 va c6
kha ning triét tiéu sai 1é&ch tinh do ¢ thanh phan tich phan.

Néu ta chon duoc tham sé Kp, Ti thich hop thi quy ludt diéu chinh PI c6 thé ap
dung cho phén 16n cac ddi tugng trong cong nghiép.

Nhwoe diém: Quy luat tich phan 1a toc do tac dong nho hon quy luat ty 18. Vi
vay, néu ddi tuong yéu cau toc do tac dong nhanh do nhidu thay doi lién tuc thi quy
lut tich phan khong dap tmg duogc yéu cau.

7.2.2.6. Ludt diéu khién ti I¢ - vi tich phan (PID)

Dé cai thién chat luong cta cac bo diéu khién PI, PD, nguoi ta két hop ba luat
diéu khién ty 18, vi phan, tich phan dé tong hop thanh bd diéu khién PID

Phuong trinh vi phan:

y(®) = Ku®) +K, j ut)dt+ K, du(t)

1! du(t)
Kp(u(t)+f!u(t)dt+Td ;

. ) (7.35)
Trong do:
y(t): tin hiéu ra ciia bo diéu khién
u(t): tin hiéu vao cta b diéu khién
Kp = Ki: hé s6 khuéch dai
Ti = Ki/Kz: hang s6 thoi gian tich phan
Ta = Ka/K1: hang s6 thoi gian vi phan

1
Ham truyén trong mién anh Laplace: W(s)=K o+ = Ts +T,5) (7.36)

1
Ham truyén trong mién tan sd: W(jw) =K JAt = T] + T, 0) (7.37)
1)

Dic tinh bién tan, pha tan:

A@) =K, [+ (T,0- =) p(a) = artan o(T,0 - —) (7.38)
To To

Ham qué d0: h() =K, L+ - +T,5(0) (7.39)

1
Ham qua do xung (ham trong lugng): g(t) =K (5(t) +? +T,0(t)) (7.40)

Céc dic tinh cta quy luat diéu chinh PID duoc mo ta trén hinh 7.5.
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i t
wm=10 T[

L

Hinh 7.5. Cdc ddc tinh ciia quy ludt diéu chinh ty 1é vi tich phin
Nhan xét:
O dai tan s thap quy luat PID mang dic trung gan nhu quy luat PI. Khio =,

quy luat PID mang dic tinh quy luat, & dai tn s cao PID c6 dic tinh gan nhu PD, tai

1
@, =—=—=, PID mang dic tinh cua P.
JTT

o a R fe s LAl s a V4 Vs
Tin hiéu ra 1é€ch pha so véi tin hiéu vao mdt goc « , (—E <a< E)

Quy luat PID c6 3 tham s6 can hiéu chinh : Kp, Ti, Ta.
Xét anh hudng cua 3 tham sé:
+ Khi Tg= 0 va Ti =0, quy luat PID tré vé quy luat P.

+ Khi Tg¢= 0 va Ti= 0, quy luat PID tré vé quy luat I.
+ Khi Ti— o quy luat PID tro vé quy ludt PD.

+ Khi Tg = 0 quy luat PID tr& vé quy luat PI

Quy luat PID c6 tdc do tac dong nhanh va c6 kha nang triét ti€u sai I¢ch tinh. Vé
toc do tac dong, quy luat PID con c6 thé nhanh hon ca quy luat ty 18, didu d6 phu
thudc vao thong sb Ti, Tq .

Néu ta chon duoc tham sé t6i vu thi quy luat PID s& dap tng duoc moi yéu cau
vé diéu chinh chat luong ctia cac quy trinh céng nghé. Tuy nhién, viéc chon dugc bd
ba thong s6 t6i uu 1a rat khé khan. Do d6 trong cong nghiép, quy luat PID thuong chi
duoc st dung khi ddi tugng diéu chinh ¢é nhiéu thay doi lién tuc va quy trinh cong
nghé doi hoi do chinh xac cao ma quy luat PI khong dap ung duoc.

7.3. Cac phwong phap tong hop B diéu khién PID

B diéu khién PID c6 cic uu diém noi bat, van dé 1a voi mdi hé théng khac nhau

ta phai chon duoc luat diéu khién, cac bo tham sé Kp, Ti, Tq thich hop cho hé thong.

Chat lugng hé théng phu thudc vao cac tham $6 Ky, Ti, Ta. Mubn hé théng co duoc
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chat lwong nhu mong mudn thi phai phéan tich d6i twong rdi trén co s& d6 chon cac
tham sb cho phu hop. Hién nay, c6 kha nhiéu cac phuong phap xac dinh cac tham sb
Kp, Ti, Ta cho bo diéu khién PID, song tién ich hon ca trong ing dung van la:
- Phuong phép Ziegler — Nichols.
- Phuong phap Tong hang s6 thoi gian Kuhn,
7.3.1. Phuwong phap Ziegler—Nichols
Phuong phap Ziegler- Nichols, dugc dua ra boi John G.Ziegler va Nathaniel B.
Nichols vao nhitng nam 1940. Ziegler va Nichols da dua ra hai phuong phap thuc
nghiém dé xac dinh tham s bo diéu khién PID.
a) Phwrong phap Ziegler — Nichols thir nhat
Pic diém phuong phap, ddi tugng ap dung:
Phuong phap thuc nghiém nay c6 nhiém vu xac dinh cac tham s6 s6 Ky, Ti, Ty
cho bo diéu khién PID trong truong hop khong xac dinh mé hinh ddi tuong, trén co s
ke "
1+Ts
tré vé ché do xac lap va do qua dicu chinh Ah khong vuot qua mot gidi han cho phép,
Ah

max

xap xi ham truyén dat W(s) cua dbi twong: W(s) = (7.41) dé hé kin nhanh chéng

khoang 40% so véi h, =limh(t) tirc 1a cé

tow

<0,4 (7.42)

Diéu kién dé ap dung dugc phuwong phap x4p xi mo hinh bac nhat c6 tré cua doi
tugng 1a d6i tugng da phai on dinh, khong co giao dong va it nhat ham qua do cia no
phai c¢6 dang chir S.

+ ht)

Y

Hinh 7.6. ham qud dé ciia mé hinh bdc nhat cé tré ciia doi twong
Noi dung phwong phap:
Ba tham s6 L (hang s6 thoi gian tré), k (hé s6 khuéch dai) va T (hang s6 thoi gian
quan tinh) ciia mo hinh x4p xi ¢ thé duoc xac dinh gan dung tir do thi ham qua do

h(t) ctia d6i tuong.
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4 h(t) 4 h(t)

L 4

S>>

i . h)

Hinh 7.7. Xdc dinh tham sé cho mé hinh xdp xi

- L 1 khoang thoi gian dau ra h(t) chua c6 phan tng ngay véi kich thich 1(t) tai
dau vao.

- k 1a gia tri gidi han h(t)

- Goi A 1a diém két thuc thoi gian tré, tuc 1a diém trén truc hoanh c6 hoanh do
bang L. Khi d6, T 1a khoang thoi gian can thiét sau L dé tiép tuyén cua h(t) tai A dat
giatrik.

Truong hop ham qua do h(t) khong c¢6 dang 1y tudng nhu ¢ Hinh 7.7 a), song co
dang gan giéng 1 hinh chir S cua khau quan tinh bac hai hoic bac n nhu ¢ Hinh 7.7 b)
m6 ta, thi ba tham sb k, L, T dugc xac dinh Xép xi nhu sau:

- k 1a gia tri giGi han h, =limh(t) (7.43)

tos
- Ké duong tiép tuyén ciia h(t) tai diém udn cia n6. Khi d6 L sé& 14 hoanh d6 giao
diém cua tiép tuyén véi truc hoanh va T 1 khoang thoi gian can thiét dé duong tiép
tuyén di duoc tir gia tri 0 dén gié tri k.
Sau khi da co cac tham sb cho mé hinh xdp xi (7.41) cta d6i tuong, Ziegler —
Nichols d& dé nghi sir dung cac tham s6 kp, Ti, Ta cho bo diéu khién nhu sau:

- Néu chi str dung bo diéu khién khuéch dai P, thi chon: k, = kT—L (7.44)
- Néu str dung b PI, thi chon: k, = % va T = ?.L (7.45)
12T

- Néu str dung b diéu khién PID,thi chon: k, = ~ o Ti= 2L, Ta=L/2. (7.46)

Vi du: Cho déi tugng c6 ham qua do nhu hinh vé:
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L 4

i i T i

Véi: k=3,L=0,75 T = 1,5. Chon cac tham so cho bd diéu khién P, PI, PID

theo phuong phap Thyc nghiém Ziegler - Nichols dé diéu khién d6i tuong trén.
Giai:

Str dung bo diéu khién khuéch dai P:

Str dung bo diéu khién PI:
g
05T _BOLS .

