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LOI NOI PAU
Cudn gido trinh Diéu khién sb duoc viét dua trén dé cuong chi tiét
mon hoc Piéu khién s6 hién dang dung cho sinh vién nganh Diéu khién
ty dong - Trudong Dai hoc K§ thuat cong nghiép, dong thoi cac tac gia c6
tham khéao va diéu chinh cho pht hop v6i chuong trinh dio tao phan kién
thirc co s& bit bude ddi v6i khdi cac truong ki thuat nganh Dién da duge
Hoi dong nganh théng qua thang 2/2004.

Sach c6 thé dugc dung lam tai li€u chinh cho sinh vién nganh Diéu
khién ty dong, ngoai ra sach con dugc dung lam tai li€u tham khao cho
sinh vién c4c nganh khéac va cho hoc vién cao hoc Dién.

Trong qué trinh bién soan, khong tranh khoi con nhiéu sai sot, cac tac

gia mong nhan duoc ¥ kién dong gop ciia dong nghiép va ban doc.

Cac tac gia
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CHUONG 1
NHUNG KHAI NIEM CO BAN VE PIEU KHIEN SO
1.1. KHAI NIEM

Tuy theo tinh chit cua tin hiéu ma hé théng diéu khién ty dong dugc
phan thanh hé lién tuc va hé gian doan.

Néu tat ca cac phan tir trong hé thong cé tin hiéu truyén di 13 lién tuc
goi la h¢ théng lién tuc.

Néu trong mit xich diéu khién c6 mot khau tin hiéu truyén di 1a gian
doan goi 1a hé théng gian doan.

Trong bat ky hé gian doan nao ciing c6 mdt phan tir [am nhiém vu
chuyén tin hiéu lién tuc thanh gian doan, qua trinh d6 goi la qua trinh
luong tur hoa.

Hé diéu khién s bao gdm hé thu nhap xu 1y tin hiéu vi xt 1y, vi diéu
khién, cac hé théng 16n c6 may tinh sd... So d6 khdi ctia mot hé diéu
khién sb duoc chi ra trén hinh 1.1.

X(t) \ u(t) L. t
ADC || Khau diéu | [0 1™ | Diwong | X0,
& chinh diéu khién
[ Phanhdi
Phan hoi |e

Hinh 1.1: So 36 khdi hé diéu khién s

Hé théng diéu khién s6 bao gdm hai loai khau co ban:

- Khau c6 ban chét gian doan: Cac tin hi€u vao va ra trang thai déu
gian doan vé thoi gian va mirc. Khau nay mo ta cac thiét bi diéu khién
digital.

- Khau c6 ban chit lién tuc: Mb ta dbi twong diéu khién. Viéc gian
doan hoa xuit phat tr m6 hinh trang thai lién tuc cta ddi tuong.
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- B0 bién d6i A/D: lam nhiém vu bién doi tin hiéu tir tin hiéu twong
tu sang tin hi¢u sb.

- Bo bién d6i D/A: 1am nhiém vu bién dbi tin hiéu sé sang tin hiéu
tuong tu.

- B6 diéu chinh c6 thé 1a vi xtr Iy (uP), c6 thé 14 vi diéu khién (uC).
1.1.1. B bién d6i A/D

Mo hinh qua trinh bién dbi tin hiéu lién tuc thanh tin hiéu gian doan
nhu hinh 1.2

u(k)

u(t)
PZ ‘ I

A./D
u(t) — u(k)

Hinh 1.2: M6 hinh qua trinh bién dbi tin hiéu lién tuc
thanh tin hi¢u gian doan

Viéc bién doi tur tin hiéu lién tuc thanh tin hiéu roi rac goi 1a qua
trinh cit mau, thong thudong khoang thoi gian cat mau 1a khong doi. Giira
hai 1an 14y mau lién tiép nhau, bo cit miu khong nhan mot thong tin nao
ca. Phan tir lvu giir s& chuyén dbi tin hiéu da dugc lay mau thanh tin hiéu
gﬁn lién tuc, ti€ém can vadi tin hiéu trude, khi né duoc léy mau. Phan tu
lwu giit & ddy don gian nhat 1a phan tir chuyén ddi tin hiéu mau thanh tin
hiéu c6 dang bac thang va khong ddi giita hai thoi diém 14y mau goi 1a
phén tir luu gitt bac khong.

1.1.2. B bién déi D/A

Tin hiéu sé duoc xir 1y tir may tinh hodc tir hé VXL can phai chuyén
sang tin hiéu twong ty dé didu khién khau chip hanh. Vi vay can ¢ bo

bién dbi tir tin hiéu sb sang tin hiéu twong tw goi tit 1a D/A. M6 hinh bo
chuyén d6i D/A nhu hinh 1.3.
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u(k) m_L, TI—LF- u(t)

D/A

—

Hinh 1.3: So do6 bd bién ddi D/A

1.2. TIN HIEU VA LAY MAU TiN HIEU

1.2.1. LAy miu tin hiéu

Trong hé théng diéu khién s tOn tai hai loai tin hiéu: Tin hiéu lién
tuc va tin hi¢u roi rac, trong khi do tin hi€éu dua vao dbi tugng diéu
khién va tin hiéu do luong 1a tin hi¢u lién tuc. DPé dua tin hiéu d6 vao
méy tinh s ta phai bién ddi tin hiéu tir lién tuc sang roi rac.

Ta xét tin hi¢u lién tuc nhu hinh v€ hinh 1.4a, ta chia truc thoi gian
thanh nhiing khoang bang nhau At; =At,= At; = ... = T, tin hiéu s& dugc
14y mAu tai nhimg khoang thoi gian d6. Sau 1ay mau tin hiéu c6 gia tri tai
nhimg diém roi rac nT.

x(t) x{nt) 4

$?TIO

Yoy

0 T 2T 3T 4T 5T... 0 T 2T 3T 4T 5T ...
a) b)

Hinh 1.4a,6: Db thi tin hiéu trude va sau khi Iéy mau

Véi cach 14y mau nhu trén thi ham x(t) dwoc mo ta bai chudi sb sau:
x(T), X(2T), x(3T),... x(nT). N6 cho biét gia tri ciia ham lién tuc x(t) tai
nhitng diém r0i rac 0, T, 2T,... nT. Gi4 tri ham x(t) ¢ diém khac c6 dugc
bang phuong phap ndi suy. Trong thuc té khau diéu khién va dbi tugng
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diéu khién 13 twong tu vi vdy tin hiéu roi rac lai dugc khoi phuc lai thanh
lién tuc. Néu tin hiéu lién tuc duoc giit khong doi trong sudt thoi gian
giita hai 1an 1dy mAu, goi 1 qua trinh luu giit bac khong.

1.2.2. Cac dic tinh liy miu

B6 lay mau 1y tudng duge mo ta nhu hinh vé hinh 1.5

Bo cit mau sé tao ra mot ddy xung don vi tir mot tin hiéu thoi gian
lién tuc. Gia thiét thoi gian tic dong clia cong tic ngan hon nhiéu khoang
thoi gian gita hai lan 1dy mau. Khi d6, gia tri cia ham lay mau ¢ dau ra
clia cOng tac sé 1a gia tri tirc thoi ciia ham lién tyc x(t) khi khoa K dong.

x(t) Bo ct x(nT) x(t) x x(nT)

—_— — -« —>

mau nT

Hinh 1.5: So 45 khéi bd cat mau ly tuong

Dé c6 hinh anh toan hoc rd rang vé qua trinh 14y méu ta c6 thé xem
b6 14y mau nhu mot cong cu thuc hién phép nhan tin hiéu x(t) voi ham
lay mau S(t), twong duong voi viée didu ché tin hiéu. Trong d6 ham lay
mau S(t) dong vai tro 1a song mang va nd duge diéu ché boi tin hiéu vao
3(t).

X(nT) = S(t).x(t)

Tir biéu thirc trén ta thay ham 1ay mau t6t nhat 14 xung don vi 8(t-nT)
c6 d6 rong bang vo cung bé, chiéu cao vo cing 10n véi tong xung luong
bang 1.

Trong thuc té cac bd 1Ay mau c6 mot khoang thoi gian tac dong nhat
dinh, cac xung ldy mau c6 mot dién tich nhat dinh. Vi vay trong nhiéu
truong hop ta thay xung 1dy mau c6 dién tich don vi thanh xung ldy miu
c6 dién tich A. Ta chi c6 thé xem ham 1y mau 1a diy xung don vi khi
hang s6 thoi gian 1dy mau nho hon hang sb thoi gian cia hé thong.

Gia thiét ham 14y mau 1a chudi xung don vi dugc biéu dién boi:
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S =3 5t - nT)

0 V,#nT

trong do: S(t -nT)= { | tenT
=n

Tin hiéu x(t) duoc diéu ché bai xung don vi ky hiéu

x'(1) = x(1).S() = > x()(t-nT)= i x(nT)d(t —nT)
0 0

trong do:
x(nT) 12 gi4 tri cuia ham x(t) tai thoi diém 14y mau nT;
8(t-nT) 1a mot xung don vi tai thoi diém nT.

Chuyén sang toan tir Laplace

x* (p) = x(nT)e™™"

Vay bién doi Laplace ctia by lay mau c6 thoi gian 1y mau bang nhau
va chuyén mach cia n6 dugc dai dién boi chudi xung don vi 1a mét tap
vO han.

Vidu: Xét ham x(t) = I(t)
x(nT)=1Vt=nT
x(nT)=0Vt=nT

x'(p) =x(nT)e"™"

1

I+e

x(s)=1+e"+e?™+ . = =

1.3. KHAU NGOAI SUY DU LIEU
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E(s) 5i Y(s)
R(s) Luu ER( doi
U—.» giir p)' tugng —
E (p)

Hinh 1.6: So d6 khau luu gitr giir liéu

Nhiém vu cua khau ngoai suy gilr li€u 1a xay dung lai ham da dugc
ldy mau thanh mét tin hiéu lién tuc dya vao cac ham ldy mau trude do.
Trong hé théng diéu khién sé khau ngoai suy giit liéu thudng tiép ngay
sau bo lay mau.

Can ctr vao kha ning sir dung s6 mau trude d6 dé du doan ham da
duoc lay mau vi ta chia khau luu giit thanh hai loai:

+ Luu giit cap khong (Zero Hold Order - ZOH): v6i ZOH tin hiéu
dugc phuc hoi chi phy thudc vao ham di dugc 14y mau tai thoi diém bét
dau cta chu ky 1y mau. Luu gitr ZOH c6 thé coi twong tw nhu may khoa
dién tir, nd duy tri mirc dién ap dau ra bang bién d6 xung dau vao va sau
do6 tu 1ap lai khi c6 xung maéi dét vao.

+ Luu gitr cép 1(First Hold Order - FOH tin hiéu dugc khoi phuc lai
phu thude vao mau trude do.

Thong thudng trong didu khién sb thuc té nguoi ta khong sir dung
khau ngoai suy giit liéu bac 1, vi chung tao ra su qua cham pha trong h¢
thong diéu khién c6 hodi tiép. Miat khac lam ting anh huéng cua nhiéu

tang d6 phtrc tap va gia thanh san pham.

1.3.1. Khau luu giir bac khong (Zero Order Hoat - ZOH)

x®) /X' | zou xht

Hinh 1.7: So d6 khau Iru giir bac khong

Pau va cta khau ZOH 1a xung Dirac, dau ra 13 twong ty.
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a) Ham sé truyén

Pé xay dung ham truyén cua khau ZOH ta dwa vao cac tng dung.
Pap ung xung ciia ZOH 1a xép chdng cua hai ham nhay (hinh 1.8), mot
ham duong tac dong tai t = 0 va ham am tac dong tai t = T (T la chu ky

ldy mau).

gt —

0

&) &) = f(0-1(T)

Hinh 1.8: So db dap (mg xung cua khau ZOH

Pé thiy duoc anh huong cua ZOH trong hé théng diéu khién co hdi
tiép, ta hiy v& dap tng tan sb clia no.

b) Bdp vmg tan cia ZOH
G(s)= L (1-¢T™)
S

Thay s =jo
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G(jw) = —l—(l —e™ )
Jo

_10172( J‘*’/2 _J"’Té)

JC\)

.'T’ —‘.T
2 —jmTz eJ(o,2 _e Jo 2
) 2j

(JT
= —2—e I sin( _‘*31)
) 2

Nhan tir s6 va mau sb véi T ta duge:
Tsin(oT4) 7

%)

Tur d6 ta v€ dugc déc tinh bién va pha ctia khdu ZOH nhu hinh 1.9.

G(jw) =

' Gl

0 /\ @

21T : 411/T : 6IT/T : i
@1 s a -
0 s e o
-180 : : .
-360 2 5 E
-540 ] ; '

Hinh 1.9: So 46 dac tinh bién va pha cia khauZOH

Nhan xét:
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Ham truyén cua khau quan tinh bac khong tuong ty dac tinh bd loc
thong thap véi tan s cat 2IT/T.

Khi thém mot khau ZOH thi hé thong bi cham pha diéu nay c6 thé
lam cho hé théng hdi tiép on dinh & dang lién tuc tr¢ thanh mot on dinh

sau khi lay dugc mau.

1.3.2. Khau lwu giir bac mt (First Order Hold - FOH)

xt) /x) | FOH xh(t
T S

Hinh 1.10: So d6 khau luu giir bic mot

Dau vao 1a xung Dizac dau ra 1a ham bac nhat c6 d¢ doc dugc xac
dinh tir hai mau trudce do.

Ham truyén ctua khau luu giltt bac mot dugc xéc dinh twong tu nhu
ham truyén ciia khau luu giir bac khong. Dap ting xung duge miéu ta nhu
hinh vé:

g(®

L}
[}
[}
i
. e R ] t

(n-DT naT  (n+ ])T\[Kn-Z)T
g(t)
A /
N // __
(n-)T t
(n-T  aT (n-2)T
-2
ettt ~

Hinh 1.11: So d6 dap ung xung cua khau luu giir bac mot
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g(t) = 1(t) + t.1(t) = 2(t-T).1 - 2t. 1(-t-T) + 1(t-2T) + t5(t-2T).1

Ge=1,1 2. '%‘C'TS eLemams +L2e‘ZTS
S s s S S S

— ]—C_TS 2
G(s) = T(1-Ts)( - )2
s

Ham truyén nay dung dé xét anh hudng cia khau luu giit bac mot
trong hé théng diéu khién c6 hdi tiép.
* Pic tinh tin ciia khau lwu giit bac mot.
Pé tim dic tinh tan cua khau luu giit bic mot ta thay s = jo
1- e—J(oT
s

G(jo) = T(I-Tjo) ———=)’
(o) = T(-Tjo) joT )

elm% _ e—jm%

2]

G(j©) = T\1+ 2T2e T, &
0)2T2

* Pap ing bién d¢ va pha cia khau FOH Hinh ( 1.12)

G(w)
0 ; /—\ w
) X 2T avT 6IUT
Y o ! Lo
-180 Ly ' '
-279 : ' :
- 360 ; .

Hinh 1.12: So 46 dap (ng bién do va pha cua khau luu giir bac mot
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Nhén xét:

Pic tinh tan cta khau luu gitr bdc mot gan giéng véi khau luu giir
bac khong.

Do dich pha ciia khau luu giit bic mot 1on gan gip 2 1an khau luu giit
bac khong.

Vidu: O tan s6 ® = 2I1/T, khau luu gilr bac khong tao ra I¢ch pha —
180° Trong khi khau luwu giit bic mot tao ra léch pha -279°

Vi d6 dich pha 16n s& anh huong dén su 6n dinh ciia hé thong, mit
khac no co thé 1am ting nhidu cho hé théng & tan s cao. Vi vay khau luu
giit bac cao it dugc sir dung trong khau luu gitr hoi tiép.

Tuy nhién n6 wu diém 1a c6 kha ning tai tao hoan hao nhitng ham co
dao ham bac cao. Hién nay trong k¥ thuat chu yéu la dung luu gilr bac
khong.

1.4. Phén loai h¢ thong diéu khién s6

He¢ thong diéu khién sé duge phan thanh ba loai:

- Hé thong diéu khién don: 13 hé thong co thé co nhiéu dau vao
nhung chi c6 mot d6i tuong didu khién.

- Hé théng diéu khién da kénh: C6 nhiéu dbi tuwong diéu khién
nhung nhiing ddi twong d6 khong lién quan dén nhau.

- Hé théng diéu khién nhiéu chiéu: C6 nhiéu ddi tugng diéu khién
va cac ddi tuong nay co lién hé voi nhau.

1.5. Uu nhwoc diém ciia h¢ thong diéu khién s6

Mdi loai diéu khién déu thé hién nhiing wu nhuoc diém. Tuy nhién
viéc so sanh giit diéu khién sb va diéu khién twong tu s& cho ta thiy
nhimg diém manh va diém yéu caa b diéu khién sb, dé gitip ta chon bo
diéu khién mét cach chinh xac va hop 1y.

1.5.1. Han ché cia diéu khién twong tw va cac wu diém cia diéu
khién s6

Thong sb cua cac linh kién dién tir dé bi tréi va thay doi, do vay xudt
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hién dién ap 1éch, tréi & dau ra bo diéu khién, thuat toan (do diéu kién
moi truong). Viec khir cac hién tugng nay doi hoi phai xay dung cac
mach bu tén kém, phtic tap. Trong khi trong k¥ thuat sé ¢6 2 muc 0, 1
dac trung cho trang thai c6 dién hodc khong c6 dién do vay it chiu anh
hudng cia yéu td nay.

Céc linh ki¢n tuong ty thuong nhay voi nhiéu: do ban than(dac biét
12 nhiét @6 sinh ra khi lam viéc) ho#c nhiu ky sinh bén ngoai nhu nhiét
d6 ctia mdi trudng. VEé nhiét thi b bién ddi 1a ngudn gay nhidu 16n nhat.

Tuy nhién ¢ k¥ thuat s6 co cic phuong phap chéng nhiéu nhu ky
thuat twong tu nhung ngudi ta thuong dung k¥ thuat loc sé cho phép loai
b6 nhitng diém bat thuong ma khong anh huong dén gidi thong cia
mach.

Viéc truyén dan thyc hién twong tu gip kho khin vi su suy giam tin
hiéu va nhiéu (duong truyén, trong khi ¢ ki thuat s6 voi khoang cach hop
1y diéu nay khong xay ra).

Linh kién k¥ thuat twong ty ciing c6 tinh chat khac nhau vé tan s6 khi
duoc san xuat hang hoat do vay kém 6n dinh va la ngudn gay nhiéu.

Viéc thyc hién mot s6 chirc ning nhu nhd, tré & ky thuat twong tu
gip kho khan. Tuy nhién lai don gian véi ki thuat sé.

Cudi cung 1a do tinh phirc tap cua viée thuc hién cac bd diéu khién
kinh dién 1a rat it. Churc nang tuong tu co thé duoc thuc hién bﬁng mach
t6 hop va can dén nhiéu linh kién rdi, viéc hiéu chinh thong sd va thuc
hién mach chung t6n nhiéu thoi gian va cong sirc, can c6 nhiéu tiép diém
lam giam d¢ tin cdy cuia cic mach tuong tu. V&i muc do phic tap ma
mach tuong tu trd nén bat hop 1y thi mach sb trd nén don gian.

1.5.2. Uu diém ciaa diéu khién twong tw va nhwoc diém cia diéu
khién s

K¥ thuat diéu khién twong ty c6 cac wu diém ndi bat ma khi chuyén
sang k¥ thuat s ta phai luu ¥ giai quyét. Nhimg didu nay can chi y khi
thiét ké hé théng diéu khién, didc biét 1a hé diéu khién truyén dong dién.

a) Tac dong nhanh
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Céc hién tuong dién tir trong may dién va bd bién doi thudng xay ra
rat nhanh va c6 thé pha huy toan bd hé théng néu xay ra su ¢d. Ky thuat
diéu khién twong tu tac dong gan nhu tirc thoi trong khi cac co cau sb tac
dong co thoi gian. Trong diéu khién s6, van dé thoi gian tac dong duoc
dat ra theo cac goc do khac nhau tuy theo bai toan cu thé.

Déi voi cac bo bién doi cham, vi du bd chinh luu tiristor lam viée véi
ludi 50Hz trong trudng hop nay diéu khién duoc coi nhu rat 1y tudng c6
thé thuc hién cac chirc ning bao vé va diéu chinh dugc thyc hién bang bo
vi xur 1y ¢6 tinh nang thong thuong.

Déi v6i cac bo bién ddi tic dong nhanh nhur bd bom (diéu khién tan
sO, bién tan) 1am viéc & tan s6 hang chuc kHz. trong truong hop nay bo
VXL tac dong rat nhanh ciing phai luu y dic biét va phai du tinh céac
chién luoc diéu khién dya trén cac giai phap phan cimg va phan mém.

- Giai phap phan cimg: Dé ting do tac dong nhanh ta thuong ding
hai giai phap:
+ Sir dung cdu trac lai (twong tu va sd);

+ Str dung cau triac hoan toan sd (vi bd VXL 1am viéc song song),
VXL chuyén dung thyc hién cac chirc nang dac biét.

Giai phap phan mém: Theo quan niém tin hoc va diéu khién ty dong
hoc.

Tin hoc: Phan mém phai cé tinh chét cdu trac, sir dung ngdn ngit gan
v6i ngdn ngit may (assembly) hodc ngdn ngit cip cao nhung ciing c6 dic
tinh cua hop ngtr nhu ngon nglr C. Trong moi truong hop nhiing kho
khan riéng cua vi¢c 1ap trinh 1a van dé vé thoi gian thyc, tdc dong nhanh
va an toan.

