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Khi doc qua tai ligu nay, néu phét hién sai s6t hoic noi dung kem chat luong
xin hdy thong bdo de chding toi stra chira hoac thay thé bang mot tai liéu clng
chu dé cua tac gla khac. Tai li¢u ndy bao gom nh1eu tai liéu nho co cung chu
dé bén trong nd. Phan ndi dung ban can c0 thé nam 6 giira hodc & cuoi tai lidu
nay, hiy st dung chirc nang Search dé tim ching.

Ban c6 thé tham khao nguon tai liéu duoc dich tir tiéng Anh tai day:
http://mientayvn.com/Tai_lieu da_dich.html

Thong tin lién hé:
Yahoo mail: thanhlam1910 2006 @yahoo.com

Gmail: frowrthes@gmail.com

Theo yéu ciu cia khich hing, trong mdt nim
qua, ching t6i di dijch qua 16 mén hoc, 34
cubn séch, 43 bai bio, 5 sb tay (chua tinh céic
tai liéu tir nim 2010 tré vé truéc) Xem & diy

DJCH VU Chi sau moét lan hién lac, viéce

DICH dich duoc tién hanh
TIENG

ANH
CHUYRN Gia ca: cé thé giam dén 10

A L L —
NH.ANH

NHAT VA Chat lu'(_)'ng:Te}.o dung niém tin cho

CHINH kh’éch hang bang c6ng nghé 1.Ban

XAC thay duoc tog‘tn bé ban dich: 2.Ba’n

NHAT danh gia chat luong. 3.Ban quyét
dinh thanh toan.




"Don't study, don't know - Studying you will know!"
NGUYEN TRUNG HOA



CHUONG 1: NHUNG KHAI NIEM CO BAN
CUA PIEU KHIEN SO



1.1 Pinh nghia hé thong diéu khién s6

« Hé thong diéu khién lién tuc: tat ca cac tin
hiéu truyén trong hé thong déu la cac tin
hiéu lién tuc.

 Hé thong diéu khién sb: cé it nhat mét tin
hiéu truyén trong hé thong la tin hiéu
xung, soO.



Vi du hé thong diéu khién lién tuc
— diéu khién toc d6 DM,
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So do khoi hé thdong diéu khién lién tuc
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TBDK sb: phan mém

May tinh: hé thong
vi xtr ly, vi diéu
khién, PC, ...
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Hé thong diéu khién lién tuc DM,
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- Hé thong diéu khién lién tuc: phan cirng. So do
nguyén ly ctia hé thdng va so do khoi twong tw nhw
nhau.

« Hé thdng diéu khién s6: phan mém. Sy khac nhau
gitba nguyén ly ctia hé thong va so do khodi. Nhac dén
hé thong diéu khién so la néi dén ca phan cirng va phan
mém.

Chtrc nang cua may tinh: tinh toan, xac dinh cac tin
hiéu = xw ly tin hiéu so

(-)

X" e’ u
S TZE)K — D/A ook AU,

A/D

A




1.2 Lay mau (lwong tir hoa) tin hiéu
3 nguyén tac lwong t&r hoa

1. Lwong t&r hoa theo thdi gian: LAy mau tin hiéu vao nhirng thei diém
dinh trwdc, cach déu nhau mét chu ky I,éy nlﬁu T. Gia tri thu dwoc la
nhirng gia tri cua tin hiéu tai thoi diém lay mau.

f(t) .4 1 b i1 Viduy: do myc nwdc sdng.
' ' | | | ' ' Do mua khé. Do mua nwéc
dang

v
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2. Lwong tr héa theo mirc: Lwong tir hda tin hiéu khi tin hiéu dat nhirng gia tri
dinh trwdece.

f(t) |

Vi du: do mwc nwdc sbng theo mre bao déng



3. Lwong tlr hda hén hop: Lay mau tin hiéu vao nhivng thoi diém dinh
trwée, cach déu nhau mét chu ky lay mau T. Gia tri thu dwoc bang
murc dinh trwdce, co sai s6 bé nhat so véi gia tri thwe cla tin hiéu tai
thoi diém 1ay mau.

f(t) |

Vi du doc sé do




Trong ky thuat, dai da so céac trwdng hop déu
str dung phwong phap lvong tir hoa theo thoi
gian.

Chi xét den lwong tir héa theo th&i gian
v&ichu ky lay mau T



1.3 Nguyén ly cau trac cac bd bién déi tin hiéu

1. B6 bién déi D/A

Churc ndng: bién dbi tin hiéu sé thanh tin hiéu lién tuc
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Nguyén ly cau trac
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« S lwong bit n.

« Gia tri cwc dai dién ap dau ra u
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« D6 phan giai
« D6 tuyén tinh
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2. Bo bién déi A/D

Churc nang: bién ddi tin hiéu lién tuc thanh tin hiéu sb




Nguyén ly cau trac
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1.4 Van deé chuyén déi tin hiéu

1. AID

A/D

A




Nhac lai ham bac thang don vi va xung Dirac
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Dinh ly Nyquist: Chu ky Iy mau T cla bd bién déi A/D phai c6 gia tri
1
2 frmax

trong d6 f__ 14 tan s cywc dai ctia song diéu hoa hinh sin tin hiéu dau vao.
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Vi du: f(t) = cos?(100mnt) T . .=7
1+ c0s(2.1007¢)

cos®100s¢t =

1
=100|Hz|=> T, =——=0.005
fmax [ Z] max 200 [S]

7=0.01

0 0.005 0.01 0.015 0.02



Cho tin hiéu
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= Loc tin hiéu
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Vi du: déng co dién mot chiéu
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Tom tat

» Bo bién doi A/D lam chirc nang clia mot khau lay mau 2
thay bd bién ddi A/D bang mét khau lay mau.
* Dinh ly Nyquist.
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2. D/A

Khau lwu git bac khong 1a mét khau lién tuc hay sé ?2?7?
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Ho(P)

X(p) = L{x(0}=1L{5(1)} =1
Y(p) = L{v(1)} = L) ~ 1 - T)} = ; e

Y(p) 1-e”
X(p) p

_Tp

P

Hy(p) =



Pinh ly Shannon: B¢ bién doi D/A chi c6 thé tai tao lai cac tin hiéu lién tuc
c6 tan s6 bé hon 1/2T, trong dé T la chu ky 1dy mau cda bd bién dbi.

y
o

Tom tat

« BO bién dbi D/A dwoc thay bang khau lay mau nédi tiép véi khau lwu
gilr bac khdéng, cé ham truyén dat:

1—e P

P

Hy(p) =

* Dinh ly Shannon



CHUONG 2: PHEP BiEN POl Z

2.1 Tin hiéu xung
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2.2 Pinh nghia

Phép bién dbi Laplace cla tin hiéu lién tuc

FO=F(p)=LEF 0} = [ £()e "d

Phép bién dbi Laplace cuda tin hiéu rdi rac

IS F (p) =L{[f0] = [[£ )] dr
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Fl() =X fDL{S k7))

=Y f(T)e

A0 =F@=F 0)] 1, =Y f*D)="

Z\f (@) = f@) > [ (k)] > F(2)
Z\F(p)} - F(p)—>fO)>[f(B)] > F(z)



Vi du: Xéac dinh phép bién dbi Z ctia ham 1(t)
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2.3 Tinh chat cta phép bién do6i Z

1. Tuyén tinh

7 {a.fl(k) +b.f1, (k)} = aF,(z)+bF,(z)

2. Dich trai

Z{f(k—m)} =z "F(z)

3. Dich phai )
Z{f(k—l—m)} =z " {F(z) —Zf(iT)Zl:|
4. Gia tri dAu =
fOn)=limF (2

5. Gia tri cudi

lim £ (kT) = lim(z - 1) F ()

k—o0



2.4 Tinh chat caa F*(p)

1. Dang biéu dién khac ctia F*(p)

F(p)= Z F(p+ jnw,)+——= f(o)



. Tuan hoan: F*(p) tuan hoan theo p v&i chu ky jw,. Trong d6 o, = 22T
F'(p+jma) = f(KT)e ")
5=0

— jkT —j2

e JjkTma, — e Jj ﬂkmzl

Fi(p+jme,) =3 [(kT)e™™ = F"(p)
k=0

3. Diém cwe: Néu F(p) co diém cuc tai p = p, thi F*(p) sé c6 cac diém cuec tai

p=p +jmo,; m=0=x1+2...



4. “Sao” cla “sao”

(F'(p)] =F (p)

5.“Sao” clia dau ra

X*(p) Y(p)

— 7 GpP)

Y(p)=X (p).G(p)

YO =[X (06| = X X 0+ jno)G(p+ jno)

Do X (p+jnw,)=X (p)






CHUONG 3: HAM TRUYEN BDAT CUA
HE THONG DIEU KHIEN SO



3.1 Hé thong h&

Cho hé thong hé:

\4

;
X*(p)
v

G,(p)

* Gy(p)

Y(p)

T

)

Y*(p)

Xac dinh ham truyén dat cia hé théng da cho

G(z)=

Y(z)
X(z)




G,(p)

> G,(p)

Y(p) Y Y
: ,

Y(p)=X (p)G,(p).G,(p)
G,G,(p) =G (p).G,(p)
Y(p)=X (p).GG,(p)

Y'(p)=[ X" (p).GG,(p)]|
Y'(p)=X"(p).GG;(p)

GG, (p)=[G,(p).G,(p)] # G (p)G,(p)



Y'(p)=X (p).GG,(p)
Y’ (p)‘p:llnz = X*(p)‘p:ilnz ’GIG; (p)‘p:llnz
Y(z) = X(2).G,G,(z2)

GG, (2) = 2G,G,(p)} = £G,(p).G,(p)} # G|(2).G,(2)

Y(z)

Y%

=G,G,(2)

X(z)

| GG, (z) | "7,




Vi du
1

Gl(p) = Gz(p) -

P
G,G,(p)=G,(p).G,(p) = pi
Gle(Z) — Z{Gle(p)}

=7{G,(p).G,(p)}

_ Z{%} _ T.z :

p (z—-1)
G(z) = T.z

(z-1)



Hé thdng diéu khién sb
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May tinh '
Lay phan bén ngoai may tinh
U*(p) Y(p) Y*(p)
» D/A Gp(p) - AID———




U* Y Y*
(P) lom G.(0) (P) A (P)

» Thay b bién doi A/D bang khau lay mau
« Thay b6 bién db6i D/A bang khau 14y mau néi tiép v&i khau lwu gitr bac khéng

A 4

U*(p) j [U*(p)I*
¥

Y(p) = Y'(p)
: Ga(P) ; =
U*(p)

Ho(P)




;
Ue) - Ue) [
0

> Gp(p)

YP) = Y(p)
: ,

Y(p)=U (p).H,(p).G,(p)
Y(p)=U (p).H,G,(p)
Y'(p)=[U(p).H,G,(p) |

Y (p)=U"(p).H,G,(p)

V| . =U| .\ HGHp)| .
p_T nz p_T nz p_T nz



Y(z)=U(2).H,G,(z)

Y(2)

G(z)= UG)

= H,G,(2) H,Gp(2) =777

H,G,(2) = Z{HG,(p)} = Z{H(p)-G,(p)

j
=Z{1_6Tp 'Gp(p)}: { P(p)} Z{eTp G (p)}
P

:Z{Gp(p)}_ZIZ{GP(p)} . Z—IZ{GP(p)}
P p z p

H,G,(z) = z—-1 Z{GP(p)}

z pP




So do khc“)i clia
dong co dién mot chiéu kich tw doc lap

| M, | Co6 3 dau vao:
- | I/Rbf i M 1 ‘A ” A ’
T,p+1 »>< o [T Denapphanung
ONLY -Dién ap mach kich tw
<t -Moment can
K Co 2 dau ra:
|1 -Tdc do ddng co
Wi, D -Moment dién tir cia dong co
Ry [ b =/ (D) > D3c tinh co: 1a moi
quan hé gitra moment

Hinh 1.3: So d6 khéi dong co dién mot chidu kich tir doc 1ap dién tir cla déng co M
va tbc dd o ??

= O trang thai xac lap



So dob khcf)i clia
dong co dién mot chiéu kich twe doc lap
voi kich tw dinh mure

*« KDy,
Ml
u, | 1/R, 1_» Ko, | M | 1
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O e
K(de
’ Mc =0 TI/RWI-KCI)M-JL
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R, .. 1
T p+1 " Jp

Gdc(p) —
1+ B (ke YL
T p+1 Jp
Ko
Gdc(p) — do 2
R,(T,p+1)Jp +(KCde)
Kd
Gdc(p) — ) do 2
T.R Jp +RMJp+(KCde)
1
K®
Gdc(p) — R J , dm R J




KO K
Gdc(p): = :Gdc(p): 2 =
T RS D+ RS -p+1 I1.p~+1. p+1
K,=— Hé s6 khuyéch dai cia d¢
e & s6 khuyéch dai clia dong co
RwJ . 2 .
1, = = Hang sb thoi gian co
(KD,,)

Do T, << T, nén co thé gan dung coi:

KB
I.p+1

Gdc (p) ~



Ham truyén dat Cl]‘a bd chinh Iwu (ké ca bd phat
xung diéu khién chinh lwu)

» Pai lwong dau ra: U,
* Dai lwgng dau vao: uy,
Ug << Uy, (k& ca do Ion 1an cong suat)

= BO chinh |L,J’u co thé coi nhw 1a mot
kKhau khuyéch dai

G,(p)=K



B6 chinh Iwu ¢ tinh tré

 Nguyén tac diéu khién thang ding tuyén tinh

| A A

=I=
=
=

il
Il



Do d6 ham truyén ctia bd chinh lwu sé 1a

Gcl (p) — Kcle_Tp

Trong d6: T = 1 Vi p: s6 xung dap mach cia so do
2pf f: tan s6 dién ap lwdi
T Ip (Tp)2
e’ =1+—+ +
1! 2!
T,
~ 1+ 1—1'? =1+17p
K, Vi p= 6, f= 50 ... T=1/600=0.0017 [s]

G,(p)=K,e " =~
Z l Tp+1 Gcl(p):Kcl



Ham truyén dat cia hé T-B

Kclec _ K
I'p+l 7p+1

G,(p)=G,(p)G,(p)=~

Trong do: K=K, K,
T=1,




U* Y Y*
(P) lom G.(0) (P) A (P)

Trong do:

K
G,(p)=——
+1

» Thay bd bién doi A/D bang khau lay mau
» Thay bo bién d6i D/A bang khau lay mau noi tiép véi khau lvu gitr bac khong

y

U(p) =y U
¥y
U(p)

Yp) —F Y*(p)
Gp(p) }4 -

Ho(P)




;
Ue) - Ue) [
0

> Gp(p)

YP) = Y(p)
: ,

Y(p)=U (p).H,(p).G,(p)
Y(p)=U (p).H,G,(p)
Y (p)=[U"(p).H,G,(p) |

Y (p)=U"(p).H,G,(p)

V| . =U| .\ HGHp)| .
p_T nz p_T nz p_T nz



Y(z) =U(2).H,G,(2) G(z)=

z—1 G,(p) :Z_l K
H,G,(z) = Z{ } z Z{p(rpﬂ)}

Y(z)
U(z)

=H,G,(2)

z p
- 1 A
K K r
Z{ }: 7,4 Tl = K. 74 (4 .
plrp+1) p(p+-) p(p+-)
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HTD ctia hé thong c6 moét mach vong kin

_______

X(P)  E(p) U'(p) EY(p)
Gc*(p) D/A Ge(p) H

A

~O)

(_

Yn(P)

A/D

A
<
—~
©
N

May tinh

Hé théng c6 mét mach vong kin



Budc 1: Khai trién so do khoi

V& lai so d6 khbi.

Thay bd bién dbi A/D bang
khau lay mau.
-Thay bd bién déi D/A bing
khau lay mau néi tiép véi khau
lwu gilr bac khéng c6 ham
truyén dat la Hy(p)=(1-e™)/p

’
_______

D/A
X®  E(p) up YP
O Gc*(p) Ho(P) [~ Ge(p)
-) T
(AN I Y o(P) o
p
May tinh AD

Hé théng c6 moét mach vong kin




Buwdc 2: Viét cac biéu thirc md td mdi quan hé
gitra cac tin hiéu trong hé thong — Chuyén cac
biéu thirc thanh biéu thrc “*”

E(p)=X(p)-Y,(p) ()
U'(p)=E (p).G-(p) (2)
Y(p)=U (p)-H,G,(p)
=Y (p)=U (p).HG,(p) ()
Y, (p)=U (p).H,G,M(p)

=Y, (p)=U"(p).H,G.M (p) (4)



Buwdc 3: Chuyén cac biéu thire “*” thanh cac biéu
thire theo Z

1 .
Thay p= ?lnz vao cac biéu thire “*”

E(z) = X(z) - Y ,(2) (1)
U(z) = E(2).G4(2) (2)
Y(2)=U(2).H,Gp(2) (3)

Yin(2) = U(2)-HGpM(z)  (4)



Budc 4: Vé lai so do khdi theo phép bién ddi Z

X(z)

E(z) ‘

U(z)

H,GoM(2)

A

HyGp(2)

Y(z)




Buwdc 5: Bién ddi so do khoi, xac dinh ham truyén dat

X(z)

G.(2)

HyGp(2)

Y(z)

1+G.(2).H,G,M(z)

HyGp(2)

Y(z) ‘




X(z) G.(2).H,G,(z) Y(z) X
1+G.(2).H,G,M(z)
H,G,
6oy YO Ge(DHG,(2)

X(z) 1+G.(2).H,G,M(z)



T
X(P)  E(p) U'(p) Y(p)
O Gc*(p) D/A s Gep) K
)
Ym(P)
AD |« M(p)
May tinh
Hé thdng cé mot mach vong kin
M(p) =K

E(z) = X(z) - Y,(2) (1)

U(z) = E(2).Ge(2) @)

Y@ = U@ HGo2)  (3)

Y..(z) = U(z).H,GM(z)
=K.U(z).H,Gp(2) (4)



X(z)

HyGp(2)

Y(z) ‘







Vi du

T/Y/*(p)
Pl sb i
X®)  E'(p) U*(p) Y(p)
O Gc*(p) D/A » Gplp) |+
Q]
Ym(P)
AD |« M(p)
May tinh
Hé théng c6 mot mach vong kin
z+ A K
G ()= 2t 4 Gy (p) =
C
7 1 Tp+ 1
K, T M(p) = 1
AO - KP +—— X L 1> ga
2 Kp: Hang so ty 1€
K,T K;: hang so tich phan




Budc 1: Khai trién so do khoi

Vé lai so d(:“) khoi. ‘
Thay bd bién dbi A/D bang

khau 1ay mau.

-Thay b bién ddi D/A bing

khau lay mau néi tiép véi khau

lvu gitr bac khong c6 ham
truyén dat la Hy(p)=(1-eP)/p
« M(p) =1 > Khdng can vé

T /Y*(p)
DIA g
X(P)  E(p) up Y@ Y(p)
O Gc*(p) Ho(p) Ge(p)
) T
Y*(p) ! Y(p)
May tinh AD

Hé théng c6 moét mach vong kin



Buoc 2: Viet cac biéu thirc mo ta moi quan hé gitra cac tin hiéu trong
hé thong — Chuyén cac biéu thirc thanh biéu thirc “*”

E(p)=X(p)-Y(») @
U'(p)=E (p).G.(p) (2)
Y(p)= U*(p).HOGP(p)

=Y (p)=U (p).H,G.(p) (3



Buwdc 3: Chuyén cac biéu thire “*” thanh cac biéu
thire theo Z

1 X
Thay p= ?lnz vao cac biéu thac “*”

E(z) = X(2) - Y (2) (1)
U(z) = E(2).Gc(2) (2)
Y(2)=U(2).H,Gp(2) 3)



Buwdc 4: Vé lai so' do khoi theo phép bién doéi Z

HyGp(2)

Y(z)

A




Bwdc 5: Bién doi so' dd khoi — Xac dinh ham truyén dat

G. = Y(z) _ G (2)-H,Gp(2)
' X(z) 1+G.(2).H,G,(2)

X(z) Y(z)




z—1 K z—1 %
()= Z{(fpﬂ)p}_ z KZ{]?(IHD}

Tra bang phép bién dbi Z da cho chung ta co:

T T
z=1 K(l-e ")z K(l-e 7)
T T

(z=1)(z-e 7) (z-e 7)

HyGp(z) =

Z

trong d6 T la chu ky lay mau



_r _r
z=1 K(-e %)z K(d-e?)

HyGp(z) = ~ T T
(z—-1)(z—-e ") (z—e ?)
T
a=e ", a, =K(l-a)
HyGp(z) = =

Z_al



a, .AOZ+A1
Y(z)  HGp(2)Ge(2) — (z—q) z-1

X(2) 1+HGp()Ge(z) |, 4 Az+4
(z—-aq;)) z-1
Y(z) ay(Ayz + 4)

X(2) (z-a)(z-D+ay(4yz+4)



Y(z) a,(Ayz + 4))

X(z) 2 —(1+a; —ay4y)z+ (a4, + ay)

Pa thwrc dac tinh:

Az)=2" —(1+a, —a,4y)z +(ay 4, +ay )



3. 3 Ham truyén dat cta hé thong c6 hai mach vong kin



Hé thong cd mdt mach vong kin

m :

lién tuc

(-)




Hé thdng c6 hai mach vong kin




Mo hinh cua dong co dién mot
chiéu co mach vong dong dién

U, K, Jp l, KO, ®
TTp°+Tp+1 KO, Jp
N -/
——
K

D

IIp +Tp+1




Hé thdng c6 hai mach vong kin

G::z (p)

X*(P)~E1*(p)
—>
(-)

* U Y4(p)
Gc1(p) ©), D/A > GPl(p) —
Ym* Ym
1m” (P) AD I (p) Mi(p)
Y * Y
m (P) AD |+ m(P M,(p) I

Gp,(p) :

M*(p)

»Y(p)



Budc 1: Khai trién so do khoi

* X *(P)~E1*(P)| ~ u* Y.(p) i
GL,(p) 028 G (p) 2% Holp) (| Giy(p) 5 G (P)
-) )
Yim (P) Yim(P)
;K Mi(p) |«

A

Y. *(p) Ym(p
A M,(p)




Buwoc 2: Viét cac biéu thirc mo td moi quan hé
gitra cac tin hiéu trong hé thong
Y(p)= U (p)-H,GpGp,(p)

(1) Y’ (p)= [U* (p)-H,Gp Gy, (p)]*

Y'(p)=U"(p).H,G, G (p) )

X (p)=E,(p).Ge,(p)  (2) *
. ) ) Y, (p)=U (p).H,G, M (p)
E(p)=X(p-1,(p) )

¥ (p)=[U"(p).H,GuM,(p) ]
UD=E@Ca® &y v () HGM () (6)
Y,(p)=U (p).H,G,G,,M,(p)
Y.(p)=[U"(p).HyGrGpuM,(p) |

Y;(p) = U*(p)-HoGplGPzM;(p) (7)

E,(p)=X (p)-Y,(p)






Bwdc 4: Vé lai so do khoi

Gcq(2)
(-)
2) HoGp4M,(2)

Yn(2)

U(z)

HoGP1GP2M2(Z)

A

HoGp1Gp,(2)

Y(2)



Budc 5: Bién doi so dd khoi

X E, 1
OO Goyl) [P Goyle) N
(-) (-)
@) HoGp1M,(2)
Yn(2)
HoGP1GP2M2(Z) -
X@) _Ej2) X,(2) G, (2)
—O—=—> Gn,(z >
cl?) 1+GC1(Z)'HOGP1M1(Z)

Yin(2)

Y(2)

HoGp1Gpa(z) ——>

U(z)

— xac dinh ham truyén dat

HoGP1GP2M2(Z)

A\ 4

HoGp1Gpa(2)

Y(z)




o
-
Q
@
o
)
d
-
O
>
Y
™

X(2)

G, (2)

A\ 4

Gea(2)

1+ G, (2).H, G, M, (2)

¢ dinh ham truyén dat

HoGp1GpoMy(2)

G, (2).G,(2)

U(z)

> HoGp1Gpy(2)

Y(2)

1+ G, (2).H,Gp, M, (2) + G (2).G,(2).H ,Gp,Gp, M, (2)

> HoGp1Gpy(2)

Y(2)



Budc 5: Bién dbi so dé khdi — xac dinh ham truyén dat

X(z)

G, (2).G,(2)

U(z)

1+ G, (2).H,Gp, M, (2) + G (2).G,(2).H ,Gp,Gp, M, (2)

Y(2)

> HyGp1Gpy(z) —

X(2)

G, (2).G.,(2).H,GpGp,y(2)

1+ G, (2).H\Gp M (2) + G, (2).G,(2).H G G, M, (2)

G(z) =

Y(z) _ G, (2)-Ge, (2)-H Gp Gy, (2)

CX(2) 14G(2)-H,GpM\(2) + G (2).Gy (2).H, G G, M, (2)



z—1 Gy (p).Gp,(p)
H,Gp Gp,(2) = ~ Z{ (p)p }

Z- G (p)-M,(p)
H,G,M,(z) = ZIZ{ (p)p (p}

z-1 G (p).Gpy(p)-M,(p)
H,GpGpM,(2) = ~ Z{ (p) b }



Trwong hop dac biét

* My(p)
* My(p)

K
K>

HoGp1M4(2) = Ky.HGp4(2)
HoGp1GpaMy(2) = Ky HoGpiGpa(2)



So do khoi

~
N

Y(2)
ﬂ@Ez—(ZL » HoGp1Gpy(2) >
(-)
Yn(2)
z K,
&Qﬂ Geal2) 5 G, (2) 2 HyGpiGr(2)
(-) 1+ K,.G(2).H,Gp (2)
Yn(2)

A

v



X(@z) __Ey2) X,(2) G, (2) U(z) Y(2)
—(O— G > HnGp G >
(_)A c2(2) 1+ K1-Gc1 (Z)'HoGpl ) 0Gp1Gpa(2)

Ym(Z) K.
2
X(z) G (2).Ge,(2)-HyGp Gpy (2) Y(z)
1+ K,.G(2).H,Gp (2) + K,.G (2).G o, (2).H G Gy (2)
_Y(z) _ G (2).G.,(2).H |G, G, (2)

G(2)

) X(z) 1+ K,.Go((2).H,Gp (2) + K,.G((2).G, (2).-H,Gp G, (2)



Vi du: Diéu khién vi tri ddng co dién mét chiéu

Diéu khién téc do: %
o U a
—»Q—» Rco dk > > Y
(-)
()]
U

Diéu khién vij tri:
ng dung: diéu khién vong quay cla ddng co trong diéu khién robot

5 = j v(t)dt 0 = jco(t)dt O(p) = %w(p)



Diéu khién twong tw

Diéu khién sb

* * u 04
LQ—» Re —00»(“)—» Rco dk >J_L—> jz
(-) (-)
0 0] j
L F—
D u o
——— DA S [ Slz
A/D |« @ |
AD 1/p




— 0= Goy(p)

Gei(2) = Azt 4

z—1
K, T
Ay=Kp+——
2
K, T

X1* E1* * * Y1
Railgun G (p) S, D/A > Gy (p) P Gp,(P)
(-)
Yim"(P) Yim(P)
AD s Mi(p)
Ym'(P) A/D P M,(p) I
K
Gp(p)=—— Gpy(p)=—
+1
Kp: Hang so ty 18 M, (p) = 1
K;: hang soé tich phan
M,(p) = 1



Budc 1: Khai trién so do khoi

GZz (p)

X*(P)-E1*(p)
—>

(-)

-
* u* Y4(p)
Gc1(p) % Ho(p) > GPl(p) >
T
Y *(p) X Y.(p)
v
Y*(p) Y(p)

Gp,(p) |




Buwac 2: Viét cac bieu thirc mé ta moi quan hé gilra cac tin
hiéu trong hé théng

Y(p)= U (p)-H,GpGpy(p)

E,(p)=X (p)-Y (p) (1) Y (p) = |:U* (p)-H,GpGp, (P)]*

X()=EpMGap @ |
. ) . Y (p)=U (p).H,G,Gpy(p) (5)
E(p=X(p-Y(p) ()

U'(p)=E(0)Ga(p) @) @)=V 0)HGn(p)
Y (p)=|U *(p).HOGPI]*

Y (p)=U (p).H,G(p) (6)



Bwéc 3: Chuyén cac biéu thire “*” sang biéu thirc Z

Thay

Ey(p)=X"(p)~Y'(p)

X[ (p)=E,(p)-Ge,(p)
E/(p)=X{(p)-Y (p)
U'(p) = E, (p).Gey(p)
Y'(p)=U"(p).H,GpGp, (D)

Y, (p)=U"(p).H,G, (p)

1

p= Flnz vao cac biéu thac “*”

@

(2)

3)

(4)

()

(6)

E,(z) = X(z) - Y(2)

X(2) = Ex(2).Gx(2)

E.(z) = X(2) - Y4(2)

U(z) = E1(2)-G¢4(2)

Y(z) = U(2).HGpGpy(2)

Y,(z) = U(z).H,Gp,(2)



So do khoi

Y(2)

~
N

Y(z)
> HoGp1Gpa(2) >
Y(2)
X@) | ~Eal2) X,(2) G (z U(z)
- A : GC2(Z) Z# Cl( ) : HOGP1GP2(Z)
1+ G (2).HGp (2)

v



X(2) _Ex2) X(2) G, (2) U(z) (@)
—0O—> G > H,Gp G >
(_)A c2(2) 1+ G (2).H,G, (2) 0Gp1Gpa(2)
Y(2)
X(z) G, (2).Ge,(2).-HyGp Gpy(2) Y(z)
1+ Ge(2).H,Gp(2) + G, (2).Ge, (2)-HGp Gpy (2)
G(z) = Y(z) _ G (2).G,(2).H G Gp, (2)

) X(z) 1+ G (2).H,Gp (2) + Gy (2).G,(2).H G Gy (2)



Thay d@ liéu d& cho

H,Gp(z) =Z_1Z{Gpl(p)}
z P
:Z—IZ{ K }
z p(tp+1)
T T
ot 2k KT _Koe )
(z-1D(z-e 7)) (z—e 7)
T
a=e 7, a, =K(-a)
a
HyGp(z) = -

Z—Cll



Thay dir lieu da cho

HOGPIsz(Z)ZZ—IZ{Gpl(p)sz(p)} HoGplez(Z)ZKZZ_l (];j)z— T(l—e T)_ZT
! ] (z—-1)(z—e 7)
:Z_lz{ ZKT } i e
z  |p(@p+]) o T e
( 1 ] | (z-)) _r
z-1 - i (z—e 7)
=K 7.3 T g
z 2 1 T T T
e K[T-t(1—e ")]z+K[r(l1—e 7)—Te 7]
- T
L] r (z-Dz—e 7)
7 T | _ Iz  z(l-e ")z
1 z-1)? T _ o
\pz(p—l—z_)) (z=1) (z-Diz—e ) ay =K[T - 7(1-a))]
a, =K[t(l1-a)—Ta]
a,z + a
HyGpGpy(2) = : A

(z=1.(z—a))




Két qua ham truyén dat

Y(z) Gc1(2).Gey(2).HyGpGpy (2) _N(z)

X(2) 1+ Ge(2)HoGp (2) + Gy (2).Ger (2).HyGpGpy (2) - A(2)

(Apz + A )ayz + ay)

(z=1)*(z~a)
_ KpyAyas2” + K py (Aoay + 41a3)7 + K py Ay
(z=1(z—a,)

z-1 z—q z-1 (-D(z—-q)

N(z) = Kp,

Az+4  aztay

_ (2—1)2(2_01)+az(Z—l)(AoZ+A1)+KP2(AoZ+A1)(“32+a4)

z-1)’(z-a)



Két qua ham truyén dat

A@y:@;TV@—QQ+QAZ—DO%Z+4)+ch%z+4XQg+aﬁ

(z-1)(z—a)

Dét dl :Ao(a2 +KP2a3)—2—a1
dy =1+2a; + Kpya, (4, — 4y)(4a; + Ayay)

dy =KpyAdiay — Aja, —a

2 +d,z* +dyz +d,

= A(z) =
(z=1)*(z-q)




Ham truyén dat cia hé thong da cho

X(2)

— G(Z) —

Y(z) _ K py Ayazz” + K py (Aoay + 4a3)z + Kpy Aiay
X(z) 2 +d,z* +dyz+d,

G(z)=



CAC BUOC XAC BINH HAM TRUYEN DAT
CUA HE THONG BIEU KHIEN SO

1. Khai trién so' d6 khoi. Thay céc bd bién doi A/D
bang khau lay mau. Thay bd bien doi D/A bang

khau &y mau ndi tiép v&i khau lwu gitk bac khdng
Ho(P)

2. Viét cac biéu thirc md t& moi quan hé gitra céc tin
hiéu trong hé thong. Chuyén thanh cac bieu thirc “*”

3. Chuyén cac biéu thirc “*” thanh cac biéu thirc theo Z

4. V& lai so do khdi theo phép bién déi Z

5. Bién doi so dd khéi. Xac dinh ham truyén dat



Bién doi so do khoi

X(p)

W,(p)
Y(p)
Wi(p) O W,(p) Wi(p)
(-)[
W,(p)
(+)
Y(p)
Wi(p) O W,(p) Ws(p)




Chuyén tin hiéu ra t trwdc ra sau mét khoi

X(p) Y(p) X(p) Y
Wp) — = —— W(p) (p);
X A 4
(P) o
lX(p)
W4(p) D ---------
+ ! !
X0 Y(p)




e

wW,(p)W;(p)

1+ W,(p)W,(p)

1/W;(p)

W,(p)W,(p)

1+ W,(p)W,(p)




1/vm

wW,(p)W;(p)

1+ W,(p)W,(p)

W,(p)
W,(p)

(+)
LA e (p)W(p)

1+ W,(p)W,(p)

W, (p)W,(p)W,(p)

L+ W,(p)W;(p) =W, (p)W,(P)W,(p)




Bién doi so do khoi

W,(p)
(+)
X(p) Y(p)
Wi(p) 0O W,(p) Wi(p)
(-){
W,(p)
(+)
X(p) Y(p)
Wi(p) 0O Wy(p) Wi(p) —




Chuyén tin hiéu ra t sau ra trwdc mét khoi

X Y X(p) Y
(P) W(p) (P) — AN pyvss (P)
Y(p)[ V\;'(p)

| Y(o)
W,(p)
+
X(p) ) Y(p)




Y(p)

X(

<

w,(p) I\

/ W;(p) —

114w, (o), (p)

/W_\

4(P) ~

W (p)W,(p) \
1+ W, (p)W,(p)

Y(p)



W,(p)

xo) 1 (W) e
L+, (p)W,(p) L
XP) | W\ (p)W,(p) W)
L+ W, (p)W,(p)—W,(p)W,(P)W,(p) .
X(p) W, (p)W,(p)W,(p) Y(p)

1+, (), (p) ~ W, ()W, (P, (P)




Hoan vi, két hop hai bd céng

X(p) Y(p) X(p) Y(p) o~ )
1+) (+) = (+) (+) -~
Z4(P) Z,(p) Z,(p) Z,(p) Z.(0) Zz(p
U
Y(p) = [X(p) + Zy(P)] + Z4(p) Y(p) = [X(p) + Z4(p)] + Zx(p) Y(p) = X(p) + [Z4(p) + Z,(p)]
Z,(p)
+
X(p) ( )l Y(p)




Chuyén tin hiéu vao ti trwdc ra sau mot khoi

X(p) W(p) Y(p) _ X(p) Wip) Y(p)
Z(p) |(*) o
P
TZ(p)
W,(p)
X | 5 1 Y(p)
W, (p) 00— W,(p) - Wy(p)

(-) [




W,(p) W,(p)

Y(p)
X . >
ﬂ; W1(p) Wz(p) " W3(p)

Y
X(p) W,(p) N\
— W,(p) 1—W,(p)W,(p)W,(p)




— W,(p)

__ W(Wi(p)
1= (p)W,(p)W,(p)

vy X W, (p)W:(p) |
T, (o () — T ()W ()
X(p) W (p)W,(p)W,(p)

|1+, (0, (p) - W, ()W, (PP, ()




Chuyén tin hiéu vao tir sau ra treédc mot khoi

X X(p) Y(p)
(P) W(p) Y(p) _ W(p) ——

(+) (+)

Z(p) 1/W(p)

T Z(p)
W,(p)
+
X(p) ) \((p)

_____________




xey & Y(p)
W, (p) » Wy(p) 7 W;(p) >
(-)
1/W,(p)
X(p) W (p)W,(p) Y(p)
o W =
A AGA

1/W,(p) [«




X® W (p)W,(p)W,(p) | YP)
. =W (p)W,(p)W,(p)
1/W,(p) [«
X(p) W, (p)W,(p)W,(p)

|1+, (0, (p) - W, ()W, (PP, ()




3.4 Ham truyén dat ctia hé thong cé bu

e BU nhiéu

« Bu tin hiéu dau vao



So d6 khoi hé thong diéu khién
co bu tin hiéu dau vao

. U, (p) *
G (p)[— Ty ¥
* (+) Iide
E'(p) (+) | U(p) 'Y
” Go(p) @ > DI/A » Ge(P) B}
K U:(p)
‘ Y
Y (p) A/D m(P M) |
May tinh




Budc 1

Khai trién so d6 khoi. Thay cac b bién doi A/D bang
khau lay mau. Thay bé bién doi D/A bang khau lay mau
noi tiép voi khau Iwu gitk bac khong Hy(p)

U (p)
* f
G,(p)
+) | DIA
E'(p) # |uE Y@
. GZ (p) ?r »  HoP) [ Gp(p)
(-) *
Uc(p) b
Y* T Ym(p)
(D) N M(p) |
May tinh AID




Buwoc 2

Viét cac biéu thirc md td mbi quan hé gitra cac tin hiéu trong hé thong.
Chuyén thanh céac biéu thirc “*”

Y(p)=U"(p)-H,G,(p)
Y'(p)=[U(p)-H,G,(p) |
Y'(p)=U'(p)H,G,(p) (5)
Y, (p)=U"(p).H,G,M(p)

Y.(p)=[U’(p).H,G,M(p)]|

E(p)=X(p)-Y,(p) @
U.(p)=E (p)G.(p) (2
U,(p)=X (p)G,(p) 3)

U'(p)=Uc(p)+U;(p)  (4)

Y, (p)=U"(p).H,G,M (p)(6)



Buwdc 3

Chuyén cac biéu thirc “*” thanh biéu thirc theo phép bién

doi Z
E(p)=X(p)-Y,(p) (O
Uc(p)=E(p)Ge(p)  (2)
U, (p)=X (p).G,(p) 3)
U'(p)=Uc(p)+U,(p) (4
Y'(p)=U'(p).H,G,(p) (5)

Y, (p)=U (p).H,G,M (p)(6)

E(2) = X(2) - Y ()
U(2) = E(2).Gc(2)
U(2) = X(2).G(2)

U(z) = Ug(z) + Ulz)

Y(z) = U(z).H,Gp(2)

Y., (z) =U(z).H,GcM(z)



Buwoc 4

Xay dwng so do khdi theo phép bién déi Z

X(z)

A 4

A

H,Gp(2)

Y(2)




Budc 5

Xay dwng so d6 khdi theo phép bién dbi Z
U(2)

Gi(2)

HoGp(2) ﬂ

) 4
@
(@)
—
N
N
A 4

HoGp(z) 25

\ 4

Hé thdng c6 mét vong kin



G,(2)| U@
G
(@) (+)
X(2) . 6.2 U@ | H.Go(2) Y(z)
)
Yol | H,G.M(z) |«
G
x@,);, 9r(2) Gc(2) HiGol(2) |2,
G.(z) 1+ G, (z).H,G,M(z)




X(z)‘

Go(2)+G,(2) .