T RE 3075

r,=$1,=25
D
Str dung b6 diéu khién PID:
7 . 2 N
LT 1215 ..
P~ kL 3.0,75

Tp=L/2=0,75/2=0375
b) Phuong phadp Ziegler — Nichols thir hai (Phwong phdp thuc nghiém)

Pic diém phwong phap, d6i twong 4p dung:
Phuong phap thuc nghiém thtr hai ndy c¢6 dic diém 1a khong st dung mo hinh

toan hoc ctia d6i twong, ngay ca mo hinh x4p xi gan dang (7.41).
Phuong phép thuc nghiém thi hai c6 mot nhuge diém 1a chi ap dung duoc cho
nhimg ddi twong c6 dugc ché do bién giéi 6n dinh khi hiéu chinh hang s6 khuéch dai

trong h¢ kin.
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I h(f)
o ¢ | Péi tuong . -
—*" kn " diéu khién G >,
0.5 o
A
1 23 5 7 9

a) b)
Hinh 7.8. Xac dinh hc%ng $6 khuéch dai téi han
Noi dung phwong phap:

Budc 1: Thay bo diéu khién PID trong hé kin Hinh 7.7a bang b khuéch
dai. Sau do, ting hé s6 khuéch dai t6i gi trj toi han ki dé hé kin & bién giéi 6n dinh,
tire 1a h(t) ¢6 dang dao dong diéu hoa Hinh 7.7b. Xéac dinh chu ky téi han Tw ciia dao
dong.

Budc 2: Xac dinh tham s6 cho bo diéu khién P, PI hay PID nhu sau:

+ Néu sir dyng bo diéu khién P, thi chon: k, = %.kth (7.47)

+ Néu st dung bo diéu khién PI, thi chon: k, =0,45k, vaTi=0,85.Twn  (7.48)

+ Néu sir dung bd diéu khién PID, thi chon:
Kp=0,6.kn, Ti=0,5.Tth, Ta =0,12.Tt (7.49)
Vi du: Gia st khuéch dai hé théng dén gia tri: ke = 25,6 ta dat dugc ché d6 dao
dong cho hé kin nhu hinh v& Chon cac tham s6 cho bd diéu khién PI, PID theo
phuong phap Thuc nghiém Ziegler - Nichols dé diéu khién d6i tugng.

+ h()

R

1 23 S ¥ B
Giai:
Str dung bd diéu khién PI:
k,=0,45k, =0,45.25,6 =11,52
7,=0,85T,=0,854=3,4

Str dung bo diéu khién PID:
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k,= 0.6.k,=0,6256=1536
1,=0,57,=0,54=2
I,=0,17,=014=0,4
7.3.2. Phuwong phdp téng hang sé thoi gian (Kuhn )
Dic diém phwong phap, dbi twong dp dung:

Phuong phap Tong hang sb thoi gian cua Kuhn duge Gng dung dé thiét ké luat
diéu khién cho 16p ddi tuong co diém khong va diém cuc nim trén truc thuc vé bén
trai truc a0. D6i trong v6i md hinh toan hoc dang tong quat:
(A+T,8)A+T,S)...(1+T,S) -

W(S) = kdt'
A+T,.,S)A+T,,S)...A+T..S)

(7.50)

No¢i dung phwong phap:
Néu k < n va cac hang sb thoi gian ¢ tir s6 Ty phai nho hon so véi hang s6 thoi
gian twong ung & mau s6 Tmi, n6i cach khac néu ta co:
T,2T,2.2T,vaT 2T ,>.2T

m2 =

Thi: Tu<Tmi, To<Tmo2,..., Tx<Tmn

Hing s6 thoi gian tong dugc tinh theo cong thire sau:
n k
To=>T . —>T +T,
Y ; mi ; i Tt (7.51)
To =T +T, o+ T ) = (T + T+ 4Ty ) =T,
Phuong phap hang s6 thoi gian tong cia Kuhn bao gom hai bude sau:

Budc 1: Xac dinh kat, Tt, Ts tir ham truyén dat W(s) cua doi tuong.
Budc 2: Xac dinh tham s6 cho bo diéu khién:

+ Néu sir dung bg diéu khién PI: chon K, =~ — VA T, = % (7.52)
Nt

+ Néu str dung bo diéu khién PID:

chonkp = 1/Kat; T, = 2'22 va T, =0,167.T; (7.53)
Chat luong h¢ théng dat duoc la:
+ Do qua diéu chinh cuc dai: o, =4,32%
+ Thoi gian dat duoc gia tri xac 1ap dau tién: T, =1,571.T; (7.54)
Vi du:

- , 1s A 10
Cho doi tugng c¢6 ham truyén dat nhu sau: W(s) =
(50s +1)(10s +1)(5s +1)

Xéc dinh tham sé cho bo diéu khién PI, PID theo phuong phap téng hiang sd
thoit gian (Kuhn )
Gidi:
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Tur ham truyén cta doi tuong ta xac dinh duoc: kg = 10, Ty =2
Hing s thoi gian tong dugc tinh nhu sau: Ty =50+10+5+2=67
- Néu ta chon bd diéu khién c6 ciu trac 1a PL, thi tham s6 cta bd diéu chinh duoc
xac dinh nhu sau:
Kp = 1/(2ka:) = 1/(2.10) = 0,05
Ti=Ts/2=67/2=33,5
- Néu ta chon bd diéu khién c6 cau trGc PID, thi tham s6 cta no dugce xac dinh
nhu sau:
Kp=1/ks=1/10=0,1
Ti=2Ts/3 =(2.67)/3 = 44,67
Tq¢=0,167.Tx = 0,167.67 =11,189
Trong thiét ké, ta ¢b ging chon cdu triic bd diéu chinh cang don gian cang tét,
cho nén ta s& chon cau trac ciia bd diéu chinh 1a PI, néu nhu bd PI khong dap tng
duoc cac yéu cau dat ra thi ta s& chon cau trac PID
7.4. Tinh diéu khién dwoe va quan sat dwoc
Cho h¢ thdng c6 mé hinh trang thai nhu sau:
X = Ax+ Bu
y=Cx+Du

(7.55)

Hé¢ théng duoc goi la diéu khién duoc néu va chi néu ton tai tin hiéu diéu khién u
6 thé dua hé tir trang thai ban dau x(0) t&i trang thai x(T) trong mot khoang thoi gian
hiru han T.

Hé thong 1a diéu khién dugc khi va chi khi ma tran:

P=[B AB A’B ... A™'B] (7.56)
c¢6 hang bang n hay ma tran P khong suy bién.

Hé¢ théng duoc goi la quan sat duoc néu bién trang thai X(0) dugc xac dinh khi
biét dugc u va y trong thoi gian hitu han 0 <t < T.

Hé thdng 1 quan sat dugc khi va chi khi ma tran:

Q=[CTATCT ... (A")™CT] (7.57)
c¢6 hang bang n hay dinh thirc ctia Q khac khong.
Vi du:

Xét tinh diéu khién duoc, quan sat dugc cua hé théng dugc mo ta bdi phuong

M ﬁl}[iHl}

X

trinh trang thai sau day:
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Giai:

Tinh ma tran P dé xét tinh diéu khién duoc cta hé thng, ta co:

-3 -9

P=[B Az&f]{1 3}

det(P)=-9+9=0,Rank(P)=2

Ta thay hé thong nay khong diéu khién duoc.
Tinh ma tran Q dé xét tinh quan sat dugc cua hé thng, ta co:
1 0]
0 —1_l

det(Q) ==1# 0,Rank(Q) =2

Ta thay hé thong nay quan sét dugc.

Cau héi va bai tap chuong 7:

o=[c A’c"i=f

-

Cau 1. Tong hop bd diéu khién 1a gi? Tai sao phai tong hop bo diéu khién?
CAu 2. C6 may cach phan loai bo didu khién? Néu chi tiét cac cach do.
Cau 3. Néu cach tong hop bd diéu khién theo phwong phép Ziegler-Nichols.

CAu 4. Tai sao phai xét tinh diéu khién duoc va quan sat dugc? Hé thong diéu khién

duoc, quan sat dugc khi nao?

CAu 5. Trinh bay ndi dung phuong phap tong hang s thoi gian (Kuhn).