Diéu khién: Viéc md hinh hoa hé thng (Z) don gian trong hé thdng
1 bién vao, 1 bién ra. Trong truong hop may dién cu thé, 1a may dién
ddng bo, khong dong bd 1a phi tuyén va nhiéu bién, mot sé bién nhu
momen, tir thong roto, dong dién trong ddy quan can roto 1a khong do
dugc. Va mot thong sé chu yéu ciia may dién nhu dién tré réto cua dong
co khong ddng bo khong phai 13 hing sd.
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b) Tac dong lién tuc

Céc linh kién tuong tu co6 sy tdc dong nhanh va lién tuc trong khi do6
cac linh kién s6 lam viéc vdi cac dai lugng roi rac.

Pa sb dai lugng vat ly trong thuc té 1a cac dai luong lién tuc. Piéu
khién thuan sb doi hoi st dung cac bd bién doi tuong tu - s6 sau bd cam
bién. Viéc nay dat ra vin dé do chinh xac d6i voi tinh toan trung gian va
d6i véi cac bién ra tac dong 1én co cau chap hanh.

Ngay nay, thuong str dung may phat tbc va bo bién d6i A/D c6 dai
thong tot hodc thay ddi do chinh xéac (s bit) tuy theo trudng hop st
dung va dai toc 46 (téc do cao, tc d6 thip, diéu chinh téc do, diéu chinh
vi tri). Diéu nay dit ra vin dé vé lay mau bat budc phai co thoi gian thuc
hién cac phép tinh can thiét.

Van dé luong tr hoa ciing nhay cam khi lam viéc véi moémen nho
trong viéc diéu chinh mach vong dong dién. Piéu chinh sd tinh todn mirc
dit dong dién, 6 muc thap chuan dong dién tmg vé6i s6 binh nho, do d6
kho xac dinh. Nhiéu gy ra do viéc luogng tir hod s& 16n va dé tao nén su
¢d, vi du tao nén dao dong.

¢) Don gidan vé thiét ké hé thong twong tw

Ta thdy rang diéu khién twong tu & mirc d6 phuc tap thi s& trd nén
nang né. Tuy nhién, & mic do thich hop co céu hop 1y thi diéu khién
tuong tu lai tré nén don gian vé phuong dién ciu tric.

Vi su hop 1y ctia thiét bi hodc do cac thir nghiém chuan hod (dap tng
diéu hoa, xung don vi), nguoi ta tim ra cdc md hinh toan lién tuc béng
cac phuong trinh vi phan, ham truyén dat va d& dang xac dinh duoc cac
hé s6 khuéch dai va héng s6 thoi gian cua bd diéu chinh. Cac mo hinh
nay 1a gan dung nhung cac ky su biét rd chung duogc st dung cho cac tinh
toan so bd cac bd hi¢u chinh con cac thong s6 ctia nd co thé duoc tiép
tuc diéu chinh béng thuc nghi¢m tai noi lép dat.

Viéc xdy dung cu trac dua trén viée st dung cic mach vong 16ng
ghép vao nhau, cho phép chia mét bai toan 16n thanh nhiéu bai toan nho
dé dang giai quyét. Trong ciu tric nay dau ra cta bo hiéu chinh Gng véi
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mot vong 1a dai luong dit cho mach vong bén trong. Cac bién nay 1a cac
dai luong vat 1y lién tuc nhu dong di¢n, tde do, ching duogc do béng cac
cam bién tuong ty. Cac dai lugng lién tuc nay dugc st dung mot cach
trye tiép. Tom lai, viéc thiét ké mach diéu khién tuong tu va lién luc cta
hé théng dan dén cau trac don gian.

Piéu khién s6 1a diéu khién phtic tap, cac bién diéu khién kho truy
nhap, tror chuong trinh phﬁn mém d3 du tinh. Néu ta su dung bd vi xu 1y
dé thuc hién nhiéu chirc ning thi can phai thuc hién tdm nhin tong thé.
Déu khién s6 c6 thé linh hoi tinh than ctia diéu khién twong tu dbi véi cac
mach vong bén trong nhu lam gan dung lién tiép, chia cit bai toan 16n
thanh nhiéu bai toan nho. Nhung viéc thyc hién bﬁng sb khong linh hoat
nhu diéu khién tuong tu.

Chuong trinh phan mém phai xtr Iy trén mot khoi toan bg cac van dé
ma di€u khién tuong tu giai quyét bang cac moédun riéng ré.

Viéc thay d6i cac hé s6 ctia cac b diéu chinh sd don gian hon nhiéu
so véi diéu khién tuong ty. Khi thir nghi€ém mach tuong tu ta co thé diéu
chinh tir tir cac thong s6 mot cach an toan. Trong khi d6, dbi v6i ky thuat
s6 mot 18i ¢ thé gdy hau qua nghiém trong.

Viéc 1dy mau rat dé gy mat 6n dinh va khong phai bao gio ciing ¢6
thé giir dugc thong sd cua chu ky 1dy mau do anh hudng cua thoi gian
tinh toan.

1.5.3. Céc wu diém cé tinh chit quyét dinh ciia diéu khién s6

+ Diéu khién may dién chuyén sang lai va hoan toan sd 1a do cac dic
tinh quyét dinh ctia cac linh kién s6. Cac linh kién s6 cho phép cac thao
tac phirc tap mot cach rat chic chin.

+ Ngay nay 80% céc linh kién trén thi trudng 1 linh kién sb. Do vay
xuét hién 1 trao luu chung trong k¥ thuat 1a chuyén tir ky thuat twong tu
sang k§ thuét so.

+ Céc chuong trinh phdm mém cho phép tdi uu hod diéu khién va
thay d6i cac tinh ning mong mudn. Vi du nhu diéu khién mémen hoic
tir thong s6 khong ddi co thé thyc hién didu khién I6gic. Nhung trong
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truong hop ndy gia thanh dat va phirc tap ton nhiéu thoi gian thyc hién.
diéu khién sé c6 thé don gian van dé nay.

+ Vi cac chirc nang diéu khién dugc thuc hién bang phan mém cho
nén vaéi cing mot thiét bi phan cimg (mot bo vi xir Iy va cac giao dién)
duoc str dung cho moi tng dung. Piéu nay dan dén giam cac chi tiét dy
phong, do d6 giam gia thanh.

Piéu khién may dién ludn nam trong khung canh ty dong hoa toan bo
hé thong. Ngay nay duoc thuc hién bang may tinh v6i cing mot cong
nghé sb (ctng cac b vi xtr 1y ) c6 thé thuc hién cic muc phan cép tu
dong hoa khac nhau, 1am dé dang céc tich hop va dong bd hod moi phan
tu.

Céc yéu to trén dy da chimg to diéu khién sé 1a mot budce phat trién
hoan toan pht hop véi xu thé phat trién ciia diéu khién tu dong va ty
dong hoa. Ngay nay, diéu khién s6 ngay cang chiém uu thé va lam co so
cho su phat trién cta cac hé thong diéu khién thong minh

1.6. PHEP BIEN POI Z VA UNG DUNG CAC PHEP BIEN POI
Z TRONG NGHIEN CU'U HE PIEU KHIEN SO

1.6.1. Phép bién ddi z

Trong hé xung s6 (hé roi rac) phép bién ddi z giir vai trd quan trong.
Néu c6 ham lién tuc f(t) ta s& c6 ham roi rac f(it) véi chu ky cit mau T.
Khi do:

[e 0]
flit) = Y f(1).8(t —it)

i=o

Vi 8(t — it) 1a ham xung Dirac.

Bién dbi Laplace cia ham f(it) ky hiéu F*(p).
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. e}
Fi(p)= [f(it)e Stdt
0

© o
[T f(t).8(t-it)e St
0 i=0

o0 90
¥ [f0a-ine
1=00

[e 0} a
= 3 f(iye "

i=0
bat:

Z=¢" (Vi p la toan tir Laplace lién tuc ).

P=o+jon.
Véys=lln2. (Vé6i Z 1a todn tir roi rac )
T

eat

z=e% cos( t) + je *! sin( @t).

Do vay:

F(p=2n2)=F@)= 3 fi.z”
1=0

0 .
F2)= ¥ f(i)z™
1=0

F(Z) 1a bién d6i Z ctia ham f(it) hay f(t).
F(Z) = Z{f(i)}.
Vi du: Cho ham f(t) = 1(t) ; f(i) = 1(i)
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» Z{1()} = F(2) = 02011(1‘)2“ = f:l,z-‘ =1+2'+ 72+ 2723 +...

i=0 i=o

1

V4
1-z' z-1

f(t) = 1(t)

0 1 2 3 45 6 7 i itl..

Hinh 1.13: D6 thj ham 1(t) trude va sau lay mau
1.6.2. Tinh chét caa bién ddi z
a) Tinh chat dich ciia ham goc f(i+1).

Z{f(i)} = F(2)
Z{f(i+1)} =Z. F(z) - Z.f(0)

m-I| )
Hay Z{f(i+m)} = ZmF(z)- » f(i).2™"

j=0
b) Tinh chat tuyén tinh:
Z{afl(l) + bfz(l)} = a.Fl(Z) + bFz(Z)

¢) Gida tri dau cua ham goc roi rac:
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F(i=o) = f(o)= limF(z) = lir{)\f(i)
d) Gid tri cudi ciia ham géc roi rac.

Linll(Z -1).F(z)

e) Bién doi Z cua sai phan: Af{i) sai phan tién.:.

A (i) = f(i+]) - f(i)

Z {A(1)} =(Z-1).F(z) - Z.(0)

Z{N ()} = (Z - 1 Y- F(z) - Z.(Z - DF(0) - Z. A £(0)

1.6.3. Bién doi Z ciia khiu giir miu

Bién d6i Z cua khau gitt miu khong phai 13 mot bién dbi cua dap
tuyén xung, cho nén ta khong tim bién ddi Z cua diéu chinh bang thoi
gian T, ma thuc hién bién d6i Z theo so do sau:

Giir mau

T
/ Hzy [

Hinh 1.14: So 46 khéi khau giir mau

Ham thoi gian bién doi cia khau gilr mau la:

g®) =f(t) - f(t-T)

v6i f(t) 1a bién ddi nguoc cua Fs)
s
Nhan hai vé cta (1) véi 1/z ta dugc:
F(2)
G(z) : F(z) -
(2) : F(2) ~
F(z)

Trong d6 F(z) 1a bién d6i Z twong duong cta —
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= G(z) = (I —l].F(z) = H(z). F(z)
z

N o x 1
Ham truyén dat cua khau gitt mau H(z) dugc xem la (1 - — ) va ham
z

F(z) tuong duong -M
s
Néu cho F(s) = 1 thi: F(z) = 2.8 = 1
s
Tra bang phu luc A ta dugc:
Z
F(z)= —£—
(2) o
n 1 Z
Vay: G(z)=H@).Fz)=(1--).— =1
z Z-1

Nghia 12 bién d6i Z cua khau gitt mau 1a mét xung don vi, xung d6
¢ gia tri bang 1.
1.6.4. Phép bién doi Z ciia khau tré

Xét hai ham roi rac don vi, mot ham 13 ham tré bai xung don vi'T'
tor ham kia

f(t) [

Budc tré

F’(t) = f(t-T) |

I l l Xung |y méu

Hinh 1.15: D) thj thoi gian cua khau tré

Bién d6i Z dugc xac dinh cho mdi ham :
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Ham budc nhay: F(z)—L+ Sttt
VAR AR A /

Ham tré: F(z)——+ ! ! ! +.....

z° 7 22 =)

1| o 1 1 1 1
= —|l—+—+—=+—=+..... = =.F(z)
Z|ze 7' 722 73 z
Nhu vay dé nhan duoc bién ddi Z cua budc tré ta nhan ham khong
X . 1 r ~ , \ A N A 5 < A A. 5
tré voi = n6 cling dang cho ham bat ky. Thuc chat cua bién doi1 Z cua
ham khong tré 1a bién doi ctia mot chudi riéng 1é trong d6 né thuc hién

: C e | A . XA~
phép todn véi don vi dau tién nhan voi = Thong thuong chudi nay sé

. \ A . A 5 A X ~ 1w Z
hdéi tu va dugce cong lai. Tong cua mot chudi sé bang: Z—
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CHUONG II
MO TA TOAN HQC HE PIEU KHIEN SO

2.1 MO TA TOAN HQC HE PIEU KHIEN SO BANG SO PO
KHOI

Viéc xac dinh ham truyén theo bién d6i z ciia hé thong dir liéu da
duogc 14y miu thuong 13 phic tap vi khong co bo 1dy mau giita cac khau.
Do d6 ta khong thé xéac dinh truc tiép bang nguyén tic nhu trong hé diéu
khién lién tuc ma phai phan ra theo Truong hop cu thé.

2.1.1. Céc khau néi tiép duwgc phan biét béi mét bd 14y mau dong
bd

R®=R@ ‘
R(s) | @ | y C2 Cl0)=C2)
— 1 G [ e

Hinh 2.1: So dd khu lay mAu ndi tiép dugc phén biét
bai mot bd ldy mau dong b

Bién d6i z & dau ra cta bo 1y mau thir hai:

Ci(z) = R(2).G\(2) 2.0)

Bién d6i z & dau ra cta bo 1y mau cubi:

Ca(z) = C1(2).Gx(z) = C(2) (2.2)

T (2.1 ) va(2.2) ta suy ra:

C(z) = R(2).G1(2).Gx(2)= R(2).G(2)

Véi G(2)= G1(2).Gx(Z)

Vay bién d6i z cta cac khau nbi tiép dugc phan biét boi bo 14y mau
dong b bang tich bién doi z cua tung khau riéng biét.

2.1.2 Cac khiu ndi tiép khong dwoc phén biét béi bd 1dy mau
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Xét so do cau truc nhu hinh vé:

R(s) R Co*(s)= C2(2)
RO G L[ |1& 25
T T

Hinh 2.2: So d6 khau liy m3u nbi tiép khong dugc phan biét
bai bd lay mau
Trong d6, cac khau ndi tiép khong duoc phan biét bai bo 14y mau.
Trong so dd, khau 2 duoc diéu khién gia trj C1 (t) tai thoi diém lay
mau va gitra cac thoi diém lay mau.
Bién d6i Z cta tin hiéu dau ra la:
C2(2)=R(2). Z{G1 (5)G2 (s)} =R(2).G\G(2)
trong d6: G,Ga(z) 12 bién ddi Z cuia ham truyén G(s).Ga(s).
cha y: G1.Ga(z) # Gi(2).Ga(z)

) 1 1
That vay, gia Su ta co: Gi(s) = ——; Gy (5) = ——
s+a s+b
Néu 2 khau duoc ndi v&i nhau nhu truong hop 1 thi:

G(2) = G1(2)G2(2)

z z
trong do: G(z) = ; Ga(z)= 2.3)
- e—aT - e—bT
Z2
Do do: G(z) =
(Z _e T, e—bT)

Néu chung duoc ndi nhu trudng hop 2 thi: G(z) = G1Gy(z)

]
Ma: G](S)Gz(S) = m

Phan tich thanh phan thirc don gian ta co:
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: 1 1
G (8)G 5 (8) = s .

(b-2) G+a) (a-b) (5+b)

Tra bang anh gdc:

_ 1 z 1 z
S G o e ) G freet) Y

2.1.3. B 1y miu trong kénh sai léch

R(z)
LT 5 C(2)
J E (s
Rs) | T K@) © e e
: el G L
T C(s)
-)

H(s)

Hinh 2.3: So 46 b ldy mAu trong kénh sai léch

Tir so d ta tinh duoc ham truyén cua hé kin:
E(s) = R(s) - G(s).H(s) E*(s)

Vi bo 14y mau 1a tuyén tinh ta 4p dung nguyén Iy xép chong :

E'(s)=R'(s) - G.H(s).E(s) (G.H'(s)# G'H'(s))

= E'(s) =—5¥

1+G.H' (s)

C(s) =G(s).E'(s) = R_“_)(?,ﬂ

1+G.H (s)
Bién dbi Z biéu thirc trén ta dugc:

_R@G@

<@ 1+ G.H(z) (25)

2.1.4 B ldy miu trong vong héi tiép
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o e e SO
) i E(s) 1 G(s) :. T
=) . Gs)
C(s)
H(s) g —
T

Hinh 2.4: So 46 bd liy miu trong vong hdi tiép

Ta c6 ham truyén theo bién ddi Laplace ¢ dau ra la:
E(s) : R(s) - H(s).C*(s)
C(s) = G(s).E(s) = G(s).R(s) - G(s).H(s).C*(s)

Thuc hién bién ddi Z phuong trinh trén ta dugc:

- i _ RG(z)
C(2)=G.R(z)-G.H(2).C(z)= C(z) e (2.6)
2.1.5 B ldy miu trong vong thuin
R(2)
o>
boT C(2)
R(s) Eis) E'(s) cs)y T g
— G(s) —"'/'T" C'(s)
() T T

H(s)

Hinh 2.5: So d6 bd ldy mau trong vong thuan

Ta c6: E(s) : R(s) — G*(s). H(s).E*(s)

Ap dung nguyén 1y xép chong:
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E'(s)= R'(s) -G'(s).E(s).H'(s)

= E'()=—n )
1+G (S)H (S)
Mitkhic:  C'(s)= G"E'(s)=—— G )
1+G (s).H (s)
Bién d6i Z ta duoc:
__R@®)G@)
C@)= 1+ G(2)H(z) (2.7)

2.1.6 Cac b ldy miu dong b va cac khau ndi tiép trong vong hoi
tiép

R(

/T """ ‘ .___Q(Z)
R) E(s)' Es . . -
—R— (S) | el 2(s) C(s)

T T

H(s)

Hinh 2.6: Cdc bg ldy mdu déng bé va cdc khdu néi tiép trong vong héi tiép
E(s) = R(s) - H(s).G2(s). G'I(s).E'(s) &p dung nguyén ly Xép chéng:
E'(s) = R'(s) - H.G'x(5).G,'(5).E'(s)

R"(s)
1+HG3(s)G (s)

= E'(s)=

C(s) = Gx(s).G 1(s).E'(s) = C'(s) =G «5).G"\(s).E"(s)

Cs) = GI.GE‘(S).R“(S)
1+ H.G>(s).G(s)

Bién do6i Z ta co:
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R(2)G,(2).G,(2)
1+HG,(2)G,(2)

C(2)= 2.8

= Chuy:
Ta c6 thé st dung cac nguyén tac sau cho hé roi rac tir hé lién tuc.

+ Néu khong ¢ bo 1ay mau giira diu vao R(s) va khau dau tién cua
vong thuan thi khong thé tach biét bién ddi Z dau vao ctia khau dau tién.
Luc d6, ta c6 R.G(z), va khong thé tinh dugc ham truyén bién doi Z
bang ty s tin hi¢u ra va tin hiéu vao.

+ Néu mot khau trong vong thuan hay vong hi tiép phan biét véi
dau vao hay dau ra ciia hé thong va véi cac khau khac boi cac bo 1dy mau
& ddu vao va dau ra cua no thi nd hoan toan doc lap vé bién ddi Z.

+ Néu mot khau trong vong thuan hay vong hoi tiép khong phan biét
v6i khau ké can hay dau vao cia hé thong boi mot khau 1dy mau thi phai
thyc hién bién doi z ctia ham truyén gitra cac khau (hay giita khau d6 véi
dau vao).

2.2 PHUONG PHAP SAI PHAN

Céc bo diéu khién sb can dugc ding trong hé thdng, do d6 can phai
thanh 14p quan h¢ gitra tin hiéu s6 va tin hiéu lién tuc. Dé mé ta hé lién
tuc, ta st dung phuong trinh vi phan. Pé mo ta hé roi rac, ta st dung
phuong trinh sai phan. Phuong trinh sai phan 1a xét xdp xi gan dung
phuong trinh vi phan dugc viét & dang thuén loi cho viéc 1ap trinh trén
may tinh.

Phuong trinh sai phan tuyén tinh hé sb hﬁng bac n dugc viét dudi
dang téng quat:

Y (k+n) + ap y(k+n-1) + apoy(k+n-2) +...+ agy(k) = f(k) (2.9)
trong do: y(j) (voi j =k, k+1,..k+n) 1a cadc gia tri roi rac cua bién y tai
thoi diém ldy mau thir j néu bién doc 1ap 1a thoi gian.

Tuong tu trong h¢ lién tuc dé thuan tién ta bién d6i phuong trinh
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trén vé phuong trinh trang thai (dé ha bac phuong trinh).

x1(K) = yao
x2(k) = x;(k+1) = y(k+1)
Xn-1(K) = Xpo(k+1) = y(k+n-2)
Xn(k)=xp1(k+1) = y(k+n-1)
= Xa(k+1) = -aoxi(k)- a;x5(K) -... - @ 1xq(k) + f(k)

Bi€u dién dudi dang ma tran ta c6:

X(k+1)=A.X(k)+B.U(K) (2.10)
véi U(k)=Rk)

0 1 0 0 0
0 0 1 0 0
A= .. B=
0 0 0o .. 1
-ag —a; —-a; .. —a,_| 1

D¢ giai phuong trinh sai phan tuyén tinh ta c6 thé lap trinh trén may
tinh hodc dung bién d6i Z.

Vi du 1 : Xét phuong trinh sai phan bac nhét: y(k+ 1) + y(k) =0

n-1
Ap dung cong thirc: Z{y(kT +nT)} = Z" [Y(z) - Zy(kT)Z'k} ta co:
k=0

ZY(2) - Zy(0) + Y(z) =0
_ L on_li_71,7-2_,3
Y(z)—Z+]y(0) (1 zl'vz7%-2 +...)y(0)

Hay y(k) = (-1)"y(0) (k=0, 1,2,3...)
Vi du 2: Cho phuong trinh sai phan bac 2
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y(k+2) + 0,5y(k+1) + 0,2y(k) = u(k)
Véiuk) = 1 (k:0,1,2,3,..)