G.(2).H,G,(z) |Y(@)

Khi M(p) = K

G.(z)

1+ G,.(z).H,G,M (z)

G(z) =

G(z) =

x@ || Ge(2)+G,(2) |- HyG(2) | viz)

1+G.(2).H,G,M(z)

| Ge(2)+G,(2) | H,G,(2)

1+ G,

(2).H,G, M (z)

|Go(2)+G,(2) | H,G,(2)

1+ K.G.(2).H,G,(2)



Vi du

X Uy (p) *
G, (p)— T }Y _(_F:)
+) ir
. E'(p) (+) | U(p) ' Yt
® (O Gilp) | DIA o Gulp) |
K Uc(p)
‘ Y
L2) AD P ) |
May tinh
_ Azt 4 G,(z)=-K G __&
Go(2)= - 7(2) P p(P) rp+1
K, T
AO — KP + ! 3 X (> pa
2 Ke: Hang so ty 1€ M(p) =

K,T K: hang so tich phan




noi tiép v&i khau lwu gilr bac khong Hy(p)

Budc 1

Khai trién so d6 khoi. Thay cac b bién doi A/D bang
khau lay mau. Thay bé bién doi D/A bang khau lay mau

U, (p) *
* f
Gf (p) T 'Y "
+) [DIA §>
E'(p) (+) | U(p V) :
* Y
»> GC (P) ?f_, Ho(p) Gp(p) (p=)
(-) .
Uc(p) e
. T
Y (p) I~
May tinh AID




Bwoc 2
Viét cac biéu thirc md td mdi quan hé gilra cac tin hiéu trong hé théng.

Chuyén thanh céac biéu thirc “*”

E(p)=X(p)-Y(» O
Y(p)=U (p).H,G,(p)

Y'(p)=[U(p)-H,G,(p) |

Y (p)=U (p).H,G,(p) (5)

U.(p)=E (p)G.(p) (2
U,(p)=X (p)G,(p) 3)

U'(p)=Uc(p)+U;(p) (4



Buwdc 3

Chuyén cac biéu thirc “*” thanh biéu thirc theo phép bién

ddi Z
E(p=X(m-r{mp O
Uc(p)=E(p)G(p)  (2)
U,(p)=X (p).G,(p) 3)
U'(p)=Uc(p)+U,(p) (4

Y (p)=U (p).H,G,(p) (5

E(z) = X(z) - Y(2)

U(2) = E(2).Gc(2)

U(z) = X(2).G(2)

U(z) = Ug(z) + Ulz)

Y(z) = U(z).H,Gp(2)



Xay dwng so do khdi theo phép bién déi Z

X(z)

Buwoc 4

E(z)‘

U(z)

A 4

H,Gp(2)

Y(2)

v




Buoc 5
Xay dwng so d6 khdi theo phép bién dbi Z

U(2)

Gi(2)

—_~
+
N

) 4
@
(@)
—
N
N
A

» HyGp(2)

Y(z)‘




G, (2)| Uf2)

U(z)

HoGp(2)

Gc(2) (+)
X(2) E(z)
(-)
&, 1+ Gf (Z) |
G (2)

G.(2).H,Gp(2) | Y@),
1+ G.(2).H,G,(2)



X@,|,, 9,3 | G(2)HGp(2) |V
G.(z) 1+G(2).H,G,(2)

_Gc(9)+G,(2)  G.(2).H,G,(2)

G(z)
G.(z2) 1+ G.(2).H,G,(2)
r T T
HOGP(Z):Z;I Kd-e T)j =K(1_6_TT) a=e? a=K(l-a)
(z=-I)(z=e ") (z—e ")
HyGp(z) = -

(z—a)



— A
KP:AO 1

2
Ayz + A4 x
Ge(2)+Gp(z) " (4 —Kp)z+ 4 +Kp
G (z) Ayz + 4 Ayz + 4,
z—1
(AO—AO_Al)z+Al+AO_A1
_ 2 2
Ayz + 4,

_ 1 {4y +4)(z+1)
2 Azt A,




Y@ Ge(@+Gr(2)  HyGp(2)Ge(2)
X(z) Ge(2) 1+ HyGp(2).Ge(2)

a, Ayz+4
1 (4y+4,)z+]1) z—-a  z-1
2 Ayz + 4, a, Ayz+4

z—a; z-—1

1+

1 Ay +4)(z+]) ay(Ayz + 4)

1
2 Az+A (z—a)(z-D+ay(4yz+ A)

G(z):l- (A + 4))ay(z +1)




G(z):%- 2 (4y + 4y)ay(z+1)

Phwong trinh dac tinh giong phwong trinh
dac tinh cua hé thong c6 moét vong kin
(khéng co6 bu)



C.5: TINH ON PINH

CUA HE THONG DIEU KHIEN SO




ON LAI KHAI NIEM VE ON DPINH

 Phan biét svw khé(; nhau gilra trang thai
xac lap cua hé thong va tinh 6n dinh cua
hé thong




5.1. Dinh nghia

 Hé thong 6n dinh 1a hé thong c6 qua trinh
qua do tat dan theo thoi gian.

« Hé thdng khéng 6n dinh 1a hé thdong co
qua trinh qua do tang dan theo thoi gian.

 Hé thong & bién gidi 6n dinh 1a hé thdng
c6 qua trinh qua dd khéng ddi hodc dao
dong khdng tat dan.



= Mudn xac dinh tinh 6n dinh clia hé thdng
thi phai xac dinh ham qua do: giai phwong
trinh vi phan.



5.2. DIEU KIEN CAN VA DU VE TINH ON BINH
CUA HE THONG LIEN TUC TUYEN TiNH

. Diéu kien can va du dé hé thong lién tuc tuyén
tinh &n dinh 1a tat ca cac nghiém cla phwong
trinh dac tinh déu cé phan thuc am.

« Diéu kién Can va da dé hé twong lieén tuc tuyen
tinh khdong 6n dinh 1a cd it nhat mot nghiém cua
phwong trinh dac tinh c6 phan thuc dwong.

« Diéu kién can va du dé hé thong lién tuc tuyén
tinh & bién gidi On dinh 1a c6 it nhat mdt nghiém
cla phwong trinh dac tinh c6 phan thwe bang
khong va tat ca cac nghiém con lai déu cé phan
thwe am.




-1
Phuong trinh déc tinh:  @,p" +a,p" +---+a,,p+a, =0

Nghiém cua phwong trinh dac tinh: P, =a; + J,B., | = L...,N

Dieu kién can va dua ve tinh 6n dinh cua
hé thong dieu khién lién tuc tuyen tinh

Hé théng 6n dinh << ‘v’ai <0
H& théng khong én dinh <> Jla; >0

Hé thdng & bién gi®i 6n dinh <& E|!05i =0 A a, <0

J#i



Néu thé hién nghiém sb cua P
phwong trinh dac tinh Ién

T A,

N X s A A . 7 A X .
nghiém s6 co phan thwc On dinh é Khéng 6n dinh
am nam ben trai mat é
phang phurc; cac nghiem %

SO cO phan thuc dwong
nam bén phal mat phang
phirc; con cac nghiém co
phan thwe bang khong
nam trén truc ao. Nhw vay
bén trai mat phang phurc
la mién 6n dinh, bén phal
mat phang phwc la mién
khéng On dinh, truc ao la
bién gioi.

Bién gio1 On

/dinh

Z




Co6 thé phat biéu lai dk can va da

» Diéu kién can va du dé hé thong lien tuc tuyén
tinh 6n dinh 1a tat ca cac nghiém cda phuong
trinh dac tlnh déu nam bén trai mat phang phwc.

» Diéu kién can va da dé hé thong lién tuc tuyen
tinh khong 6n dinh 1a cd it nhat mot nghlem cua
phwong trinh dac tinh nam & bén phai mat
phang phwc

- Diéu kién can va da dé hé thong lién tuc tuyén
tinh & bién gidi 6n dinh 1a cd it nhat mot nghiem
cla phwong trinh dac tinh nam tren truc_do va
Cﬁc nghiém khac nam & bén trai mat phang
phtrc.



Cac tiéu chuan 6n dinh

* Dinh nghia ...
- Diéu kién can va du ...

> =>» Cac tiéu chuan 6n dinh

1. Tiéu chuan 6n dinh dai s6:
- Tiéu chuan 6n dinh Routh
- Tiéu chuan 6n dinh Hurwitz

2. Tiéu chuan 6n dinh tan so:
- Tiéu chuan 6n dinh Mikhailov
- Tiéu chuan 6n dinh Nyquist: chi danh cho hé thong kin



5.3. Dieu kién can va dua ve tinh 6n dinh cta hé
thong dieu khien so

p:lan:Z:epT
T

P = oy * B = L = epiT — e(“i+j,5i)T
_ &l QBT _ ipT

7| ="

a<0e|z|<1
a>0e|z|>1

a,=0e|z|=1



. Dleu KIEn Can va da dé hé thong diéu khién s
on dinh 1a tat ca cac nghiém cla phwong trinh
dac tinh déu c6 modun nhd hon 1.

. Piéu kién can va da dé he thong diéu khién so
khdng 6n dinh 1a cé it nhat mét nghiém cua
phwong trinh dac tinh c6 modun I&n hon 1.

« Diéu kién Can va di dé hé thong diéu khién s6 &
bién gidi 6n dinh 1a cd it nhat mét nghiém cua
phuo’ng trinh d&c tinh ¢4 modun bang 1 va tat
cé cac nghiém con lai déu ¢ modun nho hon 1.



Néu thé hién nghiém so cua
phwong trinh dac tinh 1én
mat phang phuwc — dwoc
goi la mat phang z thi cac
nghiém s6 c6 modun nhé
hon 1 nam bén trong
dwong tron don vi; cac
nghiém sO c6 modun I&n
hon 1 nam bén ngoai
dwong tron don vi; con
cac nghiém co modun
bang 1 nam trén dwong
tron don vi. Nhw vay bén
trong dwong tron don vi la
mién On dinh, bén ngoai
duwong tron don vi la mién
kKhong On dinh, dwong
tron don vi la bién gioi.

Khong 6n dinh

Bien gi01

v




Vi du

1_ -T
Hé thdng cé ham truyén dat: G(z)= (Z T )(ez e T )

Cac cuwe cua G(z) la:

l.z,=eT> |z =eT <1 > Hé théng da cho &n dinh
2.2,=e?T > |z,| =e?T<1

1
2° +4

Hé théng c6 ham truyén dat: G(z) =

Cac cywe cua G(z) la:
1.2,=j2> |z,|=2>1

, > Hé théng da cho khéng 6n dinh
2.2,=-2 > |z, =2> 1



PV

3

s Z
On dinh

/,////

SINRRRNNNY

z—1 V+1
Z+1 —V+1

Phép bién déi lwdng tuyén tinh



Két luan 1

« Sau khi thwc hién phép bién doi lwong
tuyén tinh, diéu kién can va da vé tinh 6n
dinh cGa hé thong diéu khién so cling
giong nhw diéu kién can va da vé tinh on
dinh clia hé thong diéu khién lién tuc. Mt
phang v ciing chinh 1a mat phang p



Két luan 2

« Dinh nghia — giong nhau...
» Diéu kién can va da - gibng nhau ...

= C4c tiéu chuan 6n dinh gidbng nhau

= Sau khi thwe hién phép bién doi
lwérng tuyen tinh, co thé st dung cac
tiéu chuan 6n dinh cua hé thong diéu
khién lién tuc dé xét tinh 6n dinh cta hé
thong diéu khién so



Vi du

z ’ R . > ~ X 7 1
- Xeét tinh On dinh cla hé thong ¢ G(z) =—
ham truyén dat: Z°+72+0.5

Pathirc dac tinh:  A(z)=2>+2+0.5

Thwe hién phép bién déi lwéng tuyén tinh:

2
A(Z)‘ v+1:(v+1j + v+l +0.5
“—a \=v+1 —V+1

_ 2
0.5V +v+25 = A(V) =0.5V" +V +2.5

(1-v)




= A(V) =0.5V* +V+2.5

_____

« Lap bang Routh:

= Hé thong da cho 6n dinh

 DOi véi hé thong cé da thire dac tinh bac
mo&t hodc bac hai, diéu kién can cling
chinh 1a diéu kién du = hé thdng da cho
on dinh



5.4. TIEU CHUAN ON DINH JURY

 Hé thdng cd da thirc dac tinh bac 2:
A(z) =ay,z?+a,;z+ a,

° A(z). >0
o A(z). >0

. a,| < a,



« Hé thdng c6 da thirc dac tinh bac 3:
A(z) = ayz® +a,z? + a,z + a,

e  A®®) >0

z=1

e A <O

z=—1

. a,| < a,

. a —ag‘ >|a,a, —a,a,



Vi du

1

G(2) =
(2) 2°+72+0.5

Az)=2z2+z+0.5
A(2)|_ =25>0
A(Z),_, =05>0 ¥

0.5]<1 v

> Hé théng da cho 6n dinh



Vi du

1

G(2) =
(2) 7> —372°+3.252-0.5

A(z)=2z3-3z22+3.252-0.5

A(z)|_ =1-3+325-05=0.75>0

A(2),  =-1-3-325-05=-7.75<0 v
-0.5|<1 v
(-0.5)" -1’|<|(-0.5).(-3)-325.1 =

- Hé théng da cho khéng 6n dinh



C.6: CHAT LUONG PIEU KHIEN
HE THONG DIEU KHIEN SO



6.1. SAI LECH TINH

» Dinh nghta: Sai léch gitra dai lvong dau
vao va dai lwong dau ra ¢ trang thai xac
lap.



6.2. Kiéu (loai) ham truyen dat

. Kiéu (loai) ham truyén dat bang sb lwgng diém cwc bang 1.

G,(z) = AZ+ A ... kiéu “1”
Z_
G,(z) = Az+ A ... kiéu “0”
Z
__ Azh daet
G,(z) = (z—l)(z—0.5) ... kiéu “1
Gs(z): AZY A

7> —252°+27-0.5

AZ+ A, ... kiéu “2”
(z —l)2 (z—-0.5)



6.3. H& thong c6 mét vong kin

X(z) E(z) Y(zl

> Gy (2)
X(KT) ) e(kT) y(kT)

S, :Lijpoe(kT)
_limZ=1E(2)

! 7

mz—l‘ X (2)
-1z 146G, (2)




Pinh nghia cac hang s

- Hang sC bacthang K, = imG, (2)

C 1,
+ Hangsébacmot Ky, =—=1im(z-1)G,(2)

. . 1 ..
« Hang s6 bac hai Koh = T_th(z —1)2 G,(2)

z—>1



Tin hiéu dau vao

« Tin hiéu dau vao x(KT) = p.I(kKT) = X(@2)=p—
© s A z-1
la ham bac thang:
z-1 X(2) . z2-1 o, Z

S, =S, =lim - = lim : :
-1z 14+4G(z) =tz 14+4G(z) z-1

s, =lim—-2 = F
-114+ G, (2) 1+I|rr116h(z)




Tin hiéu dau vao
« Tin hiéu dau vao W(KT) = o.(KT _ T
3 ham ty |& bac (KT) = p.(kT) = X(2) p(Z—l)z
mot voi thoi gian:
e 271 X(2) :"mz—l. p 1T
O 1z 14G(2) otz 14G(2) (z-1)°

P _ P
(z-1) +T£(z -1)G, (2) %Iziirll(z -1)G, (2)

s, =Ilim
bm z—1 1

?




Tin hiéu dau vao

. 2
+ Tin hiéu dau vao (kT) = 2.1y = X (=R AT
|a ham ty 1& bac 2 2 (z-1)
hai v&i thot gian:
_ . 2
5 =5, T 1 X(2) T 1 1 pz(z+]T

21 7 ]_-|-Gh(z) >l 7 1—|—G (Z) 2 (Z 1)

Sy, = 1M LiChe) = a

z—1 1 2 1 2 i _1)?
[Tz(z—l) + 5 (2-1) Gh(z)} —z IM(2-1)°G,(2)




- G, (2) kiéu 0" G, ()=

Ham truyén dat G, (2)

M (2)

(z—zl)(z—zz)---(z—zn);

V.=l 1=12,.,n

o M (2)
Kpe = IZILTGh(Z) B Izlm(z—zl)(z—zz)'”(z_Zn)
K, - M (1) — const

(1-z)(1-z,)---(1-z,)

S, = P = const

14K,




XY €

0.5

Tin hiéu dat

Tin hiéu dau ra

Tin hiéu sai léch

0 0.1

0.2

0.3

t[s]

0.5



. G, (2) kiéu 0" G, ()=

Ham truyén dat G, (2)

M (2)

(z—zl)(z—z2)---(z—zn);

V.=l 1=12,.,n

ETNNE (2-D)M(2)

o = S ) = T O G a2y (2 2,)
1 0.M (1) _

Kbm_T(1—21)(1_22)"'(1_Zn)_0




0.3

Xy, e

0.15

Tin hiéu dat

Tin hiéu d4u ra

Tin higu sai léch

0.15

0.3
t[s]



. G, (2) kiéu 0" G, ()=

Ham truyén dat G, (2)

M (2)

(z—zl)(z—z2)---(z—zn);

V.=l 1=12,.,n

- L6, (1)~ Ll @D M@
Kbh_T2|Z|Lr11(Z 1)°G, (z) T2Izlgll(z—zl)(Z—Zz)'”(z_Zn)

« 1 0.M (1)
TP (1-2)(1-2,) (1~ z,)

=0

P__
Sbh—K——OO
bh



0.04

Xy, e

0.02

Tin higu dat

Tin hiéu d4u ra

Tin hiéu sai léch

0.1

t[s]

0.2



« G, (z)kiéu “1”:

Ham truyén dat G, (z)

M (2)

Gh(z):(2_1)(2_22)...(2—Zn); va L
. L M (2)
Kbt"Z'L‘E‘Gh(z)‘lz'ﬂ}(z_l)(z—zz)“'(z‘zn)
M@) — o

Kyt =

0_(1_22)---(1—Zn)

o,

S =
bt 1_|_ Kbt




XY €

1.5

0.5

Tin hiéu dau ra

Tl

Tin hiéu dat

Tin hiéu sai léch

1
0.25

t[s]

0.5



+ Gy(z)kieu“1 G, (z)=

Ham truyen dat G, (z)

M (2)

(Z—l)(Z—Zz)”'(Z_Z”)

BV 1, (z-1).M(2)
Kbm_le'LT(z 1)Gh(z)_TIz'i?(z—l)(z—zz)"’(z_zn)
1 M @) _
Kbm_-l-(1_22)...(1—Zn)_con8t
5, = P__ const

bm



XY €

0.3

0.2

0.1

Tin hiéu dat

Tin hiéu dau ra

Tin hiéu sai léch

0.1

0.2
t[s]

0.3



G(2) kidu “1”: G, (2) =

Ken

Kbh —

Ham truyén dat G, (2)

1 (z-1).M(Q)

T? (1—22)"'(1_Zn)

=0

Sbh

_P
K

M (@) o
(GD(-1)(z-7) 0 N
1 (z-1)2.M(2)
:_2||m(z 1)*G, (z) = I|m
T (Z 1)( ) "(Z_Zn)



XY €

0.1

0.05

Tin higu dat

Tin hiéu sai léch

Tin hiéu dau ra

0.1

0.2

0.3

t[s]



Ham truyén dat G, (2)

M(z) vz, 1 i=3,.,n

(- (-z)(2-2)

G,(z) kiéu “2”: G, (2) =

K, =1limG, () = lim—— )
71 z—>1(z_1) (2—23)"'(Z_Zn)
M (1)

K, = =

t O.(1—23)"'(1_Zn)

o,

S e
14K,




XY e

1.5

0.5

Tin hiéu dau ra

Tin hiéu sai léch

AWNDN
N

Tin hiéu dat

|

0.5

t[s]



Ham truyén dat G, (2)

M (2)

(2—1)2(2—23)---(z—zn); |

Gy(2) kidu 2" G,(2)=

bm=—||m(z )G, (z)——I|m (2=D)M(2)

Te "(z2-1) (z-2)-(2-2,)
1 M (1)
T0.(1-2)---(1-z,)

K

=00

bm




0.8
X, ¥, e

0.4

-0.1

Tin higu dat

P
-
o

/4
7

“Tin higu d4u ra

Tin higu sai l&ch

0.4

t[s]

0.8



Ham truyén dat G, (2)

M(2)

« G, (2) kiéu “2”: Gh(2)=(z_1)2(z_z (-2 ); vz, #1 i=3,..,
K, =L lim(z-1)°G, (2) = L lim— Z=D"M@)
T? 251 T? 291(2_1)2(2_23)”,(2_2”)

1 M (1)

= t
TP (1-z)(1-7,)

Kbh —

__P _
S, = —— = const

bh



0.15

X.Y. e

Tin hiéu @t

Tin hiéu d4u ra

Tin hiéu sai l&ch

0.2

0.4



\

TONG KET

Kiéu 0 1 2
St
Spt const 0 0
St 0 const 0
Sph - 00 const




Giam sai léch tinh

» Tang hang so thoi gian

Hé thong c6 kha nang bi mat 6n dinh

« Tang kiéu (loai) cia ham truyén dat

Tang so lwong khau tich phan trong hé thong hé



6.4. SAI LECH TINH CUA HE THONG BAT KY

 Hé thong bat ky ¢co G(2) = B(2)

ham truyén dat G(2) A(z)

=>Chuyén hé thong da Xz) ~E@) Y(@2)

cho vé dang hé thdong  x«xT) (_;)Te(kT) Snl@) T )
Kin

Gh(z) :G(Z) :@

“ =176 1) A2)




Gh(z) — ()_B(Z)

=160 A(z)

> Xac dinh ham truyén G, (z)

B(2)
A(z) — B(z)

Gh(z) —



C.7: CAC BO DIEU KHIEN
PID SO



7.1. KHAI NIEM CHUNG

» Céc bod PID s6 cling lam chirc nang twong
tw nhw cac bo PID lién tuc
— P: Khau ty 1€
— |: Khau tich phan
— D: Khau vi phan



7.2. BO PIEU KHIEN P

* y(t) = Kp. x(1)
* y(kT) = K. x(kT)
* Gep(z) = Kp



7.3. BO DIEU KHIEN |

y(t) =K, jx(t)dt

y(KT) =K, ij X (KT )dt

(k=1)T KT
y(KT) =K, j x(KT)dt + K, j x(KT )dt
0 (k-1)T

y(KT) =y[(k-)T]+ K, T X (KT )dt

(k=1)T



Xap xi tich phan

X
X(KT)

K, ij X(KT)dt

X[(k-1)T] (ko

kDT kT t

K, ij x(kT)dtDK—;—{x(kT)+x[(k-1)T]}

(k=1)T



Y(KT) =y[(k-)T]+ K, kj X (KT )dt

(k-1)T
y(KT) = y[(k-1)T] +K—g{x(kT) +xX{(k-DTT]

y(KT) — yI(k-)T] =K—g{x(kT)+x[(k-1)T]}

Z{y(KT)— yI(k-DT]} = Z{K—;—{x(kT) +X[(K -1)T]}}

Y(2)-2(2) = K—;[x (2)+ 27X (2)]



Y(2)-z(z2) = K—;[x (2)+27X(2) ]

Y(z) KT z+1
X(2) 2 71-1

GCI (Z) —

y(k) =y(k-1)+ K—;—[X(k) +x(k-1)]



7.4. BO PIEU KHIEN D

y(t) =Ko = X(KT)
k-1)T
y(KT) = Ko 20D e

dt

(kT)Df_ (x(KT) - x[(k-DT]

dx(t) X

Z{y(KT)} = Z{%{x(kT) —x[(k-1T

Y (2) =%[x (2)-27"X(2) |



Y (2) :%[X(z) -27'X(2) |

Y(z) K, z-1

Ceo(2) = X(2) T z

Y(K) = =2 [x(K) - x(k -]



7.5. BO DPIEU KHIEN PI

« GOm co bd diéu khién
P va bo diéu khién |

méc song song voi e (2) = Gep(2) + G (2)
nhau
KT z+1
GCPI(Z):KP+ 2' .Z—l
KT KT
Z+ B T o |
G'(:Pl(z):AOZ_]—A1 Ao—Kp-l-T, A = KP+—2

y(k) = y(k=1) + Ax(k) + Ax(k -1)



7.6. BO PIEU KHIEN PD

« GOm co bd diéu khién
P va bo diéu khién D

mac song song voi Gepp (2) = Gep (2) + G (2)

nhau
K., z-1
GCPD(Z):KP+ >
T
_AZHA =K +&' __Ko
GCPD(Z)— . AO P T’ A& T

y(k) = Ax(kK) + Ax(k 1)



7.7. BO PIEU KHIEN PID

« GOm c6 bd diéu khién P,
bo diéu khién | va bd diéu  Gcpip (2) = G (2) + G, (2) + Gy (2)
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Amermy 2

A =0 yK) = y(k—1)+ AxX(K) + AX(k—1)+ Ax(K —2)
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Phan mo dau
NC,CNC
CNC viét tit cua cac tir Computer Numerical Control, xuat hién vao khoang dau thap
nién 1970 khi may tinh bét dau dugc ding & cac hé diéu khién may cong cu thay cho
NC, Numerical Control (Piéu Khién S&). Truéc khoang thoi gian ndy, cac chwong
trinh NC thuong phai duoc mi hoa va xtr 1y trén cac bang duc 16, hé didu khién phai
¢6 bo doc bang dé giai ma cung cép tin hiéu diéu khién cac truc may chuyén dong.
Cach nﬁy da cho théy nhiéu bét tién, ch’fmg han khi sira chira, hi€u chinh chuong trinh,
bang chong mon, khé luu trit, truyén tai, dung lugng bé... Hé diéu khién CNC khéc
phuc cac nhuoc diém trén nho kha nang diéu khién may bang cach doc hang ngan bit
thong tin dugc luu trong bd nhé, cho phép giao tiép, truyén tai va xir 1y, diéu khién cac
qué trinh mgt cach nhanh chong, chinh xac.

Cho dén nay, cac may CNC dd c6 mat & hau hét cac nganh cong nghiép. Pay co thé
n6i 1a mot linh vuc méi c6 su két hop chic ché gitra may tinh va may cong cu, diéu
khién cac hoat dong gia cong trén may dua vao viéc khai thac cac thanh tyu k¥ thuat
s6 hién dai, mé ra nhiéu trién vong phat trién san xuat. Tuy muc dich va pham vi ing
dung cua timg loai may cong cu CNC cé thé khac, cac loi ich ma cic may nay mang
lai kha giéng nhau.

Loi ich dau tién 13 nang cao muc do ty dong hoéa. Su tham gia cta ngudi trong qua
trinh ché tao dugc giam bdét hay loai trur. Nhiéu may CNC c6 thé hoat dong subt ca chu
trinh gia cong khong can dén sy c¢6 mit cua nguoi thg, nhu vay gitp lam giam sy mét
moi, it 161 sai sot gdy ra do nguoi. Thoi gian may cho mdi san pham hau nhu xac dinh.
May hoat dong tu dong theo chwong trinh nén khong can dén bac tho cao mdi khi gia
cong cac chi tiét phirc tap trén may truyén thong.

Loi ich thtr 2 ctia cong nghé CNC 1a cung cip san pham bao dam, tin cdy. Mot khi
chuong trinh d qua kiém tra dugc dua vao san xuét, hang loat cac chi tiét cung loai c6
thé dugc tao ra mot cach chinh xac va én dinh.

Mot loi ich nira ma cadc may CNC mang lai 1a tinh linh hoat. Gia cong céc chi tiét
khac nhau trén mdy chi can thay d6i chuong trinh. Ciing c6 thé luu, sita doi va dung
chuong trinh cho 1an khac khi cdn dén, 1am d& thay d6i mat hang. Ngoai ra, khong
phai mat nhiéu thoi gian chuan bi gia cong trén cac may CNC, do vay rat phi hop véi

k¥ thuat san xuét hién dai.



May CNC va may truyén thong

Cac may CNC thay thé cho céac thao tac bang tay cta qué trinh san xuét trén cac may
truyén thong. Lay 1 vi du don gian nhat: truong hop khoan 16 .

Mot may khoan thong thuong, mudn khoan 16 trudc hét phai ga, kep chic miii khoan
vao ddu truc chinh, sau d6 lua chon (bing tay) s6 vong quay mong mudn cho truc
chinh ( vi du di vi tri day dai trén puly bac) va bat tryc chinh. Dé khoan 13, phai di
chuyén dau khoan dén vi tri tdm 15 chi tiét (ching han xoay tay gat dich chuyén dau
khoan) truédc khi thuc hién an dao. N6i mot cach khac, muén khoan 16 can dén nhiéu
dong tac can thi€p cua nguoi. Néu sb lugng 16 ting 1én hodc loat chi tiét 1om, cong viéc
tré nén té nhat, mét moi. Hon thé nita, néu 1a cong viéc phirc tap, rd rang trén cac may
truyén thong khong nhitng doi hoi k§ ning nguoi tho ma con tiém an nhiéu nguy co
mic 161, d& gay phé pham do phai ldp di 1ap lai mot cach don diéu .

Trong khi d6 mot may khoan CNC dé khoan 13, cic thao tac can thiét déu cé thé 1ap
trinh dugc, vi du ¢ day bao gém: ga dat mli khoan vao déu truc chinh, bat truc chinh,
dua mili khoan dinh vi tam 15 gia cong, thuc hién khoan 15, va ding truc chinh.

Vai nét vé hoat dong ciia CNC

Nhu da dé cap, hau hét cac thao tac trén may truyén thong déu lap trinh dugc véi cac
may CNC. Sau khi chuan bi, cong viéc con lai kha don gian voi nguoi van hanh,
chang han do dac, kiém tra va hiéu chinh may bao dam chat luong gia cong. Cac chirc
nang c6 thé duoc 1ap trinh trén cac may CNC:

Lap trinh diéu khién chuyén dong

Céc kiéu may CNC déu c6 2 hay nhiéu tryc chuyén dong theo 1ap trinh. Mot truc
chuyén dong c6 thé 1a thang (doc theo mot dudng thing) hay tron ( xoay quanh 1 truc).
Mot trong nhimg dic diém k¥ thuat dau tién cho biét 4o phurc tap ctia mot may CNC
chinh 14 sb truc chuyén dong no6 hién cé. N6i chung, cang nhiéu tryc, may c6 do phirc
tap cang cao, dung cu cang d& tiép can v4i bé mit gia cong c¢6 hinh dang bat ky.

S6 truc ciia mot may CNC ding dé cung cap chuyén dong chay dao can thiét trong
qué trinh gia cong. O vi du khoan 13, can 3 truc: Pinh vi dung cu ct ( miii khoan) &
tam 16 theo 2 truc va gia cong 16 (v6i truc thir 3). Cac truc duge ky hiéu véi cac chit
cai. X, Y, Z 14 3 truc tinh tién va A, B, C 1a 3 truc quay.

Lap trinh theo chirc néing cho cdc trang bi, co cdu mdy

Kha ning cong nghé ciia mot may CNC bi gi6i han néu chi ¢ thé dich chuyén chi tiét



theo 2 hay nhiéu truc, do vy, can phai 1ap trinh duoc cho nhiéu chirc ning khac nira.
Hau hét cac may phay CNC chira nhiéu dung cu trong 6 trit va khi can, mét dung cu
bat ky trong 6 trit c6 thé dugc ga dat mot cach tw dong vao truc chinh. Diéu khién thay
d6i téc do truc chinh (v/ph) cling nhu d6i chidu quay d& dang. Bat, tit truc chinh cho
phép thuc hién qua 1ap trinh. Nhiéu nguyén cong gia cong can dén dung dich lam
ngudi, va thao tac nay phai dugc cip, ngit mot cach tw dong trong qua trinh gia cong.
Chwong trinh CNC

Mot chuong trinh CNC 1a 1 tap hop cac chi dan gia cong theo timg bude, duge viét
dudi dang cau chir va hé diéu khién thuc hién chuong trinh theo trinh ty do.