Cau 6. Xét tinh diéu khién duoc cua hé théng ¢ so d6 cau truc sau:

10 1 >l 1
] 5

u(t) ()

0.5 |a—

02 |=

CAu 7. Cho hé théng c6 ham truyén sau:

“'I:.E:I= FESJ - ES_EJ
U(s) 5 +5+5

Xét tinh quan sat duoc, diéu khién duoc cua hé théng.
Cau 8. Cho hé ¢6 cdu tric nhu hinh vé:

y(t)
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U{S] Wl Wz Y(S) >

W3

A

2 .
(3s+2)*’
Hay xé4c dinh cic tham s6 cho bo diéu khién PID.

CAu 9. Cho dbi twong c6 ham qua d6 nhu hinh v&, v6i: k=4,L =1, T =1,2.
Chon céac tham sb cho bo diéu khién P, PI, PID theo phuong phap Thuc nghiém
Ziegler - Nichols dé diéu khién ddi tuong trén.

Véi: W1 la ham truyén b¢ diéu khién PID; w, = Ws=1

4 h(t)

Cau 10. Xac dinh tham s Kp, Ti, Tp cho bo diéu khién PID theo phuong phap Tong
hang s6 thoi gian (Kuhn) dé diéu khién ddi trong ¢4 ham truyén sau:

Gs) = 10(s + )™
(205 +1)(10s + (55 +1)

Cau 11. Xét tinh diéu khién duoc, quan sat dugc cua hé théng sau:

v [ 1 5e [ ]5e YO

g—3 " il

g—5

Cau 12. Bo diéu khién ti 18 P c6 tac dung nhu mot khau:

a. Tich phén

b. Vi phan

¢. Quan trinh bac nhat

d. Khuéch dai

Cau 13. Khi da xac dinh dugc cac tham sé t6i uu cua bo diéu khién ma hé théng van
khong thoa méan cac yéu cau dit ra, thi ta phai lam gi ?

a. Chép nhén céc tham sd t6i wu va cho hé théng hoat dong tam thoi

b. Thay ddi lai c4u tric hé thong diéu khién
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c. Thay doi toan bo cac thiét bi trong hé théng

d. Loai bo hé thong d6

Cau 14. Tur cac luat diéu khién P, I, D ta c6 thé c6 cac bd diéu khién nao ?

a.P,I,D, Pl PD, PID

b.P, I, D, PID

c.P,1,D

d.P, 1, D, PIl, PD, PID, IDP, DIP

Cau 15. Bo diéu chinh PID c¢6 uu diém gi?

a. Giam thoi gian qué do, sai léch tinh giam va giam d6 qua diéu chinh

b. Giam thoi gian xac 1ap

c. Tdi wu, 6n dinh hé théng

d. Tac dong nhanh

CAu 16. Tac dung cua khau tich phan trong hé thong l1a gi?

a. Nhanh dat trang thai can bang

b. Rut ngan thoi gian qua do

c. Tang d6 qua diéu chinh

d. Triét tiéu sai 1&ch tinh

Cau 17. Uu diém cua quy luat P 1a gi?

a. Tac dong nhanh

b. Thoi gian qua do rat cham

c. Po qua diéu chinh 1y tuong

d. Sai I¢ch tinh tang nhanh

Cau 18. Tac dong cua quy luat PI a:

a. Nhanh hon quy luét ty 1€ va chdm hon quy luét tich phan

b. Nhanh hon quy luét tich phan va chdm hon quy luat ty 1¢

c. Nhanh hon quy luét vi phan va chdm hon quy luét tich phan

d. Nhanh hon quy luat ty 1¢ va cham hon quy luat vi phan

Cau 19. bac tinh ctua quy luat tich phan 1a tin hiéu ra luén cham pha so vai tin hi¢u
vao cho biét diéu gi ?

a. Quy luat tich phan tadc dong nhanh

b. Quy luat tich phan tdc dong cham

c. Quy luéat tich phan c6 dao dong bac cao

d. Quy luét tich phan c6 sai I¢ch tinh 16n

Céau 20. Uu diém cua quy luat tich phan Ia:

a. Triét tiéu nhiéu

b. Triét ti€u sai Iéch tinh

C. Triét tiéu dao dong tu do
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d. Triét tiéu dao dong cudng birc

CAu 21. Uu diém cua quy luat vi phan la:

a. Tac dong tbi uu

b. Sém pha so véi nhiéu

c. Toc d6 tac dong nhanh

d. Triét tiéu qua trinh qua do

Cau 22. Khi hé s6 Kp cang 16n thi:

a. Sai léch tinh cang nho, do qué diéu chinh cang 16n va hé théng lam viéc 6n dinh cao

b. Sai léch tinh cang nho, d6 qua diéu chinh cang 16n va hé théng lam viéc kém on
dinh

c. Sai léch tinh cang 16n, 46 qua diéu chinh cang 16n va hé thong lam viéc 6n dinh

d. Sai léch tinh cang nho, d6 qua diéu chinh cang nho va hé théng 1am viéc 6n dinh

Cau 23. Khi tang K, thi:

a. Sai léch tinh giam, dao dong ting 1én va c6 thé hé thong mat 6n dinh

b. Sai 1éch tinh tdng, dao dong tang Ién va co thé hé théng mét 6n dinh

C. Sai léch tinh giam, dao dong giam va hé thong mat dinh

d. Sai 1éch tinh béng 0, dao dong tang 1én va hé théng 6n dinh

Céau 24. Quy luat PID tac dong nhanh hon quy luat nao?

a. Quy luatty 1€ P

b. Quy luat I

c. Quy luat PD

d. Quy luat D

Cau 25. Nhuoc diém cua luat PD la gi?

a. Phan mg v6i nhiéu diéu hoa

b. Nhiéu cao tan c6 bién do nho

c. D6 qué diéu chinh rat lon

d. Hang s van toc vo cling 16n

Cau 26. Piéu kién dé hé thong dicu khién mo ta bang phuong trinh trang thai diéu
khién dugc va quan sat duge (n bién trang thai) Ia:

a.rank P =0, rank Q =0

b.rank P =1, rank Q =1

c.rank P =n+1, rank Q = n+1

d. rankP =n, rank Q =n

Cau 27. Hé thong dugc goi 1a didu khién dugc khi nao?

a. Néu va chi néu ton tai tin hiéu diéu khién u dwa hé tir trang thai ban dau x(0) téi
trang thai X(T) trong m{t khoang thoi gian hiru han T

b. Néu va chi néu ton tai tin hiéu diéu khién u dua hé tir trang thai ban dau x(0) toi
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trang thai x(T) trong mot khoang thoi gian ngén nhat
c. Khi ton tai it nhat hai bo diéu khién
d. Khi xac dinh day du cac thong s ky thuat
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CHUONG 8: HE THONG PIEU KHIEN SO [1]

Noi dung chinh cta chuong: Khao sat tinh 6n dinh va tinh sai s6 & trang thai
xac 1ap cua hé théng diéu khién sb.

Muc tiéu can dat duoc cia chuong: Sau khi hoc xong Chuong 8, sinh vién hiéu
dugc khai niém hé thong diéu khién s6 va phép bién d6i Z. Van dung duoc phép bién
d6i Z dé khao sat tinh 6n dinh va tinh sai s & trang thai xac 1ap cta hé thdng diéu
khién s.

Bai 13: Hé thong diéu khién sé ( sb tiét 03)
8.1 Mé dau

May tinh c6 thé hoat dong nhu mot bo bu hay bo diéu khién trong hé thong diéu
khién phan hoi. Cac qua trinh va hé théng c6 st dung may tinh s6, co bo diéu khién, c6
thiét bi bién doi xung déu thudc hé 16p hé thong xung sd. My tinh chi nhan dit liéu tai
mot khoang thoi gian nhat dinh. Viéc phat trién phuong phap dé miéu ta va phan tich
su hoat dong cua hé théng diéu khién c6 may tinh 14 rat can thiét.

Hé thdng may tinh sir dung dit liéu duogc trich mau trong khoang thoi gian xac
dinh, két qua 14 tin hiéu dugc 1dy mau lién tyc. Cac tin hiéu di duoc trich mau co thé
bién doi tir mién s sang mién z theo méi quan hé z = ¢ 7. Bién z trong mién tan sd
phtrc ciing ¢6 C4c tinh chit twong tu nhu trong mién s bién d6i Laplace.