Diéu kién dau: y(0) = 0; y(1) =0
Lay bién d6i Z 2 vé phuong trinh ta duoc:
(Y@ - Z(0) - Zy(1) ]+ 05(ZY(2) - Zy(0)] + 02Y()) = U@) = 5~

Y(z)= z —

(z-1)z2 +0,52+02)

Phan tich thanh c4c phan thirc don gian ta co:

0,588  1,036e™)283  1,036¢11283

Y(z)= . .
Z-1 Z+025+j037 z+0,25-j037

Bién dbi Z ngugce ta dugc:
}’(k) - 0,588 _ ],036(0,447)k [e-j(2,|56k -1,283) + ej(2,|56k- |.283)]
y(k) = 0,588 - 2,072(0,447)"cos(2,l65k -1,283) Vaik=20

2.3 KY THUAT BIEN TRANG THAI

Ta d biét hé phuong trinh tuyén tinh mé ta hé¢ diéu khién sé bac n
c6 dang:

X(k+ 1 )=A.X(k)+B.U(k) (2.11)

C(k) = D.X(Kk) (tin hiéu ra)

trong d6: A, B, D 1a cac ma tran;

voi: A,B 1a cac ma tran cOt; D 1a cdc ma tran hang;

C(k) 1a cac tin hiéu dau ra; X(k) 1a cac bién trang thai; U(k) la cac
bién diéu khién.

Vi du: Hay xac dinh mo6 hinh bién trang thai cho hé dugc mo ta boi
phuong trinh sai phan:

y(k+2) + 1,7y(k+ 1) - 0,72y(k) + u(k)
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bat: x;(k) = y(k) = c(k)
x2(k) = xi(k+ 1) =y(k+ 1)

Ta co: xa(k+1) = y(k+2) = ung + 1,7x(k) - O,7xy(k)

H¢ phuong trinh trang thai la:

0
U(k)

X(k +1)= 1

|
X(k
~0,72 1,7| (o

C(k) =y(k) = [0 1]X(k)

* Quan h¢ giira cac phwong phap:

Pé xac dinh médi quan hé giira cac phuong phap mé ta hé thong diéu
khién sb ta bat dau tir viéc xét ham truyén bién doi Z cta hé théng dudi
dang tong quat.

- -2
Ta c('): W(Z) = _Y_gz_) = bn—]zn ! + bn_zzn +..+ b]Z + bO . E(z)
U(z) z" +an_|Z"" +..+aZ+ag E(z)

trong do:
Y(z) 1a tin hiéu ra;
U(z) 1a tin higu vao;

E(z) 1a tin hiéu sai 1éch dugc sir dung nhu 13 bién phu dé mo ta hé
théng.

Y(2) = (b Z"" + by Z™? +... + b, Z + bo)E(2)
U@) = (Z"+ a,Z"' + ..+ a)Z + a)E(2)
Ta co:
27 E(@)} =e(k)
2 zE(2)} = e(k + 1)
z! {zza(z)}= e(k +2)
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Dit bién trang thai:

xi(k) = e(k)

(k) =xi(k+ 1) :e(kt 1)
x3(k) = xp(k+ 1) : e(k+2)

Xn(k) = X@m-1(kt 1) =e(ktn-1)
Tt d6 ta rit ra:

x1 (k + li=x; (k)

xy (k + li=x3 (k)

x3 (k + 1 : x4 (k)

Xn (k + 1) = -aoxl(k) - aIX2(k) - 32X3(k) - ... - Ap1Xnp (k) + u(k)

Viét dudi dang ma tran ta co:

xy(k +1) o 1 0 0 ... 0

0
x(k +1) o 0 1 0 ... 0 0
e = . ) L XK+ u(k)
xoqk+n| [0 0 0 o | e
lxatk+D ) (-2 -a -a3 —ag = -a, !
ck=yk =0 b . . . by_)X(K)
X(k +1)= AX(k) + BU(K)
ay.
" e = DXk

Dé xay dung cau trac cua hé thong ta chia ca tir s6 va mau s6 cho Z":

-1 2 _
o w(z) = Y@ _bnyZ +bn_2lZ +..+boZ™"
u(z) l+a,_Z " ..+ayZ"

Y(z)(l +ag 27 . +agz" ): u(z)(bn_,z“ +by2Z 724+ bOZ‘“)

Phuong trinh sai phan tuong ung :
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yk) +angyk-1)+a,_oy(k-2)+...+agy(k-n) =
=b,_ju(k-1)+bp_ou(k-2)+..+bgulk -n)

y(k)=-a,_1y(k-1)—-an_2y(k-2)-..~agy(k-n)+by_ju(k-1)+
+bp_pu(k-2)+...+bgu(k-n)

sau day la cau tric cta toan hé thong:

U(k)
U(k-1) “an-1
U(k-2) “on2

u-——! bn-3 ) E
U(k'3) l—i Z‘ - i

b'
Lz Z 1 ykn)

U(k-n) by i

Hinh 2.7: So d6 cAu trac bién trang thai cua toan hé thong

Vidu: Mot hé diéu khién s6 dugc mo ta boi ham so truyén:

Yz) 22 +2Z+1
Uz Zz3+222+2+05

W(z) =

Hay thanh 1ap hé phuong trinh trang thai, phuong trinh vi phan va so
d6 cau triic ciia hé thong.

Tur ham so truyén ta co:
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Y@ 22 +22 +1 E(2)

W@ = Ga " 29722742+ 05 E(z)

Y(z)=(2* +2Z° + Z + 0,5)E(2)
U(z) =(Z* +2Z + D)E(2)
Ky hiéu E(z) = e(k)

ZE(z) = e(k+1)

Z’E(z) = e(k+2)

Dit bién trang thai:
xi(k) = e(k)
xaok)=xik+1)=ek+ 1)
x3(k) =x2(k+ 1) = e(k+2) Ta co:
x3(k+1) = -172x;(K) - x2(K) - 2x3(k) + u(K) ta c6 hé phuong trinh:

[x,(k+|)= x5 (k)

xa{k+1)=x3(k)
x3(k+1)=-0,5x1(k)-x3(k)-2x3(k)+ u(k)

Viét dudi dang ma tran:

[x1(k+1'| " 0 1 0'”x1(k)] {O}
X, (k+1] = 0 0 1 X, (k)] + |0 u(k)

xs(k+1] [-05 -1 -2||xs(k)] |1

Tin hiéu ra la:
Y(2) = (2> + 27 + 1)E(2)

x1(k)
y(k)=xi(k) + 2x(k) +x3(K) = [1 2 1] x,(k

X3(k

+ Phwong trinh sai phian
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2 . LR x 4 2
W(z)=22 27 +22+1 E2) Chia tir va miu sb cho Z’ ta co
3, 52
U@ z°+22°+2+05E(@)

Y@ Z2'+222+2°

W(2) = =
& U@ 1+22'+22%2+0523

vl +227 + 22 40523 )= vz + 2272 + 273)

Tir do ta c6 phuong trinh sai phan:

y(k) + 2y(k- 1) + y(k-2) + 0,5y(k-3 ) = u(k- 1 ) +2u(k-2) + u(k-3)
+ So d6 khoi

Tir so dd sai phan ta co:

y(k) = 2y (k- 1) - y(k-2) - 0,5y(k-3) + u(k- 1 ) +2u(k-2) + u(k-3)

uk) y(k
uk-1) | 1 ) y(k-1)
7] 7]

u(k-2) ) 3 YA -1 y(k-2)

Z- Z.
u(k-3) 1 -0,5 —E'j y(k-3)

Hinh 2.8: So d6 céu truc hé didu khién sb
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CHUONG 3

KHAO SAT ON PINH VA PHAN TiCH HE PIEU
KHIEN SO

3.1 KHAI NIEM

Ta da biét, hé diéu khién s6 tuyén tinh dwgc mo ta boi phuong trinh
sai phan tuyén tinh c6 dang tong quat:

any(k+n) + apjy(ktn - 1) +... + apy(k) — u(K) 3.1)

V& co ban, ky thuat phan tich va danh gia do on dinh cia hé théng
tuyén tinh lién tuc c6 thé ap dung cho hé thong DKS tuyén tinh. Dé xét
hé¢ thong s6 on dinh hay khong, ta phai giai phwong trinh sai phan.
Nghiém tong quét ciia phuong trinh sai phan mo ta hé théng diéu khién
sd ¢ dang:

y(nT) : yo(nT) + y«(nT)

trong do6: y,(nT) la nghiém tong quat ciia phuong trinh sai phan thuan
nhat (phuong trinh sai phan cé vé phai bang 0); y«(nT) 1a nghiém riéng
cua PTSP.

Nghiém riéng y(nT) biéu dién trang thai xac 1ap cua hé thdng, no
khong anh hudng dén tinh 6n dinh cta hé thong. Nghiém yo(nT) mo ta
dac tinh ctia qué trinh qué d9, n6 anh huong téi tinh on dinh cua hé. Vi
vay, dé xét tinh 6n dinh cua hé théng diéu khién s ta can gidi phuong
trinh sai phan thuan nhat:

ay(k+n) + a, y(k+n-1) + ... + +agy(k)=0 3.2)
Tinh chét ciia nghiém cua phwong trinh (3.2) duge xéac dinh dua vao
nghiém cua phuong trinh déc tinh:
anz" + apz™ +.. +ap=0 (3.3)

Gia thiét phuong trinh dic tinh c6 n nghiém riéng biét, nghiém cua
phuong trinh sai phan thun nhat c6 dang;
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yo(nT) = Cyz{ +Cpz] +--+Cpzp

Ci la cac héng s6 duoc xac dinh tir so kién cta bai toan. Hé théng
PKS

s& 6n dinh khi:
limy, (nT)=0 (3.4)

1w

Piéu kién trén dugc xac dinh thong qua cac dic tinh nghiém sé cua
phuong trinh dac tinh.

+ Khi z; 1a nghiém thyc: z; = ¢ thi diéu kién (3.4) thoa man khi a; <

()hay‘zi‘ <1

+ Khi 7 1a nghiém phtic: 7 =e“" " = ¢%e”” hé s& én dinh khi |z | <

hay e*' <1 =a;<0
+ Néu z, 1a nghiém thuan a0 z; = ¢”*, QTQP hé thong s& c6 thanh
phan dao dong véi bién do khong doi.

= Tir nhirng phén tich trén ta rat ra két luin déi véi h¢ thong
diéu khién s6 tuyén tinh:

+ Hé 6n dinh néu phuong trinh déc tinh ctia hé c6 cac nghiém thuc
hoac nghiém phtrc c6 mddun < 1.

+ Hé khong oOn dinh néu phuong trinh dic tinh c6 mot nghiém thuc
hoac nghiém phtrc c6 mddun > 1.

+ Hé ¢ bién gidi 6n dinh néu phwong trinh dic tinh c6 nghiém thuan
do va cac nghiém khéc la nghiém thuc hay phic c6 modun < 1.

* Moi lién h¢ giira mit phang Z va mit phang S
Mit phang Z lién hé v6i mit phang S theo cong thirc:
Z=¢" (3.5)
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Hai mit phang nay déu 1a cac lugng phiic duoc biéu dién trén truc
thue va 4o chi khac & chd mit phang Z ¢ thir nguyén cua tan sd con mat
phang Z thi khong c6 thir nguyén.

Truc 4o trong mit phang Z giéng nhu trong mit phang S chiing dong
mot vai tro quan trong trong viéc nghién ctru tinh  6n dinh ctia hé gian
doan.

Truc sd 4o ctia mit phang S biéu thi cua gia tri (jo) di tir -0 — zero
—> O

o . , ioT ..
Pat: s=jo tacé: Z=¢€" =¢e"" = cosoT +jsinoT

+ Khi o ting tir 0 d&én /T, dudng thang tir gbc dén diém Z quay
nguoc chiéu kim dong hd va nd v& 1én mot vong tron c6 ban kinh 1a:

R = \Eoszcot+sin2cot = 1

+ Khi o ting tir -n/T dén 0, duong thing tir gbc dén diém Z quay
cung chiéu kim dong hd va né vé 1én mot vong tron ¢ ban kinh 13 1.

+Khis=0suyraZ=e": 1. Khi d6 gbc cia mit phing S tring voi
diém +1 trén mit phang Z.

+ Khi s = oo suy ra Z = ¢” = 0. Khi d6 gbc cia hé Z tring vé6i diém -
o clia mit phing S

Nhan théy nura trai cia mat phéng S (nua on dinh) duoc thé hién
bang phan trong duong tron don vi trong mit phang Z.
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Bién gidi én dinh

Ving 6n dinh

Mt phing Z Mat phang S

Hinh 3.1: Quan h¢ giitra mat phing Z va mat phing S

Trén mat phang S, do tinh chat chu ky cua céc ddc tinh tan s6 cua hé
thong sO nén chi can khdo sat sy phan bo nghi¢m so trong dai tan tu
@y

Y — % (hinh 3.2a). Trong céac dai tan tiép theo, v6i do rong lao sy

phan bd nghiém sé hoan toan lap lai. Hé thong s6 on dinh khi tat ca cac
nghiém sé ctia phuong trinh ddc tinh phan bd bén trai tryc a0. Khi co
nghiém nam bén phéi tryc 4o, hé thong s& khong 6n dinh. Truc 4o la
duong bién gidi phan ving 6n dinh trén mit phang S (Tuong ty nhu hé
thong diéu khién tuyén tinh lién tyc)

we/2
On dinh 7 Khong én dinh / .
dinh

Mit phing S 5 M3t phing Z

-0o/2 Khéng 6n dinh

Hinh 3.2: Mit phing

Trén mat phéng Z, hé théng s& 6n dinh khi tt ca cac nghiém s6 cua
phuong trinh dic tinh phan bd bén trong vong tron don vi. Hé thong s&
khong 6n dinh néu c6 mot nghiém nao d6 nam ngoai vong tron don vi.
Vay, vong tron don vi 1a bién giéi On dinh trén mat phang Z (hinh 3.2b).
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3.2 TIEU CHUAN ON PINH PAI SO
3.2.1 Tiéu chuin Rao - Hurvit mé rong

Tuong ty nhu hé théng diéu khién lién tuc, & hé diéu khién sb, viéc
giai phuong trinh dic tinh ctia hé thudng rat phirc tap. Vi vy, ta tim cac
tiéu chuan dé dwa vao d6 danh gia do on dinh ciia hé théng diéu khién
s0.

Xét hé thong DKS c6 phuong trinh dic tinh:

a, 2"+ agZ"' + ... tay=0 (3.6)
y+1 . e iz

Thay z = = vao phuong trinh ddc tinh va bién doi ta dugc:

Ay ALY Lt Ap=0 (3.7)

Mdi quan h¢ giita nghiém sé cta phuong trinh (3.6) trén mit phang y
v6i nghiém Z ciia phuong trinh (3.7) nhu hinh v&. Ta thay:

+ Khi nghiém y ndm bén trai truc 4o, |y+1|<|y-1| =z|< 1 twong
duong véi truong hop nghiém z nam trong vong tron don vi.

+ Khi nghiém y ndm bén phai truc ao, [y+1[>y-1| =[z}> 1 twong
duong v6i trudng hop nghiém z ndm ngoai vong tron don vi.

+ Khi nghiém y nam trén truc do, [y+1=|y-1| =|z|= 1 twong duong
v6i truong hop nghiém z nam trén vong tron don vi.
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y-1

y+ly

y+l

y-1 a

y y*l
y-1
y+l<‘
y-1
y+:=l
y- y_]

y+1

Hinh 3.3: Mbi lién hé giira mat phing Z va mat phing Y

Vay khi chuyén tir mat phang Z sang mit phang Y, thi viéc xét on

dinh cua hé thdng ciing chuyén tir diéu kién |z|< 1 sang diéu kién tat ca

cac nghiém cia phuong trinh dac tinh chuyén doi nam bén trai truc do.

Ta c6 thé st dung tat ca cac phuong phap dai s6 da hoc d6i voi hé tuyén

tinh lién tuc dé xét on dinh hé diéu khién so.

Vi du I: Xét 6n dinh ctia hé théng diéu khién sb c6 phuong trinh dic

tinh

az+ap=0

+ Theo nghiém cia phuwong trinh dic tinh:

a,

a,

Taco z= -

Hé théng s& 6n dinh khi |z|< 1 hay |ag|< |ai]

+ Theo tiéu chuan dai so:

y+l

Thay z =

vao phuong trinh dac tinh, ta co:
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a,y—H+a0 =0
y—1

Viy# 1 nénco: (a; +ag)y +(a; -a9) =0

Theo tiéu chuén dai s6 thi hé thong co phuong trinh dic tinh bac 2 s&
6n dinh khi cac hé s6 cua n6 cung dau, tirc 1a: (a; + ag)(a — ag) > 0

Vi du 2: Xét 6n dinh cia hé théng diéu khién vong kin ham sb
truyén:
0,092(Z - 0,718)

W@ ==
Z° -1,2Z2+0,32

+ Theo nghiém ciia phwong trinh dic tinh:

Phuong trinh dac tinh cia h¢ théng la: 7% - 1,272 + 0,32
a2\
Cac nghi¢m: Z,, =0,6+0,04 = Z, = 0,64; 2, = 0,56

H¢ thong s€ 6n dinh khi vi cidc nghi€ém déu nam trong vong tron don
vi

+ Theo tiéu chuan dai so:

1
Thay Z = y—+1 vao phuong trinh dac tinh ta co:
y —

+1) +1
(Lj 123 403220
y-1 y-1

(y+1P- 120y + D (y-1)+0,32(y- 1)’ =0
Y+ 113y +21=0

Theo tiéu chuan Rao-Hurvit ta c6: Bang Rao

1 21
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21

Ta thiy tat ca cac s6 hang & cot thir nhat ciia bang Rao déu duong.
Vay hé 6n dinh.

Vi du 3. Hé diéu khién s6 c6 so d6 ciu trac nhu hinh 3.4. Xét 6n
dinh cta h¢

G(s) Ga(s)
R(s) E(s) E*(s) C(s)
/. > ZOH -2 >

- T s+a

Hinh 3.4: So 46 ciu tric hé PKS

Ta da biét ham s truyén cua khau ZOH la:

-Ts
- 1-e
31(8) =

Ham truyén cia hé ho la:

E(s) = R(s) - G(s)E*(s)

E*(s) = R¥(s) - G*(s)E*(s) = E " (s) = —~—&)_

1+G"(s)
C*(s) = G*(s)E*(s) = G (5)13 (s)
1+ G (s)
_.-Ts
G(E)=G1(5)8(5) = ——

Ham truyén bién doi Z cta h¢ kin la:
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_G*@ER*()

W(z2) .
1+G (s)

Z—I 1 _e—aT
1-¢7¥Tz"!

e
1+(l-2e=2T 2!

trong do: G(z) =

W(z) =

Phuong trinh dic tinh ciia hé thong la:

1+(i-2eT" =0
Z+1-2¢"=aZ+a,=0Trongd6a,=1;a=1-2e"
Péibién: =1L Ta duogc: a, y—H+a0 =0
y-1 y-1
(a1 +ag)y +ap=0; Ay + Ag=0
Ta da biét diéu kién can va du dé hé théng cap 1 6n dinh la:
Aj=a; +a>0

Ag=a; +ay>0

Hay: 1 +(1-2¢")>0 = 2(1-¢°")>0

1-(1-2e")>0 = 2¢77>0

Ta thay, muén cho 1 - ¢*' > 0 thi cac tham sb a ctia ddi tuong diéu
khién va tham s T cua chu ky cat mau s& anh hudng téi tinh 6n dinh
cua hé théng. Ung voi 1 cap (a,T) nao do co thé 1am cho A; < 0 va hé
théng mat On dinh. Trong khi do, hé cép 1 ludn ludn 6n dinh.

3.2.2 Tiéu chuin Jury

Vé nguyén tic, tiéu chuan 6n dinh Rao-Hurvit md rong c6 thé ap
dung cho moi hé thong diéu khién s6. Song doi voi hé bac cao, viée tinh
toan kho. Khi d6 nguoi ta thuong dung tiéu chuan Schur-cohn va tiéu



Gido trinh diéu khién s6 46

chuan o6n dinh Jury.

Ti€u chuan nay cho rang mdt hé thong dir li¢u da dugc lay mau la 6n
dinh (co tat ca cac nghiém nam bén trong vong tron don vi cua mat
phang Z) néu tat ca cac s6 hang trong cac hang 1€ & cit bén trai cuia bang

Jury 1a duong.

Bang Jury duoc thiét 1ap tir phuong trinh dic tinh:

aZ"+a,Z"' +a,2" + ... +a,4Z' +2,=0. (3.8)
Bang 3.1
Hang | Z° y As N I Al IR I A B YA A
1 ag a a 8nj oo an an
2 an .| an.2 a; a
3 b by b ] by .| bu
4 but | baz | bus b, .| bo
5 Co C C2 Cua
6 Chna Co3 Cod .. Co

Trong bang 3.1 ta cha ¥ rang: Cac hang chin bao gém céc hé sé cua
cac ham 1é¢ ma duoc viét theo thir tu nguoc lai. Gia tri hang thtr 3 duoc
tinh bang cach lay dinh thirc bac 2 ma str dung cot dau tién cta hang dau
tién v6i mdi cot khac ciia cac hang nay. bat dau tir phai qua trai chia cho
hé sb ai). Nhu vay cac ) hang duogc tinh nhu sau:

a a a
bO =a0—a—nan: b] =a) —;%an_]; b_l =aj—ian_j (39)

Vi du: Hé diéu khién s co phuong trinh dac tinh: 7’ - 1122 + 0.01Z
+04=0
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Bang 3.2: Bang Jury
1 1 -1,1 0,01 0,4
2 0,4 0,01 -1,1 ]
by =
1 0,01 _
]‘] 04 - 0,84 b‘=%04 11‘ s oo
3 Tln,d I_ s s ) 1 0,4 0,0]
=-1,104 =0,45
4 0,45 -1,104 0,84
C| =
084 04 84 —1,104
1 ~0599 =18 0
51 084/045 08 0,8410.45 -1104
=-0513
6 0,513 0,599
1 10,599 -0513
7 | 05991-0513 0,599
=0,1595

Nhin bang Jury ta thay, cac s hang & cot bén trai cta cac hang 1é 1a

dwong nén hé théng on dinh.