Mot s cac tir CNC (mid CNC) quy dinh cac chirc ning can thiét cia may. Cac ma
CNC bit dau véi cac dia chi theo chit cai ( nhu F-téc do chay dao, S-sé vong quay truc
chinh, va XY & Z voi chuyén dong truc...). Khi duogc ddt cung nhau theo thir tu, nhém
cac ma CNC tao thanh 1énh.

H¢ diéu khién CNC

Hé diéu khién CNC nhép va cit nghia 1 chuong trinh CNC dé thuc hién cac 1énh theo
ther tw da dugce thiét 1ap. Khi doc chuong trinh, h¢ diéu khién kich hoat thich hop cac
chirc nang may, tao chuyén dong tryc va thuc hién theo cac chi dan cho trudc trong
chuong trinh. Cac hé diéu khién CNC hién dai déu cho phép siia ddi céac chuong trinh
néu tim thay 151, thuc hién cac chirc ning kiém tra (nhu chay mo phong) trudce khi gia
cong that trén mdy, ngoai ra con cho phép tach 1 sé dit liéu quan trong khong can dua
vao chuong trinh, chfmg han cac gia tri chiéu dai, ban kinh dung cuy... N6i chung hé
diéu khién CNC cho phép ngudi st dung 14p va kiém tra chuwong trinh gia cong, cling
nhu diéu khién may mot cach thuan tién nhat.

Hé¢ thong CAM

O cac tmg dung don gian ( nhu vi dy khoan 15), chuong trinh CNC c6 thé dugc 1ap
bang tay. V&i cac tmg dung phic tap, néu thuong xuyén phai 1ap cac chwong trinh
moi, viét chuong trinh bang tay trd nén bat tién. Pé 1am don gian qué trinh lap trinh,
can dén mot hé thong hd tro ché tao qua may tinh (CAM). Pay 1a 1 chuong trinh phan
mém chay trén may tinh ( vi du mdy tinh ca nhan) gitp nguoi 1ap trinh thyc hién lya
chon, kiém tra cac phuong an gia cong trudc khi ché tao.

Céc hé thong CAM thudng phdi hop v6i ban vé thiét ké tir hé thdng CAD, nhd d6

loai trir sy can thiét phai chudn bi lai dit liéu vé kich thudc va bién dang hinh hoc chi



tiét. Nguoi lap trinh chi ra trinh tu cac nguyén cong gia cong can thuc hién va hé thong
CAM tao chuong trinh CNC mot cach tu dong.
H¢ théng DNC

Khi d4 c6 chwong trinh (hodc bang tay hodc qua hé théng CAD/CAM), chuwong trinh
nay phai duoc tai dén hé didu khién CNC. Mic du nguoi van hanh may c6 thé nhap
tryc tiép vao hé diéu khién, tuy nhién cong viéc nhu vdy rd rang mang tinh thu cong,
vi du véi cac chuong trinh dai...

Chuong trinh CNC ¢6 dugc qua hé théng CAM dang ¢ dang file vin ban trén may
tinh, con néu lap bang tay, c6 thé nhap vao may tinh bang chuwong trinh xr Iy vin ban
thong thuong. Vé&i chuong trinh dang ¢ dang file van ban, mudn chuyén dén hé diéu
khién may CNC can c6 hé théng DNC (Direct/Distributive Numerical Control).

Mot hé théng DNC cho phép may tinh dugc ndi mang véi 1 hay nhiéu may CNC.
Mii cho dén gin day, giao thirc truyén thong ndi tiép qua cong RS232C van duogc
dung dé truyén chuong trinh. Cac hé diéu khién méi c6 kha niang truyén thong hién dai
hon, duoc ndi mang theo nhiéu cach ( Ethernet,...), xtr dung mot trong cac cach nay, co
thé tai chuong trinh CNC dén may thuc hién qué trinh gia cong mot cach nhanh chong,
thuan tién.

Cac loai may CNC

Nhu da d& cép o trén, cac loai may cong cu CNC dén nay da chimg to ¢6 vai tro quan
trong & hau hét cac nganh san xuat, dap ung duoc yéu ciu dit ra trong qua trinh ché
tao san phdm. Nhiéu qua trinh gia cong duoc cai thién trong thyc t& va mang lai hiéu
qua rd rét qua viée sir dung cong nghé CNC. Thir diém qua mot sd linh vuc san xut
co tng dung CNC.

Gia cong cit got kim loai

Céc qua trinh gia cong cat got kim loai trén cac may truyén thong déu co thé tién
hanh trén cac may CNC vi du nhu tat ca cac dang phay ( phay mit phang, phay theo
duong bao, phay ranh,...), khoan, khoét, doa 13, va cit ren. Ciling tuong tu, tat ca cac
dang tién nhu tién mat déu, khoét, tién ngoai, cit ranh, khia nham, tién ren ...déu gia
cong dugc trén cac may tién CNC. Cac may mai CNC cho phép thuc hién céc nguyén
cong mai nhu mai tron ngoai, tron trong. CNC con mé ra mot trién vong méi khi dung
cho mai, do 1a mai theo bién dang theo cach tuong tu nhu tién ma trudc day chi co thé

tién hanh bang phuwong phap chép hinh trén cac may truyén thong.



Gia cong bang bién dang déo

Cac nguyén cong bién dang tao hinh dbi voi cac san pham co khi bao gdm xén, cit
bang ltra han hay plasma, dot 13, cit bang tia laser, uén, va han. Cong nghé CNC c6
thé tmg dung cho timg thao tac ciia nganh gia cong bién dang déo kim loai, vi du hé
thdng CNC trén cac may xén dé xac dinh chinh xac chiéu dai tim dugc xén. Cit CNC
bang tia laser hodc plasma ciing dugc dung. Cac may dot dap lién hop CNC c6 thé gia
cong céc 16 ¢6 hinh dang, kich thude tily y, va tao thanh pham dang tim véi cic may
uén CNC...

Gia cong dn mon tia lira dién

Gia cong bang phuong phap dn mon phong dién qua dién cuc (Electrical Discharge
Machining-EDM) 14 qué trinh 1ay di kim loai qua viéc sir dung cic tia lira dién dot
chay kim loai. CNC-EDM c6 2 dang, EDM thang dung va EDM day dién cuc. EDM
thang dting dung 1 dién cyc riéng biét (thuong duoc gia cong trén may CNC) c6 dang
gidng hinh dang ciia 15 sau hodc hdc 16m can gia cong trén chi tiét. EDM day dién cuc
tmg dung dé ché tao chay, cdi, cac bo khuon ... Hinh dang yéu cau cia chi tiét dat
duoc thong qua su didu khién hanh trinh lién tuc NC ciia dién cyc ddy. Bang cach nay
ma cac khudn dap, céc tAm mau...co thé duoc cit theo chuong trinh.

Gia cong gb

Céc may CNC dung nhiéu ¢ cac xudng ché bién gd dé thuc hién cac cong viéc nhu
phay theo bién dang, khoan..Nhiéu may phay gb c6 thé chira nhiéu dao va thuc hién
duogc cac nguyén cong khac nhau trén cing chi tiét.

Cic kiéu may CNC khac

Céc hé théng viét chit va cham trd ciing mang lai hiéu qua kinh té khi img dung cong
nghé CNC, cit vat liéu dang dia bang tia nudc ap luc cao, ngay ca & cic nganh san
xudt chi tiét trong nganh dién nhu cac may quan ddy CNC, cac mé han CNC...
Két luan

Co thé noi r::ing véi sy xuét hién cia cac may CNC, bd mat cua cac nganh san xuét
nhin chung di thay d6i. P6i véi nudc ta, nhitng nim gan day cac may CNC da duoc
ting budc trang bi trong mot s6 nha may, vién nghién ctru va cac cong ty lién doanh.
Hiéu biét mot cach ddy dui va khai thac triét dé cac uu thé cua loai may nay 1a mot
nhiém vu thiét thuc trong viéc ché tao san phém noéi riéng cling nhu thuc déy va phat

trién san xuat néi chung.



Chuong 1: Diéu Khién S6 ( DKS ) va hé thong PKS May Cong Cu
1.1. Cac khai niém :

— Heé théng PKS May Coéng Cu: 1a hé thdng cho phép diéu khién cac hoat dong
clia may cong cu (co thé timg phan hay toan bd ) thuc hién gia cong chi tiét theo cach
truyén 1énh s6. Hé théng nay nhan va bién d6i cac chi dan chuyén dong cho trudc
thanh cac tin hiéu sb, thuong & dang thé hiéu (hé didu khién) dé cap cho cac dong co
dan dong co cau chap hanh (bd phan truyén dong).

— CAu trac va phan loai: Cac hé théng DKS thuong dugc phan thanh 2 loai theo
ban chat cia phuong phap diéu khién chuyén dong: hé théng diéu khién vong ho (

khong c6 lién hé nguoc ) va hé thong didu khién vong kin (c6 lién hé ngugc).

Bang duc 16(bd phéan nap dir li¢u) l)
00 4
0oo G
1 2 3 ﬁ@ﬁ HGT
o Ve Ve S

H1.1a. Hé thong PKS (NC) vong ho
1: BO doc

2: B0 giai ma (b phan xtr ly dir li¢u)
3: Bo khuéch dai
4: Ban may
M : Pong co cta cum truyén dong; HGT : Hop giam toc
Su khac nhau gitra vong diéu khién kin va hé 1a & chd, d6i v6i vong diéu khién ho tin
hi¢u tac dong diéu khién khong dugc so sanh véi két qua thuc hién, trong khi & vong
diéu khién kin ludn c6 sy kiém tra mot cach lién tuc giira tin hiéu tac dong diéu khién
va két qua thuc hién, khi c6 sai I¢ch phat hi¢n nho céc thiét bi do, ngay 1ap tuc h¢ co
tac dong hi¢u chinh dya trén cac mbi quan hé cua vong diéu khién kin. Diéu khién
chuyén dong theo cach ciia hé vong hé 1a diéu khién thuén- khong c6 lién hé nguoc,
con vaéi hé vong kin duoc goi la diéu khién co phan hdi-c6 lién hé nguoc.
Dbi voi hé théng diéu khién vong hé, ngudn dong xir dung 13 cac loai dong co budc.

Tin hiéu tac dong dicu khién chinh 14 s6 budc trong mot don vi thoi gian va két qua



thuc hién phu thudc vao goc bude dong co cling nhu cac thong sé dong hoc ciia hé

théng truyén dong.

Bing duc 15(bd phan nap dit lidu) X, 6
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H1.1b. Hé théng PKS(NC) vong kin

1: B6 doc 5: B0 so sanh

2: B giai ma (b phén xur ly dir liéu) 6: Cam bién do vi tri
3: B§ khuéch dai

4: Ban may

M : Pong co cta cum truyén dong ; HGT : Hop giam tbc

Hau hét cac hé thong truyén dong Mdy cong cu PKS hoat dong theo cach diéu khién
vong kin, véi cac thanh phan t6i thiéu ctia mach dong luc bao gdm 1 cam bién (6) va 1
ngudn dong ( dong co M ). Pong co truyén dan thuong xtr dung 13 dong co dong 1
chidu co thé diéu chinh vo cép tc do bang dong kich tir, con néu 1a dong co dong
xo0ay chiéu, diéu chinh vo cép tbe do béng bo bién d6i tan s6. Cac loai dong co nﬁy cho
phép dao chiéu quay don gian, d& thay doi s6 vong quay, va it phu thudc vao tai bén
ngoai.

Cam bién do vi tri trén cac may cong cu PKS phai nhay véi luong dich chuyén co
hoc nho, do vay thich hop nhét 1a céc loai lam viéc theo nguyén ly cam ung, hodc su
dung cac thudc (dia) khic vach dung kém véi hé thdng quang hoc va céc té bao quang
dién. Cac dung cu do nhu trén c6 thé cho phép dat do chinh xac do duoc dén hang pm.

1.2. Hé théng PKS May cong cu
1.2.1 Céc dic diém tao hinh bé mat trén cac may cong cu DKS:

Trén may cong cu DKS, chuyén dong tao hinh bé mat duoc thuc hién dua vao cac
dich chuyén toa do theo nhiéu truc, phu thudc vao s truc may hién co, va su phéi hop
chuyén dong gifta cac truc ndy.

C6 thé phan thanh cac dang diéu khién chuyén dong tao hinh nhu sau :



1.2.1.1 Dang diéu khién theo diém :

Dung cu can thyc hién chuyén dong chay dao nhanh dén cac toa do diém da dugc lap
trinh, va chi khi dat t6i cac diém dich, qué trinh gia cong moi dugce thyuc hién.

Can cht y 1a cac truc co thé chuyén dong ké tiép nhau hodc tat ca cac truc cd thé
chuyén dong dong thoi tuy nhién giira cac truc khong c6 mdi quan hé ham s6. Néu cac
tryc c6 chuyén dong dong thoi, huéng chuyén dong tao thanh goc 45° va khi mot trong
hai toa d6 da dat duoc, truc thir hai dugc kéo theo dén diém dich.

Piéu khién diém duoc ing dung cho cac may gia cong 16 ( khoan , doa...) hodc thuc
hién cac chuyén dong dinh vi ¢ cac thiét bj han diém...

Gia cana b
Gia edng trong

Z3 Y, ! mat phang Y/2
L < \

-

I
—_—

z '
R

a) Diéu khién diém
( mo rong theo duong )

b) Biéu khién 2D ¢) biéu khién 21/,D

d) Diéu khién 4D ¢) Diéu khién 5D
H1.2 : Cac dang diéu khién [I]

Piéu khién diém mo rong theo duong (H1.2a ) tao ra cac dudng chay song song véi
cac truc may, va bé mat gia cong dugc hinh thanh trong qua trinh chay dao. Do vy,
khi 2 truc ciia may chuyén dong véi tée do nhu nhau ddng thoi, ta co thé gia cong bé
mat con co goc 45°. Céc lugng chay dao co thé dugc lwa chon véi toc d6 khac nhau,
nhung yéu cau chi thuc hién trén ting truc mot ( cac truc van khong bi rang budc boi
quan hé ham s6 ). Dang diéu khién niy dung cho gia cong cac bé mit tru don gian, hay
0 may phay khi gia cong cac bién dang song song vdi cac truc.

1.2.1.2 Dang diéu khién theo bién dang

Pay 1a dang diéu khién cho phép tao ra cac duong bao tiy ¥ trong mit phing hay

trong khong gian nhd chuyén dong dong thoi theo hai hodc nhiéu tryc toa do, giita cac

truc toa d ndy c6 moi quan hé ham so.
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Dua trén sb luong cac truc duogc diéu khién déng thoi, diéu khién theo bién dang
duoc phan chia thanh cac nhém: diéu khién 2D ( H1.2b ), diéu khién 2'/,D (H1.2¢ ),
diéu khién 3D va diéu khién c6 nhiéu hon 3 truc diéu khién dong thoi (H1.2 d,e ).

i véi dang diéu khién theo bién dang, cac hé théng truyén dong doc 1ap trén modi
truc toa do phai diéu chinh duoc vi tri theo thoi gian thyc ddm bao quan h¢ phu thudc
ham sé gitta cac chuyén dong dong thoi trén cac truc. Gia tri bién vao - g vi mot vi
tri tire thoi trén 1 truc - duoc xac dinh mot cach tuan tu ( theo nhip diéu khién ) ding
v6i rang budc ham sé clia bién dang can gia cong. Viéc xac dinh cac vi trf tirc thoi ndy
thuc hién boi mot chuwong trinh ndi suy thich hop lam nhiém vu tinh toan cung cap cac
gia tri toa d0 vi tri trung gian (c6 mat do du day ) theo céc truc sao cho chuyén dong
phéi hop giita chiing 1 chuyén dong tao hinh ciia bién dang gia cong. Cac gia tri toa
d6 vi tri trung gian tir cac chuong trinh ndi suy nay chinh 1a cac dit liéu méi diéu khién
chuyén dong céc truc may.

1.2.1.3 Céc chuong trinh ndi suy
1.2.1.3.a Noi suy thang

Gia st can dich chuyén theo 1 doan théng 6 chiéu dai L trong h¢ toa do xOy voi tdc
d6 chay dao khong d6i V (H1.3a).

Pé tinh toan cho nhitng diém trung gian, chon cach mé ta phuong trinh duong thang
theo tham sé phu thudc vao thoi gian thuc. O ddy thoi gian duoc chia thanh cac
khoang thoi gian nho thich hop At théng qua 1 tan s6 chu ky fr ( At = 1/f; véi fr 14 tin
s6 chu ky do ngudn vao cung cap).

Céc biéu thirc dung cho qua trinh ndi suy :
n-1
X=X+ Z V_ At
ij (1.1)
Y=Y, + Z V At
i=1

trong do Vy, Vy : cic tdc do thanh phén ; X0, Yo : gia tri toa do diém xuét phat

V At =Ax ,
: la cac gia s6 doan dudong thuc hién & khoang thoi gian At
V, At = Ay
Céc tde d6 thanh phén duoc tinh theo ti I¢ gitra doan chay dao va chiéu dai L:
L

v, ==
L

; do do gia s6 doan duong theo ting truc toa do s€ 1a :
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AXx = XVAt:LX V.i )
L L% trong do L,/L; L,/L : d6 doc cac doan chay dao thanh phan.
L

Ay=—rvar="ey L
L L f,

Céc gia s6 dugc xac dinh nhu trén Ax va Ay khong dugc 16n hon don vi do ctua hé
théng do (vi du 0,01mm hay 0,001mm) dé cho trong qué trinh ndi suy khong c6 vi tri
nao vé mat tinh toan lai vuot qué gidi han sai I¢ch £ 1 don vi dich chuyén. Mot bd dém
s& két thic qua trinh noi suy khi doan duong dat duogc.

1.2.1.3.b  NOoi suy duong cong

2 ~ . =R
Gia st ta c6 phuong trinh duong cong biéu dién theo tham so: {X C,OS(I)
y=Rsin¢
R: ban kinh duong cong . (H1.3b)
Can dich chuyén theo dudng cong trén voi toc do chay dao khong ddi V.

Biéu dién dudng cong trén theo thoi gian bang toa do goc

d):X x:Rcoth
Roh
ay .
d)—Xt —Rsinxt
R Y R

Vi phan phuong trinh trén:

d—X:—XRsind):—Xy x:xo—J.thdt
dt R R . 0R
. Nhu vy : (1.2)
QZXRCOS(I):XX YZYo"‘J‘IXth
dt R R °R

Chuyén qua tich phan s6 (thay cac lwong vi phan béi cac sb gia):

nflV
X =X —Z—yAt XyAthyizAx
4R R R™f
r11:_11 (1.3) trong do y v 1T 1a c4c gia so thyc hién
y=y0+2—xAt —XAt=—x—=Ay
~R R~ R T

dugc cua cac doan duong thanh phan trong ldon vi thoi gian At va ching phai nho
hon 1 don vi dich chuyén.

Phép ndi suy vong sir dung bo tich phan sd nén c6 xuat hién sai léch, nghia 1a mdi
diém tinh toan thong qua ndi suy khéng nam chinh xéc trén duong cong ma co thé &
lan can. Piéu kién dé gidi han sai 1éch 1a cac diém noi suy khong dugc vuot qua gia tri

cho phép thé hién bai goc [¢] ( H1.3¢).
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5T
L af 2> L A LI
3+ X X =
2 1T P(Xp,¥0) : - Ay
O S X o t
O'f 23 45 012345 O 2345 !
LX
a. L=f(x,y) b. x=x(t) c. y=y(t)
a) Noi suy tuyén tinh
tol ma
y \ y —max
“ ¢]:aCOS[R-tol_maXJ
Ya . 2 ) a R
¢i ya & (]) \
Xa X '&j l X X
b) Noi suy vong ¢) Diéu kién noi suy vong

H1.3a,b,c) Phép noi suy
1.2.2 Hé thong dit liéu DKS
1.2.2.1 Chuong trinh gia cong chi tiét: Nhitng dit liéu thong tin can thiét dé gia
cong chi tiét dugc tap hop mot cach hé thdng goi 1a chuong trinh gia cong chi tiét.
Chuong trinh ndy c6 thé :
— Puoc soan thdo va luu trit trong vat mang tin ( bang duc 15, biang tr, dia tir
hoac dia CD) va dugc dua vao by nhd h¢ BKS qua bd phan nap tuong tng.
— Pugc dua vao hé PKS thong qua cac phim diéu khién bang tay trén bang
diéu khién .
— Duoc chuyén truc tiép tor b nhd cua mot may tinh bén ngoai dén hé PKS
clia timg tram gia cong (diéu khién DNC).
Céc dit liéu chuong trinh gia cong chi tiét hién nay di dugc tiéu chuan hod va quan Iy
theo tiéu chuan ISO 6983, bao gom 3 16p dit liéu :
— Dit liéu hinh hoc (dit liéu tao hinh hay céc s6 liéu vé duong dich chuyén cia
dung cu cét).
— Dit liéu cong nghé (s6 vong quay truc chinh, chiéu quay, luong chay dao,
chiéu sau cat, goi dao, hiéu chinh may va dao, bom tudi dung dich lam ngudi...).
— Céc dir liéu hd tro khac.
Ma hoa dir liéu thuc hién v6i hé nhi phan theo bang ma tiéu chuén 1SO-7bit, mdi mot
ky ty mi hoa duoc trinh bay qua sy t6 hop cua 7 bit, va bd sung thém bit thir 8 - bit

chan 1¢ dung dé kiém tra - vi du n€u so bit dir li€u la chan bit ki€m tra s€ 1a s6 chan va
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Bang 1.1

nguoc lai( bang 1.1).

— s [« TN Nao TN B TN Nas BN BT Res B Ras B IR I R B I T A R k== T e T IR T s T I N e T IR e T IR R I I e B IR
[q\l
22l7~100010000011100011001100011
<
337A_/.VOOOOIOOOI01010000111100000
(e}
~ Amoooooooooooo00000000000000
en | Q
440/.7%01111011011110000000011000
<+
=
O |\O »%00000111111111111111111000
o~ | > (= el (e = = =l el e = =l = = el (e (= (= (e e (= e R = E =R e i Ree i o T R e R
Koo o = 100 |—= = o [~ |+ [ |- O O O | — |— | |« | | |— |— | & O |—
~
~
>
g |
=]
g | =
© |
2|
x |w |
o =S
EFWM.L
(.l.rVJUSTFRP o
Sl IEIZ|Z R IERIO @G|~ ~ [+ | o= |a o |t v o |~ o |on < |1 |0
=
N~w~a
=
1
+— O
= R
M
= S |~ N |en |t (v |V > |0 &y |© |— AN [en [ [vn |\©
Z = N |en | v [0 [~ o v = == = = == |~ = = |Q |6 |8 |6 |q |6 |Q

14



27 D 0[1]0(0|0 o 1|0
28 E 1{1(0(0]0 o |10
29 F 1{1]0[0]0|°|1]|1
30 G 0[1]{0]|0]0 o 1]l
31 H 0[1]0(0|1 o (0|0
32 I 1117001 o (0|0
33 J 1{1{0]0 |1 o 0]l
34 K O0[1]{0]|0]L o 0]l
35 L 1{1(0(0]1|o |10
36 M 0[1]0(0|1 o 1|0
37 N O[1 (00|11 |o 1|1
38 O 111001 |o 1|1
39 P 0|10 T |0|°|0]|O
40 Q 11010200
41 R 1{1{0]1]0 o |0]]1
42 S O[1]{0|1]0|°o|0]]1
43 T 1{1(01]0O|o |10
44 U O/1(0|1L]|0O|o |10
45 A% O[1]{0|1]0|°o 1]l
46 \W 11 ]0 |10 (o |1]|1
47 X 1j1rjofr 1o (0fo
48 Y 0|10 (L |1 o (0|0
49 V4 O[1 {0 |l ]Il o 0]l
50 DEL L1 |11 1o 1f1

(1): Bit kiém tra
(2): Vung bit danh cho cac ky tu chir cai

(3) (4): Ving bit danh cho cac ky tu chit sé thap phan

(5): Céc gié tri sb trong hé nhi phan
(6): Ranh dan bing
(7) (8) (9): Cac gia tri s6 trong hé nhi phan

(H@GE G)©O) (NEO)
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Céc thong tin can thiét cho hoat dong ctia may cong cu PKS duoc mé ta theo cac ky
tu ( ma NC ) nhu sau:
% : Ky tu bat dau chuong trinh
L : S hiéu chwong trinh con
: S6 tht tu 1énh
: Chtrc ning dich chuyén
: Chtrc nang phu trg
: Goc

>z O Z

D : Hiéu chinh dung cu
F : Toc do chay dao
I, J, K: Cac thong sd vong tron
P : S6 lan chay chuong trinh con
R : Tham s6 chu trinh
S : Téc dd truc chinh
T : Goi dao
U : Ban kinh vong tron
X, Y, Z :Dir liéu vi tri
LF(hodc ";"): Poi dong
1.2.2.2 Cac hé thong hd trg gia cong tu dong
Su tng dung rong rdi cdc may tinh ca nhan hién nay di gép phan dang ké vao viéc
phat trién cac hé théng hd tro gia cong tu dong trén may coéng cu PKS. Hoat dong cua
cac hé thdng hd tro nay co thé chia 1am 3 tién trinh:
— PAu tién, dya vao dir licu thong tin hinh hoc dé tao ra vat thé chi tiét qua hé
thong CAD.
— Tiép theo, 12 qu4 trinh lya chon gia cong trong d6 cac dir liéu vé ché do cit,
vé duong dich chuyén cta dao cu duoc tinh toan va xir Iy ( tién xir 1y ).
— Cubi cung, sau khi kiém tra va sita d6i, chuyén thanh ma NC c6 thé hiéu
dugc boi 1 may cong cu PKS cu thé (xir 1y tiép theo).
1.2.2.2.a Hé thong CAD (Computer Aided Design)
Céc hé thong CAD phat trién dua trén cac phuong phap mé ta hinh hoc trong linh vuc
d6 hoa may tinh (computer graphics) cho phép mé hinh hoa vat thé chi tiét. Dit lidu tir

qua trinh ndy 1 co so thuc hién cac phan tich k¥ thuét can thiét ké ca khau to chirc,
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quan 1y san xuat. Sir dung hé thdng hd trg CAD c6 cac wu diém ndi bat
— Naing suét va chat luong thiét ké cao hon.
— Tinh toan, phan tich chi tiét nhanh chéng, chinh xac hon
— €6 thé luu trit, cap nhat thong tin lién tuc do vay dé& cai thién chit luong san
pham
— Tao diéu kién ché tao va té chirc san xuat d& dang
1.2.2.2b He¢ thong CAM (Computer Aided Manufacturing)

Cac hé théng CAM lam viéc truc tiép trén dit liéu ciia mé hinh hinh hoc vat thé dé
cung cép dit liéu vé duong dich chuyén cua dung cuy, cung vdi cac dir lidu td chirc san
xuat (lwong vat liéu duoc cat got, thoi gian gia cong...). Néu sir dung céc giao tiép dir
lidu theo dinh dang chuan : DXF, IGES ... ¢6 thé n6i két CAD/CAM va tao ma NC
chuan bj chuong trinh gia cong chi tiét mot cach ty dong.

1.2.2.2.c Hé thong CAD/CAM/NC

Mubn gia cong dugc trén mot may cong cu DKS nhat dinh, cac md NC twong tng
clia may d6 phai dugc tao ra & giai doan xt 1y tiép theo NC ( post processor).

V6i cac hé thong hd tro gia cong tu dong, ¢ thé 1ap chuong trinh gia cong tu dong,
mo phong qua trinh san xuit gia cong trén may, ciing nhu quan 1y dit liéu mot cach hé
théng cho nhiéu muc dich khac nhau..., nhu vay toan bd thoi gian thuc hién quy trinh
thiét ké va gia cong chi tiét giam di dang ké.

1.2.2.3 Cac dic diém kinh té- k¥ thuat cua hé thong PKS may cong cu

Nhiing loi ich ma hé thong PKS mang lai :

— Thoi gian chuin bi cho gia cong giam manh, c6 thé ty dong hoa trong san
xuét don chiéc va loat nho.

— (€6 kha ning thay d6i mat hang nhanh, ngay ca voi san pham c6 hinh dang
hinh hoc phtc tap.

— Chét luong san ph'flm dé dugc cai thién.

— Do chinh xé4c gia cong cao nhd img dung cac hé thdng diéu khién phan hoi
(c6 lién hé nguoc).

— Gia thanh san phém ha, d& 6n dinh gia thanh san Xuat.

Mic du vén dau tu ban dau 16n nhung thoi gian hoan von thudng ngan.
1.2.3 Heé thdng do vi tri trén may cong cu DKS

Do chinh xac dich chuyén theo cac tryc toa do trén may cong cu PKS phu thude chu
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yéu vao do chinh xac ctia hé thong do. Cac hé thong ndy ghi va bién ddi cac thong sb
do duogc thanh céc tin hiéu twong thich phan hdi dén hé PKS dé thuc hién nhiém vu
diéu khién, do vdy con goi chung 1a cac cam bién. Cac dai luong do vi tri co thé 1a
chuyén vi dai hodc chuyén vi goc.
1.2.3.1 Céc phuong phap do vi tri trén may : C6 cac phuong phéap do vi tri nhu
sau :
1.2.3.1.a Phuong phap do vi tri tuyét dbi

Theo phuong phap do nay, mdi mot gia tri do déu duge so voi diém 0 cta thude do
va ¢ dau hiéu riéng dugc ma hod, do vay can gidi ma dé co gia tri do..

Dbi voi phwong phap do vi tri tuwong tie / tuyét d@oi, tmg véi mdi gia sd vi tri trong
pham vi duong dich chuyén la mét thang dién &p dac biét. Truong hop pham vi dich
chuyén 16n, ngudi ta thuong chia toan bd pham vi thanh nhiing khoang ting c6 d6 16n
bang nhau, trong pham vi mot khoang ting, phép do dugc thuc hién theo phuong phap
tuyét dbi. Gia tri do tai vi tri dang do dugc tinh boi :

X = N1+ Xaps (1.4)

(n=1,2,3...); v6i1i: gia tri mot khoang tang ; n : s6 khoang ting.

Déi v6i phuong phap do vi tri 56 / tuyét doi, mdi mot gia sb vi tri dugce danh déu bang
ma nhi phan.

Uu diém cta phuong phép do vi tri tuyét ddi 14 tai mdi thoi diém do hodc sau mdi lan
mét dién ap, vi tri tuyét ddi so vai diém 0 duoc nhan biét ngay. Nhung mat khac, cac
hé thdng do vi tri tuyét di thuong co gia thanh ché tao cao, boi thé trong céc thiét ké
méi chung hau nhu khong con duoc tng dung nira.

1.2.3.1.b  Phuong phép do vi tri kiéu gia s6

Toan bd pham vi dich chuyén duoc chia thanh cac budc ting (khoang gia sd) co dod
16n nhu nhau, khéng c6 déu hiéu riéng nén ching khong can giai ma, chi can bo dém.
Vi tri that nhan biét boi téng cac budc tang dém duoc, cac gia s6 vuot qua phai dugc
cong v&i nhau hodc trir di cho nhau tily theo chiéu chuyén dong. Goc do c6 thé chon
bat ky & diém nao bang cach dat lai bo dém.

Nhuogc diém ciia phuong phép do nay 1a khi mat ngudn dién lam mat gbc 0 cia hé
théng do. Mubn do phai xéac dinh lai géc 0. Ngoai ra, khong do dugc vi tri tuyét ddi
ma chi do sy thay d6i gia s6 vi vy sai s do c6 tinh tich lily. Gia thanh cua cac hé

théng do kiéu gia s6 14 ré hon so vi hé théng do vi tri tuyét doi.
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1.2.3.2 Do vi tri béng dai lugng tuong tu:

Poan dudng hay goc can do duoc chuyén d6i lién tuc thanh 1 dai luong vt 1y tuong
ung hay con goi la dai luwong tuong tu, vi du chuyén ddi thanh dién ap hoac cuong do
dong.

Dé do vi tri theo dai luong twong ty, trén cac may cong cu PKS thudng xir dung cac
loai dung cu hoat dong theo nguyén 1y cam ung, dua trén hién tugng khi c6 mdt cudn
day din di chuyén trong tir truong, mot hiéu dién thé cam ung E duogc san ra trong
cudn day va co cudong do phu thudc vao khoang cach 2 vat dan.

1.2.3.2.a Dau do Resolver :

Con goi 1a thudc do gdc quay cam ung, cd cdu tao gdm 2 phan: Stato va rd to
(H1.4a).

Trén stato bd tri 2 cudn day quén ¢d dinh, cac cudn day cua no6 dat vuong goc va duogc
cap cac dién ap xoay chiéu léch pha vé dién 1a 90% Usin® va UcosO. Théng qua
chuyén dong ctia co cdu dan (vit me), goc quay 16 to thay ddi lam cam tng trén cudn
day r6 to mot hi¢u dién thé Ug c6 d6 16n phu thudc vao gbéc quay ro to ddi voi véc to tir
truong.

Tin hi¢u dién ap ti 1€ vdi gbe quay ro to tur dau do Resolver cung cép mot tap thu tu
cac gia tri do tuyét ddi trong pham vi 1d6 chia trén r6 to. Thong thuong, mot bién doi

thang trén d dai 2mm Uing v&i mdt vong quay ro to cia Resolver.
Cudn b dinh

<

Cudn cb dinh
H1.4a: Nguyén ly lam viéc ctia dau do Resolver
1.2.3.2.b Pau do Inductosyn:
Con goi 1a ddu do cam tmg tuyén tinh (do chuyén vi dai)(H1.4b). Nguyén tic tac
dung cua né twong dwong voi mot ddu do Resolver quan ddy phing, cdu tao bao gom

mot thude do vi mot cudn diy phing quan theo dang gap khuc chir nhat duge lip cb
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dinh trén than mdy. Vi muc dich do ludng, budc day quan 1a © = 2mm. Bén trén thudc
do c6 mot doan thude dan co 2 cudn day phflng dat 1éch nhau 1/4 @6 chia. Poan thudc
dan dugc lép trén ban may di dong ma ta can do cac bién thién vi tri cta no. Con truot
cung véi doan thudc dan ludn cach déu 0,1mm so voi mat thude do. Trong cudn day
cua thuoc do chinh c6 mdt dién ap tan s6 cao U. Qua 16p cach, trén cudn day cua
thuéc din cam ung mot dién ap c6 cudong do phu thude vao vi tri cia nd so véi cudn
day trén thude do chinh. Mirc dién ap nay dugc danh gia trong hé diéu khién va dua ra
gia tri do vi tri ban may theo budc 1 ctia thudec.

Thurdre of dinh

il

1: Thwde b dinh

2 Con treot
(BS phan di dong) <y

2
Con tryot

H1.4b: Nguyén 1y lam viéc ctia dau do Inductosyn
1.2.3.3 Do vi tri voi hé théng quang di¢n: Thudc do chiéu dai lam viéc theo
nguyén tic quang dién (H1.5a).

H1.5a trinh bay 1 dau kich quang gom thiét bi chiéu sang, mot thdu kinh hoi tu, mot
ludi chia kich quang va cac phan tir tiép thu kich thich ( té bao quang dién).

Trén thudc do co nhitng vach soi thau va khong thiu dat ké tiép nhau. Tia sang gip
phai vach soi thdu s& dugc té bao quang dién hap thy. Khi dau kich quang c6 chuyén
dong tuong ddi so vai thude do, thude niy chay gitta thdu kinh hoi tu va ludi chia, nhd
cac té bao quang di¢n bd tri thanh hai hang 1éch nhau 1/4 budc 7, ta nhan dugc 2 tin
hiéu 1éch pha 90°, qua d6 hé diéu khién biét dugc chidu chuyén dong (chiéu sém hodc
tré pha gitta 2 tin hiéu).

Ciing twong tu nhu thude do sb vi tri dai, H1.5b 1a thudce do s vi tri goc.

Trong cac h¢ théng do vi tri kiéu sé/ gia s6, khi mat dién ap nguén, cac gia tri do vi tri

ban may ciing mat theo. Dé tai hién sé do nay, thude do c6 thé dugc trang bi thém mot
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hay nhiéu moc do chuén .