Ta st dung ham truyén co6 bién ddi z dé phén tich su on dinh va dap ung tirc
thoi cua hé théng. Vi vay ching ta c6 thé xac dinh dugc dap Gmg ciia hé thong dicu
khién c6 phan hoi cua may tinh s6 ma hoat dong nhu 1a mdt b bu hay bd diéu khién.

H¢ thong diéu khién c6 sir dung may tinh s0 nhu sau:

Tin hiéu diéu

khién .
| May tinh | [ Bovién ["'°% lco ciu chip| |Qua winh|
digital 6 "l d6iD/A *|  banh [|cong nghe[T™
digital | anal
igita B6 bién ‘ana og ]
doi A/D [ Do luwong [*

Hinh 8.1. So d6 diéu khién phan hoi cé sir dung mdy tinh
Ngay nay, may tinh sé duoc str dung rong rii trong cong nghiép né giit mot vai
trd quan trong trong qua trinh céng nghiép, may tinh duoc st dung voi co cdu chip
hanh d¢ thuc hién cac nhiém vu diéu khién.
May tinh khong duoc ndi truc tiép voi co cdu chap hanh hay cac qua trinh ma
qua bo bién d6i sb / twong tu (Digital/Analog Converter). Chung ta da biét tat ca céc

con s6 truyén vao may tinh hay truyén ra déu duoc thyc hién trong mot khoang thoi
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gian ¢ dinh va béng nhau, T duogc goi 1a chu ky léy mau. Vi vay, tin hiéu chi dao s&
c6 dang 13 r(kT). Cac bién r(kT), m(kT) va u(kT) 1a cac tin hiéu roi rac.
B9 lay mau 1y tudng Ia:

B0 trich mau
(1) 0/ r (1)
O

Tin hiéu lién tuc Tin hiéu trich mau
Tin hidu
digu
——{ My tinh u(kT) | B¢ bién | O Co cau Qua trinh
£ . . " A . n n .
r(kT) $0 » doi D/A » chap hanh [—*{cong nghé F—

m(kT) Bo bién
d6i A/D

r
-~

Po luong

Hinh 8.2. Tin hiéu dwoc trich mau sir dung trong mady tinh sé
Tin hiéu ra 13 r*(t), tai nT 1 thoi gian 14y miu hién thoi va gia tri r*(t) 12 r(nT),
tdng quat tin hiéu ra Ia:;

r*(nT) = r(nT)3(t-nT) (8.1)
o e {2T)
(T) | o rdn
I N N I .
0 T 2T 3T 4T 0 T 2T 3T 4T

Hinh 8.3. Tin hiéu r(t) dwoc trich mdu
Tin hiéu khong lién tuc ma ta quan tdm & day 1a diy cac gia tri {r«} cach déu
nhau véi 1« = r(kT), trong d6 T dugc goi 1a chu ky trich mau (hay 1a chu ky lugng tir
hod). Pay 1a loai tin hiéu chi ¢6 gia tri tai nhitng diém {t=kT}, k 13 cic sd nguyén va
ngoai cac diém nay thi khong duoc dinh nghia. Néu mdi gia tri r« dugc xem nhu tich
r(t)o(t-T) thi toan b day {r«} s€la:

00

(n)=Dr®st—kT)=r() i&(t —KT ) =r(t)s(t)

o (8.2)
s(t) = D> 5(t—kT)

Lac nay {r«} goi la tin hiéu xung .
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PéE hiéu ro hon ta xem mo hinh trich mau nhu sau

E# trich mau
) / P Tw(t)
O

iy Frait)
H H Bd ring ung = Tw
1 ﬂ w1
i) T2l e

fits Frally

<[]l

1 -t
T 2T 3T
gt

Bd réng =ung =Tw

L)
H H H Bd réng mung = Tw
> i

T 2T 3T

Hinh 8.4. Tich ciia dang séng theo thoi gian va tin hiéu trich mau
f(t) 1a dang song lién tuc, s(t) 1a ham mau co do rong xung béng nhau va béng

Tw (6 bién do 1a mot hang s6), F*rw(t) 1a tin hiéu dau ra.
f, (t)=f)st)=f(t) Su(t—kT)—u(t—kT -T,) (8.3)
k=—c0

k 12 s6 nguyén chay tir - o0 — +oo, T |a chu ky trich mau, Tw 14 d6 rong xung.
Gia sir rang Tw rat nho so voi T, f(t) c6 thé coi 1a hang sé trong khoang thoi
gian trich mau va f(t) = f(kT).
fT: (t)= Z f(KT)[u(t—KkT)—u(t—kT -T,)] (8.4)

k=—c0

Thuc hién bién d6i Laplace:

0 e—kTs e—kTs—TWs 0 1— e—TWs
F(s)=) f(kT){ - }: > f(kT){T}‘kTS (8.5)
k=—o0 k=—0
Thay e ~™ ¢4 khai trién, ta co:
_ , _
1—{1—Tws+ (Tus) —}

o KTs (8.6)

F ()= f(kT)

Vi Tw la bé nén:
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F )= f(kT){%}m =3 f(KT)T,e™ 8.7)

k=—o0
Cudi cung thyc hién bién d6i vé mién thoi gian:
fr () =T, f(KT)S5(t—kT) (8.8)
k=—00
8.2. M6 hinh giit mau bac khong (ZOH — zero order hold)
Budc cudi cing trong viéc xdy dyng md hinh ctia mdy tinh s6 13 mo hinh gt

mau bac khong. Néu coi bo trich miu 14 1y tudong thi Tw=1 va xét tai thoi diém t =0 va
t=T ta co:

1 1
G, (s)==—-=e"
zon (S) s s (8.9)

Bo trich méu ly

tudng

f(t) f*(t) fi(t)
O——— Z0H (—0w
11t T f(kT)S(t-kT
(t) £t (kT)5(t-kT) R A
» i >

0 r 2T 3T 4T 0 T 2T 3T 47

v
~*

0 T 2T 3T 4T
Hinh 8.5. Tin hiéu r(t) dwoc trich mau
8.3. Bién doi Z
Muc dich cta bién d6i Z 1a dua vé ham truyén dat chtra dung thong tin vé hé
théng ma ta c6 thé phan tich va thiét ké dugc su 6n dinh cia hé thng.

Thuc hién bién ddi Laplce v6i b trich miu 13 1y tudng:

F(s)=3 f(KT)e ™™ (8.10)

Thay thé z =€
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F(z)=> f(kT)z*
k=0
Vi du 1: Xac dinh ham truyén Z cua bd 14y mau sudn déc.
Giai:

Déi véi tin hi¢u c6 suon déec f(kT) = kT
£ (t) = kikw(t _KT)
=0
Thuc hién bién d6i Laplace:
F'(s)= Y KTe™"
k=0

Thuc hién bien doiz=e ™

F(2)=) KTz =T kz* =T(z"+227+32°+--)
k=0 k=0

Bién doi dua vé dang zF(z)
ZF(2)=T@Q+2z"+327% +--7)
Lay cong thirc (8.15) trix (8.14) ta dugc:

F(2)-F(0)=z-)F (@) =T@+z ' +z7 +--)
Mat khac:
—=1+z2"+27" +--

1-z

Thay (8.17) vao (8.16)
VA
F(2)=T
D=1 Zy

ChU y: Néu mudn thuc hién phép bién d6i Z nguoc ta c6 hai cach:
- Phan tich thanh cac phan thirc thanh phan.
- Ha bac phan thuec.
8.4 Ham truyén dat
Ta c6 dang cua tin hiu:

ft)= 3 f(KT)5(t - kT)
K=—o0
Tin hiéu trich mau dau vao Ia:

r'(t) =3 f(nT)S(t —nT)

(8.11)

(8.12)

(8.13)

(8.14)

(8.15)

(8.16)

(8.17)

(8.18)

(8.19)

(8.20)
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R(s) C(s)
G(s)

R(s) R'(s) C(s)
—o/o (s

R(s) R'(s) C(s) 7w
—70C O—— Gls) o—

Hinh 8.6. Hé thong tin hiéu trich mau
Dép ung xung cua hé théng G(s) 1a g(t), tin hiu ra cua G(s) c6 thé dugc viét
bang téng cac xung duoc tao ra khi cho tin hiéu tic dong & dau vao.