Ta ciing dé dang kiém tra duoc tinh On dinh cia h¢ thong trén bang

cach giai phuong tinh dac tinh. Cac nghiém la:

Z,=-0,4973; Z,3=0,7897 £ j0,408

— Nhén xét: Cac phuong phap trén chi cho phép chung ta kiém tra

nhanh xem h¢ théng c6 on dinh hay khong. N6 khong cho ta biét vi tri

cac nghiém trén mit phang Z.

3.3 TIEU CHUAN ON PINH TAN SO

Tat ca cac phuong phép tan sé dung dé khao sat hé tuyén tinh lién tuc
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déu co thé duoc mo rong dé phan tich hé diéu khién sb. Do thi tan sb
ctia hé roi rac duge xay dung bang cach thay Z : "

3.2.1 Tiéu chuan Mikhailép mé rong
Gia thiét hé diéu khién s6 c6 phuong trinh dic tinh:
AnZ" + anz +.... +2,=0 (3.10)

Céc nghiém cia phuong trinh dic tinh 1a Z;. Ta ¢ thé viét lai
phuong trinh:

A&r=mﬁ+am2”+.mu+m=aJﬁ@-zJ (3.11)
i=0

A

Hinh 3.5

Trén mit phang Z, mdi thira s6 Z — Z; cua (3.11) 1a mot vecto di tir
Z; dén vong tron don vi (hinh 3.5).

Voi Z="T(-n < 0T <)

Khi do: goc cua A(z) la:

AargA(z) _ i A argA(z)

-n<oTsn 1 ~-n<oT<n

Ta xét 2 truong hop cu thé: Nghiém Z, nim trong vong tron don vi
va Zt nam ngoai vong tron don vi.

+ Nghiém Z; ndm trong vong tron don vi, khi d6 vecto Z — Z; xuét
phat tir diém A (oT = -n) quay nguoc chidu kim dong hd dén B (0T =0)
va tiép tuc quay dén A (oT = n).
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Nhu vay, goc quay cua vecto Z — Z; la:

A argA(z) =2n
-n<oT<n
+ Nghiém Z, ndm ngoai vong tron don vi, khi d6 vecto Z — Z; xuat
phat tir diém A (oT = -1) quay nguoc chiéu kim dong hd dén C dugc goc
a1, sau d6 quay theo chiéu kim dong hd dén diém D duoc goc - roi lai
quay ngugc chiéu kim dong hd dén diém A (oT = n). Nhu vy, goc quay
cua vecto Z — Z; la:

AargA(z) =0

~t<oTsn

Suy ra: Khi h¢ théng on dinh, céac nghiém cua phuong trinh dac tinh
déu ndm trong vong tron don vi thi goc quay cua biéu d6 da thirc dic
tinh 1a 2n7.

Do tinh dbi xtg cua cac nghiém phirc nén ta chi can xét tot thay doi
tir 0 dén .

Vay, tiéu chuin Mikhailép mé rong phat biéu:

H¢ diéu khién sé c6 phwong trinh dic tinh bic n sé on dinh néu
biéu dé da thirc dic tinh ciia né quay géc nx quanh tam toa dp khi oT
thay doi tir 0 dén x.

3.2.2 Tiéu chuin Naiquist mé rong

Phép bién doi Z = ——= duoc dung dé vé do thi BODE cho hé

1-oT,

PKS. Tiéu chuan 6n dinh Naiquist cho hién lién tuc khi chuyén sang
hé roi rac.

Ta c6: N=Z-s (3.12)
trong do:

N: s6 vong kin theo chiéu kim dong hd bao quanh diém (-1, jO) cua
duong GH(z) hay G(z)H(z) khi Z 14y cac gia trj trén mit phang Z;
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s: s0 nghiém cuc khong 6n dinh ctia GH(z) hay G(2)H(2);
Z: s6 nghiém khong 6n dinh ciia phuong trinh dic tinh hé kin.
Do duy trit 6n dinh vé& bién d6 va vé pha cia hé tuyén tinh lién tuc

trong mat phang G(s)H(s) van ap dung duoc cho mit phing GH(z) hay
HC(2).

Vi du I: Xét hé diéu khién s c6 so do cau triic nhu hinh 3.6. Héi khi
K = 1 hé thdng c6 6n dinh khong? Tim gia tri cuc dai cua K dé hé théng
van on dinh?

Ga(s)
R(s) E(s) E*(s) — = C(s)
~ e ZOH ~ >

Hinh 3.6: Hé DKS cho vidu |

+ Khio sat 6n dinh khi K=1:
Pé xéac dinh @6 6n dinh ctia hé thong, ta phai xac dinh quy tich cua

GH(z) trong mit phang Z. V&i so do trén ta cé:

_.-Ts _a-Ts
G(5)Gu)H(s) = =& 1.1 3
S S S

1
GH(z) = -ZT]

Quy tich cua GH(z) dugc v€ trén hinh 3.7. Quy tich nay khong bao
diém (-1, jO) nén hé théng 6n dinh theo tiéu chuan Naiquist.
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\\ +]
-o.s,o//.----»---: ,

o T

Hinh 3.7: Quy tich ham GH(z)

+ xac dinh gia tri cwc dai cua K:

Tir hinh v& quy tich cia GH(z) ta thy. khi K ting gap doi. quy tich
s& di qua diém (-1,j0). Vay gia tri cve dai ciia K dé hé thong van con 6n
dinh 1a K = 2. D6 du trit 6n dinh vé bién do 1a 6(db)

Vi du 2: Cho hé diéu s ¢6 so @ nhur hinh 3.8. Hay khdo sat on dinh

cua hé khi K=1? Tim gi4 tri cyc dai cua K dé hé théng van 6n dinh?

+ Khio sat 6n dinh khi K=1:

G](S) Ga(s)
R(s) E(s) E*(s) K C(s)
/ > ZOH s(s+2) -
- T=1

Hinh 3.8: Hé DKS cho vidy 2

Ta co:

_e TS _-Ts
GI(S)Gz(S)H(S)=l es 1 _1-e

s5+2)  $2(s+2)

_ 0,284(Z+0,524)
(Z-1)(Z-0,136)

GH(z)
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-0.17,0 Y +1

-1,0 177 =

Hinh 3.9: Quy tich ham GH(z)
+ Xac dinh gia tri cuwc dai cua K:

Tir hinh 3.9 ta thdy rang khi ting K 1én ﬁ =5,88 lan thi quy dao

s& di qua diém (- 1, j0). Vay gid tri cuc dai ctia K dé hé thdng van con
6n dinh 1a K = 5,88. D6 du trit 6n dinh vé bién do 1a: 15,39 (db)

3.4 PAP UNG QUA PQ CUA HE THONG PIEU KHIEN SO
3.4.1 Khai niém

Chét luong cua hé théng diéu khién duoc danh gia truc tiép tir dd thi
dap Gmg dau ra cta hé thong, voi tin hidu dau vao 1a xac dinh.

Dap tng qua d6 cua hé théng 1a dap tmg dau ra cua hé khi dau vao 1a
ham budc nhay don vi 1(t).

Dua vao dap ung qua do, ta co thé tinh dugc cac thong sd vé chi tiéu
chét lugng nhu: Sai s6 xac lap, do qua diéu chinh, thoi gian qua do, sb
lan dao dong v.v...

Dbi voi hé théng lién tuc, viéc xdy dung dap tng qua do 1a tim
nghi¢ém cua phuong trinh vi phan (phuong phdp Runge Kuta) hoac
phuong trinh sai phan (Phuong phap Tustin) hoac dung cac phuong phap
gian tiép (phuwong phap hinh thang), phuong phap dai sb (toan tu
Laplace), phuong phap mo phong,...
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Thuc té cho thdy, tit ca cac phuong phap phén tich dap tmg qua do

va xac lap cho hé lién tuc déu co thé ap dung cho hé roi rac.

Vi phép bién ddi Z, dap tng thoi gian trong hé théng s6 1a tin hiéu

duoc 14y mau ¢ timg thoi diém T (s). Chat luong dong cua hé diéu khién

s0 dugc danh gia thong qua cac nghiém cyc va nghiém Zero cua ham so

truyén trong mit phang Z.

Sau day, ta s€ trinh bay hai phuong phap xac dinh dap tng quéa do h¢

diéu khién s6 1a phuong phap bién trang thai va phuong phap dung bién

d6i Z

3.4.2 Phuwong phap bién trang thai

Xét hé didu khién sb c6 so d6 ciu tric nhu hinh 3.10.

Gy(s) G(s)
u(t) e(t) e*(kT) m(t) 1 y(t)
~ T ZOH s(s+1) >
Hinh 3.10: So d6 céu tric cia hé diéu khién sé
Déi tuong, diéu khién co ham truyén: Gy(s) = ! (3.13)
s(s+1)
Ta co: e(t) = u(t) - y(t)
e(kT) = u(kT) - y(kT)
m(t) 1 (1) 1 X2(t)

(s+1)

y(t)

Hinh 3.11: So db ciu tric déi tugng diéu khién

Phuong trinh trang thai mo ta ddi twong diéu khién 1a:
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SR bR o
X2 1 0 x, 0

y(t) = x(t)

Nghiém ctia phuong trinh trang thai dugc xac dinh theo cong thurc:

t
X(1) = X ) + J'eA“‘"Bm(O)dr V&io<t<T (3.15)
0
y(t) =[0 1]1X(t) (3.16)
- l 0 l X]
5: = ; B= - X=
Trong d6: A [ | 0} ; [0:| J [x21|
Khit=T taco:
T T
X(t) =eATx(0)+ jeA(T“)Bm(O)dr —§(TYX(0)+ jeA(T")Bm(O)dr
0 0

Dé tinh tich phan ta d6i biént=T - &

T T
IeA(T—’)Bdt = Iem Bdt
0 0

O (t) = el

Phuong trinh trang thai phan lién tuc & dang rdi rac 1a:

X(k +1) = AgX(k) + Bym(
y(k) = CyX(k)

Ay =®(T)
T
trong dé: B 4 = J’cp(t)Bdt
0
Cq=C

Ma tran chuyén trang thai dugc tinh theo bién doi Laplace nguoc:
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d(t)=L'(SI - A)*

ooy ]

det(SI - A) = (s+1)

adj(S1 - A)=[S 0 J

I s+1
LI
S1-A)! - adj(S1 - A) _| s+l
det(SI - A) L
s(s+1) s

|
[¢]

o)=L (S1-A)" { © ﬂ

-T
Ad=(D(T)L - 0}

-€ |

T [ -t 1 1-¢7T
- [p(uBde=f| & © =
o= fuosar=J, 7, S 100

Phuong trinh trang thai cua ddi tuong diéu khién & dang roi rac la:
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Xk + 1)T] = Ay X(T) + Bye(kT)
y(kT) = CyX(kT)

X (k+DT]] [ e T 0 x4(KT) 1-e 7
[le(k+1)Tﬂ_L—e~T 1}[Xz(kT)j|+[T—1+e‘T =(kT)
y(kT) = x>(kT)
e(kT) = y(kT) - u(kT) thay vao (3) ta co:

[X1[(k+1)Tﬂ=[ e_TT 0][x’(kT)]+[ UG ][u(kT)—xz(kT)]

x5 [k + 1T 1-e- 1|l x5 (kT) T-1+e" 7
x [(k+DT] | | e T e T -1 [x,(kT):|+
xp[(k+D)T]| |1-e T 2-T-eT|[x2(kT)
—_ _1‘
*+|: I-e :Iu(kT)
T—-1+e T

Yy
(KT) = x, (kT)

H¢ trén 1a hé phuong trinh trang thai cia hé théng kin roi rac. Sau
day ta s& xét dap ung cua hé thdng véi 3 gia tri cta chu ky cit miu T =
0,1;1va4(s) Tin hiéu vao u(kT) = (véik =0, 1, 2, 3... ) vdi cac diéu
kién dau la:

Xi1(0) = 0; x2(0) =0
+ chu ky lay miu T = 0.1(s)
x[0.1(k + D]] [0.905 -0.0957 x,(0.1k) , [0.095
x50 1 + 1)]] 10.095  0.995 || x,(0.1k)| |0.005
y(0.1k) = x5 (0.1k)
V&ik=0,1,2,3, ... ta xac dinh dugc day
{y(0), y(0.1), ¥(0.2), y(0.3) ...} = {0, 0.005, 0.019, 0.041, 0.071, 0.106,
0.146 ...}

+ chu ky lay miu T =1(s)
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xf(k + D] [0.368 -0.6327 x,(k) ,[0-632
xo[(k +1)]| 10632 0.632 | x,(k)| |0.368
y(k) =x;,(k)

Véik=0,1,2,3, ... taxac dinh dugc day
{y(0), y(1), y(2), y(3) ...} = {0, 0.368, 1, 1.399, 1.349, 1.147, 0.894 ...}

+ Chu ky lay méu T - 4(s)
xi[4k +D]] [0.0183 -0.987 x;(4k) ,[0-98
xy[4(k +1)]] | 098  0.202 || x,(4k)| |3.02
y(4k) = x5 (4k)
voi k=0, 1, 2, 3,... ta x&c dinh duoc day
{y(0), y(4), y(8), y(12)... } = {0, 3.02, -2.01, 5.34, -4.82, 8.6, -8.8... }

Céc duong cong dap ung nhu hinh 3.12.

1.5

T=0,1(s)

0 5 10 15 20 25 30

T = 1(s)

T=4(s)

o— T _|

-10
0

5 10 15 20 25 30

Hinh 3.12: BPudng cong dap img cia hé diéu khién sb



Gido trinh diéu khién s6 58

Ta thdy: Véi chu ky 1dy mau T = 0.1 (s) va T = 1 (s) h¢ thong 6n
dinh; voi T = 4(s) hé thong khong 6n dinh.

Vay, chat lugng hé thdng s6 phu thudc manh vao chu ky 14y mau
3.4.3 Phwong phap bién doi Z.

Xét hé thong diéu khién sé ¢ so két hop gitra bd 14y mau va khau
ZOH nhu hinh vé

R(s)  R*(s) ] C(s)
_ Ll zoH J s+l N
T
Gi(s) Ga(s)

Hinh 3.13: So db két hop giira bo ldy m3u va khau ZOH
Ta s& ap dung phép bién ddi Z dé tim dap tmg qua do cua hé dbi véi
ham budc nhay va ham ddc.

Gia thiét chu ky 1dy mau T = I(s) ham truyén cta ddi tuong 1a:

1
Gz(S)=a (3]7)

Ham truyén theo bién ddi S ctia khau luu giir cdp 0 1a:

_.-Ts S
Gi(s)=1 es ! : (T=1) (3.18)

Ham truyén theo bién doi S ctia hé ho 1a:

S
G](s)Gz(s)=l_Se L:(l—e‘s{l——'—] (3.19)

s+1 s s+1

Tra bang bién d6i Z ta duoc;

_ - Z ~ Z _ 0.63 (320)
G2(2)=GGa(2) (I Z {Z—l Z—C"I] Z-037
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Véi anh bién doi Z ¢ dau vao 1a U(z) thi anh bién doi Z ¢ dau ra 1a:
¥(z) =U(2) G12(2)

a) Khi diu vao 1a ham bwéc nhay don vi:

u(t) = I(t) tra bang dugc y(z) = _Z
Z

Khi d6: y(py. 062 ______ 0632
(Z-1)Z-037) 72 _1372+037

B¢ tim bién doi Z nguoc, ta khai trién Y(z) thanh chudi luy thira:
Y(2)=0,63Z" +0,86Z7 + 0,9527 +0,98Z* +Z° +Z° + ...

Tra bang ta dugc ham ro1 rac ¢ dau ra:

y*(t) = 0,635(t-1) + 0,863(t-2) + 0,955(t-3)+ 0,985(t-4) + 5(t-5) + 5(t-6)
+8(t-7) + 5(t-8) + ...

| e
.8 P'-“;‘1!’--"--P‘--'---—‘-' 3'5 /’

" 3‘0 ------------ “r-—-f-—-=--<=
.6---1 ----------------- L--- 2.5 ---------- /’_-—--‘-—-
Al ol L 207" Sl R i RO
2 L] A

' ( e e

1 2 3 4 5 6 - 1 2 3 4 5 6

Hinh 3.14a,b: Dap img qua d¢ ddi vai kich thich 1a ham 1(t) va t.1(t)

b) Péu vao 1a ham déc don vi: u(t) = t.1(t)

Tra bang ta dugc U(z) = Gia thiét chon T =1(s)

Z -1y
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U(z) = Thay vao biéu thirc: y(z) =U(z).G,2(z)

z
(z-1)°
0.63Z
(z-1)*(z-0.37)

Y(z)=

Khai trién thanh chudi luy thira ta duoc:

Y(z)=0.63Z7% + 1.5Z° +2.45Z* +3.43Z° + 4.4Z° + ...
y*(t) = y(k) = 0.635(t-2) + 1.58(t-3)+ 2.458(t-4)+ 3.435(t-5)+ 4.48(t-6) +
+§(t-7) + 5(t-8) + ...

Tir két qua trén ta thiy, khau ZOH c6 thé cho dap tmg véi sai sd xac
1ap = 0 khi dau vao 13 ham budc nhay don vi va sai sé xac 1ap khac
khong khi d4u vao 1a ham déc don vi.

Vi du I: Xét hé théng didu khién s6 c6 so dd céu trac nhu hinh 3.15.

Biét ham truyén ctia hé kin 1a:

Y@ _ G(@2)

k(9 =32 T 1+GR@)

Vé6i R(z) xéc dinh, hiy tinh dép ung ra theo 2 cach: - Bién d6i Z
nguoc va - Tra bang bién d6i Z

Pap tng ra y(kT) ¢ thé xac dinh bang cac hé sb cia Z* Voik =1, 2,
3,

E(s)
RG) . zoH Go(s) L)

T

G(s)

H(s)

Hinh 3.15: So db c4u truc hé PKS

= Chi y: y(kT) chi chtra thong tin 1y mau cua ham lién tuc y(t) tai
dung thoi diém 1y mau. Néu chu ky 1ay mau 16n thi y(kT) co thé khong
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mo ta dung ham lién tuc y(t).
Gia thiét ham truyén cta ddi tuong diéu khién la:

65250
G(s)=————— ; H(s) =1,
® s(s +361,2) ®)
+ Chu ky lay mau T = 0,001 (s) Ham truyén bién d6i Z cua vong ho
la:

0,029Z + 0,0257
Z% 1,697Z + 0,697

G(z) =

Ham truyén cua hé kin la:

Y(z)  G(z) _ 0,029Z+0,0257

W(z) = ==
R(z) 1+G(z) Z%-1,668Z+0,7226

Véi R(z) = % 1a bién d6i Z cua ham 1(t)

2(0,0292+0,0257)
(z-1)2% -1,6682 +0,7226)

Y(2)= Y(z) =

y(kT) nhan duoc bang cach chia tir sé cho mau sd
+ Khi chu ky 1dy mau tang 10 1an (T = 0,01) ham truyén bién do6i Z

la:

_Y(z _ G(z) _ 1,3198Z+0,4379
R(z) 1+G(2) Z2+0,2929Z +0,4649

W(z)

Dic tinh qua do tng véi cac chu ky 1dy mau khac nhau nhu hinh vé.
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Hinh 3.16: Dic tinh qua 9 (mg vdi cac chu ky 1y miu khéc nhau
So sanh 2 d thi ta thay rang, khi ting chu ky ldy mau, hé s& kém 6n
dinh hon. T cang nho, dép tng cta hé cang gan t6i dap tng thuc.

Z(Z+0,4)
(z-1Xz-0,3)z-08

Vidu2: Cho Y(2)= ) Tinh dap ng r&i rac y(kT)

+ Céch 1: Chia tir s6 cho mau sb
Y(z)=2Z"+2,527+3912° +5,101Z* + ...
y(kT) = 8(t-1) +2,58(t-2) + 3,918(t-3)+ 5,1018(t-4)+ ...

+ Céch 2: Phan tich thanh cac phan thirc don gian
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A B C }

Y(z)=12 + +
Z-1 Z-03 Z-0,8

10 N 2 B 12
Z -1 Z-03 2Z2-0,8

Y(z) = z[
Tadic6Z=¢"; Z, =03=¢"*T =0y =—%an, =—%ln0,3

_ 1 !
Zr=03=¢"%2T =5 g, =——InZy=-—1In0,8
2 2=-=InZy=-

Ta da cb: Z“{—é—}=1udw; z7WU_— 2 _l_e-aTiqr)
Z-1 7z _e— 0T

10 Z 2Z 122

Do dé: Y (z) = + .
(z) Z -1 Z_e—alf Z_e—azT

y(kT) = 101(kT) + 2" T 1(kT) - 12¢ 2T 1(kT) Véik=1,2,3, ...

y(kT)=0, 1,2.5,3.91,5.101, ...