1 Nguon sang 4 Ludi chia
2 Théu kinh hoi tu 5 Té bao quang dién
3 Thuée do 6 Ma chuan

H 1.5a:Thudc do chiéu dai theo nguyén tic quang-dién

H1.5b: Thude do goc theo nguyén tic quang dién

Cuong d6 sang nhan dugc cua hé thong do chiéu dai theo phuong phap quang-dién

(H1.5¢) duoc khuéch dai thanh dang xung chir nhat nho mot bd tao xung dién tur va

tuy theo chu ky chia cling nhu d6 chia doi hoi, cac tin hi¢u dugc ndi suy tuong ty va
chia nho thém tir 5 dén 25 lan.

1.2.3.4 Do vi tri bang kiéu sb/tuyét dbi:

Trong cac hé thong do vi tri kiéu sb/tuyét d6i, mdi gia sd vi tri ciia thudc trén dudng

dich chuyén déu dugc vach diu riéng. Néu & cac hé théng do vi tri kiéu sb/ gia s6 chi

can thudc do 1 khoang chia 1a du, thi cac hé théng do kiéu sé/tuyét ddi can thude do

nhiéu khoang chia mg vé6i cac gia s6 vi tri khac nhau. Nhimng ving soi thau trén thang
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do g véi gia tri 0, con nhitng ving khong soi thau trén thang do trong dwong véi gia
tri 1 cua h¢ nhi phan. Theo cach do, thudc do dugc chia vach theo ma nhi phan va trén
cac khoang chia déu dugc kich quang thich hop.
Do gia thanh ché tao cao, cac hé théng do véi phuong phap do vi tri kiéu sb / tuyét
d6i hién nay khong con duoc sir dung rong rai.
Curemg d5 L. Ch:lu kj;"lchia

sang nhan
ls1ldes)

|
|
|
P15 1éch pha 90° | W
Cudng d8 m
sang nhan | | |
droe R
N
| | |
Tinhits| | N

A
chuan

8

H1.5¢c: Biéu d6 hinh thanh xung dién ap ctia hé théng do quang-dién
1.2.4 Cac ngudn dong luc dung cho May cong cu PKS
Thuong st dung cac loai dong co sau dé lam nguén dong luc:
1.2.4.1 Pong co dién mot chidu
Nho kha ning diéu chinh vo cip tde d6 dong co mot cach dé dang, dao chidu quay
don gian, nhanh chong, tic dung nhanh, cac dong co di¢n mot chiéu duoc ung dung
rong rai trén may cong cu DKS, dic biét ddi véi truyén dong chay dao.
C6 2 kiéu chinh :
12.4.1.a Loai c6 tir truong khong doi (diéu khién téc do bang dong dién phan
ung): Stato ciia dong co bao gém dé, 6 truc, mach tr. Cac mach tir cta stato tao ra mot
tir truong ngang qua rd to. RO to gdm truc va cic cudn day quan phan ung. Co gbp véi
cac phién gop bang dong duoc ghép cach dién ndi voi cac dau day theo cach dé dong
co ¢6 chiéu quay khong doi.
Nguyén tic 1am viéc ciia dong co dya trén dinh luat Lorentz qua biéu thirc
F=qVxB (1.5)
Khi dong co quay, cic thanh dan cét tir truong s& cam ng mot sirc dién dong co

chiu theo quy tac ban tay phai. Do chiéu cua stic dién dong cam tng nguoc voi chiéu
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dong di¢n 1, nén con goi la suc phan dién E,, véi :
E, = K.» (1.6)

ke : hang s6 phan dién ; o : toc d6 quay cua dong co.

. R
B qua di¢n ap trén cudn cam, thé hi¢u vao V; = R,i, tk.m :[k 2 JMl +k,o0 (1.7)

m

M, = Kpip = [k—mjvi - (ﬁ}o:[k—mj\a {1 _k 0)} =[kijvi {1 - i} (1.8)
Ra Ra Ra Vi Ra (’Omax

trongdd: o, = % ; M= (E—mj\/i va M duoc goi 1a ngau dinh mirc.

max

a

Quan hé gitra ngiu va téc d6 dong co: M (o) = M{l _ L) (1.9)
0\)1’)"121)(
. ) . MR
Toc do khong tdi: o, _ Y MR, (1.10)
ke kekm
Cong suit : P(0) = M0 = wM{] _i)
O‘)max
A A . A 4 . * 1
Tdc dd khi cong suat cuc dai : o = Ewma" (1.11)
\ . , Vi
Dong dinh muec : I, = ' (1.12)
Phuong trinh mo ta hoat dong cia dong co tir khi cap V; dén khi dat toc do o:
Jo+bo-k i, =M,
i 1.13
L. di, +Ri, +k.o=V, ( )
dt
s R A1 X . do
Co thé viét lai nhu sau : Ngau M= ki, =J m +My -M; (1.14)

trong d6, M; : Ngau sinh ra do dong co ; M; : Ngau ma sat ; M Ngiu tai; k,,: hing s6
ngau cia dong co ; R,, L,: Pién tré va cudn cam ¢ mach dién dong co. J=1J, + I véi
J.: Momen quan tinh cua dong co; J;: Momen quén tinh cua tai.

Giai phuong trinh (1.21) ta co thé tim duoc quan hé gitta ® va thé hiéu dat vao V; c6
ké dén sy tré ctia cac thanh phan.

1.2.4.1.b Loai co tir trudng quay (diéu khién tdc do bang diéu khién trudng)

Véi cac dong co loai ndy, 16 to (phan quay) 1a mot nam chdm vinh ctru va stato (phan
tinh ) 1a 13i thép va cac cudn diy quén cb dinh (khong co chdi dién).

Khi c6 dong dién cung cip trén cudn ddy stato s& tao nén tir truong quay. Cac phép
tinh ciing twong ty nhu loai ¢o tir trudng cb dinh, chi khac ¢ day khong c6 sirc phan

dién tao nén trong mach truong ctia né (E, = 0)
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Céc dong co dién mot chiéu c6 thé dugc ché tao véi cong suét 1én dén 7KW. Héng sb
thoi gian vé co trong khoang (20+50)ms . Khi dung cho cac hé thong truyén dong giam
tbc 16n, quan tinh cia 16 to dong co ting manh do vy khong thich hop trong céac
truong hop nay.

1.2.4.2 Dong co budc

Pong co bude rat thich hop véi tin hiéu sé do may tinh cung cép, thuong dung 1am
ngudn dong luc cho cac hé thong diéu khién vi tri vong hd véi cong suét truyén dong
nho.

CAu tao ctia dong co budc gan gidng véi dong co dién mot chiéu khong choi dién voi
stato da cuc va r6 to khong c¢6 cudn kich thich. Goi 1a stato da cuc bdi vi trén stato co
thé c6 hai cuc, ba cuc hodc bon cuc... Rd to cling co nhiéu cuc, con goi la rang. S6
rang (cuc) cia ro to phdi hop véi sd cuc cua stato xac dinh kich thude cta budc - goi
1a goc bude. Goc bude bang 360° chia cho sb bude trén mot vong quay.

bong co budce ¢o 3 loai chinh : kiéu tir trd bién d6i (variable reluctance), kiéu nam
cham vinh ctru (permanent magnet) va kiéu hon hop (hybrid).

— Pong co budc kiéu tir trd bién doi khong ding nam cham vinh ctru, do vay
16 to dong co co thé di chuyén tu do. Khi dong dién chay qua 1 cudn cam trén stato,
sinh ra 1 tir truong lam cho ring trén 16 to dimg thang hang véi ring trén stato. Khi
dong dién dugc chuyén sang 1 cudn khac, r6 to chuyén dich 1 gbc budc va tao ra mot
su thang hang méi cua ring. Loai dong co nay dugc dung nhiéu & nhitng truong hop

khong can ngau cao .

H1.6: Bong co budc kiéu tir tré bién d6i
Vidu 6 H1.6 mo td mdt dong co budce kiéu tir trd bién d6i véi 16 to co 4 rang va stato
c0O 6 cuc (3 doi cuc) .
DPong co ¢6 3 cudn cam, véi mdi cudn quén quanh 2 cuc ddi dién theo so dd hinh v&.
Cac cudn duoc cép dién theo thu tu, gid str cudn 1 ¢6 dién, rang X cua rd to quay dén

, 5 A A A A < A ’ LN A 0 A .
cac cuc cua cudn ndy. Néu cudn 1 ngat, cudn 2 co6 di¢n, r6 to quay 30" theo chi¢u kim
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ddng ho dé cho cac ring Y nam thang hang vdi cac cuc 2 va tuong ti cho cudn 3. Qué
trinh tiép dién, dong co s& quay lién tuc, v6i goc bude 30°.

— Dong co budc kiéu nam chdm vinh ciru ¢o 16 to dang dia moéng, khong co
rang (cuc), va dugc lam béng vat liéu tu tinh. Khi cac cudn day stato dugc cép dién
theo thir tu, tir truong thay doi s& 1am cho 16 to quay 1 goc bude. Loai dong co ndy co
két ciu don gian, gia thanh ré, lam viéc ¢ tc d6 thap va ngiu nho, nhung cé dic tinh
ngiu kha 6n dinh.

— Pong co budc kiéu hdn hop két hop cac dic tinh tot nhéat cia 2 loai dong co
trén voi 1 stato da cuc va 1 r6 to nam cham vinh ctru.

Céc dong co budc kiéu hdn hop tiéu chuin cé 16 to 200 ring, quay véi goc bude 1,8°,
ngoai ra con co thé thiét ké sin so d6 ddu day cho phép tao goc budc 0,9° va 3,6". Loai
dong co néy c6 ngau tinh va dong cao, va lam viéc véi tbc do budc rat cao, do vay
ching dugc ung dung rong rai trong cong nghiép.

1.2.4.2.a Cac phuong an tao budc

C6 cac phuong an tao bude khac nhau tiy thudc vao cach cip xung dién diéu khién.
Néu cap xung lan luot theo thir ty, ta c6 bude ddy. Tuy nhién cé thé tao vi budc, vi du
10 to ¢ thé dimg lai giita 2 vi tri day budc khi cung cap dong dién dong thoi cho ca 2
vong pha.

H1.7a,b,c trinh bay minh hoa vé cach tao buédc (loai dong co budc kiéu nam cham

vinh ctru unipolar 4 pha).

2l | em | off | off | off bl | cm | om | off | off

o
[ ey
=
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=
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H1.7a: Cap dién 1 cudn H1.7b: Cép dién 2 cudn dong thoi
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H1.7¢: Piéu khién tao nira budc
1.2.4.2.b Cac dac tinh chinh:
— Cong thirc chung dung cho xéc dinh géc budc :

3 360°
oaSZ

8[°] (1.15)
trong d6 S : s cap cuc cua stato ; Z: s6 rang 16 to
o : hé s6 ké dén chu ky diéu khién, vi du o = 1 khi tao day budc; oo = 2 khi

tao ntra budc ...
£y L an 3
— SO0 vong quay cua ddng co : n,, = 360 [v/s] (1.16)

f: tan s6 chu ky diéu khién hay s6 xung dién cép vao trong 1 gidy [Hz].
1.2.4.2.c DBong co budc va bo khuéch dai momen
St dung dong co bude két hop véi cac bd khuéch dai thuy luc chuyén dong quay la
giai phap pho bién dé tan dung tinh d& diéu khién va kha ning nang cao cong sut
truyén dong thich hop voi ngudn dong luc & cac My cong cu DKS (H1.8)
Truc vao 3 nhan chuyén dong tir tn sd ngudn cung cip cua 1 dong co dién budc.
Truc néy duoc ga’in ¢ dinh véi chac 1 trong khi bac 2 ghép cling véi truc ra 5. O vi tri

trung gian cta chac 1, dau tir bom qua céc 15 6 va 10 di vao cac budng twong mg nhu
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hinh vé.

H1.8: Bong co bude dung voi bo khuéeh dai momen

Khi chac 1 quay 1 goc bang goc budc 8y , dau tir cac budng qua 16 13 va 9 ndi véi
duodng dau cao ap, va dau ra quald 7, 8,11,12 ndi véi duong xa. Bac 2 cung voi truc 5
quay theo chiéu kim dong hd cho dén khi chac tré vé vi tri trung gian bat dau 1 goc
bude tiép theo.

Cac bo khuéch dai momen cé d6 chinh xac vi tri dat dén 0,01mm tmg véi mdi goc
budc va s6 vong quay truc ra 5 1én dén (500-1000)'%/,, . Dé giam mién khong nhay
ctia bd khuéch dai, tai vi tri trung gian cua chac 1 khe ho khong qua (0,05-0,08)mm.

Heé s6 khuéch dai momen cua bo khuéch dai k = M, (1.17)

I
trong d6, M,: Momen truc ra 5; M, : Momen quay cua dong co budc.
1.2.43  Dong co dién xoay chiéu

Dbi voi dong co dién xoay chiéu, viéc thay doi vo cap sd vong quay dua vao bo bién

tan theo cong thirc:
he 60f(1-s)
p

(1.18)

trong do
f1a tan sd dong dién; p: s6 doi cuc; s: hé sb truot
Diéu chinh tdc d6 bang cach thay d6i hé sb truot 1am giam do cung cua dudng dic
tinh co va khong ap dung cho truyén dan May .
Ngay nay do gia thanh phai ching ctia bo bién tin ma loai dong co dién xoay chiéu
duogc ing dung trong moi trudng hop, trong d6 viéc khong can bao dudng ( két cau

khong can dén c6 gop, choi quét) 1a mot wu diém ndi bat.
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Céc cau hoi Chuong 1:

1. Phan biét dic diém tao hinh bé mat trén cdc may cong cu truyén thdng va cac
may cong cu DKS.

2. M5 ta cau trac khéi ciia 1 hé thong PKS May cong cu va giai thich cac thanh
phan. Cho biét mot vai chwong trinh ndi suy thuong gip.

3. CNC, DNC, CAD, CAM, CAD/CAM, CAD/CAM/NC la gi ? Vai trd cua chung
trong san xuat co khi ?

4. Phan biét cac dang diéu khién trén May cong cu PKS va pham vi ing dung.

5. Trinh bay nguyén tic hoat dong ctia 1 loai cam bién do vi tri duoc ing dung cho
May cong cu BDKS

6. Phan biét do chinh xac vi tri(v/d £3um), do chinh x4c 1ap lai(v/d £8um) va do
phan giai(bude dich chuyén nho nhat do dugce(v/d £2,5um)) trén may cong cu PKS.

7 Liéu dong co co khoi dong va gia tbe di nhanh ? Quan tinh tai 13 gi ?

a=My-M)J

8 Giai thich ¥ nghia ctia cong thirc (1.18 ) dung dé xac dinh tdc do 16n nhat ma

dong co c6 thé cung cap.

9 C6 can ghép thém mot bo truyén hay mot hop toc do ?

2
Q)

Jtd: Jt( | J
o,
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Chuong 2 Lap trinh cac may cong cu BKS
2.1 M¢ dau vé diéu khién cac May cong cu PKS
2.1.1 Hg truc toa do: Dé xac dinh cac twong quan hinh hoc trong ving lam viéc
clia may ciing nhu trong pham vi chi tiét gia cong ..., cAn mot hé truc toa do va céac
diém gbc chuan.
+Z@ +C +Y
X +B

\ A

Y +X
/ -7

a) Heé truc toa do theo quy tic ban tay phai

+y

Khi tryc Z nim ngang Khi truc Z thang dtmg
H2.1: H¢ truc toa do
Heé thdng cac truc toa do vudng goc duge xéac dinh theo quy tic ban tay phai (H2.1a).
Cac chuyén dong chinh ctia may cong cu BPKS thiét 1ap theo céc truc toa do X, Y va Z
(H2.1b,c ) trong do :
— Truc Z chay song song truc chinh ctia may, c6 chidu duong chay tir chi tiét dén
dung cu (hay dung cu chay xa khoi chi tiét )

—  Truc X c6 phuong theo phuong ban trugt dai nhat va ludn ludn vudng goc truc

— Truc Y cung véi cac truc X va Z 1ap thanh hé truc toa do tuan theo quy tc ban
tay phai.
H¢ truc toa dd co ban duoc gén véi chi tiét, va khi 1ap trinh, quy udc réng dung cu
chuyén dong tuong ddi so vé6i hé théng truc toa do, chi tiét dang yén.
Trén cidc may cong cu DKS con cd ciac truc quay nhu truc cta ban quay, u
quay...Chuyén dong quay quanh céc truc dugc ky hiéu bang cac chir cai A, B va C va
c6 thlr ty twong Gng vai cac tryuc tinh tién X,Y va Z.

Ngoai cac truc toa dd X,Y, Z, con c6 thé co céc truc toa do khac song song vadi ching.
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Céc truc ndy duoc ky hiéu U ( song song voi X ),V (' song song v6i Y ) va W ( song
song v&i Z ) hoac P,Q va R...twong ng .
o Céc diém chuan : Dé xac dinh vi tri géc hé truc toa d6 co ban gén 1én chi tiét

trong vung lam vi¢c cia may, can mot sO dieém chuan sau:

H2.2a: Cac diém chuan trén may phay

ra
%

H2.2b: Céc diém chuan trén may tién

+ Piém Oy cua may : Cac diém Oy 12 diém gbc ¢ cac thude do truc toa
d6 may va thuong 13 vi tri giéi han dich chuyén.Vi du véi cic may tién DKS d6 1a giao
diém cua truc Z véi mat ty ciia mam cip trén bich truc chinh, hodc trén cac may phay
DPKS, diém 0y nam & cac diém gi61 han dich chuyén cua ban may.

+ Piém Oy cua chi tiét: Diém Oy cua chi tiét la géc hé truc toa do gén Ién
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chi tiét. Vi tri cta diém Oy, do nguoi lap trinh tu lya chon sao cho dé xéac dinh bién
dang trén ban vé& chi tiét gia cong nht.

Trudce khi gia cong can diéu chinh diém géc hé toa do chi tiét va diém géc hé toa do
may sao cho Oy = Oy

+ Piém Op ciia chuong trinh : Pay 1a diém xuat phat hay tro vé cta dung
cu khi gia cong chi tiét. Thuong diém 0p dugc chon sao cho dung cu c6 thé thay doi
mot cach thuan tién va an toan.

+ Piém chuan R ( Reference Point ) : La mot diém xac dinh cta hé diéu
khién trong ving lam viéc cia may dé hé diéu khién déng bo vai vi tri ciia may. Mudn
vay, ngay khi khéi dong, cac truc phai dugc chay vé diém chuan cta no trén tung truc,
sau d6 hé diéu khién mdi bat dau dém cac khoang gia so ciing nhu thong bao néu ban
trugt hay truc dung cu thyc hién hanh trinh vuot qua gidi han...Véi muc dich nﬁy, cac
hé diéu khién may cong cu BKS déu co yéu cau dat céc truc may vé diém chuén R khi
bit dau van hanh.

Dich chuyén trd vé diém chudn R dugc thuc hién nhd mét phim chuyén dung trén
bang diéu khién hodc 1a nhd mét 1énh chuong trinh chuyén dung.

+ Piém chuan ga dao Or : Pay 1a diém do nha ché tao quy dinh ( vi du
khoang cach tir diém nay dén vai truc gd may phay PKS dugc cho trudc trong thuyét
minh may, dung nhu 1a mot diém xuat phat cua tit ca cac kich thude lip dao khac )
nham dé hiéu chinh chiéu dai khi lip dat cac dung cu cat co kich thude khac nhau.

+ Cac diém chuan khéc : Tuy theo ting loai may coéng cu PKS con ¢o
thé c6 thém cac diém chuan khac.

2.1.2  Chuan héa kich thuéc :

Trén mot ban v€, thuong cac s6 do kich thuéde khong duogc dua vao truc tiép, chung
phai duoc tinh lai dé tim ra cac thong tin vé duong dich chuyén dung cho 1ap trinh, vi
du chuyén céach ghi kich thudc do theo chudi thanh céac kich thude do tuyét ddi hodc
tinh toan thém céc toa d6 chua rd...Thong tin vé kich thudc cua chi tiét gia cong duoc
thé hién trong ban vé& theo hé thong ghi kich thudc tuyét ddi hodc ghi kich thudc theo
gia s0.

a) Ghi kich thudc tuyét dbi : Trong cach ghi kich thudc tuyét doi, tit ca cac
kich thudc duoc ghi xuat phét tir nhimg dudng thing chuan, con goi 1a ghi kich thudc

theo chuan. Giao diém cta nhiing dudng chuan la diém goc toa do va nén trung voi
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diém Ow cua chi tiét ( H2.3a).
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a) Ghi kich thudc tuyét dbi b) Ghi kich thuéc theo gia s6
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H2.3 : Ghi kich thudce cho gia cong DKS

b) Ghi kich thuéc theo gia s6: Trong cach ghi kich thudc theo gia sb, mdi
mot kich thudc duge ghi ludn Xuét phat tir vi tri kich thudc trude nod, con goi la ghi
kich thudc twong d6i (H2.3b). Cach ghi kich thude ndy anh huong nhiéu dén két qua
gia cong, do d6 trong thuc té it dung.

c) Ghi kich thudc nho cac bang:

B2

28...“’
2?. '''''''
) “ ‘..‘”

OW]

Al

H2.3c): Ghi kich thudc nho cac bang
Khi ghi kich thudc qua cac bang, nguoi ta thay thé cac kich thudc trén ban vé bang
cac sb thir tu vi tri. Nhiing gia tri riéng clia cac diém toa do dugc dién vao trong cac
bang toa d nhu 1a céac s6 liéu bd sung, vi du nhu duong kinh hodc dung sai ....( Vi du
H2.3c - Bang 2.1)
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Bang 2.1

Géc Béang toa dg (mm)
toa . Toa do Puong kinh
& SO vi tri " 5 "
1 1 0 0 -
1 1.1 12 10 5H7
1 1.2 30 20 10H7
2 2 68 50 -
2 2.1 0 25 5H7
2 2.2 17,677 17,677 5H7
2 23 25 0 S5H7
2 24 17,677 17,677 5H7
2 2.5 0 -25 5H7
2 2.6 17,677 17,677 5H7
2 2.7 -25 0 5H7
2 2.8 17,677 27,677 5H7

2.2 Lap trinh gia cong trén may cong cu BDKS

Tinh kinh té cta cac may cong cu BDKS phu thudc nhiéu vao hé théng 1ap trinh sur
dung dé tao ra cac 1énh diéu khién. Yéu cau ddi véi ngdn ngit lap trinh phai don gian,
dé nhé, mo ta ddy du hé théng dir liéu va sir dung bang ma tidu chuan. Cac chuong
trinh hoan hao ( khong 15i ) duoc tao ra va nap vao may cang nhanh, cang dé dang thi
qua trinh gia cong DKS cang trd nén linh hoat va kinh té.

2.2.1 Céu triic chuong trinh

Chuong trinh gia cong 1a toan bd cac chi dan gia cong can thiét khi gia cong 1 chi
tiét. Cac chi dan gia cong ndy duoc sip xép dudi dang mot diy cac cau 1énh mo ta
duong dich chuyén dung cu ciing nhu cac diéu kién gia cong....

M&i mét chuong trinh gia céng thuong duge bit dau bang mot ky tu bit dau chuong
trinh (vi du ky tu %), tit ca cac 1énh dimg trude ky tu % s& khong dugc hé didu khién
dé y dén. Ma ky tu NC tuan theo tiéu chuan EIA RS-274.

Két thuc chuong trinh dugc danh dau boi mot chic nang phu.

e Ky ty bat dau chwong trinh
Vi du: %1234 trong d6 1234 1a s6 hiéu chuong trinh.
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e Ky tu két thuc chuong trinh
Vi du M30
e C(Caclénh NC
Vidu:NO0100 GO1 X25 Y20 Z-17
e Tulénh
Vidu:Z-17
e Dia chi
Vidu:Z
e Cac phdi hop sb (d6i véi dia chi truc thinh thoang kém theo dau)

Vidu:-17

Mobi mét cau 1énh 1a mot tap hop cac thong tin diéu khién, bat dau br:ing sb thur tu cau,
gém 1 chir cai N va mét con sd tu nhién ding déng sau. SO tht tu cdu 1énh chi don
thuan gitp nguoi lap trinh dé theo di, kiém tra chuong trinh, chir khong anh hudéng
dén sy 1am viéc cta hé diéu khién. Tiép theo sb thtr tw cau 1énh 14 cac tir 1énh ¢ chua
dung céc thong tin hinh hoc va cong ngh¢ cua chuong trinh.

MBJi tir 1énh bao gdm mot ky tu ( dia chi ) va mot diy sb co hoic khong c6 ddu. Dau
nam giira ky tu va diy sb ( vi du X-25). Day cac con sb co thé 1a sé thap phan, ngudi
ta tach phan nguyén va phan thap phan bang mot ddu cham (vi du X 173.45). Khi ghép
tdi thiéu cac tir 1énh, ta dugec mot cau 1énh thuce hién mot chuyén dong hay mot chirc
nang cua may.

Theo quy chuén, cc ky tu c6 mdt y nghia xac dinh. C6 5 nhém 1énh ( nhém dia chi
theo ky tu ma NC ) sau day :

e Céc 1énh hinh hoc diéu khién chuyén dong tuong d6i giira dao va phdi 1a
X,Y,Z,A,B,C,U,V,W,P.QR...

e Cac lénh cong nghé quy dinh ty s6 tién dao ( F ), sb vong quay cia truc
chinh ( S), va cac loai dao ( T)

e Cic 1énh dich chuyén theo hanh trinh quyét dinh kiéu chuyén dong ( G ),
chang han hanh trinh nhanh, ndi suy dudng thing, ndi suy dudng tron...

e (Cac Iénh dich chuyén thay dung cu; cac chiic nang phu nhu dong, mdé dung
dich tron ngudi; quay, dung truc chinh ; chiéu quay truc chinh (M) ..., céc I¢nh hi¢u
chinh dé bu chiéu dai dung cuy, ban kinh dao cit, ban kinh miii dao cling nhu céc x¢€

dich diém chuan, thiét lap vi tri géc toa do ...
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e (Céc 1énh chu trinh hay chuong trinh con.

Thir tw, dia chi va cdu tric ciia timg tir 1énh riéng 1é trong mot chuong trinh gia cong
PKS dugc xac dinh theo tiéu chuan ISO 6983. Tuy vay, do su phat trién nhanh chong
trong linh vuc ché tao may cong cu DKS nén co thé c6 su khac biét gilta cac nha ché
tao hé diéu khién khéc nhau.

2.2.1.1 Céc lénh thiét lap vi tri gdc toa do:
e Thiét lap vi tri géc toa do:

Hau hét cac hé diéu khién déu c6 kha nang cho phép dich chuyén dung cu dén mot vi
tri va sau d6 qua 1 phim chuyén dung, dat diém 0,, cho vi tri dung cu dang &. Ciing ¢6
cac hé diéu khién sir dung 1énh chwong trinh chuyén dung theo ma G danh cho thiét
1ap vi tri géc toa dod 0,,.

Vi du:

Céc 1énh G54,G55,G56,G57 dung dé hiéu chinh cac toa d6 Oy = Oy hodc duge dung
khi gia cong cac chi tiét khac nhau & mot 1an ga dat .

e Cac chirc ning xé dich gbc chuan:
LAp trinh xé dich ( hoiic xoay ) gbc chuin trén chi tiét G58 & G59

Viéc sir dung nhiéu 1an xé dich ( hodc xoay ) gdc chuan trén chi tiét cho phép ta lap
lai chuong trinh gia cong nhiéu 1an tai cac vi tri bét ky trén chi tiét gia cong, vi du

khoan cac day 15 giéng nhau hodc gia cong cac duong bao nhu nhau...( H2.4).

OM OW[ Mau lénh
G58/G59 A..X...Y...
‘ OW2
G59 X... '%\

H2.4: Lap trinh c6 x€ dich diém chuén trén chi tiét

Huy bo xé dich gbc chuan bang chirc ning G53
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e (Céac chtic nang mo ta phuong phap ghi kich thudec:
Lap trinh theo kich thwéc tuyét ddi va twong ddi G90 & G91
G90 biéu thi dang lap trinh theo vi tri céac diém dich, con G91 biéu thi dang lap
trinh c6 diém dich voi cac gia tri toa d6 cia no6 luén gén voi vi tri cua dung cu cat da
dén trudc do, nghia 1a vi tri ciia cac diém xudt phat c6 mot ¥ nghia quyét dinh dé dat
dugc cac diém dich mong mudn. G91 dugc ung dung cha yéu cho cac chu trinh hodc

chuong trinh con ( H2.5)

Oy, Ow G90 X... tuyét doi

G91 X...twong ddi

—

H2.5: Lap trinh theo kich thudc tuyét ddi-twong ddi

2.2.1.2 Céc lénh dich chuyén

30

G00 Chay dao nhanh

Mau I¢nh

N

a
W

N...G00X...Y...Z...

+yl 40 %

Cac ban truogt chay dao nhanh dén diém co toa d§ duoc lap trinh

( vi trf thay ddi dung cu, diém bt dau cho gia cong...)

D
kJ\?»O 3

Chuy
1 lugng chay dao F bi v6 hiéu hoa néu dang thuc hién GO1
Téc do chay dao nhanh dugc xéc dinh theo méy sin co

56

Nut chay dao uu tién dang hoat dong

Vidu:

O +X Tuyét i G90

N50 GO0 X40 Y56
Giasé  G91

N50 GO0 X-30 Y-30.5

(e

N

H2.6 : Chay dao nhanh GO0
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Céc 1énh dich chuyén duoc biéu thi bang ky tu (dia chi) G va mot con s6 2 chit s6 tir

00 dén 99 dun

g sau. Cac 1énh dich chuyén theo ma G hau hét da duoc chuén hoa .

e Mot sb 1énh dich chuyén G thuong gip :
G00 Chay dao nhanh

GO01 Nji suy duwong thing

40

+Y

GO01 Nbi suy dudng thing

Mau lénh

N...G01 X...Y...Z...F...

Céc chuyén dong thing vai lugng chay dao dugc lap trinh theo

¥
e T3
5o

mm/vong (trang thai ban du)

20.1

Vidu:  Tuyétddi G0

N20 G01 X40 Y20.1 FO.1

ct

J#N
N

Giasé G91

N20 GO1 X20 Y-25.9 F0.1

H2.7: Noi suy dudng thiang GO1

Z

G02 Ngi suy duong tron theo chiéu kim ddng hd
G03 N¢i suy dwdng tron nguoc chiéu kim ddng hd

Mau I¢nh

G02 GO
= %/ N..G02/GO3 X... Y... Z... L. J... K... F...

G03 .

N....G02/G03X...Y...Z...U...F...

G03 3l X,Y,Z......diém cudi ciia cung ( tuyét ddi hay gia s6 )
G02 LIK........ tham s vong tron theo gia s6 ( khoang cach tir
GO diém bt dau dén tam cung , I theo phuong X, J theo phuong Y

Y va K theo phuong Z )
G ] 9 Ui ban kinh ctia cung ¢6 thé nhdp thay cho tham sé 11K

( cung nho hon '/, vong tron : +U, 1én hon !/, vong tron : -U )

Chuay:
Noi suy vong tron dugc thyc hién chi trong mit phing
U gia cong
I . LI,K c6 gid tri 0 ¢ thé khong cAn nhap
Vi tri diém cudi cung tron s& dugc kiém tra, voi khoang
E J dung sai cho phép ( cac sai s6 tinh toan va lam tron )
M . Chiéu ciia G02, GO3 ludn dugce nhin tir truc vudng goe voi
mit phing gia cong

H2.8: N¢i suy duong tron

G02 Ni suy dwong tron theo chiéu kim dong hd

G03 Nbi suy dwong tron nguge chiéu kim dong ho
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Cac ndi suy dudng dich chuyén:G00 , GO1, G02 & GO3 c6 lién quan dén viéc cung
cap duong dich chuyén dung cu can thiét cho bé mat tao hinh, trong do:
G00, 1a chtrc nang chay dao nhanh dén toa d6 duoc xac dinh theo toc dd 16n nhét cd
san trén may.
GO1, noi suy dudng thiang; G02 & GO3, ndi suy dudng tron cing chiéu & ngugc
chiéu kim dong hd, tuong tmg.
2.2.1.3 Lap trinh v6i h¢ toa do cuc
Mot s6 hé diéu khién may cho phép lap trinh trong hé toa do cuc bén canh hé toa do
Cartesian. Khi ¢6 mudn xac dinh duong dich chuyén dung cu, hé diéu khién can biét
géc toa do tam cuc, ban kinh va goc.
Cac ma 1énh :
G10 : Chay dao nhanh trong hé toa do cuc
G11 : Noi suy dudng thang
G12 : Noi suy dudng tron theo chiéu kim dong hd

G13 : Noi suy dudng tron nguoc kim dong hd

+Y B
Vidu 1 Gll
Glo_ -~ A
oo 3 A,  GIOX,Y,AU
p Gl1 A,
X, |
+X
G42 D01
Ty G00 Z10
Vidu2 G00 X145Y75
3 1.2 GO01 Z-7 F200
. p \; G11XI00Y75U45A60/ diém 2/
j . A120 / diém 3 /
x, ol A180 / diém 4 /
\ o
75 45 A240 / diém 5/
100 A300 /diém 6/
X A0 / diém 1/

e Ban kinh dung ky tur (diachi) : U
e Gobc: A, gdbctinhla 0° theo chiéu duong cua hé truc toa do Cartesian.
e Toa dd tam cuc xac dinh khi 1ap trinh ban dau theo hé toa do Cartesian v6i hé

thong ghi kich thudc tuyét dbi.
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2.2.1.4 Cac 1énh van hanh may :

Céc 1énh van hanh may bao gdm cac tir 1énh biéu thi ché do cit ( sé vong quay cua
tryc chinh S, lugng chay dao F ), dung cu cdt va cac chirc ning phu M. Phan 16n céc
1énh nay thé hién phan cong nghé ctia 1 chuong trinh gia cong DKS.

T 1énh biéu thi thay dung cu cét bao gdm chit cai dia chi T va 1 con sé dimg sau né.
Trén cac may cong cu PKS khong c6 bd phan thay dao tu dong va khong c6 6 chia
dao, tir 1énh T c6 thé lam phat ra moét tin hi€u quang hoc hodc mot tin hi¢u am thanh
bao cho ngudi van hanh may thay dao bang tay.

Tir 1énh biéu thi cac chuc nang phu bao gém chit cai dia chi M va mot s6 ma 2 chit sb
( 00-99), con goi 1a chirc ning van hanh may. Cac chirc nang phu c6 thé 1a mot thao
tac dong mo don gian, vi du dong mé dung dich tron ngudi hodc la cac qué trinh phire
tap hon vi du thay dao...

Vi du 1.a: Lap trinh gia cong bién dang ranh theo ban v& chi tiét kém theo (H2.9)

Chuén bj cho 1ap trinh can lya chon phuong phép ghi kich thudc, hé toa do, ga dat
phoi, dung cu, ché 46 cat...Chii ¥ diém bt dau dan dao va diém thodt dao.

NO00 %VDla

NO5 G54G90

N10 M06T04 /Thay dung cu T4/

N15 MO03S — /Quay truc chinh theo chiéu kim dong hd & toc do — /,/
N20 G00X50Y-10Z12 /Chi din diém bat dau cua dung cu /

N25 Z2MO08 /Chay nhanh dén diém X50Y-10Z2, mé d/d 1am ngudi /

N30 GO1Z-7F —  /Chay dao dén Z -7 v&i lugng chay dao F— ™/, /
N35Y0 /Chay dao dén diém 1/

N40 X— Y— / Chay dao dén diém 2/

N45 Y— / Chay dao dén diém 3/

N50 G02X52120 / Noi suy duong tron dén diém 4/

N55 GO1X— / Chay dao dén diém 5 /

N60 Y— / Chay dao dén diém 6 /

N65 G02X75Y0I-12 / Nbi suy duong tron dén diém 7/

N70 G01X50 / Chay dao dén diém 1/

N75 G00Z12 / Chi dan diém rit dao nhanh dén 212 /
N80 M09 / Tat dung dich lam ngudi /
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N85 MO05 / Dung truc chinh /

N90 M30 / Két thuc chuong trinh /
r\;_._L__;____ T T T T
e
X |V |Z
100 F]
2
k3
4
£
&
7
g Bing pe 5
Q
4 g
A"
X

H2.9 : Bién dang ranh

Thudng ghi nhan xét & cac cau lénh dé dé kiém tra.