A J

A A

A J

c(t) =Y r(nT)g(t - nT) (8.21)
Str dung cong thire (8.11) ta co: h
C(z) =Y c(kT)z™ (8.22)
Str dung cong thire (8.21) voi t = liTO
c(kT) =3 r(nT)g(KT —nT) (8.23)
Thay cong thirc (8.23) vao cnf;;g thire (8.22) ta duoc:
C(2)= ggr(nT)g[(k )Tk (8.24)
batm=k-n
C(z)= i ir(nT)g[mT]z*(m*”)
oo (8.25)

= {mi) gmTE™ }{g r(nT)g[mT]z”}

Tai gi6i han dudi m + n — m. Mat khac: m + n =0 khi m < 0 va n > 0. Nhung
khi m <0 thi g(mT) = 0, m khong nho hon 0. Bén canh d6 g(t) = 0 khit < 0.
Ap dung dinh nghia bién ddi z ta c6:

C(z2)= {z g[mTE™ Hz r(nT)g[mT]z”} =G(2)R(z) (8.26)
m=0 n=0
< s S+2
Vi du: Ta c6 khau gitt mau bac khong ghép nbi tang vai G,(S) = il (8.27)

Tim ham truyén G(z) néu nhu chu ky trich méu 1a 0.5s.
Gidi:
Vi khau ZOH dugce méc ndi tng voi Gi(s) nén ta co thé viét nhu sau:
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G(s) = (1-e )2 =[1‘E_TS j 542 (8.28)

S S s+1
G(2) :(1—z1)z{615(5)}: Zglz{els(s)} (8.29)
bat: Gz(s)zGl(S): S+2 —é+i Z+L (8.30)

s  s(s+1) s s+1 s s+1

Bién d6i Laplace nguoc ta duoc:

g,(t)=2-¢" (8.31)
va khi t = KT thi:
g,(kT)=2-¢e" (8.32)
Tra bang ta tim dugc G2(2)
G,()= 2L - L (8.33)
z-1 z-e

Thay T = 0.5 vao (8.33) ta co:
G,(s)] 2z z 7% -0.214z
G,(2)=2<—2="= — = 8.34
() { s } z-1 z-0.607 (z-1)(z—0.607) (8:34)
Thay (8.34) vao (8.29) ta tim duoc G(z)
z-0.214

-1
G(Z) = ZTGZ(S) = m (835)

8.5 Sw 6n dinh

Su khac nhau vé sy 6n dinh gitra hé théng diéu khién phan hoi tuong tu va )

nhu sau:
Im Im
Mat phang s
I 1 M3t phang z
|
B
A C »Re — A —» Re
B
-—-/ c

Hinh 8.7. Mt phdng phén bé sit on dinh
Trong mit phang phirc s thi mién 6n dinh nam bén trai truc ao. Hé thong c6 ham
truyén G(s) duoc chuyén sang mién gian doan 1a G(z), mién 6n dinh duoc xac dinh
nhu sau:
z=¢T =gl =goT. T (8.36)
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Trong dé: s=o +jo
O bén trai mat phang phirc s, 6 <0 twong ng véi 0 < z < 1 thi hé thong 6n dinh.
Vi du: cho hé thong sau:

r(t e’(t) clt)
T O/'O— Go(s) p—»| G,ls) >

Hinh 8.8. Hé thong diéu khién phdn hoi da dwoc trich mau

V6iT=1va G (s)= K (8.37)
s(s+1)
Thyc hién bién doi Z ta co:
G(2) = K2(0.3678z +0.2644) __ K(az +b) (8.38)
z°-1.36782+0.3678 z°—(l+a)z+a
Véia=0.3678 vab=0.2644
Diém cuc ciia hé thong kin 1a nghiém cua phwong trinh:
q(z)=1+G(2) =0 (8.39)
q@2)=1+G(z)=z>-(1-a)z+a+Kaz+Kbh=0 (8.40)

Khi K =1:
q(z) =z%-z+0.6322 = (z - 0.50 + j0.6182)(z — 0.50-j0.6182) =0 (8.41)
Heé thdng 6n dinh vi cac nghiém déu nam trong dudng tron don vi.
Khi K = 10:
q(z) = 22+ 2.310z + 3.012 = (z + 1.155 + j1.295)(z + 1.155 — j1.295) = 0 (8.42)
Heé thng khong 6n dinh vi cac nghiém nam & bén ngoai dudng tron don vi.
V6i 0 <K < 2.39 thi hé thong 6n dinh.
8.6. Sai s0 xac 1ap
Chung ta xem sy anh hudéng cia viée trich miu dén sai s6 xac lap trong hé thong
s6. Dé dua ra dugc cac két luin tong quat vé sai sd xac lap 1a rat kho bai vi vi tri trich
mau ¢ thé 1am thay doi ham truyén dat ctia hé ho. Trong phan nay ta gia thiét vi tri

cua bd trich mau nam sau tin hi¢u sai 1éch.

R(s) C(s)

_'_

y

Gp(s)

A J
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Hinh 8.9. Sai sé xdc ldp ciia hé diéu khién sé

Sai s6 trich mau 1a E*(s) = E(2)
Tu so d6 ta co:

E(z)=R(z) - E(2)G(2)

hay E(z)=- &)
1+G(2)

Va ap dung dinh 1y vé gia tri xac 1ap:
R(z)

e () = Iirp(l— zYE(2) = IirP(l— z)
Néu tin hiéu vao 1a tin hiéu bac thang don vi:

z
R(z)=——
@)=_—
Thay R(z) vao ta co:

e () = 1

Luc d6 hang so sai so tinh la:

K, = IZirpG(z)
Viét lai theo K,
e () =
(%) 1+ Kp
Néu tin hiéu vao 14 tin hiéu c6 suon dbc thi:
R(2) = Tz :
(z-1)
Sai sd la:
1
e (0)=—o
() <
, 1..
Trong do K, = ?llr[](z -1G(2)
Néu tin hiéu vao la duong Parabol thi:
T%z2(z+1
R(z) = T2(z+1) 3)
2(z-1)
Sai s 1a:
1
e () =—
K

a

1+ G(2)

1+1imG(2)

(8.43)

(8.44)

(8.45)

(8.46)

(8.47)

(8.48)

(8.49)

(8.50)

(8.51)

(8.52)

(8.53)
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Trong dé: K = T—lzlzi m(z-1)G(2) (8.54)

Vi du: Tim sai s6 xac 1ap cta hé thong khi:
10

G (s)= 8.55
(8) s(s+1) (8:33)
Giai:
Dau tién tim G(s)
Gs)=0=8 ) _jpq_e )[i _i L} (8.56)
s°(s+1) s° s s+1
Thuc hién bién d6i Z
_ ! Tz _z z _ Tz 3 z-1 8.57
G(z) =10(1-z )[(Z_l)z (z—1)+z—e-T} 10[2_1 1+z—e‘T} (8.57)
Déi véi tin hiéu bac thang don vi:
. . 1
K =1imG(z) =w; e = =0 (8.58)
, =limG(2) =o» =1k
Ddi voi tin hiéu suon dbc:
1. 1
K, :?Ilrrﬂ(z—l)G(z):lo; e (oo):K—:O.l (8.59)

v

. : 1
Doi véi tin higu Parabol: K, = T—lz IZ'LP(Z ~-1)’G(z)=0; e () = il ©  (8.60)

Céu héi bai tap chwong 8
Cau 1. Tim f(kT) cta cac ham truyén F(z) sau:

a, F(z) = z2(z+1) b,
(z-0.5)(z-0.7)

F(2) = (z+D(z+2)
z2(z—-0.5)(z-0.7)

CAu 2. Tim ham truyén G(z) tlr cac ham truyén trong mién phirc G(s) véi T = 0.5 (s)

a, G(S):L b, G(s) = (s+D(s+2)
(s+D(s+3) (s+3)(s+4)
_S+2 _ 30
| 6. 60 = T asi3)

Cau 3. Tim ham truyén G(z) cua cac hé thong sau:

Rig) ~ 1o C(s)
_({ (O—ZO0OH » >

s+1
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R(s)

5 C(s)
(——z0H > >

s(s+25)
b,
CAu 4. Tim K dé hé théng sau 14 6n dinh.
- C(=)
10K .
£0H s(s+H10)| |
CAu 5. Tim hing s6 sai s6 tinh SSE cta hé thong sau:
1 C(z)
ZOH s+10 -
Néu tin hiéu dau vao Ia:
a, u(t)
b, tu(t)
1.
C, —tu(t
Sru()
R - s ) 0.5z
Céu 6. Tim f'(t) cua ham F(z) sau: F(z)=

(z-0.5)(z-0.7)
Cau 7. Cho hé thng sau:

= zon Gls) =2

His)

6(6) =2 HE®) = 1) =10

Xac dinh sai Iéch tinh ctua hé théng.
Cau 8. Tim f(kT) cta cac ham truyén sau:

a, F(z) = 2(z+1)
’ (z—0.5)(z—0.7)

b, F(z) = (z+D(z+2)
’ 2(z-0.5)(z-0.7)

Cau 9. Cho hé théng sau, vOi: Gp (s)= 10

, T=1
s(s+1)
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R(s) E*(s) C(s)
Gy(s)

L 4
L J

Tim sai s6 xac 1ap cua hé thong khi tin hiéu r(t) lan luot 1a tin hiéu bac thang don vi,
tin hiéu suon ddc.