+ Céch 3: Dung cho bai toan phtic tap c6 dang tong quat:

e Z(z +0,4) ) Z?+0,4Z
(Z-1)Xz-03)z-08) Zz3_2122+1,342-0,24
z7'+0,4z72

-2z '+1342°2-02473

(l-20z'+1342°2 02423 W (2)=2"" + 0,422
y(k) = y(kT) = 2,1y(k-1) - 1,34y(k-2) + 0,24y(k-3) + d(k-1) + 0,45(k-2)

trong do: y(t) =0 v6i1<0

. [0khiiz0
S(i)=9 . ..
{1 Khii=0
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Ta tinh dugc cac hé sé y(i) khii=1, 2, 3,...
Y(0)=0

Y(1)=1

y(2)=2,1y(1) +0,4=2,5
y(3)=2,1y(2)-1,34y(1)=391

y(4) : 2,1 y(3) - 1,34y(2) + 0,24y( 1) = 5,101

Z 0,1

Vidu 3: Cho Y(z) = 5
Z-12°-1,3Z+0,4

(T=1s)

Sai s6 x4c 1ap bang 5%. Hay tinh thoi gian qua do.

z 1,67 Z 0,672 Z
Y(z)= - +
Z-1 Z2-08 Z-0,5

y(kT)=1-1,67.(0,8) + 0,67.(0,5) (k=1,2,3, ...)
Véik=15taco y(kT)=0,95

Vay thoi gian qua do la: tye = 15T = 15(s)

3.5. PHAN TiCH HE THONG CO MAY TINH SO

Khi str dung may tinh dé diéu khién qua trinh, ta thyc hi¢n duoc
nhiéu thuét toan diéu khién phuc tap, do do chét lugng diéu khién duoc
nang cao. Do vay nd duoc sir dung ngay cang rong rii. So do hé diéu
khién c6 may tinh s6 nhu hinh 3.17.

u(t) ey ©KT ext) m(t) y(t)
—>May tinh Luu gitr béi tuong >

y

= T

Hinh 3.17; So 46 hé diéu khién co may tinh sb

C6 hai k¥ thuat dé phén tich hé thong diéu khién c6 may tinh sé: K§
thudt bién trang thai va k¥ thuat ham s truyén.
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3.5.1. K¥ thuat hién trang thai
Phuong trinh ctia may tinh s6 1 phuong trinh sai phan c6 dang tong

quat:

ey(kT) = bye|(kT) + biey(k-1)T + ... +byei(k-n)T - aea(k-1)T - azex(k-2)T
- ... -aek-n)T 3.21)

trong d6: e(kT) 1a tin hiéu vao ciia may tinh sb; e,(kT) 1a tin hiéu ra
clia méy tinh sd. kT 1a cac thoi diém roi rac voi thoi gian lay mau T.

Chuyén phuong trinh sai phan vé phuong trinh trang thai ta duoc:

xp(k+1T —a; —ap -+ —ap_ —an || X (KT 1

T . 0 k)T 0
X2(k+l) _ 1 0 0 Xz( ) + el(kT)

. 0 1 . 0 0 .

1 0 | x,(K)T 0

x,k+)T| | 0 0

X](k)T

KT
ez(kT)=[b'] b's - by’ le(n) +bge(kT)

xp(K)T

Véib=b,-bea, (j=1,2,3,...n)

Vi du I: C6 phuong trinh sai phén sau:

y(k) = -2y(k-1) + 0,5y(k-2) - 0,2y(k-3) + 0,5u(k) - 0,4u(k-1) + 0,1u(k-2)

o] diy: a, =2; a,=-0,5; a3=0,2; by = 0,5; b; =-0,4; b,=0,1

H¢ phuong trinh trang thai la:
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xi(k+D] [-2 0,5 -0,27 x,(k) I
xo(k+1D)[={ 1 0 0 |[xa(k)|+]0]u(k)
x3(k +1) 0 1 0 |ix3(k)| |0

x1(k)
y(ky=[-1,4 035 0,1]| x5(k)|+0,5u(k)

x3(k)

Vi du 2: Cho hé théng diéu khién bang may tinh c6 so d6 nhu hinh
3.18. biét phuong trinh sai phan mo ta luat diéu khién trong may la:

ex(kT) = 1,2¢,(kT) - 0,4e,((k-1)T) - 0,25¢((k-1)T)

kT
U(t) el(t) Cl(kT) Ma tl'nEZ( ) ZOH m(t) ] )’(l)
~ T y s+ 1)(s+2)
————I KzS I
|
K, |—

Hinh 3.18; Ciu tric mot hé thong diéu khién c6 mdy tinh s6

Tt phuong trinh sai phan, ta c6 phuong trinh trang thai:

x3((k+1)T) = -0,25x3(kT) + &;(kT)
€x(kT) = -0,7x3(kT) + 1,2e,(kT)

Phuong trinh trang thai ciia ddi twong diéu khién 1a lién tuc tuong
1

— &

(s+1D(s+2)

1 S e

y() =x;

ung véi ham so truyén: Wy =

Tt hé phuong trinh trang thai lién tuc, ta c6 phuong trinh trang thai
ro1i rac:
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xi(k+DT)] |- T+2e2T —2e7T 42727 |[ xy(kT) le‘T “?—ZT
xa(k+DT)] | e T-2e7T 2677 262 FoeTaze ™

Hai kénh phan h6i &m c6 ham so truyén 1a k; va Ky

ei(t) = u(t) - Kiy(t) - Koy(t)

Ttr phuong trinh trang thai d6i twong diéu khién ta co:

y()=x2; y(t)=x
Suy ra: e;(kT) = u(kT) - K;x5(kT) - Koxy(kT)

Két hop cac phuong trinh ta xac dinh duoc hé phuong trinh trang thai
ctia hé thdng c6 may tinh sb. Dé don gian biéu thirc trén trude hét ta viét

X]((k+l)T)] [an an}[’ﬂ(“’)} \:blil
= k
[xz((kH)T) an az || x2kD) bg "D

xlﬁ(kH)T% aj1-12bjKy aj2-12bjKy ~0lby [[x) (kD) [12by
x\(k +1)T) | =] a21-1,2bgKy 22 -1,2b9K2 —0,1by || x2(KT) | +] 1,2b

x3((k +1)T) -K3 -K| ~025 {{x3kD| |1

lai:

u(kT)

Tir hé phuong trinh trang thai cia hé thong, ta c6 thé tinh va vé dugc
cac dap ung trang thai x;(kT); Xu(kT); X3(kT)

3.5.2 Dung ham truyén bién ddi Z
Xét hé thong diéu khién s6 nhu hinh 3.19:

u(t) ei(t) e(kT) ex(t) m(t) y(®)

May tinh X
‘__.(T),_/T_, b@) |7 DAC Weals)
Wa(s)

Hinh 3.19: So db hé thong diéu khién sb

Ung véi phuong trinh sai phan ctia may tinh ta c6 ham truyén dat
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bién ddi Z 1a:
E»(2)

b@ = E|(2)

(3.22)

Bién doi Z cua tin hiéu ra la:
Y(2) = D(2)Z {W G Wpt JE(2) (E(2) =E\(2)) (3.23)
Bién doi Z cta tin hiéu phan hoi la:
F(2) = D2)Z {W)y Wy, Wi, E(2) (3.24)
E(z) = U(z) - F(z) (3.25)

Tir (3.24) va (3.25) ta 6

U@2)

E@=17 D(2)Z{W}; W, W, |

(3.26)

Thay vao (3.23) ta c6 ham truyén ciia hé kin c6 may tinh sb:

_Y() __ D@Z{W Wy

k@ =3 "1 D(Z)ZW g Wa W )

(3.27)

Tir d6 ta co thé xét on dinh hé thong va tinh qué trinh qua do.
3.6 BO PIEU KHIEN PID SO
Ta dé biét bo diéu khién PID tuong ty bao gom 3 khau:

- Khau ti 18 ¢6 ham truyén K

A A 1 v K
- Khau tich phan c6 han truyén —
s

- Khau vi phan c¢6 ham truyén Kgs
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K K
'B(t) [(i + U(I) E(RT KiT(Z +1) +‘ Ll(kT
E(s) < e E@| L2Z-D _'®**+J e
Kgs L Kq(Z-1)

Hinh 3.20a,b: Cu tric PID tuong ty va PID sb

Trén co s& do ta cling ¢6 bd di€u khién PID s6 nhu hinh vé.
D61 véi khau tich phan so, c6 nhiéu cach thyuc hién.

vi du theo phuong phép tich phan hinh thang ta c6 ham truyén bién
d6i Z la:

K,T(Z+1)

3.28
2Z-1) )
Khau vi phan c6 thé xap xi:

de(t) _e(kT)—e((k~DT)
dt f_r T

(3.29)

K,(z-1)

Chuyén sang bién ddi Z ta duoc: 7

(3.30)

Ham truyén cta PID s 1a:

KiT(Z+1) Kq@Z-1)

2Z-1) TZ (331

Wpp =K +

_i{(ﬂz +2K 4 +2KST)22 ﬂKSTZ —2KST—4Kd)z+2Kd
2TZ(Z-1)

Wpip

Vi du: Cho hé thong diéu khién s6 c6 ham truyén dat ciia d6i tuong
la:
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Wy =10 Khau lvw g bie 0.6 Wy =25
dt (s + ])(s + 2) . le
Ham truyén dat bién d6i z ciia hé théng ho la:
0,0453(Z + 0,904
Z{W,yWq} = ( ) (T=0,1s)

(2-0,905)Z -0,819)

Ham truyén dat h¢é kin khi khéng c6 PID la:

Y(z) _ 0,0453(Z+0,904)

Wy (2) = =
U(z) Z2-1,679Z+0,782

Néu c6 thém PID véi K, = 1 ; K; = 0,997; Kq = 0 thi ham truyén cta
b6 diéu khién PID la:
Z-0,905

Wpip =1,0499
PID 71

Khi d6 ham truyén ctia hé hd bao gdm PID; HOLD, DT la:

(2-0,905) 0,0453(Z+0904) _ 0,0476(Z +0,904)
(z-1) (z2-0905Xz-0819) (z-1Xz-0,819)

Wj, (2) = 1,0499

Ta c6 thé xac dinh dugc ham truyén cua hé thong kin tmg voi bd
diéu khién PID. Hinh dudi 14 dic tinh qua do khi khong ¢6 PID va khi c¢6
PID véi cac gia tri khac nhau.
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1.4~

120 Kp=2 Ki=1,3 Ka=0 ; _ . |
4

Kp=1 Ki=.897 Kd<0

0 05 1 15 2 26 3 35 4 45 5

Hinh 3.21; Céc dic tinh qué d§ khi ¢ va khdng cé PID vdi cic théng
s6 khéc nhau cua PID
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CHUONG IV
TONG HOP HE PIEU KHIEN SO

4.1 TINH PIEU KHIEN PUQC VA QUAN SAT PUQC CUA
HE PIEU KHIEN SO

4.1.1 Tinh diéu khién dwoc va quan sat dwge cia hé thong tuyén
tinh lién tuc

Hé théng duoc goi la diéu khién dugc néu véi mot tac dong vao ta
c6 thé chuyén trang thai cua hé thdng tir trang thai ban dau to dén trang
thai cudi t; trong mot thoi gian hitu han.

Hé théng dugc goi 1a quan sat dugc néu véi cac toa do do duoc &
bién ra y; ciia h¢, ta c6 thé khoéi phuc lai trang thai x; trong khoang thoi
gian hiru han.

a) Tinh diéu khién dwoc

Dinh 1y: Mot hé thong tuyén tinh hé sé hing mé t4 boi phuong trinh
trang thai cip n: X(t) = AX(t) + BU(t) duoc goi la diéu khién duoc hoan
toan, khi va chi khi ma tran sau c6 hang bang n

P =[B,AB,A’B,...,A™'B Rank(P)=n 4.1)

b) Tinh quan sat dwoc

Pinh ly: Mot hé thong tuyén tinh hé s6 hing mé ta béi phuong trinh
trang thai cap n:

X(t) = AX(1) + BU(t) 4.2)
Y(t)=CX(t)

duoc goi 1a quan sat dugc hoan toan khi va chi khi ma tran sau c6 hang
bang n.

L=[C’, A’C’, (A")C’, ... (A’)"'C’] Rank(L)=n (4.3)

4.1.2 Tinh diéu khién dwoc va quan sat dwoc cia hé thong diéu
Kkhién s6
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Gia thiét hé diéu khién sb duoc mo ta boi hé phuong trinh trang thai:
{X(k+ 1)=AgX(k)+BgyUk) (4.4)
Y(k)=CgX(k)
trong d6: X(k+1), X(k) 1a cac vecto n chiéu
Aglamatrinnxn
a) Tinh diéu khién dwoc

Hé théng s6 duoc goi la diéu khién duoc néu ta tim dugc vecto diéu
khién U(k) dé chuyén h¢ thong tir trang thai ban dau bt ky dén trang thai
cudi bat ky trong mot khoang thoi gian gidi han.

Vay ta can tim diéu kién dé xac dinh duoc tac dong diéu khién nham
chuyén h¢ thong tir trang thai X(0) dén trang thai cudi X(n) da cho.

Viét lai hé phuong trinh trang thai:

x(1) = A ¢x(0) + B4u(0)
x(2) = Agx(1) + Bgu(l) = A2x(0) + A 4B4u(0) + Bgu(l)

x(n)=Agx(n-1)+Bgu(n-1) = A x(0) + AN 'B4u(0) + -+ + Bgu(n - 1)

Hay:
u(0)
n n-1 n-2 u(l)
x(n)-Agx(0)=|A4 By A3 “B4--- By 4.5)
u(n-1)

vi Ag, X(0), x(n) da biét nén vé trai ciia phuong trinh 1a xac dinh, suy
ra nghiém duy nhét u(i) chi ton tai khi ma tran sau day c6 hang bang n.

M=|al"'By AL2By - By Rank(M)=n (4.6)

b) Tinh quan sat duoc

Hé théng s6 dugc goi la quan sat duoc néu theo cac sd lidu da do
duoc & dau ra y(k) ta c6 thé xac dinh duoc trang thai x(k) ctia nd.
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That vy, tir phuong trinh ra: Y(k) = CgX(k) ta viét lai:

y(0) = C4x(0)
D= D=C, A
y(1) “(':dx() C4A4x(0) @

y(n—1)=C4A§~'x(0)
Viét cach khac:
V() (1) .. y(-DI=x(0) [Cg  AgClg - (A% g (4.8)

Vi y(k) di biét nén nghiém duy nhét x(0) ton tai khi ma tran sau c6
hang bang n

N=[C’s A’%C’q, ... (A’)"'C’] Rank(N)=n (4.9)

Vidu 4.1

Cho hé théng diéu khién s6 dugc mé ta bai phuong trinh trang thai:
xp(k +1) 1 0,488 [x;(k)] [0,00123
= + u(k)
X2k +1)] |0 0,95 ||x,(k)| |0,00488

y(k) =i O{X‘(k)}

x 2 (k)

Ta c6 cac ma tran:
1 0,488 0,00123
Ay = By = Cq=1l O
d [o 0,951] d [0,00488] a=lt o]

Theo tiéu chuin diéu khién dugc cia Kalman ta tinh duoc.

M=[A4By By)

vei Ap. _| | 0488000123] 000361
1. = =
d%d =10 0,951 0,00488! | 0,00464

0,00361 0,00123]

M=[A¢4By By]=
[A4Ba Bdl [0,00464 0,00488
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Ta thy: det(M) # 0 = Rank(M) = 2. Véy, hé thong diéu khién dugc
hoan toan.

Pé khao sat tinh quan sat dugc cia h¢ théng, ta tinh ma tran:

N =[C'd Aly C'd].Trong do: cy =l o]y =[:)]

woc | ! o 1] 1
d~d™ 10,488 0951]0] [0,488

1 1

N=[cy Al C'd]=[0 0 488] det(N) = 0,488 # 0 = Rank(N) =2

Vay, h¢ théng quan sat dugc hoan toan.
4.2 PHUONG PHAP RAGAZZINI
4.21. Khai niém

Phuong phap RAGAZZINI 1a phuong phéap hitu hiéu dé thiét ké hé
diéu khién s6. Vi né cho phép xéc dinh truc tiép ham truyén D(z) ctia bd
diéu khién sd.

Xét hé PKS ¢6 so dd nhu hinh 4. 1

* . x A
R(s E* DK S5 E,_Z’ Gl(f; méu Péi tugng | C(s)
i T D(z) 1(s) Ga(s)

Hinh 4.1: So d6 cau tric hé diéu khién sé

Bo diéu khién s6 dung dé tinh chudi s6 & dau ra e*»(t) theo chudi sb
dau vao e* (t) theo mot quy luat nao d6. Bo PKS c6 thé 1a cac khau hiéu
chinh tich cuc hay thu dong. Khi D(z) la khau hi€u chinh tich cyc, ta dé
dang chon dugc ham 6n dinh hod nao d6 nham dat chi tiéu chat lugong
yéu ciu.

Gia thiét bd DKS 1a tuyén tinh c6 quan hé vao/ra la:
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aoe1(kT) + aje)((k-1)T) + aei((k-2)T) + ... + asei((k-n)T) = boe(kT) +
biex((k-1)T) + byey((k-2)T) + ... + bues((k-m)T) (4.10)

Chuyén sang bién ddi Z ta dugc:

Eiz) [a0+ aiZ" + ... + 2,Z"] = Ex(2) [bo + biZ" + ... + bZ™] (4.11)
Ham truyén bién d6i Z ciia bo diéu khién s 1a:

_Ea(@) _ ag+aZ7' +ayZz 2 +.a 27"

D(z) (4.12)
E)@) bo+bZ ' +by,27 2 4bpy2”™
Ham s6 truyén cua hé thong kin 1a:
Wi = $@ __DEG6@) 4.13)

R(z) 1+D(2)G(2)

Trong d6 G(z) : Z{Gi(s)Ga(s) }
Twr d6 rut ra:

1 W(z) (4.1

L@ = 5o 1-we

Nhi¢m vu cta b BPKS 1a loai bo nhiing diém cuc va diém zero
khong mong mudn ctia hé thong chua hi¢u chinh va thay vao do la cac
cuc va zero lam cho h¢ thong c6 dép tng theo yéu cau thiét ké.

4.2.2. Noi dung phuwong phap
C6 hai phuong phap thiét ké bo diéu khién sb:

D(2)G(2)

a) Phwong phdp 1: Dua vao biéu thirc (4.14) W(z) =
) g phap ; (4.14) W(z) 15 DG )

Khi d6 D(z) dugc thiét ké sao cho loai bo nhitng diém cuc va diém
zero khong mong mudn cta G(z). Nghia 13, cac nghiém zero cua D(z) 1a
cac nghiém cac nam trén hay ngoai vong tron don vi trong mit phang Z
ctia G(z). Va nguoc lai, cac cyc ciia D(z) 1 cic zero ndm trén hay ngoai
vong tron don vi trong mit phang Z ciia G(z2).
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Phuong phép nay don gian vé 1y thuyét song khé ap dung trong thuc
té vi khi thay d6i mot lugng nho céc thong sb ctia D(z) déu 1am cho G(z)
¢6 thé ¢o cuc hay zero nam trén hay ngoai vong tron don vi.

1 W(z)
G(z)1- W(z2)

b) Phurong phdp 2: Dua vao biéu thuc (4.14) D(z) =

Céc diém cyc va zero nam trén hay ngoai vong tron don vi ctia G(z)
c6 thé thé duogc loai bo bang dic tinh (1 - W(z)) va W(z). Dé thiét ké theo
phuong phap nay can tuén tha bén nguyén tic sau:

1. Ham truyén W(z) cua hé kin phdi co cac zero la tat cd cdc zero

nam trén hay ngoai vong tron don vi cua G(z).

2. 1 - W(z) phai co cac zero la tat ca cac cac nam trén hay ngodi
vong tron don vi cua G(z).

3. Dé thuc hién dwoc vé mat vit Iy, D(z) khong nén co cuc o vo cung
khi Z tién dén vé cing. Néu G(z) cé zero 6 vé cing thi W(z) ciing phdi c6

zero tai dé dé dé phong D(z) c6 nghiém cuc tai vo cing.

Vi du: W(z) = (nghiém zero nam trén hay ngoai vong tron don vi caa
G(2)) * (Kiz" + KoZ™ +... ) v6i K; Ks 12 céc hing sb can tim.

4. W(z) dwoc xdc dinh sao cho sai sé xdc ldp bang khéng.
Gia thiét ham dau vao c6 dang:

R(z)=—23)__ (4.15)

=

A(z) la da thirc cua z' va khong co cac thira sb cua (1 - Z)". Tuy
thudc gia tri cia m ma R(z) c6 thé 1a ham budc nhay don vi, ham déc...

Ta ¢6 Ey(z) =R(z) - C(z)
Thay C(z) = W(z)R(z) ta co:
E(z2)=R(2) [1- W(2) ]

Theo dinh 1y vé gi6i han:
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ei() = lim|(1 - 2 )R (2)(1 - W(2)))

Bién ddi ta dugc:

() = lim (1-z" )(l_%(l - W(2))

D@ thay rang sai s6 xac lap bang 0 khi (1 - W(z)) thoa man quan hé:
1-W@)=(-Z"Y"F(2)
V6i F(z) 1a ham s chua xé4c dinh cua céc da thuc theo bién Z”. Dang
tong quat cta F(z) 1a:

F2)=1+0Z" +0,Z2 +1:27 + ... (4.16)

(Yj 1a cac hang sb cin tim)

Véi F(z) = 1 duoc goi 1a ham dap tmg mau thir cyuc tiéu. Tuy nhién,
ham mau thir nay chi c6 thé dugc dung khi W(z) khong c6 zero nio nam
trén hay ngoai vong tron don vi trong mit phang Z

+ Néu m = 1 = dap mg cua hé thong c6 sai s6 xac 1ap bang 0 khi
dau vao 1a ham budc nhay don vi.

+ Néu m = 2 = dap tng cta hé thdng c6 sai sd xac lap bang 0 khi
dau vao 1a ham bac 1.

Mit khac khi hé sir dung miu thir cuc tiéu, dép ung cia hé théng co
sai s& xéc 1ap bang 0 khi dau vao 13 cic ham béc thip hon.