Vi du 1.b: Lap trinh gia cong bién dang truc

X | Z
o 1
\'ﬁ)i RS :
4
2 S @ 5
e Z Bing toa 86
Rig +
1 o
H 2.10 : Bién dang truc
NO00 %VD1b
NO5 G54G90G95  / Luong chay dao mm/vg /
N10 M06TO01
N15M03S1200
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N20G00X0Z1MO08 /Diém bat du an dao /
N25 G01Z0F0.8 / Diém 1/
N30 X15 / Diém 2/
N35 G03X20Z-510K-5
N40 G01Z-12
N45 G02X30Z-22110K0 / Két thiic gia cong /
N50 G01X40
N55 GO0OX70M09 / Piém thay dung cu /
N60 Z100
N65 M05M30
2.2.1.5 Hiéu chinh dung cu
Dé co thé gia cong duoc voi nhidu dung cu cat co kich thude khac nhau ma khong

can viét lai chuong trinh méi, can hiéu chinh dung cu.

b) Tién

H2.11 : Hi¢u chinh dung cu

—  Céc vén dé vé hiéu chinh dung cu
Céc gié tri ban kinh va chiéu dai cua dung cu cat dugc xac dinh trude béng mot dau
do dao chuyén ding hoic bang mot dung cu so dao lap trén dau chira dao nham xéac
dinh vi tri diém cét thuc té cta dung cuy, chung dugc dua vao hé diéu khién dung lam
cac gié tri hi¢u chinh.
Khi 1énh hi¢u chinh dugc goi trong chuong trinh, hé diéu khién c6 nhiém vu tinh toan

lai quy dao chuyén dong cua dung cu theo cac gia tri hiéu chinh néy, do vay tao ra
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duoc chuyén dong chinh xac cta diém cét trén dao doc theo dudng bao gia cong ma
khoéng can phai xac dinh lai toa d6 bién dang hinh hoc cta chi tiét néu kich thudc dao
thay doi.

Khi 1ap trinh, lira chon céac s6 liéu hiéu chinh khac nhau phu thudc vao phuong phap
gia cong (vi du tién hay phay...). Trén cdc mdy phay va cic trung tim gia cong can
hiéu chinh chiéu dai va ban kinh dao, con trén may tién, can hiéu chinh vi tri dao (
hiéu chinh chiéu dai dao theo huéng X va Z ) va hiéu chinh ban kinh dinh dao.

— Cac 1énh hiéu chinh dyung cu

Huodng hi€u chinh khi hi€u chinh ban kinh ( dao bén trai hoac phai duong bao gia
cong nhin theo dudng chay cua dao ) duoc biéu thi bang 1énh G41 hodc G42, tuong
ung (H2.12).

Huy hiéu chinh ndy bang 1énh G40.

Céacchuy:

e Thuong khong cho phép thay dbi truc tiép gitta G41 va G42 ma trude do
phai huy voi G40

e Khi st dung hiéu chinh dung cy, c¢6 thé dung véi GOO hay GO1. G40 thudng
duoc 1ap trinh ¢ 1énh thoat dao khoi ving gia cong dé dén diém thay dao. Ciing cdn
chii ¥ phai thiét ldp dwong dich chuyén dung cu khi vdo va ra khéi bién dang chi tiét
sao cho dung cu khong cat lem vao chi tiét (H2.13).

\o
v %
\‘y‘
R
G42\‘ e Ve e — e — —
G41

a) Duong dich chuyén dung cu
khi cat bién dang trong 1 chi
tiet

7 tiét véi goc bién dang > 900
/
G42 : i .
Puodng dich chuyén da 1ap trinh
'4)R R — . — Dudng dich chuyén thyc té
Ry i
N R: Ban kinh dao phay
G41

¢) Puodng dich chuyén dung cu
khi cat bién dang ngoai 1 chi

H2.12: Huéng hiéu chinh

b) DPuong dich chuyén dung cu
) 8 Y e o voi1 G41 & G42

khi cat bién dang ngoai 1 chi
tiét vai goc bién dang < 90°
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/, R
/
// L — — — —
// - -~ /—> G42
oy <G40
a) DPuong vao va ra phia trudc
1 bién dang goc G40
G%_ _.—0p Pudng dich chuyén da 1ap trinh
. R — . — Puong dich chuyén thuc té
R ¢) Buong vao va ra phia sau
( 1 bién dang goc
) R
G R
N H2.13 : Huy hi¢u chinh

b) Duong vdo va ra phia sau voi G40
1 bién dang goc

Déi v6i trudng hop gia cong trén may tién, hudng hiéu chinh ciing giéng nhu trong
hiéu chinh ban kinh dao phay, ca hai diéu kién dich chuyén G41 va G42 xéc dinh theo
quy dao cua dao ¢ bén trai hodc bén phai duong bao gia cong ( H2.14a).

X % Gaz @8 3

VA

b

y

|
AR
6
¢) Cac gbc phan tu cia dao

h

S ] L.>7
a) Huong hi¢u chinh khi tién
B

z

d) Goc phan tu thir 3 va 7

o P

R , H2.14 : Hiéu chinh dao tién
b) Cac théng so6 hi¢u chinh cia dao tién

Ngoai ra khi 1ap trinh vi tri cta diém cat P nam trén mot dinh nhon 1y thuyét, trong
khi thuc té dao c6 goc luon nén khong thé cat ¢ vi tri nay. Do vay dé cho dinh miii dao
tring véi vi tri cat thuc té ( khong lam sai 1éch bién dang gia cong), can hiéu chinh ban

kinh miii dao(H2.14b).
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Trén nhiéu hé diéu khién cua cac may ti¢n cd trang bi cac loai hé théng phu tro hiéu
chinh, cho thay khi gia cong ludi cét cta dao an vao chi tiét dudi goc do nao, qua do
dé dang xac dinh duoc cac diém cét thyuc té trén dao tuy theo goc diéu chinh cua dao
tién (H2.14c, d).

Tét ca cac s liéu néu trén vé kich thudce dung cu duogc ghi vao bd nhd hiéu chinh.
Thuong chon bo nhd hi¢u chinh thong qua ky tu T ( phuong phap gia cong tién ), hodc
D ( phuong phép gia cong khoan, phay ) kém theo nhom chir s6 dang sau cac ky tu
trén ung voi b nhé da cai dat cac gia tri hiéu chinh cia dung cu do.

Vidu 2.a: Lap trinh c6 hi¢u chinh dung cu khi phay ( H2.15)

J\ﬂ‘ | PR
. r r|\=
)
- 2
% k. J
ik £
3 Y :
- £
= || 7
- Dy o ot
io0 i0 :
6 X 30 -]
70 _ @
100 %
H2.15 : Hinh vidu 2.a
NO0O0 %VD2a
NO5 G54G90
N10 M06T01
N15 M03S1200
N20 G41D01

N25 G00X10Y10

N30 Z2MO08 / diém bat dau in dao /
N35 G01Z-10F150

N40 Y60

N45 X16Y90

N50 X80
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N55 G02X90Y8010J-10

N60 GO1X90Y60

N65 X70Y10

N70 X9 / Két thuc gia cong /

N75 GO0Z10M09

N80 G40D00 / Vé diém thay dao /

N85 X0YO0 / Huy hiéu chinh dung cu /

N90 M05

N95 M30

Vidu 2.b : Lap trinh ¢6 hi¢u chinh dung cu khi tién ( H2.16 )

Blagios
] Fars
s i d N
< - :
L'\ ms:d‘ E
-1y X :
=
E| & 4
j‘% | ) 3 7 Dag g che
; J_) '
li.
H 2.16: Hinh vidu 2.b
NO00 %VD2b
NO05 G54G90
N10 M06T0101
N15 M03S1200

N20 G42G00X0Z2MO08 / diém bat dau an dao /
N25 GO1ZO0F120

N30 X15

N35 X18Z-3

N40 Z-35

N45 X21
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N50 G03X25Z-3910K-4
N55 G01X25Z-71.7
N60 G02X27.35Z-77.318K0
N65 G01X35Z-85
N70 Z-92
N75 X41M09
N80 G40G00X100Z20T0100/ Vé diém thay dao, hity hiéu chinh /
N85 M05M30
2.2.2. Lap trinh nang cao
2.2.2.1 Céc chu trinh va chuong trinh con:
Chu trinh 1a mot tap hop céc thao tac nhét dinh duoc thuc hién chi véi 1 md G duy
nhat, vi du cac chu trinh gia cong 16 da duoc tiéu chuan, thuong cé 6 thao tac:
1. Pinh vi tam 13 theo cac truc X va Y
. Chay nhanh dén mit phang R
. Khoan, doa hay cit ren

2

3

4. Thao tac & day 16

5. Lui nhanh vé mit phang R
6

. Tra nhanh vé vi tri xuat phét ( néu khong gia cong 10 tiép theo)

Luj nhanh dé lay pho |t Lui nhanh
I 1
Tién chémll " Tién nhanh Tién cham
Mat ph@% chuan R Mit phang chuin R
N |'
N | Dimg tam thai
!
[T : VA
Qf | Q :
L iz
Diém dén biém dén
N..G83 Z..R..Q...F... N...G87Z...R...P...F...

a) Chu trinh G83(khoan 13 sau) b) Chu trinh G87(khoét rong)
H2.17: Vi dy duong dich chuyén cua 1 s chu trinh gia cong 15

Ngoai chu trinh gia cong 10, nhieu h¢ di€u khién may CNC con co6 thé c6 cac chu

trinh phay, tién khac nhau tuy chung chua dugc tiéu chuan.
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Diém két thic y Diém bét dau .1
& biém O
bién dang tinh biem 9?33 bién dang tinh _ o=y
T
v

=
e D
)

U
biém bat dau
bién dang tinh

<«

<+~ GO0

—_—

l
——

|
|
|
|
3
|

Fy

uo
biém ket thac
bién dang tinh

a) Tién tho doc truc b) Tién thé mat dau

Piém két thuc
1 - Piém O
E)ﬁﬂ &t dau tién tho ]

bién dang tinh
| 1Bt dau tién tinh |

A A H2.18 : Vi du duong dich chuyén
c¢) Tién tho song song bién dang cia 1 s6 chu trinh tien

Chuong trinh con 1a mdt day cac thao tdc do ngudi st dung tu soan thao theo cac yéu
cau dic biét ctia minh va luu lai vao bd nhé ctia hé didu khién, khi can, c6 thé goi qua
tén chuong trinh con di luu, tir bén trong chuong trinh chinh hay ciing c6 thé goi tir
bén trong 1 chuong trinh con khac. N6 dugc ding 1am giam thoi gian 1ap trinh ddi véi

cac thao tac 1ap di lap lai.

%1234 %1234

L222P5 |—s|1022

L222P5— | —> | 1222 -
E— — M30 L333P2 | — | 1333

2X

=
3

M30

<
3

M17

a) Cau triic chuong trinh con bén trong ~ b) Ciu truc chuong trinh con
chuong trinh chinh bén trong chuong trinh con

H2.19: Céu tric chuong trinh con
Céc hé diéu khién dung mot ky tu ( vi du ky tw L) véi day sb tuy chon dé goi chuong

trinh con. Céu tric 1énh bén trong chwong trinh con giéng nhu chuong trinh chinh, va
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khi két thic chuong trinh con (b?lng mot chirc nang M hodc moét chire nang G, vi du

M17 hoac G99 ), lai nhay tr¢ vé chuong trinh chinh.

P - 10 —ToTC
7 | | |¥ |&
YA AT - — 2
on & | = ’éj-
b &) O >
~ o] & T Bing toa d6 chuong trinh con
(3]
42
75
Chuong trinh chinh Chuong trinh con
L90
NO00 G90 o | N901 GO0 X0Y0
NO05 G59 X20Y N902 G0O1Z-5
N}O?(; 2v33 N903 Y14
NI5G59 X42Y33 | | N904 X10
N20 L90 P N905 G00Z2
N25 G59 X75Y15 | | N906 G53
N30 L90 <— < N907 M17

H2.20: Vi du chuong trinh con

Loi goi chuong trinh con & chuong trinh chinh : Vidu : L123PILF

L: Goi chuong trinh con ; 123 S6 hiéu chuong trinh con

P1 S6 lan chay chuong trinh con (I6n nhét 99)

2.2.2.2.Lap trinh gia cong ddi voi mot s nguyén cong dic biét

1.) Gia cong ren :
Diém két thic Diém bit dau Hﬁyﬁ
cat ren (X3,%3) ASx cé‘g ren (X,,Z) e
Chiéu sau ren: h = H-H/8-H/6

Z
Diém két thic
cit ren(X3,2Z5) . o
a. Ren tru ° °Piém bit dau
Vidu 1 chu trinh tién ren (X.Z,) cét ren(XoZo)
G76X.ZD_KAF.
X: duong kinh chan ren X1.Z))
Z: vi tri cudi chiéu dai ren 7
D: gia s0 chiéu sau cat G90G00X(X,)
ii gglcelcll Cﬁ; ren o G33X(X) oK (P)
: ung cu .
F: bue ren [/, ] , b.Rencon  GO0X(X5)
H2.21 : Catren Z(Zy)

a.Lénh giacongren: G33 X/ZI/K  Vidu G33Z-122K2MO08
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trong d6 X/Z: Chiéu dai ren theo truc X/Z; I/K: Budc ren theo truc X/Z.
Chtrc nang G33 xac dinh sy phu thudc gitta s6 vong quay truc chinh va luong chay
dao. Trong truong hop May khong ¢ chirc nang G33, phai tinh toan su phu thudc nay.
ne 1000v

["¥/;n] = chon n, ¢6 trén mdy va tinh F=n, x t, [""/,n]

b.Cac so dd cét ren : Khi cit ren thuong phai chia thanh nhiéu budc. Tuy theo
so dd cit ren (cat bang 11udi cat hay 2 ludi cat...) dé xac dinh duong dich chuyén dung
cu va tinh toan cac thong sb can thiét, vi du gia s6 Ax; cho mdi lan cit Ax; =h/i véi h:
chiéu cao ren, i: s6 budc; vi tri ddu va cudi cia ren & mdi budce (cac toa do X va Z;).

c. Cac chu ¥ khi cét ren :

e Diém xuat phat cit ren nén c6 khoang cach so véi diém bat dau ren thyuc
1a 3 budce ren

e Khi cit ren khong c6 rinh thoat, diém két thic ren 1y thuyét phai nim
ngoai diém hét ren mot khoang bang 2 bude ren

e Céc loai ren vudng, ren thang giai doan dau ciing thudng cit tam giéc,
sau d6 dung dao dinh hinh d¢ sira dung.

e Tién dao vé6i 2 ludi cét chiu lyc 16n nhung ca 2 canh ren déu nhén, dugc
dung cit tinh trong khi tién dao véi 1 ludi cat tham gia cat giam duoc luc tuy nhién bé
mit ren kém nhén, do vy thuong dung khi cat tho.

d. Gia cong ren bang miii taré (H2.22)

T

e
| gl
= oD
| 4R10
RO2 || 1 , ‘ _
‘I - Cat ren bang ta r6 hét chi€u dai ren
il (tr1 > 2)
ii RO04°>~. - Dung truc chinh X gidy (tir 2 — 3)
RO3 l 2 <P 3 - Truc chinh quay ngugc dua dung cu
|

/ C RO@ tra vé mat phang thoét dao (tir 3 — 4)
- Pao chiéu truc chinh néu muodn ta ro

16 tiép theo

H2.22 : Cit ren bang dung cu ta 1 ren
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2.) Cit rdnh
a. Tién ranh (H2.23a)
b.Phay ranh (H2.23b,c) : C6 2 truong hop
e Dao c6 kich thudc @d < b (bé rong rinh):Véi 0,5b < &d < 0,9b, dudng
dich chuyén dung cu nhu H2.23b.
e Dao c6 kich thudc @d =b(bé rong rinh): Puong dich chuyén dung cu nhu
H2.23c

Dich chuyén nhanh dat kich thudc bé rong rénh

Piém bat dau U Diém két thuc
an dao (XO,ZO)I]'""E an dao (X,,Z,)

a. Tién ranh

Dung tié‘% X giay, phoi quay

llt - Andaotirdiém 1 -2
T - Phay rinh tir diém 2 — 3 — 2
et _3_@' - Rut dao vé diém xuét phat 1
| b. Phay ranh véi dao c6 kich thude 0,5b < d <0,9b
l‘ TS~ - Khoan 2 16 @d. Thay dao

2@_..___,_..:>.@_ -AI’I dao m;diéin 1—);2—),3

- Rat dao vé diém xuat phat 1
c. Phay ranh véi dao c6 kich thudc b = Gd

H2.23 : Puong dich chuyén gia cong ranh cua dung cu

c. Phay rénh tron ddng tim: Tuong tir véi cac dao @d = bva 0,5b<@d< 0,9b
Chii y phwong phdp dn dao vao chi tiét : Truong hop don gian nhat 13 an dao doc tryc
dao theo 16 khoan da c6 san. Ngoai ra, khi gia cong tinh véi bién dang 1a dudng bao,
diém bét dau dn dao nén chon tai vi tri theo cung tron tiép tuyén voi bién dang, c6 uu
diém luc cét thay doi tir tir, giam sai s6 gia cong.
3.) Phay dinh dang hé 16m chit nhat (H2.24a)
D6i v6i ho 16m chit nhat :
e duong kinh dao phai nhé hon canh ngin cua hd (@d < b)
e gbc lugn ctia hd phai bang hay 16n hon ban kinh dao
— 4n dao tir diém giita 1— 2
— phay m¢ rong 2— 3, budc mo rong khoang (0,6+0,8)3d

— mo rong ké tiép 3— 4 (mo kiéu 10 xo: ban chét qua trinh phay khong thay
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d6i, dugc phan biét véi ma kiéu ziczic).

— rat dao nhanh vé mit phang an toan, chay nhanh vé diém giira n dao lan 2
(néu nhiéu 1an 4n dao) hodc rut dao nhanh vé diém 1 (néu mot 1an an dao)

4.) Phay dinh dang khoang tron (H2.24b)

Dbi véi khoang tron :

— &n dao tir diém gitra 1— 2

— phay m¢ rong 2— 3 (cung tron c6 B 1a tdm, voi AB = h/2)

— phay cung tron 3— 4 (ndi1 suy tron c6 A la tam )

— mo rong ké tiép 4— 5 (cung tron ¢6 B 1a tim), ma kiéu 16 xo, budc md rong
khoang (0,6+0,8)dd

— phay cung tron 5— 6 (ndi suy tron co6 A la tam )

—  mo rong ké tiép 6— 7 (cung tron c¢6 B 1a tim )

— phay cung tron 7— 8— 7 (ndi suy tron cd A 1a tam )

— 10t dao nhanh vé& mat phang an toan, chay nhanh vé diém giita an dao lan 2

(néu nhicu lan an dao) hodc rat dao nhanh vé diém 1 (néu mét lan an dao).

/ \
/ \

PR A T— ' \
s 25—4 2§\8
a4 2 2 , Y

a. Phay dinh dang hd 16m chir nhat |

d: khoang gia s6 theo chiéu siu hd ' A,B: cac thm cuc
b. Phay khoang tron
H2.24: Duong dich chuyén clia dung et Byge xodn h = (0,6 +0,8)0d
khi phay dinh dang ho 16m va khoang tron

2.2.2.3 Lap trinh véi cac tham sb ( Lap trinh Macros)
Mot chuong trinh tham s6 (‘hay 1 macros) 1a mot day cac thao tic twong ty nhu mot
chuong trinh con. Sy khac nhau gitta chuong trinh con va macro 1a céac gia tri bang s6

& cac dia chi c6 thé thay bang nhitng tham s6 tuong trung, va khi dung, khai bao gia tri
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cu thé cho cac tham s ndy & phan dau chuong trinh, nhd vy thuan tién hon chuong
trinh con trong trudong hop can phai thuc hi¢n cac duong dich chuyén dung cuy tuong ty
vé mit hinh hoc, chang han gia cong mét ho cac chi tiét ( gibng vé hinh déang hinh hoc
nhung khac vé kich ¢&) chi can véi mot chwong trinh tham sd.

Do vi¢c 1ap trinh macros chua duogc ti€u chuin héa nén thao tac lap trinh rat khac
nhau gitra cic nha san xuit hé diéu khién.

Thong thuong, cic tham sb ciia 1 macro cho phép mé ta cac thong tin nhu cac gia tri
toa d9, lugng chay dao F, ) vong quay truc chinh S, dir li€u chu trinh... thay vi dung
cac gia tri ¢ dinh. Cac macros con c6 thé thuc hién cac phép toan gitra cac tham $0,
céc diéu kién 16gic can thiét trong 1ap trinh gia cong... nhu vay gitp cho viéc lap trinh

trg nén linh hoat va phong phu hon.
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Céc cau hoi Chuong 2:
1. Léap trinh:
e Bai I: V& ban v& va viét chuong trinh mia G
e Bai 2: Tao file *.ncl, nhdp chuong trinh TH.C, chay chuong trinh va nhan
xét két qua ctia chuong trinh ma G. M6 rong cho thuat giai

2. Phan biét gita chu trinh va chuong trinh tham s6

3. Chuyén dong GO0 duoc dung dé

a. thyc hién cac nguyén cong gia cong nhanh trén chi tiét

b. dinh vi nhanh dung cu dén va di khoi cac vi tri cit got.

c. tao cac chuyén dong theo duong vong trén chi tiét.

d. gia cong voi mot tdc do chay dao nhat dinh theo mot dudng thing.

4. Chuyén dong GO1 dugc dung dé

a. thyc hién cac nguyén cong gia cong nhanh trén chi tiét

b. dinh vi nhanh dung cu dén va di khoi cac vi tri cét got.

c. tao cic chuyén dong theo dudng vong trén chi tiét.

d. gia cong voi mot tdc do chay dao nhét dinh theo mét duong théng.

5. Tdc d6 chay dao khong can phai dugc lap trinh & timg 1énh dich chuyén, ngay
c gitra cc 1énh chuyén dong thang va tron. (D, S)

6. Mot khi mot kiéu chuyén dong nhit dinh da duoc Iya chon ( boi G00, GO1,
G02 hay G03), khong can phai duoc l4p trinh lai cho dén khi kiéu chuyén dong thay
d6i. (P, S)

7. Liét ké 3 yéu t6 ma tat ca cac kiéu chuyén dong déu co chung.

a. Chang déu c6 chung mau lénh
b. Diém cudi cua chuyén dong duoc 1ap trinh & mdi 1énh chuyén dong.
c. Tat ca cac chuyén dong déu phu thudc vao ché do tuyét ddi/gia sb
(G90/G91)
d. Chi co6 cac truc chuyén dong mai can dugc dua vao 1énh dich chuyén.
8. Cong tic dong/ ngit nao 1am viéc theo ma MO1 trong chuong trinh?

Durng ¢6 chon loc (Optional Stop)
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Chuong 3 Méy cong cu DPKS- Phan tich dong hoc va két cau

3.1 Cau tric tong thé cac May cong cu PKS

Céac May cong cu PKS ciing c6 bd cuc tuong ty nhu & cac may cong cu truyén thong,
trir & mot s6 trudng hop, cau tric tong thé May c6 nhimng thay ddi nhat dinh phu hop
v6i vi tri cua no6 trong hé théng san xuét, vi du tinh thuan tién khi bd tri cac co clu cép

va thay thé tu dong dung cu hodc cép, thao phoi ty dong ...

T Tang trong dung cu T

Bén phim digu khign

(cd the thay do1 duc)

(Address and Numenec keyboard)
., Mén hinh vi céc

phim mem

(Sereen and Softkeys)

| , Bénphim BC
Lt | lay ra dumpe

(M ackune Control Keys) o
Céc phim didu
khifn May

Tdc 45 true chinh
5000w/ph

v B6 phin tich hop PC

Mléng chorm phoi

H3.1: May phay diéu khién chuong trinh s6 PC Mill 155
3.2 Phan tich dic diém dong hoc hé thong truyén dong May cong cu PKS

Ngoai nhiém vy truyén dugc cong sudt cit got hay cong suat chay dao can thiét, cac
hé thong truyén dong May con phai cung cdp 1 pham vi diéu chinh toc d6 v6 cip du
rong ciing nhu dap ung dugc cac tiéu chuan déi voi ddc tinh dong luc hoc May. Pé
thod man cac yéu cAu trén, cac nguén dong luc dugc chon thuong la cac loai dong co
dién 1 chiéu hodc dong co budce, hodc co thé 1a dong co dién xoay chiéu dung kém voi
céc thiét bi bién tan,

3.2.1 Céc dic diém cua hé thong truyén dong dung dong co 1 chiéu (DC)

Hé thong truyén dong loai ndy cung cip pham vi diéu chinh téc do can thiét bang
cach mic ndi tiép ngudn dong luc diéu chinh vo cap v4i mot hop toc do truyén dong
phan cip. Nho viy, hé co dudng truyén ngan nhung van bao dam duoc pham vi téc do
truc ra.

e Mic nbi tiép ngudn vo cap vai 1 hop tdc dd phan cap

Pay 1a phuong phap duoc ung dung rong rii. Gia st ngudn vo cap c6 pham vi diéu

chinh Rg sz“—a"du?qc ghép nbi tiép véi 1hop tde d6 phan cap co q ti sd truyén iy, 12,..,1q.

min
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Chon nhém v6 cap lam nhém co sé, do d6 Rg =¢

Tuong g vdi céc ti sO truyén iy, iy,...,I; ta c6 q pham vi thay doi toc dd ¢ truc ra:

Ln —>un, ..

min

12nmin - 12nmax

in. —in

q min q " max

Can tim quy lut phan b cac ti s6 truyén i

n.; C B C B

min

H3.2: Ludi két cu Hop Toc Do

CBn

max

Vi du cho truong hop hdp toc dd co 3 ti sO truyen iy, i, i3 . P01 voi nhdém truyén vo

cép, i phu thudc vao tai trong, do d6 khi chiu tai, b truyén phan cép c6 thé tao ra

nhiing khoang tréng khong c6 téc do. Nhiém vu thiét ké 1a phai bao dam diéu kién toc

do ra lién tuc, hay n6i mot cach khac, ng = n¢

Taco: Ng = N yip 1y
Nc = Nmax 11
B.,\ k.A X < < Il;nax. _R .
1€u kién : ng< ne = <" =Rpi;
nmin
Tuong tu: i3 < RB i2 = RzB i]
Mot cach tong quat :

1

< = (kR

voi k <1 vaq:socap toec dd cua hop toée dd phan cap

i
: -1 q -1
;< Ry 11 > —=R, <R}

(3.1)

(3.2)

(3.3)
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Do vdy, céc ti sd truyén ctia bd phan cip phan bd theo quy lut cap s6 nhan cé cong
bdi @ =kRp .
e Xacdinhq:

Pham vi diéu chinh ctia céc ti sb truyén bo phan cép :

i
Ra=—"=(kR, )" (3.4)

11

Néu goi R 1a pham vi diéu chinh chung : R=R,Rp, tacé:

R R, )" <Ry =q>- 2R leR

R, lgR, 7 I TR,

(3.5)

~ f R g e s e 1A X ..+ R - .
Ciing c6 thé x4c dinh duoc gid tri hé so k . Béi vi == (kR, )™, taco:
B

1 R N 2 1A \ Ao A I3 R K .y
k"'RI=R=k= —q—l/R— va ti 1€ trung tuong doi W trén cac diém tiép giap BC :
B B
we = Dadat "Dl
(nmax _nmin )lq—l

Thay 1;=kRg 1.1

= W% — n'maxy _n'min'kRB 100 = RB(l_k)
(nmax _nmin) RB -

100 (3.6)

Vi du : Thiét ké hé théng truyén dong cho 1 may CNC trong d6 dong co cho phép
bién ddi vo cap tde do tir (1200 +3000)"/,, duwoc ghép véi 1 hop tbc do sao cho sb

vong quay trén tryc ra Ny, = 40"/, Va Ny = 1600/,

Giai :
Cac pham vi diéu chinh R="ma _ 1600 _ 40 ; Rg= 3000 _ 2,5
1,lmin 40 1200
S cap toc do ciia hop toe do : q,,, = IgR _ 1g40 _,
IlgR, 1g2,5

, 1 [R 1 [40
Hésd k=—oalf— =—3/— =1,
' R, \R, 25\25

Do d6 ¢ =kRg=2,5
Hop toc do c6  PAKG 2x2
PATT 1 1I
(1) @)

Lu6i két cau nhan dugc nhu H3.3.Tir ludi két cau, tién hanh v& d0 thi vong quay, tinh
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N

Dong co
I
1 15
I
Jj;,ff#}f::::xi::::::;xi:::EMR\\HQiM
I
i-i

v

D n,..

H3.3: Ludi két céu
=) 1200 3000
B/C

iy _ =h
1 12

I

Oz )E%/i :
2000 ..

40 100 250 630 1600 4000

H3 4a: Phuong an khdng gian
H3.4b: D6 thi véng quay
toan s ring trong hop phan cap, va v& so d6 dong theo cach nhu ddi véi may cong cu
truyén théng (H3.4a,b).
3.2.2 Cac dic diém cua hé thong truyén dong dung dong co bude
béi véi dong co budc, goc budc Oy €O mbi quan hé véi chuyén vi don vi cta co cau
chap hanh theo biéu thuc :
As =dg. 1k, (3.7)

.1 i I A A
trong d6 : i=—= Vi n. , s0 vong quay truc ra hop giam toc ['%/]
n
d

C

n g, SO vong quay cua dong co budc [‘¥/]

k, : hé s6 phu thudc vao co cau dan, néu co cau dan
la vit me-dai oc, ta co: k,=t,, con vdi co cau dan la bg truyén banh rang-thanh rang,

ky=mmz , m va z 1a m6 dun va so rang cua banh rang dan dong thanh rang.
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Goi V, [™/,] : téc d0 chay dao ban mdy, k, dwoc xac dinh theo biéu thirc:

V

S

k=
60n,

[mm]
Luya chon cac thong sé dong hoc cua hé théng truyén dong dung dong co budc can
can clr vao :

e Do chinh xac dong hoc yéu cau, tirc 1a phai bao dam As < [As]

. , , . A
[As]: sai sO cho phép 16n nhat cua co cau chap hanh, hay ik, S[S—S] (3.9)
dc
5 - A r A <A . Ml
e Kha nang truyén dugc lyc kéo can thiét, hay ik, < En (3.9)

M;: gid tri trung binh cua momen dong co budc
Q : luc kéo 16n nhit ; n: hi¢u suét truyén dan
e Kha nang thuc hién tdc do chay dao nhanh nhét ciia ban may

ik, > amox (3.10)
fsdc

Chon ti s truyén i cua hop giam tde ciing con phai chi y dén yéu t6 dong luc hoc hé
truyén dong.

3.3 Phan tich dic diém két cu

Céu triic mot hé truyén dong May PKS bao gdm dong co, cac thanh phan truyén

dong va mot hé dieéu khién. HE diéu khién nhén dir li¢u dau vao ¢ dang 1€nh, vi du Iénh

l nhidu

PAU VAO MAY PAU RA
cac chuyén dong may va cac chuyén dong
hé diéu khién thuc té

(m3 hod )

Cac chuyén dong clia méy Pap g clia phan cing
duoc mo ta theo tin hiéu ma hoa theo 1énh d3 goi dén

H3.5: CAu trac may coéng cu DKS
chuyén dong chi dan mot tap hop toa do cac diém trong khong gian ma dung cu can di
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qua..., Xt 1y va bién d6i cac dir liéu nay thanh tin hiéu diéu khién dong co sau khi qua
mot sb hé théng con cua hé chép hanh, vi du mach khuéch dai cong suét, mach bién
d6i dong...Tiép dén 1a hé truyén dong co hoc, phan 16n sir dung cac bd truyén banh
rang, dai ring, truc truyén, vit me...va co cAu chap hanh (ban may mang phoi, truc ga
dao...)(H3.5)

Dau ra cua hé truyén dong 13 chuyén dong may thuc té theo mot truc, va la dap ung
ctia hé dbi véi dau vao, sao cho khi dau vao ( dai lwong dan ) bién ddi, dau ra phai theo
kip su bién doi niy trong thdi gian ngan nhat. Do vay, mudn xac dinh dic tinh lam
viéc cua hé théng truyén dong May, can phan tich mo6 hinh thiét 1ap cho hé dé tim moi
quan hé giira dai lugng dau vao cung cap va dai luong dau ra ( chuyén dong thuc té ),
qua d6 chi ra cac yéu td chi phdi sy hoat dong cling nhu danh gia chat luong hoat dong
cua toan hé.

Goi bién dau vao hé u(t) 1a mot dai luong thay d6i theo thoi gian t. Bai toan diéu
khién cho biét v6i ddu vao u(t), ta nhan duoc mot dap ung nhét dinh hay dau ra y(t).

e Hé thong truyén dong va phan loai bai toan diéu khién:

Gia su chuyén dong tinh tién doc mét truc nao d6 duogc thuc hién béng cach dung
dong co budc ghép ndi tiép voi bo truyén vit me - dai ¢ bi cung cap chuyén dong cho
ban may mang chi tiét.

Dé ¢ luong dich chuyén can thiét, phai chon goc bude cho dong co ciing nhu sb
budc trong mdt don vi thoi gian va xac dinh cac thong sé dong hoc cua hé thong
truyén dong.

Céc thanh phan hé bao gdbm dong co, truc, vit me va ban may ( H3.6).

Dung cu cét

l |
i A : l |
éng co :
v Truc truyén L | T

H3.6: Céc thanh phan cua hé thong truyén dong

Luong dich chuyén ctia ban may dé dang tim ra dya vao moi quan hé giita cac thong
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) dong hoc cua hé da chon va nhu da biét, day 1a hé théng vong hé. Tuy nhién, gia tri
thuc té cia s6 budc nhan duoc, toc do budc va do vay quang duong dich chuyén
thudng khac hon so véi tinh toan. Téc do dau ra con phu thudc vao tai kéo, khe ho
trong hé truyén dong va sy tré giita thé hiéu dit vao cho dén khi ban may bat dau
chuyén dong... Co thé hiéu chinh cac sai léch nhu trén béng cach chon dong co co
chat luong t6t hon hodc néu biét ngudn gay ra sai léch va anh huéng cua ching nhu
thé nao, ta co thé thiét ké mot hiéu chinh cho chung, chrflng han néu biét nguén nhiéu
cung véi tdc dong ctia nod dén luong dich chuyén can thiét, ta c6 thé thém hodc bét di
mot s6 budc dong co dé bu trir. Py 1a bai toan diéu khién thuan.

Mot phuong phap diéu khién khac duoc dung trong hau hét cac may cong cu 1a thay
thé viéc xac dinh sb budc béng cach do lién tuc vi tri thuc té, so sanh né véi vi tri
mong mudn va hiéu chinh sai léch. Diéu nﬁy c6 nghia 1a vi tri thuc té duoc kiém tra va
mot tin hi€u nhan biét su sai l¢ch, hé sau do co tac dong hiéu chinh dé lam giam sai
léch nay.

Ciing léy vi du can thuc hién chuyén dong tinh tién theo mot truc, nhung str dung hé
thdng truyén dong c6 phan hoi. Ngudn dong dung & day 1a loai dong co dién mot chiéu

cung cip chuyén dong can thiét cho ban may hay dung cu cat (H3.7).