Cau 10. Hiy xac dinh ham truyén dat W(z) theo toan tir Z khi biét ham truyén dat theo
toan tu s la: s42

W=

ChoT=0,5.

Cau 11. Cho h¢ théng sau, véi: G, (s) :il ,T=05
S+

R(s) E*(s) C(s)
i o—l=¢" Gy(5)

T

L 4
L J

Tim sai s6 xéac 1ap ctia hé thong khi tin hiéu r(t) 14 tin hiéu parabol.
CAu 12. Néu bo qua sai s6 lugng tir hoa thi khau nao duoc coi 1a khau ZOH

a. Khau chuyén d6i D/A b. Khau vi phan
c. Khau tré d. Khau quén tinh bac nhat
Cau 13. Anh bién d6i Z ctia ham 1(t)
1 z
a. F(2) = b. F(z2)=—
(@)=—— (2=
1 1
c. F(z)=—— d. F(z)=
(@) z-1 (2) 1-z7

Cau 14. Cho hé théng sau:
rit) @ J,:eik} 208 Gls) (1)

Xéac dinh sai 1éch tinh ctia hé thong ?

e 6. efe)= timlt )£
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Cau 15. Qua trinh chuyén dbi tir tin hiéu twong tu sang tin hiéu gian doan goi 1a gi?

a. Luong tu hoa b. Phi tuyén hoa

¢. Tuyén tinh hoa d. Roi rac hoa tirng doan

Cau 16. Luogng tir hoa theo thoi gian 1a gi?

a. Phép luong tir duoc thuc hién sau nhitng khoang thoi gian bang nhau goi 1a chu ky
ldy mau

b. Phép lugng tir dugc thuc hién sau khi roi rac hoa

c. Chia nho duong cong

d. Chia duong qua d6 cua hé thong theo hinh bac thang

Cau 17. ZOH viét tat cla:

a. Zero Of Handle b. Zero Of Hold

c. Zero OfF Hold d. Zero Order Hold
CAu 18. Mbi quan hé giita mién anh Z va Laplace

az=e° h. Z=¢€"
c.z=e" d z=e'

Cau 19. Quan hé giira tin hiéu vao va tin hiéu ra ctia hé thong rdi rac duoc biéu dién

bang
a. Phuong trinh vi phan b. Phuong trinh sai phan
c. Bang khau ZOH d. Phuong trinh tuyén tinh lién tuc

Cau 20. Hé thong diéu khién roi rac 6n dinh khi nao?

a. TAt ca cac nghiém ciia phuong trinh dic trung nam trong vong tron don vi

b. Tt ca cac nghiém cua phuong trinh ddc trung ndm ngoai vong tron don vi

c. TAt ca cac nghiém cta phuong trinh dic trung nam trén vong tron don vi

d. Tat ca cac nghiém cta phuong trinh dic trung ndm trong mot nira dwong cia vong
tron don vi

Cau 21. Hé thong roi rac ¢ bién gidi sy on dinh khi nao?

a. Co mgt nghiém nam trén duong tron don vi va cac nghiém con lai nam bén trong
duong tron don vi

b. C6 mdt nghiém nam trén dudng tron don vi va cac nghiém con lai nim ngoai duong
tron don vi

c. Tét ca cac nghiém déu 16n hon 1

d. T4t cac cac nghiém déu 4m va nho hon -2

Cau 22. Hé thong roi rac khong 6n dinh khi nao?

a. TAt ca cac nghiém nim ngoai dudng tron don vi

b. Chi can it nhat mot nghiém nam ngoai dudng tron don vi

c. Phai c6 tir hai nghiém trd 1én nam ngoai dudng tron don vi

d. Tat ca cac nghiém déu am va nhé hon 1
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CAau 23. Bién d6i Z cua khau

la:

S+a
1
a. a1 b. P
1-e7z l-e7z
1 1
c.———— d — =
1-e%z l-e*z
CAu 24. Ham truyén dat cua khau git mau bac 0
1-z7 1-z
a. WZOH (S) = b. WZOH (S) =
1+z° 1-z7"
C. WZOH (S) = d. WZOH (S) = S
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CAC CAU HOI THUONG GAP
1. Noi dung cau héi 1
Cho hé thong sau:

U(s) 3 Y(s)
LR ey B
s+4

a, Tim dap Gmg dau ra y(t) khi tin hiéu tic dong & dau vao 1a ham 1(t).

b, Xac dinh diém cuc, diém khong cta hé thong va biéu dién trén mat phang
phtrc.
Cau tra loi:

W(s) = %

3 1 4
t)="+"¢
y(t) 22

Tim diém cuc: giai phwong trinh: (s+4) = 0 suy ra p1 = -4
Tim diém khong: giai phuong trinh: (s+3) = 0 suy ra z1 = - 3 Biéu dién diém
cuc, diém khong trén mit phang phirc
2. Noi dung cau heéi 2
Giai phuong trinh vi phan véi so kién dau bang khong.
d'y

dbl
—+12—+32y =32
dat- dt

Cau tra loi:
Chuyén sang mién anh Laplace véi y(0-) =0 va 3(0-)=0

" 2
S (s) +125T (s) + 327 (s) = >
5

Rat Y(s) rata ducc

3
s(s?+1

32
$+32) s(s+4)s+8)

T(s) =

2
2

Phan tich Y(s) thanh téng cac phén thike toi gian

__ 32 K K, K,
ns)=———=—+—+—=
s(s+4)s+8 s s+4 s+

Tim cac hé 50 K;, K;va Ks.
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32
KE=————
(s+4%s+8)

—

32
K, = =2
T s(s+8) s
2
.= 3‘- =1
T (s+ds|
Vi vt 2 4 L

S s+4 s+8
Thuyc hién bién ddi Laplace nguoc ta tim duge: y(t) =1-2e* +e™®
3. Noi dung cau héi 3

Cho ham truyén sau:

-
G(;):L
s +125+120

N . A I A 1 A ~ & ; 04
Tim céc thong sé cua hé théng bac 2: == “» L. T,. %0S

Cau tra loi:
Tir ham truyén ta tinh duoc: o, =120 = @, =+/120 =10,95

Thay vao cong thire tinh T,

F__ T ____ 34
Taa1-2 10,95,{1-0,55]

=0,34(s)

_dary, _D55x1095
%0S = /Eﬂm: o T g0 =0.075 (%)

4 4
fo,  0.55x10.95

4. Noi dung céu héi 4

T. = =0.66(s)

Tim ham truyén ctia mach khuéch dai sau:
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olt)

Cau tra loi:
Tong trd Z2(s) 1a:

1 RCs+l
C,s B C,s
Tong trd Za(s) 1:

1 RCs+1
Z,(s)=R +—=—1227=
=Rt =T

Z,(s)=R, +

Ham truyén la:
Vo(s) _ Z,(s) _ RC,s+1

Vils)  Z(S) ReCs+ C%

5. N¢i dung céu héi 5

W(s) =

Cho ham truyén sau:
a, Chuyén do6i sang hé phuong trinh trang thai.
Y(s) 24

R(s) s +05% + 265+ 24
b, V& so d6 khoi trong khong gian trang thai.