¢) Mot sé vi du:
+ Vidu 4.2: G(s) = 1/P; T =1(s); khau luu gilr 1a ZOH
Thiét ké D(z)

Tacé G(s) =G, (s)G (s) =51 =
S S

Bién ddi Z ta dugc:
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z?'
1-z7! Z-1

G(2) =

Ta thiy G(z) 1a ham bac 1 c¢6 thém cac khong cho phép tai Z = 1. Ap
dung nguyén tic 1 va 3 ta c6: W(z) =K, Z"

Gia thiét sai s xac 1ap bang 0 khi dau vao 1a ham buéc nhay don vi
don vi 4p dung nguyén tic 4 ta cé: 1 - W(z) = (1— Z'l)F(z)

Pé c6 mau thir cyc tiéu thi F(z) phai bang 1

= 1Wz)=1-2"

Thay W(z) = KiZ' vao [1- W(z)=1-2Z"]Ta co:
1KZ'=1-72"=K,=1Do d6 W(z)=Z"
Ham truyén ctia bo diéu khién s6 1a:

1 W@ 1-z7' z7!

"G@)1-W@)  Z-1 |-z =1

D(z)

* Dap tng cua h¢ khi dau vao 1a ham budc nhdy don vi la:
-1

C@) = W(@R@)= ]ZZ_I =z7'+272+273 4 (4.16)

CH(t) = 8(t-1) + 5(t-2) + 8(t-3)+ ...

Hinh 4.2: So 46 dap img cta hé khi d4u vao 1a ham nic

Vi du 4.3: Thiét ké by diéu khién s6 khi d6i tugng 1a khau tich phan
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kép
* Thiét ké D(z)

-S -$

1 1-e
s? s>

Tacs G(s)=Gl(s>Gz(s)=“:

Bién ddi Z ta dugc:

szt ze
G(z) = 2(1—Z" —2(2_1)2

G(z) c6 1 diém zero tai Z = -1 va 2 diém cuc tai Z = 1. Ap dung
nguyén tic 1, 3 va dua vao biéu thic trén ta xac dinh dugc ham truyén
ctia hé thong kin:

W)= +Z'XK\Z"' +K,Z?)

Gia str sai s6 xac 1ap =0 khi dau vao 1a ham dbc va ta mudn loai bo 2
cuc cua G(z) tai Z = 1.

Tir nguyén téc 2 va 4 ta c6 quan hé: 1 - W(z) = (1 - Z")’F(2)

Theo nguyén tic 4 ta thay rang dap Gng cua hé co sai sd xac 1ap = 0
khi ddu vao 12 ham déc don vi. Tuy nhién F(z) khong phai 13 ham dap
g "mau thir cc tiéu” vi W(z) c6 zero nam trén vong tron don vi.

Theo dinh nghia F(z) 1a ham chua xac dinh cta cac da thiic theo bién
Zl
1-W(@2)=(1-ZYWF 1 +1Z' + 02 + 127 +..)
Ta co:
1-W@)=1-(01+Z")K,Z'+K,Z?
=(1-Z"W(1+nZ' +7Z% + 327 +..))
Ttr biéu thirc ta thay: bac 16n nhat cia bién doi Z nguoc ¢ vé trai 1a 3.
Do d6 F(z) chi cothéla: 1 +v,Z" (ya, y3 ... =0)

Pong nhat 2 vé cua ta co:



Gido trinh diéu khién s6 81

Z% = Ky=1
Z2 =K, +Ky=-1-2y
Z': =K, =2-y
Tur d6 ta duoc: K, = 1,25; K, =-0,75; y1 = 0,75
Thay K, Ky, yi vao (2) va (4) ta dugc:
1-W(@)=(1-Z")(1 +0,75Z")
WiZ)=(1-Z") (1,252"'-0,752?)

Sau khi bién doi ta dugc:
(]+Z )Z (1_2—1 (1+0,7SZ")

_25-1,527"!
1+0,7527!

D(z)

* Pap wng khi dau vao 1a ham budc nhay don vi don vi
Thay R(z), W(z) vao biéu thiic cia C(z) = R(z) W(z) ta dugc:
1,2527' +0,527%2 0,752

-z
C*(1)=1,258(t - 1)+ 1,758(t - 2) + 8(t -3) +&(t = 4) +- -

Cz)= =12527 4175272+ 273 4 274 4

cw |

Y

'

]

]
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i—®
]

'
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* Pap vng hé thong khi diu vao 13 ham déc don vi

-1 -1
R(z)=—& -2 (T=1)

(l-z" i (1—2“

Thay véo biéu thiic ctia C(2) ta cé:

25272 +z73 15727

2-4271 42772
C* (1) = 1,255(t —2) + 35(t = 3) + 45(t — 4) + 55(t = S) +---

C(z)= =1,252"%+32 3414274 +527% «

2

k A

C*(1) 1 P

\\\
Sy
e — -

|
!
|
|
|
|
|
|
|
|
|
|
1

\j

Hinh 4.3,b: So 45 d4p img cua hé khi ddu vao l1a ham déc don vj

So sanh hai hinh v& ta thy, khi dau vao 1a ham dbc thi dap Gmg bang
phang hon so véi dau vao 1a ham budce nhay don vi. Khi dau vao 1a ham
budce nhay don vi thi d6 qua diéu chinh 1a 75% = Khong dam bao yéu
cau chat luong. Bac cua dau vao cang thap thi d6 qua diéu chinh cang
cao.

* Phwong phap giam d§ qua diéu chinh

Qua muc trén ta théy rzing, khi bac cua tin hiéu vao nho hon bac cua
tin hiéu vao duogc thiét ké thi d6 qua diéu chinh ting. Dé giam do qua
diéu chinh trong tudng hop nay, ta dua vao hé thong mot sé hang co hé
sO "Staleness". Khi do, dap tmg cua hé thong s& duoc "mém hoa" khi dau

vao thay d6i trong mot pham vi rong.

S6 hang dugc thém vao c6 dang:
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W(z)

e (1 -cz™! )N

W(z) 1a ham truyén gbc ctia hé thong, Wy(z) 1a ham truyén cua hé
thong khi da thém vao s6 hang “staleness". C 1a hang s "Staleness".

Dé hé thdng van on dinh thi C bién thién trong khoang (-1 ) —» 1. N 1a
s6 mii co gia tri duong bt ky, theo mot s6 tac gia dé nghi 1dy N = 1.

Gia tri cua C dugc chon dua vao quy trinh phan tich t6i wu hoic
bang cach th.

Ta thiy rang, khi C — 1 thi d6 qué diéu chinh ting 1én, khi C — 0 d0
qué diéu chinh giam xudng.

That vay, xét hé diéu khién sb cho dbi tugng 13 khau tich phan kép,
béng cach thém khau phu c6 C = 0,3, khi do s6 hang dugc thém vao la:

1-03Z"
e (-2 )k, 2" +K,27?)
T 1-032"'
T f-zFl+yz 7,22 o)
1-03Z2""

(-2 YKz +K,22) (-2 Fl+ v,z 49,272+
1- =
1-032"" 1-032""

Dong nhét hai vé phuong trinh trén ta co:

Kl— 1 025 Kz 0675 Y1 = 0675 Y2=Y3=Ya = . ..=0

Do d6: w, z) = [1+2 X1c;2502;2j06752'2)

(1+2J1z" 08752

I 1-03zZ""

Tir d6 ta c6 ham truyén bién ddi Z cia bo DKS 1a:
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1 W(2)
G(z) 1-W(2)

z( - 1)2 (+z2' Yz -067527")
(1+Z’)Z G-z F@+oe752")
2,05 -1352""
1+0675 2"

D@) =

So sanh v6i D(z) trong truong hop trudce ta thiy ching c6 dang giéng
nhau.

Vi vay viéc dua thém $6 hang c6 hé s6 C ¢6 thé duoc thuc hién bf'mg
cach 1ap trinh lai b0 DKS ma khong doi héi thém mot thiét bi phuc tap
nao khac.

+ Dap tng ciia h¢ thong khi diu vao 13 ham buéc nhay don vi
don vi

Tac6 : C(z) = Wy2).R(2) = ws(z)]—l—l

Thay W(z) vdo biéu thirc trén ta co:

1,025Z7' +0,35272 -0,67Z73
1-13Z27'+03272

C(z)=

Khai trién thanh chudi luy thira:

C(z) = 1,025Z'+1,68Z7 +1,22° +1,07Z°* +1,02Z2° +1,01Z°+ Z7 + 2% +...

C*(t) = 1,0258(t-1) + 1,6858(t-2) +1,28(t-3) +1,075(t-4) +1,028(t-5)
+1,018(t-6) + 8(t-7) + 5(t-8) +...
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4

C*(t) T
[
!
[
[

?

_______q_
- ———————e

Hinh 4.4,a: So 46 dap (mg cua hé khi d4u vao 1a ham néc don vj

So sanh voi hinh v& trude ta thiy, do qua diéu chinh giam tir 75%
dén con 68%. Bang cach thay doi C tir - 1 d&én 1, ta c6 thé tim duoc gia
tri t6i uu

+ Pap trng ciia hé thong khi diu vao 1a ham déc don vi

-1
Tacd: R(z)= _z

(=

C(2) = Wi(2).R(2) = Wi(2) ——

(-z'¥

Thay Wy(z) vao ta co:

1,02527% 4035273 ~0,67274
1-2327' 41,6272 03273

C(z)=

Khai trién thanh chudi luy thira:

C(2) = 1,02527 +2,712° +3,93Z* + 5Z° +6Z° + 727 + 82" +..

C(z) = 1,0258(t-2) +2,715(t-3) +3,935(t-4) + 58(t-5) +63(t-6)+ 75(t-7)
- 85(t-8) +...
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.
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[————-—————-——————0

Q

C*(t)

N
Q
\‘

e e e e 2
S X

Hinh 4.4,b: So db dép img cia hé khi dAu vao 12 ham déc don vi

Khi str dung C di lam ting thoi gian qua d6 ddi voi dau vao 1a ham
dbc. Tuy nhién, né van dugc st dung dé giam do qua diéu chinh trong
truong hop dau vao 1a ham budc nhay don vi.

4.3 SU DUNG PO THI BODE PE PHAN TiCH VA THIET KE
HE THONG

1. Khai niém

Ta da biét, @6 thi Bode ¢ dang lién tuc, chung khong thé truc tiép
ding cho hé roi rac duge vi ¢6 quan hé: Z = ¢'>. Bang phép bién dbi
trung gian ta cé thé dua hé roi rac vé tuong ty nhu h¢ lién tuc trong
khoang

. Wg . @p
—j—=-j—.
5y
Tuy nhién, phép bién ddi ndy con ton tai mot nhuge diém 1a khi chu
ky 1dy mau tién téi 0 (T — 0) thi y khong tién tdi s. Dé khic phuc nhugc
diém nay ta st dung phép bién d6i tuyén tinh mé rong:
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Z=%+w _]+%w

= 4.17)
2/ _ _T
/T w1 /2w
272-1
H === 4.1
A TZ+1 (4.18)
Khi d6: T — 0 thi:
2Z-1_ 2. e7-1
w =lm—-——=—lim 4.19
oo TOTZ+1 TToeT +1 @)
2
2 sT+(SL')+---
= lim 2 - s (4.20)
T 10 (ST)
2+sT+T+~-

Bang phép bién d6i Z va phép bién doi W, dai co ban cua nira trai
mit phang S chuyén thanh phia trong vong tron don vi trong mit phang
Z va sau d6 chuyén thanh ntra trai mat phang W.

Khi s thay dbi tir 0 — j % doc theo truc jo trong mit phang S thi
W s& thay ddi tir 0 — joo doc theo truc jO trong mat phang W. Tan sb a0
trong mat phang W 14 jw.

Sau khi bién doi G(z) thanh G(w) va thay W = jw, ta co thé sir dung
biéu d6 BODE thong thuong dé phan tich ham truyén theo W.

Vi du 4.4: Xét hé théng nhu hinh vé:

R(s) E(s)

— .| zou N MO
T

G(s)

Hinh 4.5: So 4 cAu truc cua db thi BODE
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Ts
l1-e¢ ]
G(s)= —°
()= —t—=
Gz)=(1-z")z 1 _2-1T22Z+1) _T? Z+]
s Z 2 (-1 2 (@-1)
. _ T
St dung phépbiéndsiw= 221 1+Vow o
TZ+1 I—T/Zw

(‘*T/z%:%w)uz
SN ]

W
2L 1-W
G(w)= i = A 69 (T = 0,26s¢c)
2 2
w w

2
G‘W>=TT

-4V
G(v) = ————_%2'69
(iv)

Ta thiy, hé thong c6 1 diém zero nim bén phai mit phang W sinh ra

Thay W = jv vao phuong trinh trén ta co:

do 1dy miu va do khau ZOH, nghiém nay 14 ham cta chu ky liy mau T.
Tuy nghiém nay 1am cho pha ctia h¢ théng 4m hon nhung né ciing lam
cho do dbc bién do ting +20dB/dec tai tan sd 16n hon tan sd gy cta no.

Db thi Bode nhu hinh 4.6, hé ¢6 tan s cat v =1,017rad/s va hé khong
6n dinh véi d6 dy trit pha bang -7,536"
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Bode Diagram
60
40-
20"
0 ]
20 o
- oy ;
L - : oo )
Dy trlr pha=-7,536 A
[}
135
90 toL L e ' [ ¥ . _,._“_1 ) , .o
107 10" 10° 10 102
Frequency
(rad/secz

Hinh 4.6: So 0 46 thi BODE

2. Trinh tu thiét ké

Dé cho hé théng 6n dinh ta thém vao hé thong khau sém pha GD(W)
+ cac Chi tiéu thiét ké

- Tan sd cit: 7rad/s
- Do du trit pha: ¢& 35°

- Do du trir bién do: ¢6 3dB

R(w) C(w)
W
Go(W) T 1- 769 .

A

Hink 4.7: So 85 chu tric hé théng

+ Cac bude:
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- Thém 1 nghiém zero tai tan sb Irad/s trude tan sd cat 7rad/s, vi do
dbc ban dau cia d6 thi Bode 1a -40dB/dec. Khau sém pha GD(w) ¢
nghiém cyc tai tan s6 16n hon tan s cat 7rad/s rat nhiéu.

- Ttr hinh v& ta thay: tai tan s6 cit mong mudn (7rad/s) bién do cta
hé thong chua hiéu chinh 13 -31, 18dB. Do d6, bién d6 cua khau hiéu
chinh tai tan s6 7rad/s phai bang 31,18 dé hé thong duoc hiéu chinh co
tan sb cit 7rad/s.

- Bang phuong phép chon va thir ta thdy rang néu dat nghiém cuc cia
khau hiéu chinh tai tan s6 100rad/s thi do duy trir vé pha 1a 35,330 Va do
du trir vé bién d6 1a 3,399dB. Nhiing thong sd ndy gan v6i yéu cau thiét
ké va c6 thé chép nhan duoc.

Ta c6 ham s6 truyén cua khau hi¢u chinh:

1+ jv

Gpw)=K—V
D W) =Ko

(4.21)

Vi bién d6 ctia Gp(W) tai tan s6 7rad/s 1 31,18 nén :

h 2
% =31,18 (422)
]+(0’]V) v=Trad/s

Tir d6 tinh duoc K = 5,14, ham truyén ctia khau sém pha 1a:

IGp (i), =201g K

1+ jv

G =514 ———— 423
D (W) =314 ot Sl
Ham truyén cua hé théng da duoc hiéu chinh la:
Gp(V)G(jv) = 5,14— 3 (1-jv/7,69) (4.24)

1+001v  (jv)?

Biéu d6 Bode ctia hé théng dd hiéu chinh nhu hinh 4.8.

Nhu vay: bang phép bién doi W, ta di bién duong tron don vi trong
mit phang Z thanh nira bén trai cia mat phang W. Mt khac mat phang
W va mit phang S tuong ty nhu nhau nén ta c6 thé dung cac khai niém
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vé duy trit bién do, du trit goc pha dé thiét ké hé diéu khién sb tuong tu
nhu hé lién tuc

Bode Diagram
60 e .
40-
o
=
P 2. o .
2 : Dy trir bién 4§ = 3,399dB
2 v 0
& 0 .
s
-20-
225
F
> 180 ?
2 B 7
o Dy tri¥ pha = 35,53°
o 135: '] P
90 30 o aad0s s . s o lEE
10" 10° 10’ 10° 10°
Frequency (rad/sec)
Hinh 4.8: Biéu 46 Bode cuia hé thong da hiéu chinh

4.4 THIET KE BU
4.4.1. Khai niém vé hiéu chinh
Xét hé PKS c6 ham truyén hé kin 1a:

C@ ___ D@G() (4.25)
R(z) 14+ D(z)G(z)H(z)

Phuong trinh ddc tinh 1a cua hé la:
1 + D(z)G(z)H(z) = 0.
Trong do ta co thé coi D(z) 1a bd bu, hay b hiéu chinh.
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R(s) EGs)

AT../T D(z)}»| G(s) €6,

H(s)

Hinh 4.10: So d6 céu tric b thiét ké bu

Thong thudng, bd hiéu chinh dugc méic ndi tiép véi ddi twong (hinh
a), d6i khi n6 ciing duge méc trong vong hdi tiép con. Khi dé, ta goi la
hiéu chinh song song.

Dé thiét ké bo bu trong mién tan sb bang cach sir dung dd thi Bode,

1+T/W

ta phai chuyén D(z) sang D(w) thong qua phép bién d6i: Z = " ]/

Trudce hét ta xét cac bo bu bac nhat, ham truyén bién doi Z cia nd co
dang:

_K4(Zz-2p)

D(z) = ) (4.26)

Ham truyén trong mién W ciing 1a bac nhét:

[+ Youo)

D(w)=ag—"-< 4.27)
W
(Yo

trong do: wyo 1a nghi¢ém zero, wys 1a nghiém cuc trong mat phé“ing w.

He¢ s6 khuéch dai mot chiéu tim duge bang cach thay Z = 1 vao cong
thtrc (4.26) hoac W =0 vao (4.27)

Chuyén (4.27) sang bién d6i Z ta co:
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w
1+ ——
0]
D(z) = ag V‘VVO
1+ ——
Owp |, 221
TZ+1
(2/T)-owg

Dwp(@wo +(2/T)) ©7 2/T) + g
@wolowy +(2/T)) ,_/D-0w
Q2/T)+ 0y

So sanh (4.28) vai (4.26) ta rit ra:

(4.28)

D(z) = a,

_ oyplowe + /M)
K220 (s + 27T *29)

— / —
Q2/T)+ 040 (2/T) + 0y

Duya vao moi quan hé gitra 1a nghiém zero myo va nghi€ém cac wyws ma

ta phan loai bg bu:
+ NéUu 0yo > s ta cO bl tré pha
+ Néu @y < Wws ta co b sém pha
4.4.2. Thiét ké bu tré pha

Ham truyén ctia bo bu tré pha 1a:

VO Wyo > Ous 431
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BN oo

dB

e[0)]

Hinh 4.11: Biéu 85 d4p (mg tin sb cua bd bu tré pha

D(z) lam giam h¢ s6 khuéch dai & tan sd cao so véi tan s thap va
lam tré pha. Mit khac, D(z) lam cho h¢ théng c6 khuynh huéng dan dén
trang thai khong 6n dinh.

Pép tng tan sd biéu thi goc pha am, hé sé khuéch dai 1 chiéu 1a ao

va d¢ khuéch dai ¢ tan so cao la: 20149 —= ; d0 dich pha cuc dai la ¢ u
w0

co gia tri trong khoang 0 — 90° tuy thuoc ti SO Mo/ Mus

Vay, sy tré pha 1am cho hé théng c6 khuynh huéng dan dén trang
thai khéng 6n dinh (Biéu do Naiquist huéng vé phia diém - 1)

Cén phai chon tin sd gy ®wo VA mys sa0 cho sy tré pha lam cho dap
g tan s6 G(jow) khong cit lan can -m.
trong do:

1 _ e—PT

G(z) = z{ G(s)} (4.32)

T1-T/2W

Dé hé théng 6n dinh thi bo loc phai c6 hé s6 khuéch dai giam & 1an
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can -7 Nén Myo Va Mys can phai nho hon o_;

Khi thém bé tré pha, do dy trix vé pha va bién do déu tang, lam tang
d6 6n dinh tuong dbi. Mat khac, hé sb khuéch dai tan sd thép giam Xuéng
nén sai s xac 1ap va do nhay tan s6 thap khong tang, lam ting 6 6n dinh
tuong doi, dai thong giam lam dap ung thoi gian cham hon.

-270 .
10° 10 10

5 g 5D B . o toL
1 O 1

Hinh 4.12: Biéu 46 b§ thiét ké bo trd pha

Ttw hinh vé ta théy, néu gilt Wwo Va 290w, khong déi, nhung tang a
va giam my, thi d6 du trit On dinh giit nguyén, tuy nhién hé s khuéch
dai vong hé ¢ tan s6 thip ting din dén hé s6 khuéch dai vong kin & tan
sO thdp xép xi 1, cai tién dap tmg xac 1ap. Cha y ring vé6i hé thong da
cho, viéc thém dic tinh tré pha c6 thé dy dic tuyén pha dudi dudng
thang -, hé 6n dinh c6 diéu kién.

* Cac budre thiét ké bu tré pha

Gia thiét bo bu c6 hé sd khuéch dai mot chiéu 1a a, (dugc xac dinh tir
dic tinh cua hé théng), do du trit pha mong mudn 14 @, ta can thuc hién
theo cac budc sau:

+ Xac dinh tin s6 cdt my; sao cho goc pha cua G(jm) xap xi (-180° +
®,, + 5%). Tai tan s6 nay c6 do du trit pha la @y,
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+ Chon myo = 0,1 @y dé tai oy ta co tré pha it nhat (tré pha = 5°)

+ Tai tan s6 ww1 ¢6 |D(j@,,)G(j®,,)|=1 vi h¢ s6 khuéch dai b bu

o A A \ ., i , 1
O tan sO cao la ag —* tacod: a,—*= '
@, ,, |G( jo,,
Gidi ra ta duoc:
0,lo
2wl 4.33)

Wue =
" ag|GGowi|

Thiét ké theo d6 khuéch dai mét chiéu, nghiém cuyc, nghiém zero cta
bo bui d4 biét.