ILY,
| |
B3 I | o
wng Ly I T bién
EE—

w1t
| visime

n::hug.rén ding He dign khign|

Z

H3.7: Cac thanh phan ciia hé thdng truyén dong c6 phan hoi
Pé xac dinh cac yéu té anh huong dén luong dich chuyén ban may, can thiét 1ap mo
hinh h¢.
e Cic md hinh thanh phan va cta hé

+ Heé bac nhat : Pau ra ctia hé 1a vi tri goc tryc dong co 0 hay toc d6 goc o rad/s va
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dau vao 1a thé hiéu V(t).
O dong co, thé hiéu dat vao Vi(t) cung cip mot dong dién i,(t) qua cudn diy quin
phan @mg trong mot tir trudng. Momen sinh ra ti 1& v6i dong theo biéu thic:
M;=Kni, (3.11)
Kk : héng s6 momen cua dong co
B0 qua ma sat, toan bd momen dugc dung dé kéo truc dong co mang tai, khi d6 co
thé mo ta hoat dong cua dong co nhu sau

do
Knla(t) =J— 3.12
W =17 (3.12)

v6i J: momen quan tinh cua dong co cung véi truc mang tai.
Mach dién bén trong dong co co cac thanh phan (nhu da khao sat & Chuong 1):
Ey, =k.o . (3.13)
Ey 1a stc phan dién.

Coi di¢n ap roi trén cudn cam la bé so vdi dién ap dién tré R,, ta co thé viét:

Vi-Ey= iR, (3.14)
Giai (3.14) dé tim i, va thay i, cing v6i (3.13) vao (3.12):
R, do v,
L = -t 3.15
Kk, dt Ok, (3.15)

Phuong trinh trén 14 phuong trinh vi phan bac mot biéu thi quan hé giita thé hiéu cap
cho dong co V; va tdc do dau ra dong co .

JR

a

kmke

Nhan xét vé hé s6 cia so hang dau tién

— mdi thanh phan 13 mot hang s6 do d6 s6 hang trén 1a hang sb
— don vi ciia hé sb nay 1a thoi gian, ( gidy néu don vi clia o 1a rad/gidy)
- sb hang néy duoc goi la hé“mg s6 thoi gian, T, cta hé.

Mo hinh déng co duoc biéu thi dudi dang tong quat:

7do -V (3.16)
dt K

O trang thai xac lap ( khong c6 su thay ddi chuyén dong hay sy thay doi thé hi¢u), ta
do cV;

co: — =0vao=m,= —
dt k

e

trong d6 ¢ duoc goi 1a hé s6 khuéch dai cta dong co. Két qua nﬁy la dap Uimg xac 1ap
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ctia md hinh khi du vao dang nic.

Piém chii y & ddy la déap iing ciia hé phu thuée vao hé sé ¢ cia dong co va hang sé
thoi gian hé T. Khi mé ta hoat dong cua hé thdng, thuong xir dung dic tinh ddp iing
ndc-déap iing ciia mot dau vao ndc hay ndi mot cach khac bién dau vao hé thay doi rit
nhanh tir gid tri ¢é dinh nay sang gid tri cé dinh khdc.

Ung dung dap tmg nic cho md hinh dong co dé

— xac dinh gia tri hé s6 khuéch dai cta dau ra ( hé sb khuéch dai tinh)
— danh gi4 su bién doi clia dau ra trude khi hé tién dén trang thai xac lap (dap ung
qua d9o).

Véi ddu vao nic tir 0 — 1 tai thoi diém t= 0 ; didu kién dau cua tdc do goc o =0, dap

tmg 1y thuyét cia dong co 1a 101 giai cia phwong trinh vi phan bac mot cia md hinh

dong co :
do cV, . .
Ta+w=k—‘;Vi=0kh1t<0; Vi=1khit>0 (3.17)
Két qua nhan duoc: o = coss(l - e_TJ (3.18)

~ r LA \ £ ) 2 1A LA n t e . , .,
Ciing c6 thé trinh bay két qua theo ti I¢ toc do w Thoi gian tinh theo don vi cua
()

hang s6 thoi gian T.

Loi giai ciia phuong trinh mé ta moé hinh con duoc ding dé phén tich cho mét s6
truong hop can thiét, vi du mubn danh gia dap tng cia dong co khi dau vao chiu kich
thich hinh sin & tan s6 nao do...

Phuong trinh (3.17) dac trung cho hé khao sat la phuong trinh vi phan bac 1 c6 mét
dau vao-mot dau ra voi gia thiét cac dap tng thanh phan khong co sy tré. Mot cach
téng quat, cac hé néy duoc goi la cac hé bac nhat.

+ Hé bac hai: Hé thong truyén dong May gdm dong co, cac thanh phan truyén dong
cling voi co cdu chap hanh 13 ban may hay truc dung cu (H3.8).

Céu trac thu gon ciia hé théng truyén dong c6 phan hoi trén H3.9. Vi tri ban may phai
dugc do mot cach lién tyc va thong tin ndy dung dé chi dan cac 1énh chuyén dong ké
tiép.

Hé théng truyén dong quy di tinh toan nhu H3.10, trong do:

b: hé s6 ma sat twong duong

ki : d§ cing tuong duong cua hé.
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0.

’ A 1 0
Tin hicu bong co Hop, WAH Téi ﬂz
didukhiénl - ° giam toc/ . al

Truc truyén

H3.8: M6 hinh hé thong truyén dong

D

Bo so sanh Ban may

Tin hi¢u sai léch toc do

chuén A A 2|+ [ Ho e
— B¢ diéu khién %Qﬁ KB giénft’&WE
> Vit dan
)

Cam bién vi tri

| Tin hi¢u phan hoi va téc do

H3.9: Cau trac ctia hé thong truyén dong c6 phan hoi

Bién khao sat 1a vi tri goc cua tryc truyen, 6. Vi tri cudi cua ban may la dau ra hé 6,
va vi tri cuoi ciia dong co la dau vao h¢ 6;. Momen xoan can truyén gay ra bién dang
doi véi truc va do do lam thay doi chuyén dong truc.

D9 cliing cua h¢ dugce gdp vao truc ra véi do cliing xoan tuong duong kg .

Ma sat tirong duong byg

Y
.

Béu vao 8,

D6 cing quy dbi ks

Diura g,
H3.10: M6 hinh hé quy d6i
Momen xoén trén truc
M; = ky( 6; - 0,) (3.19)
Hau hét cac hé truyén dong thuong xir dung ma sat lin gitra cac bé mat doi tiép.

do,
dt

Momen ma sat khi do la: M,s=-Db (3.20)

b: hé sb ma sat lan
Phuong trinh can bang mé ta chuyén dong cua hé:

78, = ka(0;- 0,)-b, (3.21)
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hay 6 + 20, +Xeg = Kag, (3.22)
J J J

Pay la phuong trinh dic trung ciia mé hinh hé cho biét mdi quan hé giira du ra 6,
va dau vao ;- (3.22) ¢6 dang phuong trinh vi phan tuyén tinh bac hai.

Phuong trinh cudi thuong duogc viét lai ding cac s6 hang mo ta ban chat vat 1y cua
hé. 0, +28w, 0, + 02 0, =g o 6; (3.23)
v6i tan sb riéng khong can cta hé 13 @,. Anh hudng cta yéu t6 ma sat duoc mo ta bang
gid tri &, hay ti s6 can. Hé s khuéch dai g, tin s6 riéng o, va ti s6 can & dic trung cho
hoat dong cua hé théng khao sat.

Moét cach téng quat, cac hé nﬁy duoc goi la cac hé bdc hai. Lo giai cia phuong trinh
(3.23) cho biét hoat dong cua hé trong mién thoi gian. Ngoai ra, dya vao 101 gidi, cd
thé phan tich dic tinh dao dong cta hé trong nhiéu truong hop tng dung cu thé .

Dbi v6i cac hé théng truyén dong may cong cu ndi chung va may CNC ndi riéng,
thanh phan truyén dong thudng st dung 14 cac cip truyén dong banh ring, truyén dong
dai, ly hop, khop nbi..., chung co yéu cau cao vé do cimg, do bén mon va tinh chiu
nhiét, trong d6 yéu té dic trung ciia thanh phan 1a d6 cimg.

Do clng cua thanh phan truyén dong duge danh gia qua chuyén vi (chuyén vi dai
hodc chuyén vi goc).

Tuy theo cac thanh phan cta hé duogc ghép nbi tiép hay song song, do cimg tuong

duong cua hé truyén dong duoc tinh toan khac nhau.

k,

k
-- ghép ndi tiép AN

k,
kZ

H3.11 : M6 hinh céc thanh phan truyén dong

3.3.1 : Bac diém tinh toan

Do clng ciia cac thanh phan truyén dong thudng gip :
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1.

Truc :

D0 cling cua truc co tiét dién tron :

_ Gnd*
321

k

[Nm/ rad]

trong do

2.

Gia st banh rang chu dong du cting, dd ciing cua banh rang bi dong :

d : duong kinh truc; I : chiéu dai truc;

G : mo dun dan hoi chong xodn

G =7,5x10" N/, dbi voi thép
=2,5x10"" "/, d6i v6i nhom

Banh rang :

k=Cgbr” [pad]

trong do

3.

b : b€ rong rang ;

r : ban kinh vong chia cua banh rang bi dong ;

C,:hé s6 tiép xtic bé mit rang; C,=1,34 x10' N/, dbi voi thép

Do cung truc ra cua hé¢ truyén dong

Taco: M, = k9,

I :‘E trong do

H3.12 : Hé truyén dong va tryc II, twong tng
M, =NM,
1
5, = E&

N>1: ti s6 truyén hop giam toc

M, NM
Do vay: k,= 8_22:1—81:N2k1
N 1

M2= kz 82

8, , 8, la chuyén vi goc cua truc I

(3.24)

(3.25)

Vi du : Cho k; =500 N/,.q , b0 truyén banh rang co ti $b truyén giam tdc N=10. Banh

rang bi dong c6 do cung ky, = 5000N™/,,q . Tim d0 cung cua hé.

Giai :
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Do d6 cung truc ra k, = N%k; , tacod kne dugc xac dinh theo d§ ciing cua 2 thanh ph?ln
truyén dong ghép ndi tiép :
1 1 1 1 1 1 1

_———t— = — 3 = =+ B
k, k, k, k, Nk, 5000 10(500)

T

=k, = 50000 _ 4545 Nmy
11

# Nhéan xét : Khi thanh phan cudi ciia hé thong truyén dong la thanh phan giam
tdc 10n, do clmg ctia cac thanh phan trude do co thé bo qua
4. Pai truyén : Do cing cua bo truyén dai

_AE

kg 0

(3.27)

trong d6 A : tiét dién dai [mm’] ; E : mo dun dan hoi cua dai [/ ]
1: chiéu dai cua doan day dai tu do giita cic puly cong véi /5 chidu dai dai
tiép xtic voi cac puly [mm]
5. Noi truc
Coi ndi truc nhu 1 ddm chiu ubn va tinh do cung & diém cubi. Pbi véi ndi truc c6 tiét
dién tron, d6 climg cua nbi truc duogc tinh theo cong thirc

L 3nE(d; —d})

YL (3.28)
trong do6 d;, d, : duong kinh trong va ngoai cta ndi truc; 1 : chiéu dai truc
E : m6 dun dan hoi chdng udn E =2 x 10" N/, dbi voi thép
=?/3x 10" /2 d6i v6i nhom
Dbi v6i ndi tryc tiét dién vuong, do cung k dugc tinh
k= M (3.29)

41°
trong d6 w,, w, : cac kich thudc trong va ngoai cua ndi truc
6. Hé thong truyén dong tuong dwong
Khao sat hé thong truyén dong H3.12.
Viét phuong trinh chuyén dong cho hé thong trén vai cac gia thiét :
01, 0, :chuyén vi goc tai vi tri dat khéi lugng 1 va 2.

by, by : hé s6 ma sét trén truc 1 va 2, tuong ung .

.. ) 1 .. )
(J191+b191)+§(J292+b262) =M,
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0
thay 0, = ﬁl, ta duoc:

028, +(bl+%)g1 = M;==2 (viét theo bién 0,)

hoic : (J,AN?T) 0, +H(b,AND)6,=M,  (viét theo bién 6, )
Nhu vay, hé thong trén c6 thé quy vé 1 hé thong thu gon, voi quan tinh tuong dwong

, . . < o , . \
cua dia 2 so voi dia 1 1a N_22 ( hodc quan tinh tuong duong cta dia 1 so véi dia 2 1a

NI 1) va cac hé s6 can tuong duong %hoéc N%b, tuy theo bién chuyén vi cén xét.
D¢ xac dinh do cung twong duong cua h¢ quy doi, co6 thé dua theo phuong phap xac
dinh d¢ cung chung cua hé phu thudc vao do cing thanh phﬁn va cach ghép.
e Vi bo truyén banh ring-thanh ring dung lam co cau chip hanh:(H3.13a)

e Vi bo truyén vit me-dai 6¢ ding lam co cAu chap hanh : (H3.13b)

Ty T Gia sir J, : momen quan tinh cua banh rang
A P an khép vai thanh rang
- '\—> -7 m : khéi lugng ban may
Yl ] R J
L Khido m,=m+—%

e ‘X% ;
m ’—> R
‘ hoac Jg=1J, + mR?

H3.13a : Co cdu Banh Ring-Thanh Ring
Gid sur J, : momen quan tinh cua vit me

ban may
X .
m — m : khoi lwong ban may
2
], Khido my=m+2"

/ﬂ\/;s\\/ ) 2
0 , ~ hodc Ja=Jo+ =
H3.13b : Co cdu Vit me-Dai b¢ 4n

s : budc vit me ban may
3.3.2 Dic tinh chat lugng cua hé truyén dong
Gia tri hang s6 thoi gian twong duong cua cac hé théng truyén dong ( hé bac hai) co
thé duoc tinh theo cac cong thirc sau :

—  Pdi v6i hé truyén dong thyc hién chuyén dong quay

T=Hu g (3.30)
btd

— Pbi v6i hé truyén dong thyuc hién chuyén dong tinh tién

67



T = 2Mu g (3.31)
by
Chiy: T, 4T

2% ? s

L =46T 5 T

Céc vi du ung dung:
Phan 16n cac truong hop khi khao sat hé truyén dong thu gon, co thé quy vé so do

tinh toan gom 2 khdi luong

k4
Sl
8 6
\1’—17 k(g - 0y ’—}- 82
= ) ) o ) - : =
W in
H3.14: So d6 tinh toan hé quy doi 2 khdi luong
Phuong trinh chuyén dong c6 dang:
{Jlel =M, _b(él _é2)'_k(.el -9,) (3.32)
1,9, = k(el _92)_b(92 -9,
1,6, +b(6, -0,)+k(®,-0,)=M
hay {J (6,-0,) +k(®, ~0,) =M, 333)
j,0, =b(6, -6,)-k(6, -0,)=0
= é1+£(91_62)+£(91_92):&
1 1 1
. A Y k
va 6,-—(,-0,)-—(0,-6,)=0
Js 1o
Dodo (b, —éz)+[3+3j(él _ez){,k#j(el o) M (334
1 b ho ) Ji
hay ‘?+b(.i+.ij‘i’+k[‘i+.ij‘l’ =&
h ) I ) Ji
\’1’1+b(—J1_+_12j\P+k(—Jl_+_J2J\P M (3.35)
Ji)a i) i
Khi do T=_2hk (3.36)
b(j, +1J,)

Vi du : Xac dinh quan tinh twong duong va d6 ctng twong duong cua hé théng truyén

dong sau
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Céc gia thiét :
J.,: Momen quén tinh cta r6 to dong co

J1>J2» J3» J4 - Momen quén tinh cta cac banh rang trong hop
N,, N, : Céc ti s6 truyén giam tbc (>1)

b,, by, by : Cac hé s6 ma sat trén cac truc I, IL, III

Ji
k,~
/Jm%l 1x

M1 b1,91— N1 k

—.
w

2

0,
Ny 111

>
[ |

| 0,b,1
s |, 77K,
3

H3.15 : Hé thong truyén dong c6 giam toc 2 cap

Giai :

Viét phuong trinh chuyén dong cta hé, trong d6 gid su chuyén vi goc tai dau va cuoi

truc I (truc dong co )la nhu nhau (6,), chuyén vi goc tai dau va cudi truc II 1a nhu nhau

(0,=05), chuyén vi goc tai dau va cudi truc II11a 0, .

S ) .. .. : 1

(Jmtj1) 6, 1br 91+N_[(J2 +J3)0, +b,0,]1+
1 1-72
Thay ezzi; 0,= o ta co :
Nl NINZ
SN e R Pt TR b, . by oo
[UmtjO+ + 16, t(bi+—+ )0, =M,

" Ny ONIN; O N, N{N; O

Nhu vay, quan tinh trong duong viét theo chuyén vi goc 0, 1a

L Jotds et
Jar= Unti) + =57+ 507
NP NN

hodc néu viét theo chuyén vi goc 04, ta co :
Jao = NINZ(J, +3)+ N3Gy + ) + (e +30)

Do cimg twong duong cua hé thng :

trong do

[Gy +700, +b,0,1=M,

(3.37)

(3.38)

(3.39)

(3.39b)

(3.40)
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M, k 1,

va —= t—t—=

(3.41)

= ke
3.3.3 Mot sb co chu dic biét trong May cong cu BDKS
3.3.3.1. Co cau vit me - dai ¢ bi

Vit me 12 phan din dong cudi cling cua truyén dong chay dao trong phan 16n cac may
cong cu DKS, do vay can sir dung céac vit me c6 do chinh xac cao, chiu mon, va dam
bao cung viing. Loai co ciu vit me- dai 6¢ bi (H3. 16) c6 tiép xuc gitra vit me va dai
bc 1a tiép xac 1an nén co thé coi ma sat khong dang ké va dap ung duge cac yéu cau
lam viéc ké trén.

Bo phan lam sach

: ’,"' Vit me
I -.1_“‘1 'f" !."

H3.16: Co ciu vit me dai ¢ bi

Ca vit me va dai 6¢ déu c6 profil ren dang cung tron duoc gia cong chinh xac dé dan
bi. Céc rinh dan bi chay theo duong ren va vong trd lai theo mot duong dan bén trong
ctia dai ¢ bi. Ranh cua vit me va dai 6¢ duoc ché tao c6 hinh dang cung nira vong tron
ban kinh r; var,, ti s6 11/, chon tir (0.95 +0,97), voi r;: ban kinh bi, r; : ban kinh cta
rinh dai 6¢c. Khe hé duong kinh chon sao cho goc tiép xuc 45° .

Cac vu diém chinh :
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— Ton that ma sat bé, hiéu suét cia co cdu vit me-dai ¢ bi co thé dat tGi 0,9
trong khi cac vit me-dai dc truot chi dat tir (0,2 +0.4)

— Do cung doc truc cao nho cac bién phap tao lyc cang so b ban dau.

— Luc ma sat khong phu thudc vao van tdc, do d6 dam bao chuyén dong on
dinh.

— Pam bao dd chinh xac lam viéc lau dai.

b.c: Két cAu profil ren

a: K& cu rinh hdi bi e NN | N \\\\\ i \T\\

H3.17a, b, ¢: K&t cAu ranh hoi bi va profil ren

Pic diém tinh toan :
1. Xac dinh luc kéo cho phép Q : Xuat phat tir diéu kién bén tiép xuc giita vat

thé 1an bi-ranh xoan Oc, tri s0 Gng suat ti€p xuc 16n nhat dugc cho bdi cong thuc Hertz

2 2

PE2 _ 2
o, =14, e (L 1) [kg } (3.42)
rl r2 cm

trong d6 P: tai trong tinh tac dung 1én 1 vién bi [kg]; E: mé dun dan hoi cta vat lidu [

K8/ 2. D6iv6i thép E ~ 2x10" N2 = 2x10° [ *¢/.7]; 11, 12 [cm]

Vi r% bfmg 0,96 va chon vat li¢u thép, thay vao cong thure trén:
2

o, :4,3><1033/i2 [kg } (3.43)
dl cm

trong do, d,: duong kinh bi [cm]

Ung suat tiép xuc cho phép phu thudc vao d6 cting bé mit tiép xuc:

[o1= 25+ 3) 10° SeC ke ]
60 cm
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Gia st ldy o< [0 ] =2,5 x 10 [k/

gcmz} (g voi bé mit tiép xtic dat HRC= 60), tir
cong thic (3.43), ¢6 thé xac dinh tai trong gidi han ddi véi 1 vién bi:
P <200 d,*[kg] (3.44)
Luc kéo cho phép tac dung lén vit me:
Q < Pz sina cosi[kg]
hay Q< 200z d,*sinacosh [kg] (3.45)
trong 4o, z;: s6 bi tinh toan, co thé léy z,=0,7z
o : goc tiép xuc, ldy o = 45°
A : goc nang duong vit, L~ (2 +3)°, do d6 coi cosA = 1
Thay céc gia trj bang s6, cudi cing ta co :
Q< 100z d,* [kg] (3.46)

Tinh todn theo tuéi tho ciia bo truyén : quy vé viée xac dinh hé sd tudi tho ko:

K, = kﬂ% (3.47)

v6i, T : thoi han phuc vu[g], vi du T = 5000gio ; n[v/ph]: sé vong quay tinh toan ctia
b truyén, tinh theo cong thirc
n:(nmax+nmin)/2

C; : s6 chu ky tai trong trong 1 vong quay, duoc tinh: C;=0,5z,( 1 + 5 cosa )

Iy
trong do, 1y : ban kinh tam bi.
ko : hé sb bién doi tai trong, 1dy ko = 0,9
Néu T =5000 g, C;~20/2 = 10, ko=0,9,taco: ko=0,6 in (3.48)

Chu y rang khi ko < 1thi theo (3.48), s6 vong quay trung binh n < 5, diéu kién tudi tho
dugc dam bao khi dam bao bén, con khi ko > 1, ddn dén cong thirc cudi cing la:

2
Q < 10024, (3.49)
kO

2. Xac dinh d¢ ctng vit me

a. DP9 cung doc truc

_dQ
k= (3.50)

v6i1 6 : chuyén vi doc truc cua vit me.

k phu thudc vao cac tham so hinh hoc ctia bé mat ti€p xtic va moé dun dan hoi cua vat
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liu.

C6 thé chimg minh dugc rang [9]

k=0,83/d,Q.z (3.51)

Q.: lyc cang so bd [kg]. Theo kinh nghiém, léy Q. =0,35Q, do vay thay z,= 0,7z, ta

nhan duoc :

k=2dz {kg } (3.52)
pm

b. Do climg xodn cla vit me
Gia tri do ciing x04n cua vit me duge xac dinh theo chidu dai vit va duong kinh trung
= Gnd;,
321

vm

binh cua ren : (3.53)

Céc thong sd kich thudc chinh ctia bd truyén vit me- dai dc bi ¢6 thé tham khao trong
cac bang (5.1) va (5.2) [11].
3.3.3.2.  Céc co céu cip va thay thé tw dong dung cu
Yéu cau chung d6i v6i co cu cap va thay thé ty dong dung cu:

— Chira dugc nhiéu dao
— Thoi gian thay dao tdi thiéu
— Thay dao theo chu trinh ty dong, vi du & dau Ro von ve :

+ Thao long dao vira gia cong xong

+ Quay thuan thay dao

+ Quay nghich kep chic dao méi, két thuc thay dao.

1. Cép dung cu bang ddu Ro von ve

Thuong gip trén cic may phay, khoan, tién ...Loai ndy c6 nhugc diém 1a sé lugng
dao it, tir (6 + 12) dao. Dao quay chiém khong gian 1am viéc va co thé gay trd ngai cho
cac thao tac diéu khién. Thoi gian thay dao vao khoang (4 + 6 )s

2. Cép dao bang tay may

Loai nay thuong c6 2 bd phan chinh : O trir dung cu va tay may.

O trix dung cu c6 thé lép truc tiép 1én than may, u truc chinh, hoac lép ngoai may khi
can bd tri s6 lugng dao 16n. Tay may dit gitta 6 trit dung cu va truc chinh. Céc dao
trong 6 trir déu duoc ma hoa. Thoi gian thay dao vao khoang (1 + 2)s.

Céc 6 trit dung cu méi nhit c6 mach diéu khién duoc sip xép chic ché vao mot vi

mach EPROM ( Electrically Programmable Read-Only Memory) trong d6 chtra ca hai:
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ky hiéu dung cu va céc s6 liéu vé vi tri, cho phép chuyén doi tu dong sb liéu dung cu
vao bg ghi dir li¢u dung cu may DKS mdt cach nhanh chong va chinh xac. bé kich

hoat cac loai 6 trit nay can c6 thém mot phan mém PLC chuyén dung ( EPROM).

1. Pau Ro von ve

H3.18 : Co cdu cép va thay thé tw dong dung cu
3.3.3.3.  Céc két cdu dac biét khac :
1. Céc loai ban may chuyén ddi dugc
Dé giam tbi da thoi gian phu, mot sé may con trang bi cac loai ban may chuyén doi

duoc cho phép ga dat chi tiét gia cong bén ngoai may va dua vao chuyén doi ban may
thich hop .

2. Céc thiét bi kiém tra chi tiét

3. Céc thiét bi do kiém va hiéu chinh dung cu

4. Bo phan BKS

a. Cac phim didu khifn may c. Ban phim PC

H3.19: B phan diéu khién may PKS
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H3.20: Man hinh va cac phim diéu khién

Hai hinh H3.19 va H3.20 mé ta mot bo phan PKS dién hinh. Chung goém :
— ban phim ky tir -s6 (address and numeric keyboard) dung cho viéc nhép truc

tiép dir liéu chwong trinh.
— cac phim diéu khién may (machine control keys), cic nut over-ride (nét

thue hién ché d6 uu tién)

— 1 man hinh va cdc phim mém (screen and soft keys).

MACHINE CPERATOER PANEL CET/MDI
3eReE =
CHNC BTIZ
Programmable _ —
Axes control CNC control machine Graphics Communications
control control control
T T
\
\ !
AWER \\ ,:
v
v A
Motor — Servo S A
DEAM jijs]
Velocity/Position Feedback FOR CFU O
3pindles EXECUTION
L__ A
Motor — Servo
I I Position Feedback —‘ o _D_&D:
Part Program ] Boftware Storage
Mon-Volatile (R AM EPROM
Storage FL;:XSH) ’
(SRAM)

E:
BATTERTY

H3.21: So d6 thiét ké ctia 1 hé diéu khién sb may cong cu (Ngudn [7])




B6 phan DKS chira tAt ca cac mach dién tur, ph?ln cung cua bd diéu khién.., lién két tat
ca chirc ning nhu nhap va xur 1y dit liéu, cung cap dit liéu ra, hién thi thong tin, chay
cac chuong trinh diéu khién va chuong trinh tng dung trong bd nhé, cac céng ghép
nbi voi thiét bi ngoai vi...dé thyuc hién diéu khién may (H3.21).

Trén may cong cu CNC thudng cho phép hoat dong & cac ché do sau :

— Manual: Dung cac phim diéu khién bang tay dé dich chuyén ban may. Ché
do nﬁy chu yéu dung cho viéc ga dat hi¢u chinh chi tiét trén may. Vi du cho truc chinh
quay, cho truc chinh chuyén dong theo phuong Z, cho ban may chuyén dong theo
phuong X, phuong Y...

— Manual Data Input (MDI) : nhap cac 1énh ma may (ma G & M) vao hé diéu
khién qua cac phim bang diéu khién. Miac du cé thé nhap toan bo chuong trinh gia
cong vao hé diéu khién, ché do MDI thuong dung dé soan thao, sira ddi cac chuong
trinh di co san trong bo nhé hodc ga dit trude dung cu.

— Single Block : ché do chay ting dong 1énh. Ché d¢ nay dung vao viée kiém
tra, hoan chinh truéc khi chuyén ché do tu dong (automatic)

—  Automatic : ché d6 chay tw dong chuong trinh gia cong.

— Céc ché 46 dimg chuong trinh:

+ Dumng khan cap (Emergency Stop): Dimng tirc khic cac chuyén dong cua
may, moi thong tin ciia bd nhd cong tac déu bi x04. Khi dong mach trd lai cho hé diéu
khién, phai thuc hién lai chuyén dong tr& vé diém chuén

+ Dumng chay dao (Feed Hold): Dimg toan bo cac chuyén dong chay dao,
khi d6 cac s6 liéu vé vi tri trén cac truc chuyén dong khong bi mat. Chirc ning nay
thuong dung dé kiém tra dao, sau d6 chwong trinh ¢6 thé duoc tiép tuc nhd 1 phim
REPOS (Reposition) dé dao trd lai vi tri cong tac trudce khi ding chay dao

Mot dic tinh bd sung cta bo phan PKS 14 kha ning 1ap trinh theo kiéu hoi thoai. Lap
trinh theo kiéu nﬁy st dung cac ma 1énh dé nhd, qua d6 vat lidu dung cu, vat liéu phoi
o thé nhap, bién dang hinh hoc cta chi tiét va duong dich chuyén dung cu dugc xac
dinh, cac ma G ciing duoc tao ra ty dong. Nguoi 1ap trinh con c6 thé mo phong bang
dd hoa duong dich chuyén dung cu trén man hinh, tht va kiém tra 1an cudi chuong
trinh.

3.4 Cac may 4 va 5 truc - Cac trung tam gia cong BDKS
3.4.1 Cac dic diém chung cua 1 may 5 truc (H3.22):
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H3.22: May 5 truc
e C(Cac chuyén dong tinh tién theo céac truc X-, Y-, va Z- va cac chuyén dong
quay A-vaB- (phdi hop dong thoi)
e (C0 thé thay doi huéng dung cu cit dong thoi ngay trong qué trinh gia cong.
e Néu c6 phan bé mit nao d6 can gia cong nhung dung cu cit khong thé tiép

can duogc trong mot lan ga dat, can chon may DKS 5 truc.

b: Gia cong trén may 5 truc

H3.23: Gia cong trén may 5 truc so voi may 3 truc

So v6i may 3 tryc, gia cong trén may 5 truc c6 nhiéu vu diém vuot troi, nhu ning suat
cao hon, co tinh dé tiép can cua dung cu vdi cac bé mat gia cong phuc tap, dé cai thién
chat lugng bé mit.... H3.23 1a 1 s6 truong hop dién hinh cac bé mit gia cong trén may
5 tryc va may 3 truc.

Céc trung tam gia cong PKS thuc chét ciing 14 cac may céng cu PKS nhung co thé
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tich hop nhiéu nguyén cong khac nhau chi véi 1 1an ga dat phoi. N6 duoc thiét ké dé
phay, khoan, doa, khoét 10, cit ren, ké ca cac bién dang phurc tap. Vi kha nang tap
trung nguyén cong cao, cac trung tam gia cong cho phép gia cong hoan toan mot chi
tiét phirc tap ma chi can mot lan ga dat phoi, do vay ching dwogc coi 14 nhan té chinh
dbi véi viée tu dong hoa san xuét loat nhé va don chiéc.
3.4.2 Cac van d& vé hiéu chinh dung cu theo 3 kich thudc

Vi tri diém cét thue té cua dung cu so voi diém chuan Pt nhan dugc qua phép cong
véc to gilra cac véc to vi tri diém bé mat Py va cac véc to ndi tir diém cit thuc té dén
diém chuan Pr, phu thudc vao loai dung cu cit duoc dung (dao phay chém cau, cau

hay dao phay mat mut ).

i X ¢. Dao phay ngén
a. Dao phay chom cau

H3.24: Hi¢u chinh dung cu 3 kich thudc

Vi tri diém chuin dung cu Pt dugc xéac dinh boi phuong trinh:

[ Pr]=[Pu] + [O1] +[O2] +[0s] (3.54)

trong do O, =R, (3.55)
62 = ﬁxy(Rl -R,) (3.56)

0, =R, (3.57)

Vi du v6i dao phay cau (hinh 3.24b):  Og = iR, —kR,
Vi dao phay ngén (hinh 3.24c¢): Oc=1,R,
[ Py] : toa do vi tri diém cit got trén bé mit

: véc to phap don vi tai diém cat got trén bé mat

=)

i, :hinh chi€u ctia véc to phap 1 1én mit phang xy. Co thé viét:

i, = [“—“—Y()} (3.58)

ley ley

, ],k : cac véc to phap don vi ciia cac mit phéng hé truc toa do
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Céc cau héi va bai tap chuong 3:

1. Thiét ké 1 dudng truyén chay dao cong tac may CNC st dung dong co 1
chiéu diéu chinh v6 cap (650+2600)"%/,,. Cho Spmin = 10™ o, 5 Smax= 500™ /o,

2. Thiét ké 1 duong truyén hop toc d6 may CNC sir dung ngudn 1 chiéu diéu
chinh v6 cip (700+2800)"%/,;. Pham vi téc d0: npiy=12,5"%/pn, Ninax=2000"%/,, .

3. Thiét ké 1 duong truyén chay dao nhanh dung dong co budc. Cho biét goc
bude 84— 1,8". Toc do dich chuyén nhanh yéu cau Vi, ["/pn]=10. D9 chinh xac dich
chuyén can dat 1ym. Hoi tan s6 f va sd vong quay ciia dong co ?

4. Thiét ké 1 dudng truyén chay dao ding dong co budc . Yéu cau
Vimax = 4,8 "/pn (nhanh); Vi =(0,003+0,5)"/,, (cong tac) . P chinh xac dich chuyén
[As] = 0,01mm DS :1=30/125; ky = 10mm ; fo=12kHz va 8g= 1,8°

5. Xac dinh do ctng twong duong va quan tinh twong duong cho cac hé truyén

dong theo H3.25

Ry
|

| m
X] @ X N2
N
ALl < A X—" TN X
a: Hé tinh tién G ~
e
;s N, I Js
X — X N2
m .
Fl 11 z 1 JaN-1
= =
1 o
s N HNy .
& A A X Fr7es J
b: Hé chuyén dong quay i t

H3.25: Céc hé truyén dong
6. Cac ché do cong tic ( mode) thuong gip trén may cong cu PKS. Ché do
lam viéc nao dé hé diéu khién chi thuc hién mét lénh trong chuong trinh tai mét thoi
diém va sau d6 dimg ? Single Block
7. Pic diém chung va kha ning cong nghé ciia 1 may CNC 5 truc.
8. Giai thich phuong trinh vecto hiéu chinh dung cu theo 3 kich thugc. Ung
dung cho truong hop dung cu cét 13 dao phay ngén.
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Chuong 4 Ché tao dugc hd tro bang may tinh

Véi su hd tro cia may tinh, cac chuong trinh gia cong dugc tao ra mot cach nhanh
chong va tin cdy hon hin so v&i ki thuét I4p trinh bang tay. Pac diém chung cua cac
chuong trinh hd tro nﬁy la duong dich chuyén cua dung cu duoc xac dinh dya trén cac
ngdn ngit 1ap trinh tu dong trude khi chuyén ddi sang cac chwong trinh ma G va M cho
I may CNC cu thé, va nhap vao hé diéu khién béng 1 trong céac cach, vi du nhu bang
duc 16, CNC(Computer Numerical Control), hoic DNC(Direct Numerical Control).

4.1 Ngon ngir 1ap trinh tr dong APT ( Automatically Programmed Tools)

Ngon ngit lap trinh tu dong dau tién 13 ngon ngit APT phat trién vao nam 1955 ung
dung cho gia cong 3 toa 6. APT cho phép lap trinh dudng dich chuyén dung cu theo
bién dang hinh hoc dd duoc dinh nghia trudce, lam giam nhe nhitng tinh toan can thiét
d6i véi nguoi lap trinh.

Uu diém chinh cta APT 1a bién soan theo mét tiéu chuan chung c6 thé dung lap trinh
cho tat ca cac may cong cu. Hau hét cac ngon ngir lap trinh tu dong ngay nay déu dua
trén ngon ngir nﬁy.

Céu trac cua ngdn ngit APT bao gom cac tir khéa xac dinh dugce ghép ndi véi nhau
theo mot nguyén tic ca phap cho trude, ding biéu dién bién dang hinh hoc, dudng
dich chuyén ctia dung cu va cac yéu td can thiét ciia ché do gia cong.