Cau tra loi:

Wi(s) =

Budce 1: Tim phuong trinh vi phan Thyc hién
phép nhén chéo:
(s° +957 +265+24 )T (s) =24R(s)
Chuyén d6i thanh phuong trinh vi phan bang cach dung phép bién ddi Laplace
nguoc voi didu kién dau bang 0
V(&) + 9 () +26 1(2) + 241(F) = 247(7)
Buée 2: Lua chon bién trang thai Chon
cac bién trang thai nhu sau:
x (2} = (1)
X% (8) = (D)

x%(2) =)
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Lay dao ham ca hai vé phuong trinh ta s& thu duoc hé phuong trinh trang thai
% ()= x,(7)

X% ()= x; (1)
i (1) =—24x(8) — 26x,(1) — 9 (2) + 24¢(2)
¥(@) = x(2)

Buéc 3: Viét dudi dang vécto ma tran
% (2) 0 1 ox@®] [0
L@l(= 0 0 1 |x®[+ 0|+
i (1) =24 =26 9| x( 24
x(7)
y@=[1 0 0] x®
%(2)
6. Noi dung cau héi 6
Cho hé thong sau:

Usy[ 1 | xuts B EAGERLG)
1:-3 g—5 '

¥

a, Tim phuong trinh trang théi ciia hé thong.
b, Tim gia tri riéng cila ma tran A

Cau tra loi:

Y(s) 1

a, Ham truyén cua hé: W(s)= =
U(s) (s=3)(s-5)

Tim phuong trinh vi phéan:

d’y(ty ,adv()

Y(5).(s"—8s+15)=U(s)=> . 74—15}!(!):1.*(3‘)

Lua chon cac bién trang thai

x, ()= y(2) X(0)=x,(2)
dy(t) _ _

x, (1) = ~ x,(1) - {il(.'] =u(r)—15x,(¢) +8x,(1)

Viét Phuong trinh trang thai:

_ 0 1 0
x(r) =[_15 g }-5(1){1 }_f(t)

YO =1 0]z
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b, Tim gia tr1 riéng clia ma trdn A

sI-A=S0— 0 1:s -1

0 S -15 8 15 s-8
Phuong trinh ddc tinh:
det(sI-A)=s(s-8)+15=52-85+15=0

Giai phuong trinh trén ta dugc cac gia tri riéng la:

$1=5,5=3
7. Noi dung cau héi 7

Cho hé théng vat 1y ¢o so dd nhu sau:

2 S )
\(f}_CD RUJ o c;:j L

Chon iy (t) va vc (t) la cac bién trang thai, ig () la tin hiéu ra, xiy dung mé hinh trang thai
cho dbi tuong trén.
Cau tra 1oi:
Dit tén cac dong dién nhanh bao gém ig, iy vaic.

Sur dung 1y thuyét vé mach dién, cu thé 1a viét phuong trinh dua vao dinh luat
Kirchhoff, tai nat 1 ta co:

()=, 1, () == () 4,0

Mat khac ta co:

vi(t)= - ve(t) + v(t)

Thay cong thire trén véi nhau ta thu duge cong thirc nhu sau:
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av. 1 A
C"<_(’)=_Ev((t)+tL(t)

dt
L M =—v.(0)+v(t)
dt
hay:
Zirn T ST
T RCw(0+CJAO
4, __1 1
% L1Q0)+Lv0)

Tin hiéu dhura in(t): () = %v((t)

PTTT:

. L 0
ve®|_| RC C {vf(r)} v
N0 B Y RACH I
g L

Tin hiéu dau ra

R ERIRX%
o[z o] o]

8. Noi dung cau héi 8

Cho hé théng sau:
1 | £@ 1 | 5@
§—=2 _5
U(s) | Y(s)
—
1 X:(S) ..l
s-4 1 2]xe

a, Tim ham truyén cua hé.

b, Viét phuong trinh trang thai ctia hé.

Cau tra loi:
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Ham truyén la:
_¥@) o -l 1 3-s 3-s

Wi(s) = - - ==
U@ls) 2(s-2) 2(s—4) (-2Xs—4) s —65+8

Pit- V(s)= 1 1
U(s) s —6s+8

Thuce hién phép nhéan chéo:
(s*-65+8)V(s)=Uls)

Chuyén dbi thanh phuong trinh vi phan bang cach dung phép bién d6i
Laplace nguoc véi diéu kién dau bang 0

W(©) =6 WD)+ 8v() = u(?)
Chon céc bién trang thai nhu sau:
x(8) =)
x (@0 =9D)

Liy dao ham ca hai vé phuong trinh ta s& thu duoc phuong trinh trang
thai

% (7) =x(1)
% (1) =-8x,()+6x,() +u(®)

Y(s)=(3-38).V(s)=3V(s)—s5.V(s)
(&) =30 — W) =3x() —x,(9)
Viét dudi dang véctoma tran:
2008 20 o
@] [8 6]lx@] [1
y=[3 -1]1x®

Noi dung cau héi 9
Cho h¢ théng c6 so d6 khéi nhwr sau:

u(t) "

v(t)

H, |e

Str dung cac quy tac bién doi so do, xac dinh ham truyén cua h¢.
Cau tra loi:
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Chuyén niit r& nhanh tin hiéu sau khéi G3 ra trude khéi G3 ta c6 so d6 twong

u(t) _ , p v(t)

duong:

Tinh duoc ham truyén ctia nhanh phan hdi trén (G2 phan hdi véi HIG3)

Ta tinh ham truyén ctia vong trong gdm mach phan hoi ndi tiép G3

u(t) GG.G. \(t}

» 1:GGH, +GG.H, >

Tiép sau d6, ap dung nguyén Iy phan hdi don vi, ta tinh duoc ham truyén cia
vong 16n chinh 13 ham truyén cta hé théng:
G.G,G,

W(s)=
() 1+ G,G,H, + GG, H, + G,G,G,

10.  Noi dung cau héi 10
Str dung cong thitc Mason, xac dinh ham truyén ctia hé c6 graph tin hiéu nhu
Sau:

R
o—

k4

Cau tra loi:

Budc 1: Xéac dinh cac tuyén thang Pk:
B =GG,GG,
P. =G,G,G,G.

Budce 2: Xac dinh vong 1dp Lk
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L, = -G,G,G\G;
L, = -G,G,G,G;

Hé thdng c6 2 vong kin khéng dinh vao nhau:
ZL;L'; - LI'E: - G:GSHIH:
Budc 3: Tinh:
A=1-3L +SLL-SLL.L +.
B e J = =
k ij

A=1L,+L,+L;+L +L.L,

=1+G H,+G.H,+G,G .G G, +G,G,G,G, +G,G.H H,
Budc 4: Xac dinh Ak
A1 =1 (Do tat ca cac vong lip déu dinh t&i P1)
Az =1 (Do tét ca cac vong lap déu dinh téi Py)

1, .
W(s)=—(B.A. )
6= 5 (Ra,)

Budc 5: Tinh
Vay ta c6 ham truyén dat cua hé théng xac dinh theo cong thirc Mason la
\V(p)= PI"\'A-PZ"\Z — GlG:G_:GS‘GlG:G_.’GS

A 1+G,H,+G,;H,+G,G,G;(G,+G,)+G,G;HH,

11.  N@i dung cau héi 11
Cho phuong trinh dic tinh cta hé thng :
s+253+8s2+45+2=0
Xét on dinh cho hé thong trén theo tiéu chuan Routh. Hé c6 may nghiém nam
bén trai, bén phai mat phang phuc?
Cau tra loi:
Ta thiy cac hé sb cua phuong trinh dic tinh trén déu duong nén thoa man diéu

kién can. Dé xét diéu kién du, ta tién hanh lap bang Routh.

1 8 2
2 4 0
6 3 0
3 0

3

Ta thiy tit ca cac sé hang trong cot th nhat cua bang Routh duong nén ta két
luan hé théng trén 6n dinh.
12. N§i dung cau héi 12
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Xac dinh tham s6 Kp, Ti, To cho bd diéu khién PID theo phuong phap Tong hang
s6 thoi gian (Kuhn) dé diéu khién d6i twong c6 ham truyén sau:
107

G(s) =
(505 +1)(10s + )55 +1)

Cau tra loi:
Tir ham truyén ta c6: ka= 10, Te=3
Hang s6 thoi gian téng: Ty =(50+10+5)+3=68

Tham s6 cua Bo diéu khién PID duoc xac dinh nhu sau:

S
k, 10
2T, 2.68

T =5 = 45,33
T, =0,167T, =0,167.68 =11,356

13. N¢i dung céu héi 13
Xét tinh diéu khién duoc, quan sat dugc cua hé théng dugc mo ta bdi phuong

Lo LA

y=[1 0] "’"’1}[0]“

trinh trang thai sau day:

XA

Cau tra loi:
Tinh ma tran P dé xét tinh diéu khién duoc cua hé théng, ta co:

P=[B AB] =(_13 _39}

=

det(P)=-9+9 =0,Rank(P) =2
Ta thay hé thong nay khong diéu khién dugc.