Khi d3 biét o VA mys ta suy ra D(z) theo cong thurc:

_(2IT)- 0w

o ogslowg t@2/T) T 2/T) + oy
D(z)=29 000w +(2/T)) . (2/T) — Oy Cathd

(2/T)+ ws
RGS) g )

— D(z) > ZOH |—| Gi(s) —
1. T
Gy(s)

Hinh 4.13: So dd cAu tric b bu sém pha theo do khuéch dai mét chiéu,
nghi¢m cyc, nghiém zero
Trong trudng hop D(z) khong bang 1...

Vi du 4.5: Hé diéu khién dong co secvo co so dd cu trac nhu hinh
1
s(s+1)(0,5s +1)

v&, gia thiét ham truyén cia thiét bi diéu khién 1a: G(s)=

Ta thay hang s6 thoi gian nhanh nhat bang 0,5(s) nén ta chon chu ky
lay mau T = 1/10 (Hang sb thoi gian nhanh nhat) = 1/10.0,5 = 0,05(s).



Gido trinh diéu khién s6 97

Z-1 ]
G(z) = V4
‘ Z {sz(s + l)(O,Ss + ])}

G(z)= E:JZ{L_E+L_ 0,5 }

Z s2 s s+l s+2
_Z-1[ 0,005z 1,5Z 2Z 0,57
G(z) = = + -
Z \(z-H2 Z-1 Z+09512 Z-09048

Dap ung tan s ciia hé duge tinh bang may va cho trong bang 4. 1.

Gia thiét ta mudn thiét ké b bu tré pha c6 hé sd khuéch dai mot
chidu = 1, d¢ du trit pha = 55°.
Theo bang ta c6 tai tin s6 w1 = 0,36 goc pha cta G(joy) 14 -120,5°,
|G(ja)wl)| ~ 2,57 . Theo budc 2 ta chon wywo= 0,10y = 0,36
0loy; 0,036
Dy = .
ag|G(jow| 1.2,57

=0,0140

Thay vao biéu thirc cia D(z) ta co:

_(2/T) -0y
Dz Ous(@wo +2/T))  2/T)+ 0w
(z)=ay
Owolows +(2/T)) ,_Q2/T)- 0w
(2/T) + 0y
D(z) = 0,3891(Z -0,998202) _ 0,3891Z-0,3884
(2-0,9993) Z-0,9993
Bang 4.1
® GeT ‘Geij‘dB) <Ge*T Oy,
0,010 100,0 40,0 -90,9 0,010
0,050 19,97 26,0 -94.4 0,050
0,100 9,94 19,9 -98,7 0,100
0,200 4,88 13,8 -107,3 0,200
0,300 3,16 9,99 -115,6 0,300
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0,360 2,57 8,21 -120,5 0,360
0,400 2,28 7,15 -123,7 0,400
0,500 1,74 4,79 -131,3 0,500
0,600 1,37 2,73 -138,5 0,600
0,700 1,105 0,87 -145,3 0,700
0,800 0,9064 -0,85 -151,6 0,800
0,900 0,7533 -2,46 -157,5 0,900
1,000 0,6330 -3,97 -163,0 1,000
1,200 0,4576 -6,79 -172,9 1,200
1,370 0,3550 -8,99 -180,3 1,371
1,500 0,2950 -10,6 -185.,4 1,501
2,000 0,1584 -10,0 201,4 2,001
3,000 0,0590 -24,6 -2223 3,006
5,000 0,0151 -36,7 -244.3 5,026

vo1 bd loc nay co6 do du trir vé bién do 1a 16dB, do du trix pha la 55°.
n Po——
2 B

~~ o

-

Hinh 4.14: D) thj Bode cta bd loc

Bai tap: V& dd thi Bode cua hé d3 hiéu chinh; Mo phong va veé dac
tinh qua d6 cta hé thong
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4.4.3. Thiét ké bu sém pha

Trong bo bu sém pha, wyo < Ows, dap tuyen tan s6 nhu hinh vé:

Do dich pha cyc dai xay ra tai tain s6 o,,, = o,,0,, (4.35)
dB
20|gaomwp e
0o
02lga, logow

logew
Hinh 4.15: Biéu do dap (mg tin sb ciia by bu sém pha
. 142
. . ~ o
D(jow) =[D(joy e’ = ag —2& (4.36)
1+ ——

D6 thi O, theo ty 56 Oyo/@ys

Ham truyén dat hiéu chinh c6 dang:
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. . ' 1+ ]
D(joy )=|D(joy Je® =a, %‘l"— (4.37)
w ws

1 [©ws Wwo
Gt ‘5[\/5; ‘JKJ
\/1 + ((ow/mwo )2 ‘
T 1 O fogp B (4.38)

1+ O wp /O wo _a ’mwp
— %o
1+mw0/co,,,,p O wo

ID(jcowm l =a

Om
[
60
040
1 ] L,
6 7
Hinh 4.15: Biéu 46 40 di pha cyc dai ctia b loc

Tir hinh v& ta thiy, néu hiéu chinh sém pha tao ra sy sém pha va ting
do du trit 6n dinh cua hé, nhung cling lam tang do khuéch dai tan s6 cao
so voi tan s6 thap gay anh huéng bat 6n dinh.

Hinh dudi 1a s8 hiéu chinh bu sém pha. Su sém pha dugc dua ra lan
can tan s o cua hé théng dé tang do du trir 6n dinh cua hé. Cha v réng
dai thong ctia hé ciing tang 1én, két qua dép Gmg thoi gian nhanh hon.
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. dB

Hinh 4.16: Sy hiéu chinh bt sém pha

Thiét ké som pha tao ra hé thong c6 d6 som pha can thiét nhung
khong kiém soat duoc bién do.

Thiét ké sdém pha la qua trinh chon va thur, vi sém pha tao sy 6n dinh
0 mién tan s6 con do khuéch dai tao sy bat 6n dinh.

*Trinh ty thiét ké sém pha

- Theo phuong phap nay, bién do va pha ctia ham truyén s& c6 gi tri
xé4c dinh tai tan sb cho trude.

Ta chon k = 1 (logk = 0 dB) va pha = (180° + ¢, )
trong do: ¢, 1a do du trir pha mong mudn.

- Trong qua trinh thiét ké, ta khong xac dinh d6 du trit bién d nén
6 thé lam cho hé théng khong 6n dinh. Vi vay, budc cudi cung la kiém
tra do du trir bién d6 dé hé thong 6n dinh va théa min yéu cau thiét ké.

- Phuong trinh dic tinh cta hé thong sau khi chuyén sang mat phang

1+ D(W)G(w) =0 (4.39)
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(1Y% )

Véi D(w)=a (4.40)
W Vs
(l * /wws)
Ta can phai xéac dinh D(w) sao cho tai my;
D(jo o JG(jow ) = u(— 180° +¢M) (4.42)
Pdng thoi hé théng co d6 du trit bién d6 thoa man yéu cau.
Ta biéu dién D(w) dudi dang
aw +ag
D(w)=—1"—"79 4.43
(w) biw +ag ( )
. 1 . .
(6 phan trudce ta da co: o, = G , O, = E’ ap la @6 khuéch dai 1 mot
a,
chiéu ctia bo bu)
Tir (4.39) ta thiy D(jow:) Phéi théa man diéu kién
D Go w1 ) = =
IG (_](0 wl 1
0 = ZD(jow) = -180° + ¢ - LG(01) (4.44)

Phuong trinh (4.40) c6 3 sb hang chua biét 1 a, a;, by
Tu (4.41 ) va (4.42) ta rat ra:

_1-29|G(jo, ) cosd
o ®y1|G(joo 1 )sin®

(4.45)

b = cose—aolg(jwwll (4.46)
Wy, Sin6
= Chuy

Truong hop ham H(s) # 1 thi ta thay G(joy) trong cac biéu thic
(4.42), (4.43), (4.44), (4.45) bang HG(jo).
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+ Cac bude thiét ké
- Chon d6 du trir pha ¢ tan 6 Oy
- Xac dinh a;, b; ctia bo bu.

- Dua vao déc tinh xac 1ap cia hé dé xac dinh do khuéch dai 1 chiéu

a0
Tan s6 oy dugc xac dinh theo cach sau: (3 rang budce)

+ Vi la b bu sém pha nén 0 phai duong tir (4.44) = 0> 0

8= ZD(jow) = -180° + ¢, - ZG(jow) > 0

Z£G(jow) < -180°+¢n va |D(joy;)>ag
. I : .
’ |G(J‘°w|) < ;; s = |D(wa])G(J(°wll =1

+ b, phai dwong dé dam bao chic chan hé¢ 6n dinh do d6 theo (4.46)
ta co:
cos8 >ag|Gljoy )
* Vi du 4.6: Xét lai vi du diéu khién dong co secvo cb so dd céu trac
nhu hinh v&, gia thiét ham truyén cia thiét bi diéu khién 1a:

1

OO = D05+ D)

v6i do du trit pha : 55° va hé s khuéch dai mot chiéu ciia b bu sém pha

R(s)

E(s) C
"1 D) [~{ ZOH —|Gxfs) © .,

Gi(s)

Hinh 4.17: So 46 cAu tric diéu khién dong co secvo
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Ta can chon tin s§ ®y; sao cho <G(jow) < -125° (rang budc 1) va

|G(jww1) <1 (rang budc 2) va ( i voiag=1)
a

0

Chon oy = 1,200 (theo bang & vi du 2)

IG(jow; ) =0,4576
0 =-180° + 55°- (-172,9% =407,9° = 47,9°

Theo rang budc 3, cos47,90 = 0,670 > 0,4576. Vay 3 da dugc thoa
man Theo (4.45), (4.46) ta tinh duoc:

. 1-(1)(0,4576)cos(47,9%)

=1,701
(1,2)(0,4576)sin(47,9%)

b o cos(47,9%) - (1)(0,4576)
(1,2)sin(47,9%)

=0,2387

1+1,701W 1+ W/0,5879

D(w) = - ,
(%) = 1302387W ~ 1+ W/4.187

Ham truyén ctia bo diéu khién so la:

_6,53%(Z-0,9710)
Z-0,8106

D(z)

bép tng qua do6 cua hé dugc chi ra trén hinh 4.18.

= Nhan xét

- Véi D(z) vira thiét ké do du trir pha 1a 55° d6 dy trit bién do la
12,3dB. Néu ta chon oy khac di thi do du trit pha van : 55° nhung do du
trir bi€n do s€ khac.

- Néu wy duoc chon 16n hon thi goc cua D(joy) 12 6 S€ 16n hon va

@, 1. A J CA A . \ . SRIRIN 5 ~
—* 16n hon = D khuéch dai tan so6 cao tang lam tang dai thong cua hé
a)w0

théng. Néu chon my; < 1,2 s& lam giam giai thong cua hé thng.
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- Trong b loc tré pha nghiém cuc va nghiém zero gan nhu tring

nhau.

Con vo1 bd loc som pha chung tach xa nhau. Do do, véi bat ky su dich
chuyén nho nao trong chiing ciing anh hudng it dén dap tng tan sb cua

bd loc

Hiéu chinh tré pha lam giam h¢ s6 khuéch dai tai ¢ tan cao do d6 lam
giam dai thong cua hé théng. Hé sb khuéch dai tan thap khong giam nén
sai s6 xac 1ap khong ting. Tac dung cua hiéu chinh sém pha 13 1am ting
hé s6 khuéch dai tan s cao nén 1am ting dai thong ctia hé thong.

1.4

12 Bu som pha

Bu tre pha

0.8

06

0.4:

0.2

0

0 5 10 15 20 25 30
Hinh 4.18: Bé4p (mg qua do ctia hé thong khi sir dung
bo bt sém pha va tré pha
Théng s6 Bu tré pha Bu som pha
Sai sb xac lap 0 0
Qua diéu chinh 15 13
Thoi gian dinh 13 2,2
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Thoi gian qua do 11,7 4,7

Dai thong 0,66 2,2

4.4.4. Bu s6m, tré pha

Trong nhitng phan trudc, ta méi chi xét cac bd bu bac nhat. Trong
nhiéu truong hop, ching khong théa méin yéu cau ki thuét cua hé thong.
bé khic phuc ta dung bo bu c6 bac cao hon.

Mot trong nhitng cach khic phuc c¢6 hiéu qua 1a ghép ndi tiép bo loc
som pha va bo loc tré pha. Muc dich phan tré pha 13 1am ting hé sd
khuéch dai tan sb thip, phan sém pha lam ting dai thong va do dy trir 6n
dinh.

Vi du 4.7: Xét hé thong trong vi du 4.5. Sai s xac 1ap khi dau vao 1a
ham t.1(t) 1a:

ey et m S

Véi  R(z) )

(1P

. (KT)= T 0,05

im(z-1)G () 005

Gia str thiét ké doi hoi sai s xac 1ap khi dau vao 1a t.1(t) khoang 0,5,
d6 du trit pha 55°. Ta ding bo loc tré pha Dy(z) dé ting hé sé khuéch dai
tan s6 thap 1a 2. Sau d6 thiét ké bo loc sém pha D,(z) bé tao do du trix
pha 55°

1

Chon nghi¢n cuc va zero ciia Di(z) giong nhu vi du trudce. Ta co:

lim Dy(z) = lim Kd(z-0,998202) _s
cand z-1  z2-0,999300

Rut ra Kd = 0,7786

_0,7786(z - 0,998202)
D) == 550300
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Pé tinh toan bo loc sém pha ta can tinh Dy(2)G(2)
D,(m)o(mjm,f 0,365|— 173,99

0 = 180° + 55° — (-173,9%) = 408,9° = 48,9°

0
1 _1-(1)0,365)cos48,9 R

@0 (1,2)0,365)sin489° 0434

O = bi] =3,097

6,68(z - 0,9785)

V6i Dale)= (2-0,857)

Dap tmg qua do ddi v6i ham 1(t) gan tring véi dap Gmg sém pha

5,2(z-0,998202)z - 0,9785)
(z-0,999300)z - 0,857)

D(z)=D;(2)D(2)=

1.4

1.2

Som pha Som tre pha

08
06 |
0.4

0.2

0 5 10 15 20 25 30 35 40 45 50

Hinh 4.19: DBap g qua d¢ khi c6 cac bj bu
4.5. THIET KE PID SO
4.5.1 Khai niém

Ham truyén PID s cho boi:
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D(w)=K, + L4 K pw (4.47)
w

trong d6: Ks, KI, KD, 1a hé s6 khuéch dai ty 1¢, tich phan, vi phan.

- B) diéu khién PI: Ham truyén dat cia bo diéu khién PI 1a

K K.w+K 1+ w/o
Dlw)=K, + KL ReW+Ki o Trw/owg (4.48)
w w w

trong do: oy = K; /K;. Pay 1a b loc tré pha nhung c6 cuc tai wys = 0.

Dap g tan s6 nhu hinh a. B diéu khién nay ting hé sé khuéch dai
& tan s thép, va khong xac dinh tai o, = 0 va gidm sai sb xac lap. Muc
dich ctia bo diéu khién nay giéng nhu bo diéu khién tré pha 1a ting do du
trit 6n dinh va giam sai s6 xac lap.

- B diéu khién PD: Ham truyén dat cta bo diéu khién PI 1a

D(w):KS+KDw=KS[l+ hd J (4.49)

®Owo
V61 owo = Ks/Kp. Pay chinh 1 bo diéu khién sém pha ma ¢ cuc @y =
o0. Muc dich ctia bo diéu khién PD 1a cong goc pha duong va dap tng tan
s6 vong ho dé cai thién sy 6n dinh va ting dai thong dai thong vong kin
dé tang tbc d6 dap umg. Tac dung PD & tAn cao nguogc véi tac dung PI &
tan thap.

- By diéu khién PID: bao gdbm ca hai bo loc PI & PD c6 ham sb
truyén:

D{w)=Kj +ﬁ+KDw (4.50)
w

Thiét ké PID béng cach tao bd loc sém pha va bo loc tré pha. Vi Ks
1a chung cho ca phan PI & PD nén phan thiét ké PI anh hudng t6i PD va
nguoc lai.

Tir dic tinh tan s6 ctia bo loc PID 1a khi tan s ting hé sé khuéch dai

tang khong c6 gidi han khi tan sé ting. Khi o, — o thi © > oy z — -1,
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G(z) n6i chung khong ¢ zero tai z=-1. Do d6  |G(z).D(z)| — oo khi z
—> -1 1am cho hé mat 6n dinh. Dé khéc phuc ta thém mot cuc hodc nhiéu
cuc vao phan vi phan khi d6 ham truyén cia bo loc tré thanh:

KDW

D(w)=K5+ﬁ+ (4.51)

w n(l + W/"’)wsi)

z-1 w hl
Dp{w)= T‘ Z=[(r 2w fi-(Tr2w] = 17 T2)w 1+ w/oy,

Oy = 2T =wn
Trong truong hop riéng, co thé xac dinh KS, KI, KD tur thuc nghiém
st dung mo hinh vat 1y hé théng khi chi biét so bd nhiing dac tinh cia hé.

Phong doan KS, KI, KD dé hé théng vong kin 6n dinh, sau d6 thay
d6i KS, KI, KD sao cho dap tmg c6 thé chap nhan duoc.
B6 diéu khién PID c¢6 thuan lgi co ban 1a chu ky léy mau T co thé

thay d6i sau khi thiét ké xong nhung KS, KI, KD van khong thay doi.

d81

0 \ Ows ij

Hinh 4.20,a: DB thi Bode cua PI
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dB 4

Hinh 4.20,b: D6 thj Bode cua PD

dB

T U >
Ow
o

-90Y >

Hinh 4.20,c: Db thj Bode cua PID

4.5.2. PID s6 theo phwong phap Ziegler - Nichols

Phuong phap nay dugc ap dung cho ddi twong co quan tinh 16n nhu
16 dién tro.

Ke™s*
Gls) = 4.52
(S) 1+ ST] ( )

K: hé s6 khuéch dai cta dbi tuong;

T: hang s tré;
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Ty: hang s6 thoi gian quéan tinh chung duoc xac dinh tir thuc nghiém.

PID cua Ziegler - Nichols c6 dang:

D(s)= C[l O TDs] (4.53)
TIS

1,2T
trong do: C = =—1
kx

; T1=2m; Tp = 0,51
So Sanh véi D(s) = Ks + 81+ Kps
s
Vay C tuong tng voi Ks ; Ky = C/Ty ; Kp =C. Tp
Hiéu chinh PI cua Zieler - Nichols la:

D(s)= C(] + LJ voic=22T (4.54)
T]S K 1t
Cn ) z e e 1A 1A . L. . 0,9 Tl
Hi¢u chinh khuéch dai ti I¢ 1a: D(s) = C v61 C = K — (4.55)
T

Dbi véi hé lién tuc hiéu chinh PID c6 dang tong quat 13 :
K
D(s)=Ks+—+Kps (4.56)
S

Chuyén sang hé roi rac ta co:
- Bién d61 z doi véi khau vi phan 1a :

z {df(t)
dt

o)=L ~
t:kT—T(l 2 F(z) o (457,

Ham truyén bién d6i Z ciia khau vi phan la:

Gyl2)=Kq 2L (4.58)
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Pé tinh tich phan ta co thé thuc hién theo ba cach:
- Tinh tich phan theo hinh thang ABCD (hinh 4.2 1).
- Tinh tich phéan theo hinh chir nhat lui vé phia sau AECD.

- Tinh tich phéan theo hinh chit nhat tién vé phia truéc ABFD.

fl (k-DT)
B

PID u(t)

Hinh 4.21: Cac phuong phap ly tich phan

* Cach 1: Tich phan theo hinh thang ABCD

u(kT) = uf(k -1)T]+ % {t(kT)+ [k -1)T]}

u(z)= U(z)Z_l + —}.F(z)(l + Z")

G,(2)=K, Uz) KT Z+1

Fz) 2 'z-1

* Cach 2: Tich phan theo hinh chit nhat tién phia truéc ABFD
u(kT) = uf(k - 1)T]+ Tf[(k - 1)T]
U(z)=U (z)Z‘l +T.F(z)Z~ !

U)_ KT

G,(z)= K, Flz)  z-1

* Cach 3: Tich phan theo hinh chir nhat lui phia sau AECD
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u(kT) = u[(k - 1)T]+ Tf(kT)
u(z)= 2”'u (2)+ TF()

(Z) K] U(Z) K[TZ
F( ) z-1
Téng quat theo cach 1 ta ¢ ham truyén ciia PID theo z 1a:

z—l+ KiTZ+1
Tz 2 Z-1

D(z)=Ks+Kp

Néu PID duoc méc ¢ kénh sai sb thi f(t) = e(t). Khi d6 tin hiéu diéu
khién c6 dang (theo (1)):

u(kT) = C{e(kt)— — Z e(iT)+ e(kT)— — {e[(k - 1)1"]} +u(0 )}

l|0

Thuat toan hiéu chinh PID dugc viét lai dudi dang:

Au(kT) = C{e(kT)- %—e[(k ~1)T]+e(kT)+
+ TTD {e(kT) - 2£[(k - 1)T]+€(k - 2)TT}

trong do:

dt
dg(:)e(i'l') ) okT)
dt T

% folkT)—ef(k ~)T] = & e(kT)-2.¢f(k — 1)r]+e[k 2)T]
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2705
Vi du 4.8: Cho dbi tuong G(s ) = L03¢

143480s
Thiét ke PID theo phuong phéap Ziegler - Nichols

-TtS

e
1+Ts

Ta c6 ham truyén ctia PID theo bién doi Laplace 1a

D(s)= 1,2 3480 (1 1

270s
+ +
1,63 270 2,270P 2
= C(l + L + TDS)
1‘|S

c=12L
T

; TI=2t; TD=0,51

D(s)=9,5(l + 200185 l35sj
S

St dung phép bién doi Z ta co

_ 0,0018 TZ-1, u(2)
D(z)=9,5{1+ T 15—

TZ-1 2z E@z)
27Z+1

Suy ra.