Céc nhom 1€nh ctia ngon ngtr APT:

e MO ta bién dang hinh hoc tir cac dinh nghia vé diém, duong, mit ...

e Mo ta duong dich chuyén dung cu theo bién dang hinh hoc da dinh nghia.

e Céc 1énh md ta vé ché do cét cung nhu cac thong tin vé may, dung cu cit, cac
diéu kién gia cong....

e Céac lénh ho tro xir 1y cac s6 liéu vé mién dung sai cua dung cu va chi tiét.

Vi du 1 doan chuong trinh APT (H4.1):

P0=POINT/0,-1.0,0
P1=POINT/6.0,1.125,0
P2=POINT/0,0,0
P3=POINT/6.0,0,0
P4=POINT/1.75,4.5,0
L1=LINE/P2,P3
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C1=CIRCLE/CENTER,P1,RADIUS,1.125
L2=LINE/P4,LEFT,TANTO,C1
L3=LINE/P2,P4
PL1=PLANE/P2,P3,P4
FROM/PO
GO/TO,L1,TO,PL1,PAST,L3
GORGT/L1,TANTO,C1
GOFWD/CI1,PAST,L2
GOFWD/L2,PAST,L3
GOLFT/L3,PAST,L1

GOTO/PO

H4.1: Vi du 1 doan chuong trinh APT

Céc chuong trinh APT thudng mé déu bang cac 1énh gi6i thidu chuong trinh :

PARTNO
MACHIN/

Céc I¢nh mo ta bién dang hinh hoc

Céc 1énh mb ta duong dich chuyén dung cu va diéu kién gia cong

FINI
4.1.1 M0 ta bién dang hinh hoc
Dang tong quat cua cac 1énh mo ta
Ky hi¢u = khai bao hinh hoc / dir 1iéu mo ta
e M5 ta diém ( yéu té hinh hoc don gian nhit & APT)
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p=POINT/x,y,z : mdt diém trong hé truc toa do vuong goc.
p=POINT/I1,12 :giao diém ciia 2 dudng thang 11 va 12.
p=POINT/c :tam cua 1 vong tron.
p=POINT/YLARGE,INTOFl,c: diém cit c6 y 16n nhét ciia 1 dudng thing véi 1 vong
tron.
*Chu y: C6 thé 1a YSMALL,XLARGE,XSMALL thay cho YLARGE
Vi du:
Piém P1 ¢6 toa 30 X=100mm, Y= 200mm va Z= 300mm dugc md ta :
P1=POINT/100.0,200.0,300.0
e Duong thing
I=LINE/x1,y1,z1,x2,y2,72: toa dd cac diém cudi trong hé truc toa d§ vudng goc.
1=LINE/p1,p2: cac diém cudi.
I=LINE/p,PARLEL,] : 1 duong thang qua 1 diém va // véi 1 duong thang khac.
I=LINE/p,PERPTO,] :1 duong thang qua 1 diém va L véi 1 duong thang khéc.
I=LINE/p,LEFT,TANTO,c :1 dudng thang ndi tir 1 diém dén 1 diém tiép xuc bén trai
trén 1 vong tron.
I=LINE/p,RIGHT,TANTO,c : 1 dudng thiang ndi tir 1 diém dén 1 diém tiép xuc bén
phai trén 1 vong tron.
I=LINE/LEFT,TANTO,c1,LEFT,TANTO,c2 : xac dinh bdi cac tiép tuyén cua 2 vong
tron.
I=LINE/LEFT,TANTO,c1,RIGHT,TANTO,c2 : xic dinh boi cac tiép tuyén cua 2
vong tron.
I=LINE/RIGHT,TANTO,c1,LEFT,TANTO,c2 : x4c dinh bdi cac tiép tuyén cua 2
vong tron.
I=LINE/RIGHT,TANTO,c1,RIGHT,TANTO,c2 : xac dinh béi céc tiép tuyén cua 2
vong tron.
e Duong tron
c=CIRCLE/x,y,z,r : cac toa do1 tdm va ban kinh.
¢c=CIRCLE/CENTER,p,RADIUS,r : 1 diém 1a tAm va 1 béan kinh.
¢=CIRCLE/CENTER,p,TANTO,] : 1 tim va tiép xuc v6i 1 dudng thang.
¢=CIRCLE/p1,p2,p3 : x4c dinh béi 3 diém.
c=CIRCLE/YLARGE,11,YLARGE,12,RADIUS,r:tiép xuc véi 2 duong va ban kinh.
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*Chii y: C6 thé 1a YSMALL,XLARGE,XSMALL thay cho YLARGE.

e Cac yéu té hinh hoc phirc tap hon
PLANE/ : xac dinh 1 mit phang.
QUADRIC/a,b,c,d,e,f,g,h,i,j : xac dinh 1 day s6 dua vao cac gia tri.
GCONIC/a,b,c,d,e,f: xac dinh 1 mat non bsi cac hé sd phuong trinh.
LCONIC/pl,p2,... : xac dinh 1 mdt ndn qua nhitng diém chon.
RLDSRF/ : 1 mat ké dugc tao ra bdi 2 duong ké .
POLCON/ : xac dinh 1 mat bang cac tiét dién ngang.
PATERN/ : s& lap lai 1 chuyén dong theo mang s6 liéu thing hay tron.

Sau khi di c¢6 dugc ddy du cic yéu t6 hinh hoc, ta c6 thé chi din dung cu di theo
duong dich chuyén can thiét,
4.12 M5 ta duong dich chuyén
Dang tong quat cua cac 1énh mo ta :
Lénh dich chuyén / dir liéu mé ta

e (Cac lénh co ban
FROM/p : chi dan 1 diém khoi dau.
FROM/x,y,z : chi dan 1 diém khoi dau qua toa d6 diém.
GOTO/p : dich chuyén dén diém cubi.
GOTO/x,y,z : dich chuyén dén diém cudi.
GOTO/TO,p : dich chuyén cho dén khi dung cu dén 1diém.
GOTO/TO,] : dich chuyén cho dén khi dung cu dén 1duong.
GOTO/TO,c : dich chuyén cho dén khi dung cu dén Ivong tron.
GOLFT/11,TO,12 : dich chuyén bén trai duong 11cho dén khi dung cu dén duong 12
GORGT/11,TO,12:dich chuyén bén phai duong 11cho dén khi dung cu dén duong 12.
GOBACK/11,TO.12 : dao chiéu chuyén dong doc theo 11 dén 12.
GOBACK/I11,TO,cl : déo chiéu chuyén dong doc theo 11 déncl.
GOUP/11,TO,12 : dich chuyén 1én doc theo 11 dén 12.
GODOWN/11,TO,12 : dich chuyén xubng doc theo 11 dén 12.
GODLTA/x,y,z : thuc hién 1 dich chuyén theo gia $6.
*C6 thé 1a PAST,ON dé chi dan hodc tdm dung cu di qua yéu td hinh hoc, hodc tam
dung cu dimg trén yéu té hinh hoc thay cho TO.

e (Cac lénh dich chuyén dung cu phuc tap hon
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POCKET/ : cét 1 ho 1om
PSIS/ : yéu cau dang mit gia cong
Cac vi du:
Lénh dich chuyén tir diém xuat phat P1, v6i diém ndy duoc coi la diém xuét phat ban
dau ctia duong dich chuyén dung cuy :
FROM/P1
Lénh dich chuyén dén diém P2 :
GOTO/P2
hay néu dich chuyén theo hé théng ghi kich thudc tuyét d6i dén diém cé toa do
X=100mm,Y=200mm, va Z=300mm :
GOTO/100.0,200.0,300.0
Lénh dich chuyén theo hé théng ghi kich thudc gia s6 tir vi tri hién tai:
GODLTA/100.0,200.0,300.0
Lénh dé dich chuyén dung cu vé phia trudce, voi hudng dich chuyén dung cu bén trai
bé mat dau tién S1 , va di qua bé mit giéi han S2, duoc viét :
GOLFT/S1,PAST,S2.
4.1.3 Céc 1énh hd trg va chi dan gia cong
CUTTER/n1,n2 : x4c dinh duong kinh nl va ban kinh n2 ctia dung cu
MACHIN/n,m : ding mot chuong trinh xtr 1y tiép theo cho may ‘n’, phién ban ‘m’
COOLNT/n : hoac MIST, FLOOD hay OFF
TURRET/n : dua dau dung cu dén vi tri méi
TOLER/n : thiét 1ap khoang dung sai cho gia cong
INTOL/n1: khoang gidi han dudi so vai kich thude danh nghia
OUTTOL/n2: khoang gidi han trén so voi kich thude danh nghia
FEDRAT/n : dat lugng chay dao n
SPINDL/n,CW : chi dan s6 vong quay n [v/ph] va chiéu quay truc chinh.
TOOLNO/n:dung cu s6n
UNITS/Inch,mm: don vi dung
STOP: dung chuong trinh
* Mot sb chi dan phu trg can thiét trong 1ap trinh
REMARK : bat déu 1 dong cha giai

$$ : cling cho phép dong chu giai, nhung sau cac 1énh khac
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NOPOST : tit chuong trinh xir 1y tiép theo
CLPRNT : in ra 1 loat cac vi tri tdim dung cu tai cac thoi diém khac nhau
SQRTE(n) : tinh cin béac 2 cho 1 s6 thyc
FINI : dung chuong trinh
PARTNO/n : cho phép ngudi dung dit tén chi tiét
LOOPST va LOOPND : cac 1énh vong lap
RESERV/n,m : dinh nghia méang kich thudc n x m
JUMPTO/n : nhay dén dong sb
*C6 thé khai bao cac bién, thuc hién 1 sd phép toan , ding cac ham c6 sin
Cac vi du:
Lénh thiét 1ap luong chay dao 100 mm/ph :
FEDRAT/100,MMPM
Lénh dit s6 vong quay truc chinh 1500 vg/ph theo chiéu kim dong ho :
SPINDL/1500,RPM,CLW
Lénh m¢é dung dich lam ngui:
COOLNT/ON
Lénh goi dao s6 1
TURRET/1 hoac LOADTL/1
4.1.4 Mot s6 ngdn ngit 1ap trinh ty dong ( ngdn ngit tiéu chuan c6 dau *)
ADAPT (ADaptation of APT): Mét tap con cua APT
*APT (Automatically Programmed Tool): Mot ngdn ngit dua trén cac yéu té hinh hoc
co s& dé tao ra chuong trinh dich.
AUTOSPOT (AUTOmatic System for POsitioning Tools): Mot ngdon ngtr 2D duoc
phat trién do hang may tinh IBM, sau d6 ghép vi ADAPT.
COMPACT/COMPACTII : Mgt ngon ngir bac cao dugc thiét ké cho cac dinh nghia
hinh hoc cac chi tiét, nhung n6 khong doi hoi phai bién soan.
EXAPT : A european flavor of APT: Mot phién ban mo rong cua APT.
*G-Codes (EIA RS-274 G&M codes): Cac md G&M tiéu chuén.
STEP-NC (ISO 14649) va STEP-NC m¢ rong (ISO 10303): Hudng mai ctua ISO 6983
MAPT (Microcomputer APT) - Cling 1a mét phién ban khac cua APT.
UNIAPT : chuong trinh lién két APT cho cac hé théng may tinh sé luong nho.
4.1.5 Vidu lap trinh vé1 APT (H4.2)
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H 4.2: Ban v& chi tiét gia cong 2
Chuong trinh APT Giai thich
PARTNO/0815 S6 hiéu chuong trinh

MACHIN/
REMARK Geometric definition
P1=POINT/0,0
L1=LINE/PLAN,.0
L2=LINE/36,-2,ATANGL,45
L3=LINE/DIA,36
L4=LINE/PLAN,-35
L5=LINE/DIA,50
L6=LINE/70,-85,ATANGL,-45
L7=LINE/DIA,70
L8=LINE/PLAN,-92
L9=LINE/DIA,80
C1=CIRCLE/XSMALL,LS5,
ZSMALL,L4,
RADIUS,4
C2=CIRCLE/XLARGE,LS,
ZSMALL,L6,RADIUS,8

May tién DKS

Khai bao bién dang hinh hoc

Diém P1 c6 toa d6 X0Z0

Puong L1, theo mat dau, Z0

Puong L2, qua diém X36Z-2g6c¢45 so véi L1
Duong L3, duong kinh 36

Puong L4, theo mit dau Z-35

Buong LS5, duong kinh 50

Puong L6, qua diém X-70Z-85 goc-45

Puong L7, duong kinh 70

Puong L8, theo mat dau Z-92

Buong L9, duong kinh 80

Vong tron C1. Toa do tim c¢6 X nho hon tiép
xuc voi LS. Toa do tam ¢6 Z nho hon tiép xuc
v6i L4. Ban kinh R4

Vong tron C2. Toa d6 tdm c6 X 16n hon, Z nho

hon tiép xuc véi L5, L6. Ban kinh R8
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REMARK Motion command Khai bao 1énh dich chuyén
FROM/0,200 Diém xuét phat cia chuyén dong dung cu
TOOLNO0/13,GETNO,5 Dao 13. B§ nhé hi¢u chinh N° 5
CUTTER/0.8 Dao ¢6 ban kinh dinh dao R0.8
SPINDL/1500,CCW S6 vong 1500v/ph,chiéu ngugc kim dong hd
COOLNT/ON Mo¢ dung dich 1am ngudi

RAPID Chay dao nhanh.

TLRGT Dao bén phai duong bao gia cong
GOON/L1 Chay lén L1

FEDRATE/0.2 Luong chay dao 0.2mm/vg
GORGT/L1 Chay sang phai, doc L1

GORGT/L2 Chay sang phai, doc L2

GORGT/L3 Chay sang phai, doc L3

GORGT/L4 Chay sang phai, doc L4

GOFWD/C1 Chay 1én phia trudc dén vong tron C1
GOFWD/L5 Chay 1én phia trudc vong tron dén L5
GOFWD/C2 Chay 1én phia trudc dén vong tron C2
GOFWD/L6 Chay 1én phia trudc vong tron dén L6
GOLFT/L7 Chay sang trai, doc L7
GORGT/LS8,0N,L9 Chay sang phai, doc L8 dén L9
COOLNT/OFF T4t dung dich tron ngudi
SPINDLE/OFF Durng truc chinh

FINI Két thiic chuong trinh

4.2 Céc hé thong lién két CAD/CAM/CNC

Céc hé théing CAD/CAM/CNC (ché tao c6 hd trg cia may tinh) cho phép tao ra
duong dich chuyén dung cy mdt cach ty dong theo dac diém bién dang chi tiét gia
cong va diéu kién gia cong d6i voi cac may CNC. Cac hé théng ndy bao gdm chuong
trinh xir 1y va xt 1y tiép theo chuyén ding.

— Chuong trinh xt Iy (CAD/CAM): La chuong trinh mé ta vat thé hinh hoc chi
tiét, cing v6i cac chi dan gia cong, cac s6 liéu dung cu...nham cung cap day du di liéu
vé duong dich chuyén dung cu ciing nhu cac thong tin can cho gia cong mé ta theo

ngon ngtr APT. Cac budc:
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e Nhap dit liéu mé ta bién dang hinh hoc chi tiét dé c6 thé mé hinh hoa vat thé
3D

e Nhap sb liéu dung cu cat va kiéu may cong cu

e Nhap s6 lidu vé tdc do cét va lugng chay dao hodc tinh toan dya trén sé liéu
dung cu cét va vat liéu phoi gia cong

e Xadc dinh lugng kim loai can hét bo.

e Tao duong dich chuyén dung cu .

— Chuong trinh xir 1y tiép theo : Pay 1a chwong trinh can thiét dé chuyén cac dir
liéu tur chuong trinh xtr 1y ¢ dang file APT sang chuong trinh gia cong theo cac ma
diéu khién ctia 1 may DKS cu thé ( cac ma G&M ). Cac chuong trinh xur 1y tiép theo
c6 thé cai dat cung vdi cac h¢ théng CAD/CAM hodc thyc hién doc lap sau khi da co
file APT.

Véi su trg gitp cua may tinh, bién dang hinh hoc cua chi tiét con co thé duoc dung
dé phan tich thiét ké nho céac chuong trinh phﬁn ttr hiru han, c6 thé lua chon cac
phuong an gia cong khac nhau dua vao cac phiéu phan tich k¥ thuat ciing nhu co s¢ dit
lidu t6 chirc san xuat ...Chung tao ra mot lién két truc tiép hinh thanh gitra thiét ké va
ché tao, cho phép st dung mot co s¢ dir li¢u chung tir khau thiét ké dén khau gia cong,
ca viée 1ap ké hoach, to chtrc va quan 1y san xuat. R rang 1a voi cac hé thong hd tro
lién két, thoi gian tiéu ton can thiét cho viéc hoan thanh cac cong doan san xudt san
pham giam di dang ké, khong nhiing thé, con dé dang cai thién chat luong san pham,
mang lai hiéu qué kinh té.

Cho dén nay, mO hinh hod hinh hoc trén may tinh dya theo tinh chat vat thé
(parametric solid modeling) dang 14 cong cu hd tro tién tién nhat (vi du v6i cac phan
mém Pro/ENGINEER hay AutoCAD Designer). Cach mo hinh ho4 ndy khong ding
cac yéu t6 hinh hoc thuan tay thong thuong nhu nén, tru, cau...dé xac dinh vat thé ma
dya trén tinh chat tao hinh cua vat thé, mdi tinh chét xay dung duya trén tinh chét trude
0, tao vat thé tmg v&i mdi tinh chat. Timg tinh chat c6 thé 1a don gian, nhung tap hop
cac tinh chit cho phép tao ra dugc cac chi tiét va co cau phirc tap thuong gip trong
thiét ké ché tao.

Dung extrude, revolve, blend, sweeping... tao vat thé, va dua vao céac tinh chét tao
hinh riéng cai dat trudc dé chi dan hinh dang hinh hoc cu thé, vi du /6 (156 thong, khong

thong, 16 chim), géc liron, vat mép, ranh...., ngoai ra con c6 cut and shell (chuyén mo
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hinh vat thé ran sang vat thé rong...).

Dé tao mit cit 2D cho extrude, revolve..., phai ¢6 2D Sketcher va cong cu tu dong
gan 1 gia tri kich thudc cho dic tinh da v&. Cac kich thudc ny cé thé thay ddi bat ky
lac nao mot cach dé dang, chi can nhap gia tri mong mudn, hodc coi nd 1a bién. Nguoi
dung phai cung cap day du cac kich thudc can thiét cho mat cat 2D nay. Extrude,
Revolve, Sweep hay Loft (Blend) mit cét 2D ta c6 duoc mé hinh vat thé 3D. Cung véi
vat thé, 1a cac files tao ra dé dung cho chuong trinh xir Iy (CAM), chuong trinh phan
tich ky thuat (FEA)...

4.3 Chuong trinh xit 1y tiép theo

Do tinh da dang cua cac hé diéu khién CNC phu thudc vao nha san Xuét, cac chuong
trinh xtr 1y tiép theo thuong dugc viét mot cach riéng 1é cho timg may va cac trang bi
cu thé dé dung cho gia cong trén 1 may CNC twong tng. Cac chuong trinh ndy chuyén
ddi céc file dit liéu dinh dang APT cua duong dich chuyén dung cu nhan duogc tur cac

chuong trinh CAD/CAM sang céc 1énh ma may G xac dinh.

Béang 4.1
APT Codes G-codes
CIRCLE G002 and GO3
COOLNT MO7 and MO8
FEDRAT 01
FINI U]
FROM G92, Gb4, GHb ete.
RAPID 00
SCALE Gh8
SFINDL MO3 and MOS
STOP M30 and MOZ
TOOLND 1-20 T1-20
UNITS G20 and G21

Chirc ning ctia mot churong trinh xtr 1y tiép theo 1a chuyén dbi cac 1énh viét theo ngon
ngit APT thanh cac 1énh ma G. Mot sb 1énh twong duong gitra file dir liéu APT va céac
1énh ma G dugc cho trong bang 4.1 , vi du Iénh RAPID cua APT tng véi GOO cia ma
G. Cac twong duong khéac thuong giap nhu: 1ap trinh theo hé théng ghi kich thudc tuyét
ddi hoac gia s6, noi suy théng va tron, bu dao va cac don vi do...

H4.3 1a so d6 khdi cia mot chuong trinh xr 1y tiép theo. Chwong trinh ¢6 2 phan,
dau tién mo va doc cac file APT, sau do chuyén ddi 1an luot cac 1énh APT sang cac
1énh ma G& M xéc dinh & 1 may cu thé va ghi lai trén 1 file méi. File két qua dugc tai
dén hé diéu khién ctia may d6 dé tién hanh gia cong.
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Dit civ va hién

H4.3: So d6 khdi ctia chuong trinh xtr 1y tiép theo
4.4 Ché tao lién két qua may tinh- CIM (Computer Integrated Manufacturing- )
4.4.1 Cac khai niém:

Co s6 dir liéu tir cac hé théng hd trg CAD/CAM c6 thé dung phdi hop voi cac dir lidu
can thiét khac dé diéu khién qua trinh san xuit bang may tinh.

H4.4 trinh bay m6t vi du dién hinh ctia tmg dung CIM trong san xuét. Robdt cap phoi
nap chi tiét dang dugc chita & hé thong kho chita va tim kiém tw déng I1ASRS
(Automatic Storage and Retrieval System) vao hé thong bang tai. Bang tai dua chi tiét
dén mdy phay CNC 2 tai d6 mot ro bt khac nhat chi tiét tir bang tai va ga 1én may. Két
thic qua trinh phay, ré bt thao chi tiét va tra lai 1én bang tai tiép tuc di chuyén cho
dén khi mot ro bét khac nhit chi tiét dua 1én mdy tién CNC 3. Ngay khi hoan tat qua
trinh gia cong, chi tiét dugc bing tai dua dén khu vuc 1ap rap va kiém tra chat lwong
OC (Quality Control). Néu chi tiét dat yéu cau, né duoc ddn nhdn ( Bar Code ) ¢ tram
ké tiép va chuyén dén ASRS dé nhap kho. Toan bo qué trinh trén dugc diéu khién bai
mot tram diéu khién trung tam CMCS (Central Management Control Station) goi céc
1énh chinh x4ac dén cac tram khac nhau dé diéu hanh cong vi¢c. Bang tai [am nhiém vu

van chuyén chi ti€t va chuyén di dén tram cudi cung.
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CIM

Cac thanh phﬁn chinh

1 Hé thing kho chiva v hy déng tim kidm (45RS)
2 Maiy phay CHC

3 My titn CHC

4 Rahét

5 Tram lip rip/kifm tra chit hromg sin phim (QC)
6 Hé théng bing t4i khép kin

7 Hé thing quét nhin (B5S)

2 Tram didn khifn trang tim (CMCS)

H4.4 : Ché tao lién két nho may tinh (Ngudn[8])
4.42 Hé théng CIM-Ché tao lién két qua may tinh
A. Céc van dé vé san xuit lién két (Integrated Manufacturing)
1.Céu trac lién két:
Céac nhiém vu chinh tai mdt co s& san xuit bao gém:
- San xudt ( Production)
— Van chuyén nguyén vat liéu ( Materials)
— Lap ké hoach ( Process Planning)
- Thiét ké ( Design)
- Pon dat hang/Dich vu ( Customer Orders/ Service)
- Tiép thi ( Marketing)
- Ké toan ( Accounting)
- Quan tri ( Management)
T4t ca cac chire ning trén tao ra va xir dung thong tin chung can trao doi gitra cac dia
diém lam viéc khac nhau. Boi vi mdy tinh xir 1y thong tin, ta can biét vé nhimng dit liéu
hién c6 (vi du dit liéu san xuét tir cac hé théng CAD/CAM, céc co sé dit liéu khac...)

va nhiing dir liéu can dugc tao ra dya trén cac dir liéu da co.
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2.Trao doi lién két
Dic trung cta hé thong san xut truyén thong:
— Phai c¢6 nhiéu ban sao cho cung 1 thong tin
—  Kho xem xét lai khi c6 nhiéu ban sao
— Tré khi chuyén cac ban sao, d& mat
— Bén sao khong co tinh tuong tac, luu trit kho, chiém chd
May tinh khéc phuc cac nhugc diém trén, nhung dat ra cac thach thuc:
- Viét cac chuong trinh hd tro cac chire nang lién két
- Phan mém hd tro trao ddi gitra céc dia diém lam viéc va chia xé
dir ligu
- Phén ctng dé hd tro phan mém
Nhu vay, mot hé thong ché tao lién két (CIM) phai c6 2 hay nhiéu mdy tinh ndi véi
nhau dé trao d6i thong tin. L?iy vi du don gian, bd diéu khién PLC diéu khién tay robot
cap chi tiét trén mdy phay, trong khi toan hé thong do tram diéu khién trung tam
CMCS duya trén co sé dir liéu chung (vi du dinh muc thoi gian cho cac nguyén cong
phay, tién nhan duoc tir cac hé thong hd trg ché tao CAD/CAM...) dé phan phdi cong
viée, ké ca luu trir két qua giam dinh chat lugng san pham. Cac may tinh ndi két thyuc
hién viéc truyén dir licu.
B. Mot s6 dic tinh chinh cua CIM :

— Linh hoat : Bang cach lién két v6i nhiéu may va thiét bi ty dong va giao tiép qua
phan mém véi mot hé thdng khac nhd may tinh, do vay dé& dang trao ddi thong tin,
truyén dir liéu cling nhu thuc hi¢n bai toan diéu khién, hoic 1ap ké hoach td chirc san
Xuat.

— (6 thé mé rong duge : Cac thiét bj phan cimg hay phan mém c6 thé duoc bd
sung thém, vi du mot hé thdng don gian bao gom 1 may va 1 ro bdt dwoc mé rong
thém thanh mot hé théng hoan chinh hon.

— Chia thanh cac mo dun : Mdi mo dun ctia CIM c6 kha ning thuc hién nhiém vu
riéng, doc lap voi phﬁn con lai cua hé théng, cho phép khao sat mot cach déy dt nhét
ting phan viéc.

Céc may tinh cia CIM c6 thé hoat dong dudi dang :
e Doc 1ap ( Stand alone)- khong két ndi voi cac may khac, chi cho ngudi dung

thuc hién cac cong viéc doc lap.
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e Kétndi (Interfaced)- ndi giita 2 may tinh, thuong qua cong ndi tiép nhu RS-
232 va RS-422. Hoat dong véi toc do tir (2400 +9600) baud.

e Mang ( Networked)- néi mang giup cho viéc chia xé files va co so dir lidu.
Céc dac tinh chung:

* [EEE-488 ndi 1 s lugng nhd may tinh ( < 32), hoat dong véi tée do tir (0.5
+ 8 )Mbit/s, cac may chi cach nhau vai mét.

* Ethernet- ndi 1 s6 lugng 16n hon cac may tinh ( < 1024) trong pham vi
khoang 1km, hoat dong voi toc d6 dén 10 Mbit/s. Pay 13 cac mang cuc bd LAN (
Local Area Network), nhung c6 thé md rong sang WAN ( Wide Area Network) bang
cach nbi két cac mang cuc bd LAN khac.

Céc loai may tinh dugc dung ¢ CIM:

* May chu ( Mainframes)- xtr Iy duoc véi 1 khéi lwong 16n dir liéu, thich hop
cho nhiéu g dung, ¢ thé chay dugc nhiéu chwong trinh.

*  Mady tram ( Workstations)- c6 kha ndng da xu ly nhu may chu, nhung gidi
han s6 luong cac tmg dung.

* Céc bo vi xtr Iy ( Micro-processor)- cac may tinh nho voi cac hé diéu hanh
don gian ( vi du may tinh ca nhan véi MS-DOS) chi dung dé diéu khién qua trinh cing
v6i cac bo vi didu khién ( microcontrollers ). Pdc diém chung cua cac bd vi didu khién
thudng c6 sin giao dién truyén thong ndi tiép SCI (Serial Communications Interfaces)
hoic bd nhan/truyén khéng dong bo van niang UART (Universal Asynchronous
Receiver / Transmitter ) san sang ndi két voi cac thiét bi khac. Céach lién lac ndi tiép
tién lgi vi lam giam dugc s6 chan cua bo xir ly, chi can 2 chan ( SD-Truyén dir liéu va
RD-Nhén dit liéu) so v6i 8 chan néu dung phuong phép lién lac song song. Str dung
céc bo vi didu khién con c6 vu diém 14 ching ciing c6 san cac bo phan tich hop nhu
bd ADC, b dém (Counter), mach dao dong (Oscillator)...do vy két cu chung ctia hé
gon hon. Nhuoc diém chinh déi véi cac bo vi diéu khién 13 phai biét cac ma 1énh cua
ching dé c6 thé 1ap trinh diéu khién. Cac bo vi diéu khién ngay nay dugc Gng dung
rong rii véi CIM ding cho phéi hop va diéu khién qué trinh.

Céc cau héi Chuong 4:
1. Gidi thich 1 doan chuong trinh APT.
2. Giai thich luu d6 cua chwong trinh xir Iy tiép theo.

3. CIM?

93



Chuong 5 Truyén dit liéu dén cac May cong cu DPKS
5.1 Truyén dir liéu dén cac may cong cu PKS

Viéc truyén va luu trit cic chuwong trinh gia cong chi tiét dén cac may cong cu PKS
trudc ddy duoc thuc hién thong qua cac bing hodc bia duc 16 v&i cac chuong trinh
dugc mi hoa va duc 16 theo cac ky hiéu da ma hoa, sau d6 nap vao bo doc bing (bia),
giai m3, truyén tin hiéu didu khién truc tiép may cong cu.

Truyén céc chwong trinh gia cong qua cac hé diéu khién CNC di tro nén duoc ua
chudng do vi¢c truyén d@ liéu nhanh chéng, tién lgi. Chuong trinh c6 thé dugce luu tri,
cap nhat... d& dang, co thé kiém tra, sita doi ngay trén may. Mai cho dén gan day,
truyén thong ndi tiép qua cong RS232C dugc dung dé truyén chuwong trinh. Loai
truyén tai ndy pho bién ¢ moi thiét bi ngoai vi cia mdy tinh, vi du may v&, my in...va
v6i ¥ nghia d6, cac may cong cu PKS ciling dugc coi 1a mot loai thiét bi ngoai vi.

Céc hé diéu khién méi con ¢ kha ning truyén thong hién dai hon khi dugc ndi mang
theo nhiéu cach ( Ethernet,...) dén cac hé diéu khién CNC cua timg may cong cu. Diéu
khién theo nguyén tic DNC (Direct Numerical Control), mdt méy tinh trung tdm ( may
chu ) co thé diéu khién nhiéu may cong cu riéng biét va tao nén mot lién két béng
chuong trinh cho cic hé thdng san xuat linh hoat (FMS- Flexible Manufacturing
Systems).

O hé théng FMS, cac hé diéu khién CNC cua may cong cu duoc ndi véi cac hé théng
cép va thao phoi tu dong, kiém tra chét luong san phém.., dung mot chuong trinh may
tinh chung diéu khién van chuyén nguyén vat liéu, phdi..., phan phdi, 1ap ké hoach to
chtrc san xudt va cac thao tac diéu khién khac. May tinh trung tdm (may chua) lam
nhiém vu luu trir, phan phdi cac chuong trinh theo yéu cau. Cac chuong trinh lién lac
cai dit san trén may chu hd tro cho biét khi nao cac chuong trinh duoc phan phdi da
két thuc, cac théng tin vé dinh mirc san xuét, hiéu qua xtr dung may ciing nhu cac
thong tin vé san phdm gia cong...Kiéu truyén dit liéu 2 chiéu ndy 1a mot dic tinh co
ban ctia nguyén tic diéu khién DNC.

Mot didc diém khac cua truyén dir liéu DNC 1a trong mot chuong trinh gia cong, co
thé truyén mot lie mdt Iénh hay mot doan chuong trinh thong qua mot bd nhé dém &
sau by doc. Dir liéu duoc truyén dén hé diéu khién giéng nhu dang doc bang, mac du
thuc té dang ¢ dang dir liéu ma ASCII tor may tinh. Bo nhé dém ( khoang 4KBytes,
tuong duong 4000 ky tu cua chuong trinh gia cong, khoang 100 1€nh hay 10 m bang )
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chtra dir 1i€u va luoén duogc duy tri @ muc (1,2 + 4)KBytes. Nho vay, mdy cong cu duogc
diéu khién tir mot may tinh bén ngoai va khi do, dé bao dam sy lam viéc binh thuong
cho may cong cy, bo nhé dém phai duoc dién day theo timg 1énh mé G.

Véi bd nhé dém, co thé nhdp dugc cac chuong trinh dai ma khong can phai trang bi
céac bo nhé dung lugng 16n cho hé diéu khién CNC. Pic diém nay thich hop véi su
mg dung rong rai cia cac hé théng lap trinh c6 sy tro gitip ctia may tinh, trong do6 cac
chuong trinh gia cong dé dang tao ra trén may tinh tir xa, dang & dang ma sin sang
truyén truc tiép dén hé didu khién may cong cu. Ngoai ra, d6 dai cta chuong trinh gia
cong hau nhu khong bi gidi han nén rat thuan tién khi gia cong bé mit phirc tap
thuong phai dung dén mot mang 16n céc dir licu toa do diém xac dinh bé mat. Hon thé
nita, c6 thé thém vao hay bét di cac doan chuong trinh trén may cha ngay ca trong qua
trinh gia cong chi tiét.

5.1.1 Truyén dit liéu qua bd nhé dém

Hinh 5.1 trinh bay so d0 khdi mot hé DKS may cong cu truyén dit liéu qua bd nhd
dém (Ngudn [8]).

Dt liéu chuong trinh gia cong dugc luu trlt & mot may tinh bén ngoai ¢ dang ma
ASCII theo bang ma ISO-7bit tiéu chuan. Truyén céac bit dir liu mot lic 1 bit (truyén
nbi tiép) hodc co thé 8 bit mot lic (truyén song song). Truyén dit liéu ndi tiép so véi
song song co cac wu diém:

1. Day cap ndi tiép truyén duoc khoang cach 16n hon so voi day cap song song.
Cong ndi tiép truyén bit '1' tng voi mirc dién ap (-3 + -25)V va bit '0' véi (+3 ++25)V
trong khi mot cong song song truyén '0' & mirc OV va 'l' & mic 5V. Do d6 cong ndi
tiép c6 thé co mot muc dao dong t6i da dén 50V so véi cong song song c6 mic dao
dong toi da 5V. Nhu thé, kha ning gay nhiéu khong phai 12 van dé 16n dit ra dbi vai
cac day cap nbi tiép so voi ddy cap song song.

2. Khong can phai ding cap nhiéu soi nhu truyén song song. Néu thiét bi ngoai vi
( May cong cu PKS) dugc lip & xa may tinh thi diy cap 3 soi (Null Modem
Configuration) c6 gia thanh thdp hon nhiéu so véi day cap 9 hay 25 sgi. Tuy nhién
cling phai cht y dén dic diém két nbi & mdi dau ndi (loai cong, cé xtr dung tin hiéu bt
tay hodc khong...). Cac thiét bj ndi v6i cong ndi tiép déu chuyén ddi truyén nbi tiép
sang lai song song dé xtr dung, nho 1 UART ( Universal Asynchronous Receiver

Transmitter).
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H 5.1: So d6 kh6i mot hé PKS may cong cu v6i bo nhd dém

Mot vi du truyén ndi tiép ky tu 'A' ciing véi cac bit khoi dong, bit kiém tra va cac bit
dung duoc trinh bay ¢ H 5.2.