Tinh ma trdn Q dé xét tinh quan sat dugc cua hé théng, ta co:

- - 1 0]
Q=|_Cr ATCf-'zlhO _IJ
det(Q)=-1=0,Rank(Q) =2
Ta thay hé thong ndy quan sat dugc.
14. N§i dung cau héi 14
Ap dung tiéu chuan Hurwitz, tim diéu kién cho tham s K dé hé c6 phuong trinh

dac tinh sau on dinh:

A(S)=45" +(K* 1) + 25 +1
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Cau tra l1oi:
Piéu kién can dé hé on dinh 1a: K2— 1 > 0 suy ra K > 1 hodc K < -1.

Lap dinh thirc Hurwitz:

k-1 1 0
A,=| 4 2 0
0 k*-1 1
Pé thoa man diéu kién du thi:
. [K <=1
A=K=-1>0&]
: '_K>l

.—K<-\/§
I_K>\/§

A, =2K-)-4>0&

- ’ . . « | 3 . - - - 2 .
Vay véi moi gia tri thi hé thong trén on dinh.

e
| K > N5
15. N§i dung cau heéi 15

Cho hé théng sau:

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

K
s(s+7)(s +11)

v

v

Tim gia tri ctia K dé hé théng 6n dinh theo tiéu chuan Routh.
Cau tra loi:

Ham truyén ctia hé kin la:

K
1O = e + 7751 K
Thanh 1ap bang Routh:
1 77 0
18 K 0
1386 - K 0
18
K

bicu kién can d€ hé 6n dinh la: K> 0

Piéu kién du dé hé 6n dinh 1a cac sb hang trong cot dau tién cia bang
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Routh duong, hay:

1386 — K >0, suy ra K <1386

Két hop diéu kién can va du ta co diéu kién dé hé thong 6n dinh 1a: 0 <K <
1386.
16. N¢i dung céu héi 16

Cho céc hé thong sau:

R E(s) (s +2)(s +5) qs_')
a) (s +8)(s +10)(s +12) >
R b o) [50(s+D)(5+5)(5+6) el
b) S(s +2)(s+10)(s +3) —
() + ) 100(s + 2) c(s)
c) s2(s+8)(s+10)(s +12) >

Tim cac hang s sai s6 tinh va sai s6 khi cho céc tin hiéu dau vao chuan.
Cau tra loi:
Chi ra rang cac hé thong kin 6n dinh bang cach thyc hién 2 budec:

G(s)
1+G(S)

- Tim ham truyén hé kin: W (s) =

- Xét 6n dinh cho hé theo mot trong cac tiéu chuan d3 hoc.
a) Céac hang s6 sai s6 tinh:
Hang s6 vi tri Kp: K, =1lim G(s) __25 __gm;
s—0 8x10x12

Hing s van toc Kv: K, = IimosG(s) =0
Hang s6 gia tbc Ka: K, =lims?G(s) =0
s—0
Sai sb ¢ trang thai x4c 1ap:

L 0.99

rt)=1(t) > R(s)=1/s  taco: e(w) =gy, (o) = :

=00

+ Kp
1
1(t) = t— R(s) = 1/s? ta c6: () =¢€,,,, () = e
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1
r(t) = %tz — R(s) =S—13 ta co: €(00) = €,,,10s (0) = . —

b) Céc hing s sai sb tinh:
Hang s6 vi tri Kp: K, =1im G(s) = o
50x1x5x%x6 _ o5
2x10x3
Hing sb gia téc Ka: K, =lims®’G(s) =0
s—0

Hang s van toc Kv: K, = IimOsG(s) =
S—

c) Sai s6 & trang thai xac 1ap:

1
r(t) = u(t) — R(s) = 1/s ta co: () =e,,, () = =0
1+ K,
) . 1 1
r(t) = tu(t) > R(s) = 1/s*  taco: e() =, ()= PR 0.04
1, 1 Al _1_
rt)==t* >R(s) == ta co: 8(00) =€, (0) =—— =0
2 S K,
d) Céc hang sb sai sd tinh:
Hiang s vi tri Kp: K, = IirrgJ G(s) =
Hing s6 van toc Kv: K, = IimOsG(s) =0
Hing s6 gia toc Ka: K, =lim s®G(s) = _100x2 0,2
s—0 8x10x12
Sai s6 ¢ trang thai xac 1ap:
r) =u(t) > R(s)=1/s tacld: e(w)=e, ()= 1 __ 0
P 1+K,
r(t) = tu(t) - R(s) = /s taco: e(w)=e, ()= Ki 0
1, 1 . 1 1
re) = Et —>R(s) = ~ 12 CO: e(0) =€, o () = < 02 5
17. Noi dung céu héi 17
Cho hé thong sau:
R(s) + E(s) K+ C(s)
s(s+ 2)s+3)s+5) >

Tim hé sé khuéch dai K biét c6 5% sai s & trang thai xac 1ap.
Cau tra loi:
Heé thong 1a loai 1. Sai s cua hé 1a hang sd nén tin hiéu dau vao thir 13 tin hiéu
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sudn doc. €(00) =€ () = Ki =5%=0.05=K, =20
Kx1
2x3x5

Vi vay: K, =20=1imsG(s) =

Tir cong thure trén ta rut ra:
K =600
18. N¢i dung céu héi 18

Tim sai 1&ch tinh ctua hé théng sau, biét tin hiéu vao 1a 10t.

R(s) + E4(s) C(s)
100 .

— s(s +10)

-~

Cau tra loi:

Tim ham truyén cta hé:

> 100(s +5) N 100(s +5)

~ s(s+10)(s +5)+100 s +155% +50s+100

Wi(s)

Chirahé théng 6n dinh theo mot trong cac tiéu chuén da hoc.

DPua vé so do phan hoi don vi:

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

100(s + 5)
s° +15s° —50s—400

+

Tin hiéu vao r(t) = 10t => R(s) = 10/s?
Tinh sai 1éch tinh ctia hé thong:

10
S.—
i SR(S) 52 L 10 _10
)= G~ 0G5 o 100s(s+5) 0
1+ 5 S+ 5
s° +15s° —50s - 400 s° +15s° —50s -400

19. Noi dung céu héi 19

Cho Ky = 200, ¢6 thé rt ra céc két luan nao? Vi sao?

Cau tra loi:

- H¢ théng 14 6n dinh vi hé théng 6n dinh méi co héng s sai so tinh.

- Hé thong 12 loai 1, boi Vi chi c6 hé théng loai 1 méi ¢6 hang s6 Ky xac dinh.

- Tin higu dau vao thir 14 tin hiéu xung sudn doc vi Ky duoc xac dinh nhu 1a mot hang

SO.
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1 1
-SSE la: e(0)=—=—
K, 200

20. Noi dung cau héi 20
Cho K, = 100, ¢6 thé rat ra cac két luan nao? Vi sao?
Cau tra loi:
- Hé thdng 1a 6n dinh vi hé théng on dinh mai c6 hang s sai s tinh.
- Hé thong 12 loai 0, boi vi chi c6 hé théng loai 0 méi c¢6 hang sb Ky xac dinh.
- Tin hiéu dau vao th 1a tin hiéu bac thang don vi vi Kp dugc xac dinh nhu 1a mot
hang sd.
1 1 1
+K, 1+100 101

- SSE la: () = .

21. Noi dung cau héi 21

Cho Ka = 1000, ¢6 thé rit ra cac két luan ndo? Vi sao?

Cau tra loi:

- Hé thong 13 on dinh vi hé thong 6n dinh méi ¢ hang s sai s6 tinh.

- H¢ théng la loai 2, boi vi chi ¢6 hé théng loai 2 moi co hﬁng s6 Ka xac dinh.

- Tin hiéu dau vao tht 12 tin hiéu parabol vi K, dugc xac dinh nhu 13 mot hang sb.
1

1
_SSE Ia: (o) =~ = ~0.001
SSE la: &() =3 —= 7500

22. N§i dung cau heéi 22
Cho dbi twong c6 ham qua d6 nhu hinh v&, véi: k=3, L =1, T =1,2.
Chon cic tham sb cho bo diéu khién P, PI, PID theo phuong phap Thyuc nghiém
Ziegler - Nichols dé diéu khién ddi tuong trén.
& hit)

<<
1 LI T 1

L

Cau tra loi:
Str dung bo diéu khién P ta c6 tham sd ciia bo diéu khién nhu sau:
T 12
PTkL 31

Str dung b diéu khién PI ta c6 cac tham so cia bd di€u khién nhu sau:
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09T 0,912
kL 31

1= 10333
3 3

=0.36

KP

Str dung bo diéu khién PID, ta c6 cac tham s ctia bd diéu khién nhu sau:
12T 1,212
PT kL 31
T,=2L=21=2

L 1
=5 =5=

=0.48

T, 0,5
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