U(z)=Z"2U(z)+ 95{(00037
0,0037

+( T

Uk =Uk-21]+

£67.5T)+ (0 ,0074

~1+67,5T)Z"2}E(z)

95{(%037“+67,5T}(k1)+[@7-4—135r}[(k—1)r] [00037 l+67,51')a[k 2)r]}

4.5.3. Trinh tu thiét ké PID
Gia thiét SID C6 ham truyén

D(w)= K, +»I—<—' +Kpw
w

(4.59)

-135T)27 ! +

114
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bép ting tan s6 cua b loc 1a:
. . Kj .
D(jo)=K; + j(Kpo-—) =|D(jo, | <0 (4.60)
(‘OW

Theo thiét ké bu som tré pha ta chon K, K, Kp Sao cho tai tin s6

duoc chon 1a wy :
D(jow )G(jow) =141 807 —bm (4.61)
. K . -
Ks + (Kpoy, ——)=|D(Jcow,](cose+15m 8) (4.62)
Ow)
Véio= 180"+ ¢y - ZG(jorn)

Tur d6 ta rat ra:

cos0

Ks =|DGO)W|XCOSO=|—GG(D—]] (463)
w
K] sin®
Kp@y ——b = — (4.64)
prwl Owi IG(mel]

Trong nhitng phuong trinh thiét ké trén néu H(s) = 1 thi G(joy)
duogc thay bang HG(jow1).

Céc phuong trinh thiét ké (4.62), (4.63), (4.64) khi cho G(w) chon
Ow1 & O, ta xac dinh duoc Ks tir (4.63), Kp & K dugce xac dinh tir (4.64)
chung khong phai 1a duy nhat. Vay khi Kp ting thi sé ting dai théng, khi
K tang s€ gidm sai sb xac lap. H¢ théng thiét ké can phai c6 do du triv
bién d6 nhat dinh. Khi Kp & K; thay d6i s& lam thay doi do dy trit 6n
dinh vé bién d6 trong khi d6 du trit pha khong thay doi.

Ta da biét & muyc trudc nodi chung s6 hang vi phan doi hoi thém 1
cuc.

Ham truyén dat chung cho dudi dang:
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D (w)= v - had
b 1+%w 1+ W/

Do d6 ham truyén cia PID 1a:

+Xi, Kpw

D(w)=K, (4.65)
1+ —w
2
. _ El_ KDj(”w
Doy )=Ks+ T jo,@)2)
) 5 (4.66)
(¢ _Kpou2@M), [Kpow@m? KIJ
2/T? + 0,2 QT)? +0y,% Ow

Tir (4.63) va (4.64) ta ra:

_ Kpow’(/T) _ cos@
/T +0,2 Glow)

(4.67)

S

Kpow (2T K; _ sin®

- = ; (4.68)
QT2 +ay? Ow  [Gliow)

— Chi y

- Néu oy << % cac phuong trinh (4.67), (4.68) don gian thanh
(4.63), (4.64).

- Khong c6 thu tuc don gian nao dé tinh Ks KI. KD. Véi bo diéu
khién SD (4.67) & (4.68) chi chtra 2 an s6 nén c6 thé giai phép truc tiép.

sin® (2/T)2 + ‘lez
Kp =—o (4.69)
P IG(wanl{ @220y,
2
vi Kg = cosf Kpow“(2/T) (4.70)

GGow] 2/T)? + 04,2
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Vi du 4.9

Thiét ké PID sb dé diéu khién ddi tuong c6 ham sd truyén cho trong
hinh 4.22 véi sai sb xac 1ap d6i voi RAMP 14 0,5, d6 dy trit pha = 55° cho
hai truong hop: Dung PI va dung PID

C(s)

R(s) @ / 1
D(z) ZOH s(s +1)(0,5s + o

Hinh 4,22: Ciu tric hé PKS

a) Dung PI

Ta thiy D(z) c¢6 thém 1 cyc z = 1, G(z) ¢6 1 cyc z = 1. Do vay
G(z)D(z) ¢6 2 cuc tai z = 1 nén sai sd xac 1ap khi tin hiéu vao 1a ham
RAMP bing 0 (thoa man diéu kién thiét ké ). Tir bang dap tng tan sb cia
G(z) ta chon wy; = 0,4.

Tir (4.62) ta c6 0 = 180° + 55° - (-123,7%) = 358,7° = -1,3°
Tir (4.63) & (4.64). Rut ra:

. 0
Kq =——(—)°°S L37)_0.439

2,28

_ainl_120
Ky =337 6 42 0,00398
2,28

T D(w) = Ky HW—/COWO, ta cO zero ctia bd diéu khién SI duoc dit &
%%
tn s8 w0 = %z 0,00907 rét nhé da 1am giam dang ké giai thong cua hé
S

théng = thoi gian qua do dai.

Néu chon my; = 0,3 thi SI ¢6 hé sb khuéch dai 1a: Ky = 0,313 & K, =
0,01556
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Owo = l’:—' = 0,0497
D

Giai thong ctia hé thong duoc ting 1én = thoi gian qua do giam
b) Dung PID
Gia thiét bo qua cuc ¢ sb hang vi phan. Theo (4.63) ta duoc:

cosf

s IG(jmle

Néu chon ©y; 16n thi |G(jow)| gidm va do d6 k, tang 1én
Chon @y = 1,2 = G(j1,2) = 0,4576< - 1 72,9°
Tir (4.62) 0= 180" + 55° - (- 127,9%) = 407,9° = 47,9°

) 0
Tir (4.63) 1a ¢6: K = ﬁ(ﬂg—) =1,465

0,4576
Kl sin@
Tu (464) co: KD.CO 1- = -
v Owi ‘G(wal)

Do d6 v6i G(joy) ¢ trén thi:

. 0 2
p=3ma79° 1 [ L} Z1351+ 060K,
0,4576 1,2 1.2

M6 phong va thur nghi¢m ta chon duogc:
KI=0,004
KD =1,354

Két qua tao ra do du trit pha la 53,5°, d6 du trir bién d6 1a 1,6dB khi
cO 1 céac dugc cong thém vao vi phan (8,339) su anh hudng cua cuc nay
nén do du trit pha 1a rat nho.

Pap tng qua do khi dau vao 1a ham budc nhay don vi duge chi ra
trén hinh 4.23.
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Hinh 4.23: Dap img qua do cia hé dbi voi ham budc nhay don vj

4.6.THIET KE BANG QUY PAO NGHIEM SO
4.6.1. Khai niém

Khi thiét ké hé thong trong mién tan s, ta cd ging hinh thanh dap
g vong ho dé dat dugc do du trit on dinh nao dé, do d6 dat duoc dap
ng qua do, dic tinh x4c 14p mong mudn. Nhin chung cac phuong phap
trén con mang nhiéu tinh chat md mam (chon va th).

Trong muyc ndy, trinh bay viéc thiét ké hé thong dwa vao quy dao
nghiém sb khi hé sé khuéch dai thay doi. Pic diém cua dic tinh qua do
duogc thé hién théng qua quy dao nghiém s6. Noi dung cua viée thiét ké 1a
thém nghiém cuc va zero vao bo loc s6 dé dich nghiém cua phuong trinh
dic trung nham dat dugce nhitng nghiém thich hop hon trong mat phing
Z.

Xét h¢ thong nhu hinh 4.22, phwong trinh dic trung 13 ctia hé 1a:
1+ K{D(z).G(2) } =0 @4.71)

Cho K thay d6i dé sinh ra quy dao nghiém sd, Z, 1a mot diém trén
quy dao nghiém sd khi thoa min phuong trinh trén. Khi do:
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1
Ke— (4.72)
ID(Z,)G(Z,)I
£D(2,)G(z,) = £180° (4.73)

RS) g

—>]

D(z)

>

ZOH

Gai(s)

C(s)

Gi(s)

Hinh 4.22: Cau triic hé thdng diéu khién

Khi K bién d6i tir 0 dén oo ludn ton tai 1 gia trj ciia K thoa mén (4.74)
Do d6 diéu kién z, trén qui dao nghiém sb chi 1a diéu kién (4.75).

Hinh 4.23: Phan bd nghiém trén mjt phing Z

Chu y: Néu H(s) # 1 thi G(z) duoc thay biang GH(z)

Vidu: D(z)=1va

KG(z) =

K(Z-

Zy)

(Z-27X(Z-15)

Tir (4.73) ta thiy néu Z ¢ trén quy dao nghiém sd thi:

(4.74)
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91 - 62_93 = il80°
Gia tri cua K tai 1 nghiém cua phuong trinh ddc trung la:

_12-2,|z-Z4
1z-z)|

4.6.2. Trinh tu thiét ké
Xétbo didu khién bic nht: D(z) = %ZZ—Z)‘Q (4.76)

Ta can D(1) = 1 dé khong anh hudng toi dap ung xac lap, vay:

(1 ~Zs)

Kd:(l-zo)

@4.77)

Nghiém cuc bi thu hep dén gia tri thuc ¢ trong vong tron don vi, voi
bo diéu khién sém pha Zy > Zmnén K4 > 1 ; bd diéu khién tré pha Zy<Z;
nén K4 <1

A, 1A LR ey A K(Z-7, o
+ Thiet ke treé pha: Gia thiet KG(z) = #L. uy dao
P = ey M E
nghiém s6 ctia hé khi chua bu nhu hinh vé:

/ +j
Za
Z, Z; Z, +1
Z*a
Hinh 4.24,a
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o
X

Hinh 4.24,b

Gia thiét nghiém Z, va Z*, thoa min dap ing qua d6 nhung can ting

hé so0 khuéch dai dé giam nho sai s6 xac 1ap va cai thién chat lugng h¢

théng.

Cong thém vao by diéu khién cuc va zero dat gan Z = 1. Vi cuc va

zero rat gan Z = 1 nén cung ¢ lan cin diém nay mo rong ra rat nhi€u. Do

do6 2 cuc va mot zero s€ xuat hién nhu mot cuc don. Ta thay rang cuc va

zero thém vao lam cho nghiém Z, dich mét lugng nhé dén 7°,. Khi do6:

KCDZGZ - KCKd (Z —ZO)(Z_ Z|)
(Z-Z,)Z-ZoXZ~23)

trong do: K 1a h¢ s6 khuéch dai trong h¢ théng duoc bu

Tir (4.72) = nghiém xuit hién tai Z', 13

Z,-2,|z, -2,

Z'a_Zpl

K = Z'a_ZZ|Z'a_ZJI~

c

KJJz.-z|z.-z] =~ K,

Za_ZI\

Hé s6 khuéch dai Két cua hé thong khong bu

Z, —22"2a -z3|

la:Ku =

Za_Zl|

T hai phuong trinh trén ta rat ra: Kc = % vaKg<l1

d

(4.78)

(4.79)

(4.80)
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= Nhan xét

- Bu tré pha cho phép ting do khuéch dai vong ho ma nghiém cia
clia phurong trinh dic tinh van giit nguyén.

- Do ta thém mot nghiém Z ~ 1 ma c6 hing s6 thoi gian 16n, do d6
thot gian xac 13p tang.

+ Thiét ké sém pha

Pé don gian ta dat vao bo diéu khién nghiém zero tring v6i nghiém
cuc Z =7, cua dbi tuong, quy dao nghiém sb s& bi dich sang trai (hinh a),

nghiém Z = Z;, c6 hang sb thoi gian nho hon tai Z = Z, do d6 dap tng hé
théng nhanh hon (dai thong rong hon)

Trong thyc té, khong thé khir nghiém mot cach chinh xac, nén ta xét
2 truong hop:

- Truong hop 1 : Nghiém zero cua bg bu & bén trai nghiém cuc cua

dbi tuong, khi d6 ham truyén vong kin dugce cong 1 cuc hoi nghiéng vé
trai nghi¢ém zero cua bg bu (hinh 4.25b).

- Truong hop 2: Nghiém zero cua bd bu & bén phai nghiém cuc cua

dbi twong, khi d6 ham truyén vong kin duge cong 1 cuc hoi nghiéng vé
phéi nghiém zero cua b bu (hinh 4.25c¢).

N

Hinh 4.25,a
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x

é\]()

1)
U

Hinh 4.25,b

[y 23
‘
Zy

~--f--

A}
s
A Y
\
!
'
’,

*

.
A

Z, \
% P

/ ’

’I

\*

AY

A Y
Ay

/ 3

»

Hinh 4.25,¢

Trong cé hai truong hop, bién do cua dap img qué do khi cong thém
nghiém cuc vong kin s& nho, ham truyén dat vong kin c6 mot diém zero
(tir bo bir) gan nhu tring véi diém céc.

= Két luan:

- B6 diéu khién tré pha dich quy dao nghiém s rat it nhung cho hé
s6 khuéch dai vong ho 16n hon.

-Bo6 diéu khién som pha dich quy dao nghiém sb sang trai 1am giam
thot gian qua do.

Vi du 4.10: Hay thiét ké bo diéu khién som pha dé diéu khién ddi

K
s(s+1)

tuong c6 ham s truyén: G(s) =

Chon chu ky 1dy miu bang 1/10 hang s6 thoi gian nhé nhat (T = 0,1)
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STl : K | _0.004837K(Z +0,9672)
Z "|s2s+n]  @-Dz-09088)

_ K(0,0048372Z + 0,0046785)
(Z* - 1,9048Z + 0,9048)

Quy dao nghiém sé nhu hinh 4.26

1,5
]

. Chua bu
053

! K =0,244

0 /
0,5 0,6 1 11

-0,5
-1
-1,5

Hinh 4.26: Quy dao nghiém sd

V61 K = 0,244, img véi gio1 han khong dao dong, c6 2 nghiém thuc
bang nhau tai Z = 0,952. Ta chon bd diéu c6 zero tai 0,9048 dé khir mot
nghiém cuc cua dbi twong, dong thoi dé ting tc do cua dap ung ta dat

nghi¢m cuc cua by dicu khién tai

3,15(Z - 0,9048)

Z=0,7:D(z) = Z-0%)

Quy dao nghiém s6 cua hé da dugc bu va chua dugc

bu nhu hinh vé.

Tai K = 0,814, hé théng ¢ ché do khong dao dong téi han voi 2 nghiém
bang nhau Z = 0,844. Ta chon ché do gi6i han khong dao dong tit dan
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nhu mot tiéu chuén thiét ké,(mét cuc trong mat ph'fmg Sla:s=-acd héng
sO thoi gian 1a 1/a tuong dwong mot nghiém trong mit phang Z 1a: Z = ¢

at _ e-T/n)

Do d6 trong trudng hop t6i han tit dan khong bu n = 2,03s). Trong
tredng hop téi han tit din co bu (™ = 0,844 hodc © = 0,59s) d4p tmg
ctia hé théng c6 bu nhanh hon nhiéu so vai khi chwa bu (hinh 4.27).

Chua hieu chinh

" Da hieu chinh

0.8
06
04"
0.2

0 1 2 3 4 5 6 7 8 9 10

Hinl 4.27: Déap tmg qué d6 khi chua hi¢u chinh va d4 hi¢u chinh

= Chuy

Dé giam thoi gian qua do ta c6 thé thuc hién don gian bang cach di
chuyén nghiém céc ciia bd diéu khién sang trai, tuy nhién khi d6 hé s6
khuéch dai tan s6 cao cua hé ciing ting 1én téi mirc co thé khong chép
nhan duoc.
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PHUC LUC 1
PE BAI TAP DAI MON PIEU KHIEN SO

Cho hé théng truyén dong thyristor - Pong co dién 1 chiéu c6 so dd
khéi nhu hinh vé.

—{ PKI PK2 > Tx

[N

""""""""""""" N’

Yéu ciu:
1. Xay dung so dd chu truc hé théng & ché d6 lién tuc.

2. Mb ta h¢ thong bang bién doi Z, bang phuong trinh trang thai va
phuong trinh sai phén.

3. Thiét ké cac bd dicu khién s6 cho mach vong dong dién va mach
vong toc

4. M6 phong va vé dic tinh dong cuia hé thong
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BANG SO LIEU BAI TAP DAI

Cong suat dong co dwoe tinh theo cong thirc: P = K.P,

So' dd| Chinh lwu hinh tia 3 pha Chinh lwu ciu 3 pha
chinh

lwu
PP(KW)[1 2 |3 |4 |5 6 (7 (8 |9 [10
K=1 (1 2 3 4 |5 6 (7 |8 |9 [10
K=5 |11 [12 |13 |14 |15 |16 |17 [18 |19 |20
K=3 |21 [22 |23 (24 |25 |26 |27 [28 [29 |30
K=4 (31 (32 (33 (34 |35 |36 |37 (38 |39 |40
K=5 |41 (42 |43 |44 |45 |46 |47 (48 |49 |50
K=6 |51 [52 |53 |54 |55 |56 |57 (58 |59 |60




Gido trinh diéu khién s6 129

PHU LUC 2
2.1. Bién d6i ham truyén tir mit phang P sang mit phiang Z
Dé bién doi ta ding ham c2dm va d2cm

1
P(P+1)

Vidu:G=

>num=[1];
>>den=[1 1 0];
>>T=1;

>> [numz,denz]=c2dm(num,den,T,'zoh");

>> [numc,denc]=d2cm(num,den,T,'zoh');

2.2. Méi quan hé giira biéu d6 BODE va dwong cong Nyquist

- Puong tron don vi trong dudng cong Nyquist bién thanh dudng
don vi (duong 0dB) trong d6 thi Bode bién do ddi véi moi tan sb.

- Tryc thyc 4m cua dudng cong Nyquist bién thanh dudng -180°
trong d6 thi Bode pha déi véi moi tan sb.

Vi vy co thé tinh do du trit pha tir d6 thi Bode bang cach tinh d6 di
pha khi G(jo)H(jo) cat duong 0 dB va do duy trir bién do khi c6 thé tinh
dugc tir d6 thi Bode biang cich xac dinh hé s6 khuéch dai khi
G(Jco)H(i(o) cit duong - 180"

2.3. P du triv 6n dinh

Ham truyén kin cia hé thdng diéu khién tu dong 1a:

Cp) __ G(p)
R(p) 1+G(p)H(p)

Su 6n dinh cua hé duoc xac dinh b?mg cach danh gia mau sb cua biéu
thirc ham truyén khi thay P = jo. Néu G(jo)H(jo) = -1, mau sb s& triét
tiéu va hé théng dao dong khong xac dinh, dép tng cua hé théng sé ting
theo thoi gian.

- D) dur tir vé bién dd chinh bang bién d6 cia G(jo)H(jo) khi goc
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pha ctia G(jo)H(jo) = -180°.

Do du trir vé pha biang hiéu 180° - goc pha cua G(jw)H(jw)

Do du trit 6n dinh biéu thi cho mirc 46 6n dinh ciia hé thong. Thong
thudng khi thiét ké ta mong mudn do duy trit pha bang 30° - 60°, do dur trix
bién d6 bang (4 - 12)dB. Piéu nay néi 1én rang:

+ khi |G(o)H(w)| = 1 thi < G(jo)H(jo) = 120° + 150°

+ khi < G(jo)H(jo) = 180 thi |G(w)H(jo)| = 0,25 + 0,63

2.4. M6 hinh hoa

+ Lap trinh theo ham truyén cta hé kin

P 198 : 19.8
KT (10S +01)Y6S +1)(s +1)+ 198  50S3 +65S2 +16S +20,8

0 s 1 x » »

15
Tire (sec)

+ Lap trinh theo phuong thirc ghép ndi cac khau

>>nam = [19.8];

>>den =[50 65 16 20.81;
>>t=[0:0.1:30];

>> Step (num, den, t)

>

>>den =[50 65 16 20.8];
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>> Step (num, den, t)

>> W1 =tf(19.8, [10 1]);

>> W2 = tf(l, [5 1]);

>> W3 =tf(l, [11]);
>>Wh=WI * W2 * W3;

>> Wk = (W1 * W2 * W3, +);

>> Step(Wk)
>> Nyquist(Wh)
>> Bode(Wh)
Nyquist Disgram
15
______ b------"‘*~
10 % N o
'I"’ \\‘\\
s =’ \\
5 ‘\\ \
g 0 —— }._
5
-10
18 .
5 0 s 10 1 20
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Bode Diagram
\
)
§ -
100

2.5. D6 thi Bode ciia mdt s6 khau dién hinh

+ Khau ti 1€:
A
201gk k>1
201k 4 Vk<l
0 k>1 .

k(dB) =201gk

1/k(dB) = -201gk
Géc pha bang 0° hodc bang 180°
tuy thuoc k hodc 1/k
+ Khau tich phén:
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4

7 :
E o)
-20 : E
0 : E N
G(ow) =1/jo

Lg|G(jw)| =-201gn
gdc pha bang -90°
+ Khau vi phin: (G(jo) =jo; Lg|G(jo)| = 201go; goc pha bang 90°

A

20

-90°

+ Khau tré pha don gian:

. a 1

G(jo) = - =

jo+a i@ 41
a

2
L(w)= - 201g Jm—z +1  o(0)=-arctgw/a
a
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+ Khéiu sém pha don gidn:
G(jo) = j= +1
(jo)=j

Khau tr& pha don gidn

40 °
30 -
20 .
10 .
0
90

45

10* 10" 10° 10’ 10°

Khéiu sém pha don giin

40 o

10 100 10° 10 10

Do thi Bode khau hiéu chinh
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30

20 .

10
60

30

10¢ 100 1 100 10 108
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