Dé truyén dir liéu, chudi cac bit truyén bat dau tir phia tay trai. 1 bit khoi dong bat
dau cho viéc truyén dit lidu, tiép theo 1a cac bit dit liéu riéng 1¢. Cudi dong dit liéu con
¢6 1 hodc 2 bit dimg. Mdi bit 13 '0' hay '1' trong 1 khoang thoi gian ¢ dinh theo toc do

truyén, duoc dinh nghia la s6 bit 16n nhat co thé truyén dugc trong 1s, don vi tinh
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'baud'. Téc @6 truyén gop ca bit khoi dong, bit kiém tra va sb bit ding, ching han toc
do truyén 9600 baud c6 thé truyén dugc 9600/(1+7+1+2) = 872 byte mdi gidy. Bit
kiém tra ding dé phat hién 15i vé bit, néu s bit dit liéu 1a chin bit kiém tra s& 1a s6

chén va nguoc lai. Bit kiém tra va 2 bit dimg ngin cach byte dang truyén véi byte ké

tiép.
l Character A - ASCIT code
| 01000001
Volts 3 4 ‘
L 1]

| \‘ime ({ BmulRy | |

Start bit data bits Stop bits
H 5.2: Vi du truyén ndi tiép ky tu'A'

Céc hé PKS may cong cu hién nay déu co cong ghép ndi tiép RS-232C tiéu chuan.
Véi cac thiét bi dung day cap ndi tiép 1am kénh lién lac, c6 thé phan thanh 2 loai:

— DTE (Data Terminal Equipment): Thiét bi dau cubi dit liéu

— DCE (Data Communication Equipment): Thiét bi truyén thong dir liéu.

Thiét bi dau cubi dit lidu 1 cac may tram trong khi thiét bi truyén thong dit liéu 14 cac
bd phan nhu modem, adapter, may Vé...Céng RS232C tiéu chuin cling sir dung cac
loai ndy.

Céc dic diém k¥ thuat ctia cong ndi tiép tiéu chuan duoc quy dinh boi hiép hoi ky
nghé dién tir EIA (Electronics Industry Association), gdm nhiéu tham s6 nhu :

1. Mot murc 16gic 0 nam gitta +3 va +25V

2. Mot muc 16gic 1 nam giira -3 va -25V

3. Mién giira +3 va -3V khong xéac dinh

4. Thé hiéu mach ho khong dugc vuot quéa 25V. (Tham khao duong ndi dét)

5. Mot dong ngan mach khong duoc vuot qua S00mA.
Trén day 1a 1 phan cia tiéu chuan EIA RS232-C. Cac cong nay duoc ché tao voi 2 ¢d,
dau ndi kiéu D-25 chan va kiéu D-9 chan, ca hai déu la dang chan cam. Loai céng kiéu
D-25 thuc té c6 25 chan lién lac doc 1ap, mdi chan c6 chirc ning riéng, tuy nhién chi

¢0 9 chan dugc dung (H5.3a,b).
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0000000000000 o 0 00000 0
000000000000 0000

14 _ 25 6 e
Loat 25 chén Loal @ chin

Dit liéu truyén (SD) va nhan (RD) trén chén s6 2&3 con cac chan khac dé thuc hién

cac giao tip gitra cac thiét bi.

CD [Carrier Detect)
3G [Signal)

DE (Data Set Ready)
Z3 (Clear to Send)
ES (Request to Send )
FD (Recetving Data)

SD (Sending Dhata)
FG (Frame Ground)

E5-232 C Serial Connector
Th S8 I AN EN BN Fhe 0 1 11 12 1)
\H\D\B\}\;\ﬂ\% O 90 oW

T R T O T I BT
uuﬂuu}onc&oua

EE (NC Eeady to Operate) J

H5.3a,b: Cac chan cong nbi tiép RS-232C tiéu chuan

Céc chan duogc dung:

1.
2.
3.
4.

FG ( Frame Ground)
SD ( Sending Data ) : Truyén dit liéu
RD ( Receiving Data ): Nhan dir li¢u

RS ( Request to Send ) : Khi may nhan da san sang nhan dir liéu, bit CS ( Clear

to Send ) dit & trang thai tich cuc va may goi biét thong tin niy trén chan RS.

5.

CS ( Clear to Send )

6. DR ( Data Set Ready ): Cac kénh lién lac cho biét dit liéu sin sang duoc truyén.

7.
8.

SG ( Signal) : dung thiét 1ap mot thé hiéu chuan cho SD & RD ( nbi dit)

CD ( Carrier Detect ): nhan biét dang c6 thiét bi tir xa.

20. ER ( NC Ready to Operate - Data Terminal Ready): Cac kénh lién lac cho biét

may dau cudi san sang nhan dir liéu.

H5.4 cho thiy cac tin hiéu dién dugc gdi va nhan trén cac chan khac theo mét trinh ty

nhit dinh dé bao dam rang giita 2 thiét bi da sin sang nhan va goi dit liéu.
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aF
NC TRANSMITS
PIN 2(5D) O |
a4
PIN 3 (RD) 0 NC RECEIVES DATA FROM HOST
3l
FIN4(FS) 0 NC REQUEST TO SEND
Yolis 3 4
PINS(CS) O | HOST CLEAR TO SEND
a4
| COMPUTER READY
PIN 6(DE) O
al
PIN 20(ER) O | NCREADY _
Time

H5.4: So dd mé ta qué trinh thyc hién giao tiép gifra cac thiét bi
5.1.2 Truyén chuong trinh gia cong

Truyén dit liéu tir may tinh bén ngoai dén may cong cu qua bd nhd dém duoc didu
khién bang mot chuwong trinh phan mém. Chuong trinh ndy c6 nhiém vu doc cic file
mi G (tuong Gmg véi chuong trinh gia cong da di qua bing duc 16), xac nhan cac kénh
lién lac va céc thiét bi dang md, va truyén dir li€u theo yéu cau qua bd nhd dém tur xa
dén may cong cu. Mot cong vao/ra RS-232 danh riéng cho may diéu khién DNC cing
v6i cac dic tinh nhu téc d6 truyén, sb bit dir liéu (7 hay 8), bit kiém tra ( khong co,
chén hay 1¢), s6 bit dimg ( 1 hay 2)... dugc thiét 1ap twong ng véi cac dic tinh cua
may DNC d6. Cac giao dién goi va nhan qua cong truyén ndi tiép phai c6 tham sé dt
nhu nhau dé nhan va giai ma dir liéu thich hop.

So d6 khdi ctia mot chuwong trinh méy tinh dé truyén dir liéu tir 1 may tinh c4 nhan
IBM dén mot bo nhd dém duge trinh bay ¢ H 5.5. Chuong trinh ¢6 3 phan chinh, thiét
1ap cac cong vao/ra, md va doc cac file can truyén, diéu khién va truyén dir liéu theo
ky tu. Poc va truyén cac file ma G theo ting ky tu cho dén khi gip cac ky tu dic biét
nhu diu ';' (bt ddu mot 1énh méi) hay dau ' %' biéu thi két thuc chwong trinh ...

Ciing nhu vay, cac chuong trinh ¢ thé dugc truyén tir hé diéu khién may cong cu va
bd doc bang trd lai cho may tinh bén ngoai.

Dit liéu truyén c6 thé bi mat khi bo nhé dém bi tran, do d6 can diéu chinh luu luong.
Mot cach téng quat, diéu chinh luu lugng c6 2 cach khac nhau co ban, qua phﬁn cung
hay phan mém. Diéu chinh luu luong nhd chuong trinh phdn mém, con goi la

Xon/Xoff dung 2 dac tinh Xon va Xoff. Xon dugc mé ta boi ky tu ASCII 17 trong khi
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ky tw ASCII 19 dung cho Xoff. Khi bd nhé dém ddy, Xoff thong tin cho may tinh
dirng goi dir liéu, con khi di c6 chd cho nhiéu dir liéu hon, k¥ ty Xon thong tin dé may
tinh tiép tuc goi dir liéu. Kiéu diéu chinh luu lugng nay co thuan tién 1a khong doi hoi
thém day, do cac ky tu dugc goi qua kénh SD/RD. Tuy nhién véi cac dudng ndi danh

cho mdi ky tu doi hoi hon 10 bit ¢c6 thé lam cham lién lac.

W cimg & Xae dinh —r
( mﬁm;" ; ) !
Bit diu
1 _I_

W Filema G cn togén |
- — Mé File ma G
Hién thi thing hao 161
Boc dic tinh & File ma G
& gii dén bi nhé dém
Pyi (DC1} Truyén File

Truyén ki e

H5.5: So d6 khdi ctia chwong trinh may tinh diéu khién truyén dir liéu DNC
Diéu chinh luu lugng qua phan cting ciing con goi 13 diéu chinh luu lugng RS/CS(
Request to Send / Clear to Send ). Cach ny dung 2 day ctia day cap ndi tiép ma khong
truyén thém ky tu ¢ cac dong dir liéu. Nhu vy diéu chinh luu luong phan cing s&
khong 1am cham thoi gian truyén nhu kiéu Xon-Xoff. Khi may tinh mudn goi dir liéu,
no6 kich hoat day Request to Send. Néu bd nhd dém ¢6 chd cho dit lidu, nd tra 101 béng
cach kich hoat day Clear to Send va may tinh bat dau goi dir liéu. Néu bo nhé dém

khong c6 chd, no s& khong géi mot bit Clear to Send.
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5.2 Céc van dé vé truyén dir liéu

Qua trinh mo ta trén chi don gian dién ddy bd nhé dém nhung khong bao dam rang
dir liéu duoc truyén theo tig 1énh hay timg dong cia chwong trinh. Trong méi truong
c6 nhiéu ngudi dung, c6 kha ning xay ra trudng hop bd nhé dém chua kip dién du dit
lidu, khi d6 truyén 1 dong 1énh khéng du ciia chuwong trinh c6 thé gy su ¢d. Vi du 1énh
sau ddy cua chuong trinh: G00X10.0Y10.0Z10.0 néu khong dugc nap day du ¢ bod
nhd dém: G00X10.0Y10.0Z1 va dang chua c6 dir liéu bd sung, hau
qua la may dugc van hanh ¢ chiéu siu cat Z=1mm, sai biét dén 9mm so v&i thuc té
yéu cau !

Dé khic phuc, can tao cho chuong trinh muén truyén trd thanh mot qué trinh khong
hoéan ddi duge béng cach dat mgt murc uvu tién thich hop hoac bﬁng cach thuc hién mot
nghi thirc chi cho phép truyén dit lidu theo dong lénh day du, c6 nghia 14 nhu vi du
trén, phai truyén dén bo nhé dém day du 1énh : G00X10.0Y10.0Z10.0.

Céc cau héi Chuong 5:

1. Giai thich cach truyén ndi tiép 1 ky tu qua cdng RS232C

2. Cho biét 2 phuong phap thong thuong truyén file tir may tinh bén ngoai dén
may CNC

3. Giai thich luu d6 chuong trinh truyén file tir mdy tinh bén ngoai dén may cong
cu.

4. Cho biét cac tham sb can thiét 1ap khi thuc hién truyén dir liéu & céng giao

dién nbi tiép RS232C.
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Bang phu luc cac chirc nang thuc hién dich chuyén va van hanh may PCMill 155

e Cac chirc ning dudng dich chuyén G ( Bang 2.1a)

e Cac chtc nang van hanh may M (Bang 2.1b)
Chue ning chuan bi G Béng 2.1a

GO0 Chay dao nhanh dén toa do da 1ap trinh
GOl Noi suy duong thing ( hé toa do Cartesean)
G02 Nbi suy duong tron theo chiéu kim dong hd
GO03 Nbi suy dudng tron nguoc chidu kim dong hd
G04 Thoi gian dimg cho gia cong 156 (dung cu quay, khong tién dao)
GO05 Khong dung
G09 Dung chinh xac
G10 Noi suy chay dao nhanh (toa d¢ cuc)
Gl11 Noi suy duong th'flng (toa do cuc)
GI12 Noi suy dudng tron theo chiéu kim dong hd (toa do cuc)
Gl13 Noi suy duong tron nguoc chiéu kim dong hd (toa do cuc)
Gl14 Khong dung
G17 Chon mit phang gia cong XY
GI8 Chon mit phang gia cong XZ
G19 Chon mit phang gia cong YZ
G32 Khong dung
G33 Cit ren voi budc ren khong doi
G40 Huy hi¢u chinh dung cu (theo ban kinh)
G41 Hiéu chinh ban kinh dung cu, dao bén trai duong bao gia cong
G42 Hiéu chinh ban kinh dung cu, dao bén phai dudong bao gia cong
G438’ Puong dich chuyén dung cu ra khoi chi tiét gidng khi bét dau tién vao
G50 Huy bién dbi ti xich
G517 Bién d6i ti xich
G53 Huy xé dich diém chuéan da chon
G54 Xé dich diém chuén chi tiét 1
G55 Xé dich diém chuén chi tiét 2
G56 Xé dich diém chuén chi tiét 3
G57 Xé dich diém chuén chi tiét 4
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G58
G359

*

G60

*

G62
G64™
G70

G71

G80
G81-G89
G90

G91
G92-G93
G94

G95

G96-G99

Xé dich diém chuan bén trong chi tiét (nhém 1)
Xé dich diém chuan bén trong chi tiét (nhom 2)
Ché d6 dimg chinh xac

Huy ché d6 dimg chinh xac

Huy ché d6 dimg chinh xac

Pon vi 1ap trinh hé¢ Anh (inch)

Pon vi 1ap trinh hé¢ Mét (mm)

Huy chu trinh gia cong ( phay, gia cong 16 )
Céc chu trinh gia cong 16

Lap trinh theo kich thudc tuyét dbi

Lap trinh theo kich thudc tuong ddi

Khong dung

Chay dao tinh theo ™/,

Chay dao tinh theo ™/;gng

Khong ding
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Chtrc nang phu M Béng 2.1b

MO0

MO1
MO02
MO03
Mo04
MO5
MO06
MO8
M09
M17
M27
M30
M53
M54
M55
M56
M57
M58
M71
M72

Dimng chuong trinh: Khi d6 toan bo cac chirc niang van hanh may déu
durng tam thoi

Dung chuong trinh c6 chon loc

Két thiic chuong trinh: MCU may ngit cac hoat dong diéu khién may
Quay truc chinh theo chiéu kim ddng hd

Quay truc chinh nguoc chiéu kim dong hd

Dung truc chinh

Thay dung cu

Mo dung dich 1am ngudi

Tat dung dich lam ngudi

Dung chuong trinh con

Xoay dau chia

Két thiic chwong trinh chinh

Khong lay ddi xtng theo truc X

Lay d6i ximg theo truc X

Khong lay dbi xtng theo truc Y

Lay ddi ximg theo truc Y

Khéng 13y d6i xtng theo truc Z

Lay d6i xtng theo truc Z

Mo co cau théi phoi

Tt co ciu thdi phoi
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Bai tp thiee hanh 1 : Ldp trinh bang tay (Bén vé kém theo)
Ldp trinh gia cong 1 chi tiét trén mdy céng cu PKS
A. MUC PiCH
—  Biét cach 1ap chuong trinh gia cong trén may CNC.
—  Biét cac ndi dung diéu chinh May, Dung cu, Phai liéu...
—  Biét sir dung cac chtic ning co ban trong lap trinh.
B. YEU CAU
Nim duoc céach:
—  Thiét 1ap hé théng truc toa do, chiéu chuyén dong, chon cac diém chuén
can thiét.
—  May, Dung cu va cac Hiéu chinh.
—  Céc chirc nang chuan bi G & chirc nang phu M.
—  Céu trtc 1 chuong trinh gia cong CNC.
C. NOI DUNG
1. Giéi thiéu vé may:
—  Kha nang cong nghé
—  Dang diéu khién
+ Diéu khién theo diém
+ Diéu khién theo quy dao lién tyc.
2. Céc phuong phap lap trinh:
— Lap trinh bang tay
— Lap trinh c0 sy trg gilip ciia may tinh
3. Chuén bi chuong trinh gia cong trén may CNC( 13p trinh bang tay):
a. Chuén bj chuong trinh: Bao gom céc ndi dung sau
— Chuén bi ban v& ( chon phuong phép ghi kich thuée, don vi do, 1ap hé truc
toa do, xac dinh cac diém dung cu cit phai di qua...)
— Chon kich thudc phoi.
— Cung cép cac dir lidu vé ché do cat ( $6 vong quay truc chinh S, tde do
chay dao cong tac F, chuyén dong chay dao nhanh...)
— Chon vi tri bat dau cua dung cu: Pay la diém bét dau thyuc hién an dao

— Xac dinh diém thay dung cu
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b. Lap chuong trinh gia cong trén may CNC: Trinh bay cach viét chuong trinh
gia cong, kiém tra 16i va hoan thién chuong trinh. Phan ndy ciing gidi thiéu cic chic
ning co ban nhu nodi suy thing, tron, chay nhanh...

Trudc khi tién hanh gia cong, phai ga phoi va thiét 1ap cac gia tri hiéu chinh.
1. Viét chuong trinh gia cong chi tiét (H1: Vdla)

L1 I I I
S
X[v |z
piii 1
2
g
4
5
é
7
g Bing toe 0§
K
£
H1:Vidu la

+ Pua vao cac dong 1énh dau: Lap trinh theo kich thudc tuyét d6i, don vi
hé thdng lap trinh.
NO00 %VDla
NO5 G54G90
+ NOi dung chuong trinh:
N10 M06T04 /Thay dung cu T4/
N15 M03S — /Quay truc chinh theo chiéu kim dong hd & toc 4o — “/,/
N20 GO0X50Y-10Z12 /Chi dan diém bat dau cua dung cu /

N25 Z2MO08 /Chay nhanh dén diém X50Y-10Z2, m¢o d/d 1am ngudi /
N30 GO1Z-7F —  /Chay dao dén Z -7 véi lugng chay dao F— ™/, /
N35 Y0 / Chay dao dén diém 1/

N40 X— Y— / Chay dao dén diém 2/

N45 Y— / Chay dao dén diém 3/

N50 G02X52120 / Noi suy dudng tron dén diém 4/

N55 GO1X— / Chay dao dén diém 5 /

N60 Y— / Chay dao dén diém 6 /
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N65 G02X75Y0I-12 / Noi suy duong tron dén diém 7/

N70 G01X50 / Chay dao dén diém 1/

N75 G00Z12 / Chi dan diém rit dao nhanh dén 212 /
N80 M09 / Tét dung dich 1am ngudi /

N85 MO05 / Dung truc chinh /

N90 M30 / Két thuc chuong trinh /

+ Kiém tra bang mo phong chuong trinh. Cac chu ¥:
* Nén danh s thtr ty dong 18nh (N**%%)

* Cho nhan xét & cac cau lIénh dé de kiém tra.

€ tifraewam Pladbienn Tkl neGmbsteriene. rf i bl O

HZ: M6 phong vidu 1a

+ Luu chuong trinh ¢ dang file text: 7én File.nc
2. Gia cong trén may CNC: Sau khi dd c6 chuwong trinh gia cong, tién hanh
diéu chinh May va chon dung cu, dd g4, phoi licu theo cac budc:
— Chon kich thudc phoi, hi€u chinh May, dung cu cat, do ga.
— Tai chuong trinh gia cong dén may CNC
— M5 phong d6 hoa trén man hinh May, kiém tra va phat hién 15i.

— Hoan thi¢n chuong trinh 1an cudi

Tién hanh gia cong trén may CNC

— Kiém tra két qua thyc hién va cho nhan xét.
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Bai tap thuc hanh 2 : Ldp trinh co sy hé tro ciia mady tinh

Gia céng 1 chi tiét trén may céng cu PKS qua phan mém Pro/E

Thwc hanh: Muc dich dung Pro/E dé mé ta 1 chi tiét va tao ra mot duong dich
chuyén dung cu bang db hoa. Cung cip 1 file md G vé6i chuong trinh xir Iy tiép theo
postprocessor.

Noi dung : Mo ta dudng dich chuyén dung cu véi Pro/E

Bude 1: Tao md hinh hinh hoc chi tiét (H 1)

File Edit Wew Insert  Analysis Info  Applications  Tools  Window  Help

NI@USSL ocltw ~FrFaads s
B0 0 0 |gliilx v

fe |2 &

[ Show v I Settings ]

] CHMCPRT

RIGHT

TOR

FROMT
PRT_CSYS_DEF
Protruzion id 39
Pratruzion id B
Imzert Here

+

+ LR

[~

H 1: Mb hinh hinh hoc chi tiét

1. Khoi dong Pro[ENGINEER Wildfire : Nhip chudt trai 2 1an vao biéu tuong
proewildfire.

2. Thiét 1ap duong din: File — Set Working Directory , nhap dudng dan.

3. Dat tén ban v&: ProlENGINEER Wildfire main menu, File - New, chon Part &
ctra s6 New, nhap tén: CNC (dung mmns_part_solid.prt lam template.)

4. Tao 1 khdi chit nhat 60 x 100 x 12

° Nhép chudt trai vao biéu tuong Extrude Tool, Sketch Tool & Dashboard, ctra

s6 Section mé ra. Chon cac mit chuén dé vé va dinh hudng. Mat phfmg vE 2D dé vé la
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miat FRONT, mit dinh huéng RIGHT, nhép Sketch.

e V& 1 hinh chit nhat dé tao hinh khéi (extrusion) trong mit phaing FRONT bang
cach nhip chudt vao goc dudi bén phai va goc trén bén trai ciia hinh chit nhat trong
clra s6 ban vé&

e Thay ddi cac kich thuéc sang 60 x 100 bang cach nhip vao cac kich thudc
trén hinh chir nhat, Done.

e Tao hinh khéi (extrude) tir hinh chit nhat ¢ mé hinh hoa vat thé ran. Nhap gia
tri chidu sau 1 12 & ctra s6 1énh, nhip nat OK.

e Kiém tra khéi chir nhat. View —>Default Orientation.

5. Tao chir "CNC" kich c& 30 x 80 x 8

e Nhip chudt trai vao biéu twong Extrude Tool, Sketch Tool, cira s Section mé

ra. Chon cac mat chuin dé v& va dinh hudng. Mat phéng v& 2-D dé v& 1a mit trén cia

khdi, mat dinh huéng RIGHT, nhap Sketch.

Tao chit. Sketch menu — Text va nhap cac ky tw CNC cén gia cong

Thay d6i kich ¢& ctia chir sang 30 x 80 va dit chit ¢ chinh giira khi

e Tao khdi (extrude) cho chit theo ¢& 8 tir mit trén khdi

e Kiém tra chi tiét di tao ra. View —Default Orientation

e Luu chitiét. File — Save va Exit
Bude 2: Tao phoi. Hinh dang va kich thuéc phoi cho biét lugng nguyén vit liéu can
dung dé tao thanh san pham. Pro/E coi budc nay 1a mot thao tac 1ap(NC Assembly).

1. Khoi dong Pro|ENGINEER Wildfire : Nhip chudt trai 2 lan vao biéu tuong
proewildfire.

2. Thiét 1ap duong dan: File — Set Working Directory , nhap dudng dan.

3. Dat tén ban vé€ . Pro/E main menu, File — New, chon Manufacturing & ctra )
Type, va NC part & ctra s6 Sub-type , nhap tén: MCNC. Manufacturing, MFG Model,
Assemble, Reference Model, chon CNC.prt trong ctra s6 mo.

e Tao phdi. Menu MANUFACTURE, chon Mfg Model—> Create — Nhép
workpiece. Nhap tén cho workpiece : BLOCK. Bay gio xdy dung mot hinh khdi chir
nhat kich thudc 80 x 120 x 30. FEAT CLASS — Solid, SOLID — Protrusion, SOLID
OPTS — Extrude, Solid Done, PROTRUSION: Cira sd Sketch xuét hién & gbc dudi
bén trai trén man hinh. Nhap Sketch.
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File Edit Wew Insert Analvsis Info Applications  Tools  Window  Help
H L o Oa¥d Ug¥d el = + AE T
DU Ssge itm ~HrFRAQ M F SR
E E Folw vy o CJH W AF g Al
B O 0| O] sl il S L W2
3o | | G | &F 7
[ Shngl Settings"] i
i
MCNC. ASH : o~
+ ] CHCPRT g
+ [} BLOCKFRT i Bl
P InsertHere e
::>_ v_><,.<
oy
3
<
¢
e .

H 2: M6 hinh phoi

e Chon cac mat chuin dé vé& va dinh hudng. Mt phéng v& 2-D dé v& 1a mit trén
CNC cua khdi, mat chuan dé dinh hudng 1a mat RIGHT. References: Cac mat TOP va
RIGHT.

e V& 1 hinh chir nhat dé tao hinh khéi (extrusion) trong mit phing trén bang
cach nhdp chudt vao goc dudi bén phai va goc trén bén trai caa hinh chir nhat trong
clra s0 ban v&

e Thay d6i cac kich thudc sang 80 x 120 bang cach nhip vao cac kich thuédc
trén hinh chir nhat. Tao hinh khéi (extrude) tir hinh chit nhat ¢¢ mo hinh hoa vat thé
ran. Options, Sidel — Blind, Done, nhap gia tri chiéu sau 1a 30 & cira sd 1énh, Done.
M0 hinh phoi tao ra c6 dang nhu H2

Bude 3: Thuce hién viéc chuin bi ché tao. Cong viéc chuén bi bao gém xac dinh kiéu
may xu dung va bién dang can gia cong, luong vat lidu ldy di tir phoi,...Ngoai ra ciing
can xac dinh mot hé toa dd néu chua c6 va mot mat phéng rat vé cia dung cu . H¢ toa
d6 phai pht hop voi huéng phay va diém Oy

1. MFG Setup — Operation. Ctra s6 Operation Setup mo ra tuy dong.
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Pro/El . " o L |
File Edit Wew [nsert Analysis  Info  Applications  Tools  window  Help
D@O&Q - 2 M
3=Nefelfa} EARERTF
Sl

£
| Shgw”[ Séttings"‘ 7
H f
] MCNCASM ~
+ [ CNCPRT <
+-[J BLOCK.FRT b e
g8, FSETPO ' K
3 BAZ15DANA 5
J7 ADTHI :K*
JJ OP010 [BAZ1EDANA] o
P Inzert Here

H3: Chuén bi ché tao

2. Xac dinh may NC. Nhép biéu twong may, cac cira s6 may coéng cu mo ra. Nhip

céc tham s6 sau :  Machine name : CNC-M, Machine type : Mill
Number of axis: 3 CNC control: Siemens

3. Xac dinh diém Oy . Nhép nit Machine Zero, Menu Manager ->MACH CSYS
— Create —» CSYS1 OPTIONS — 2Axes — Done — GET SELECT— Pick. Chon 2
canh cua phoi ¢ goc trai-trén-trude.

4. Xac dinh miat phing rat vé. Nhap nut con trd, chon Along Z Axis, va ¢ muc
Enter Z Depth, nhap vao 12. Nhap OK dé dong cira s6 (H3)

5. Tao khéi lugng phay. Xéc dinh luong vat liéu can lay di tir phéi. MEG Geom —
Mill Volume — Create VOL va nhép tén : mv1. V& luong vat liéu can ldy di tir phoi :
Sketch, SOLID OPTS, Extrude, Solid, Done. O Menu Manager, ATTRIBUTES, One
Side, Done. SETUP SK PLN, Setup New, Plane, Sket View chon mat RIGHT cua
phoi. MILL VOLUME, O Menu Manager, SPEC TO, Blind, Done. Nhap chiéu sau 8.
Dung ham Trim dé xac dinh mv1(H4).

Buéc 4: Xac dinh cac nguyén cong gia cong. Cong viéc chudn bi bao gdm xac dinh

loai dung cu dugc dung va céc tham s6 ché tao (kich thudc dung cu, tdc do cét..)vé Xac
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dinh luong vat liéu can 1dy di (d3 tao ra & budc trudc do)

Pro R dfire ]
File Edit Yew Insert Analysis Iofo  Applications  Tools  Window  Help
k T I O3 U s = + AE
DSBS BEwm ~Rr-Faca@stai
i 3 E ] E
{FEN=N=Na ) FPARPEA T 2
B @ & 7
[ Shgw"l SettingsV] i
!
MCNC.ASH i
: _ < g
F#y FSETPO £ e
ﬁ BaAZTEDAMNA ”
F7 ADTHI K
N OPMO[BAZIEDANA] D TYPRLES h
& Pratusion id 8 [MV1 - MIL ‘
EER T i i 40 [My1 - MILL DR
B Inzet Here T AR :
< z \
<
<! )
-

H4
1. Machining - NC Sequence — Volume, Done.
2. Cira sd SEQ SETUP mé ra. Nhép cac hop thoai tool, parameters, retract va
volume, Done.
3. Bang Tool setup mé ra. Nhap hay thay doi tham s theo cac gia tri sau :
Cutter Diam 6 ; Length 50; Apply, OK dé dong cira sd Tool setup.

Dars o =
File Edit ‘iew
Input: 120 |v| |m
Yolurme Milling
tanufacturing Parameters
cur e
STEF_DEFTH 4
STEP_OWER 4
PROF_STOCK_ALLOW ]
ROUGH_STOCK_ALLOW 1]
BOTTOM_STOCK_ALLOW
CUT_AMGLE 1]
SCAM_TYPE TYPE_SPIRAL
ROUGH_OPTION ROUGH_%_PROF
SPINDLE_SPEED 1200
COOL&MT_OPTION OFF
CLEAR_DIST 1

HS5: Thiét 1ap cac tham sb gia cong
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4. MFG PARAMS —> Set. Cira s6 Param Tree mo ra. Nhap hay thay doi cac gié tri
nhu & H5H6. Chon nut Advance dé thay d6i CIRC INTERPOLATION—>
POINTS & ARC. Nhip File, Exit.

File Edit  Wiew
Input: |POINTS_& ARC R
Yolume Miling |
TRAWERSE_FEED - o
CUT_UMITS kA kA Phd
RETRACT_LIMITS kA kA Phd
PLUMGE_IUMITS b kA Phd
Wiall_PROFILE_CUT_FEED -
-} MACHIME
SPINDLE_SPEED 1200
WialL_PROFILE_SPINDLE_SFEED -
SPINDLE_SEMSE L
k< SPINDLE_RPR -
SPEED_COMTROL COMST_RPM
SPINDLE_RAMGE MO_RAMGE
RAMGE_MUMBER I
LINTOL
CIRC_INTERPOLATION
HUKMBER_OF_ARC_PTS 1
COOLAMT_OPTION OFF
COOLAMT_PRESSURE MOME
CUTCOM OFF
HUMBER_CUTCOM_FTS 1
CUTCOM_LOC_APPR
CUTCOM_LOC_EXIT
CLTCORM DORICTOD W
Specify the Format of CL data generated when machining a circular edge.

H6 : Thiét lap cac tham sd gia cong
5. Chon Vol —» mvl
Buoc 5:
Kiém tra mo phong duong dich chuyén va tao ma G
1. Machining — NC Sequence— Play Path— Screen play. Puong dich chuyén cit
got dugc trinh bay ¢ H7a,b .
2. Utilities — Options . Cira s6 Options mé ra nhu & H8. Nhéap nccheck type ¢ hop
thoai Option va nccheck & hop thoai Value.
3. Machining — NC Sequence — NC Check — Run. Mo phong qua trinh gia cong
(H9)
4. Machining — CL Data — Output — Select Feature — NC Sequence —Volume
Milling. PATH — FILE — Done.

Nhép tén : cnc & ctra s6 Save a Copy. Pro/Eng sé& luu file 13 cnc.ncl.1 dé lam viéc voi
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Edit  ¥iew

Insert

Analysis

Info  Applications

Tools

Window  Help

DDI%‘—&%

b lelm
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[[] MCNC.ASM
+- [

-

<

CHC.PRT
BLOCK.FRT

FSETFO
BAZ1EDANA

ADTHY

OPD0 [BAZ1GDANA]

: clt'; IJ‘} “

Protrusion id 8 My - MIL| £
Trimid 40 M1 -MILLVD]

1. Yolume Milling [OPO10]
Inzert Here

H7a: Puong dich chuyén dung cu

® Model will be displaved in wireframe display,

Q-F Q@

mE =R

File  Wiew MNC

| Tool Clearance.

Display Speed

=

Eile:

C (Active)

Edit  Wiew Insert

Analysis  Info

- ProJENGINEER Wildfire

Aapplications

Tools

‘“window  Help

DDI&C&%

%%m@
"~ how~ | Seltings |

T e @

E:-'c—lh@'DD

+

+ 9T T

MCNC A5

BLOCK.PRT

FSETPO

BAZ1EDAMA

ADTHA

0PI [BAZ150ANA]
Frotruzion id & [k - MIL
Trirn icd 40 [M41 - MILL /1]
1. Walurme Miling [OPO1 0]
Inzet Here

Options

Shawing:

H7b:

F%@Q@

Current Session

Show only options loaded from file

Puong dich chuyén dung cu

|v| — Sort: .
. |A|phabellcal

| alug | Status |Suurce
| \ |
% nocheck_type nccheck & session
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File  Edi

t Wiew Insert  Analysis Info  Applications  Tools  Window Help

o
oo
o

.é.hgw

eI

N = [ %E%_t%g_;é} i EE? EE; Y ;';VE ;:
860 0g

A I S;ttiﬁgs 2 |

= [

¥

a0

+o. Bhls

[I] MCMC.ASM

CMC.PRT
BLOCK.PRT
FSETFO
BAF150ANA
A0TH1

OPO10 [BAZT15DANA]
Pratrusion id & [MY7 - MIL
Trim id 40 [ - MILL \-"E
1. Walume Miling [OPO10]
Insert Here

23 Selart

A MO File marne

HO9: M6 phong qua trinh gia cong

chuong trinh postprocessor (xi 1y tiép theo).

5. Mé
theo.

file *.exe ciia chuong trinh xu 1y tiép theo va nhép tén file mudn xu 1y tiép

6. File cnc.ncl va cnc.nc cn qua chuong trinh notepad dé soan thao dudi dang file

van ban.

File cnc.n

cl nhu sau:

38+ Pro/CLfile Wersion Wildfire - 2004030

33-> WFGHNO / MONC

PARTNG / MCHMC

$4-> FEATNO / 496

MACHIN / UNCXO1, 1

§4-> CUTCOM_GEOMETRY TYPE / CUTPUT_CN_CENTER

UNITS / MM

LOADTL / 1

§§-> CUTTER / &.000000

$4-» CSY¥S / 1.0000000000, 0.0000000000, 0.0000000000, 0.0000000000, §
0.0000000000, 1.0000000000, 0.0000000000, 0.0000000000, §
0.0000000000, 0.0000000000, 1.0000000000, 0.0000000000

SPINDL / RPM, 1200.000000, CLU

RLPID

GOTO / 15.2626282862, 65.0000000000, 12.0000000000

RLFPID

GOTO / 15.2626282862, 65.0000000000, 1.0000000000

FEDRAT / 120.000000, MNPH

GOTO / 15.2626282562, €5.0000000000, -4,0000000000

GOTO / 35.5801633743, 44.8936162849, 12.0000000000
SPINDL / OFF

§§-> END /

FINT |
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File cnc.nc nhu sau:

YaMCNC,

G54 G20,

G71,

WOBT 1;

k03 5 1200;

GO0 X 8.000Y 80002 12.000;
GO0 X 8000 Y 80002 -4.000;
F 120,

GO1 X 25377 ¥ 26.830 Z-13.000;
601X 25.377 ¥ 26.830 Z 12.000;

hA05;
hA30;

Kiém tra file ma G trudc khi tai chuong trinh gia cong dén may :

HMCNC;

G54 G20;

G71;

WOBT 1;

W03 S 1200;

GO0 X 8.000Y 80002 12.000;
GO0 X 8.000 Y 8.000Z -4.000;
F120;

501X 25.377 ¥ 26.830 Z-13.000;
GO01% 25,377 ¥ 26.830 7 12,000,

kA0S,
hA30;

B. Tao duong dich chuyén dung cu dé gia cong véi cac thiét lap riéng (C6 thé chon

tuy y nhung phai c6 161 giai thich di kém)

Noi dung bao cao:

1. Hinh v&, phoi, mé phong duong dich chuyén dung cu. Chon cac thiét 1ap riéng

kem theo cac giai thich vé cach chon cac tham sd, kiém tra NC. Nhan xét vé duodng

dich chuyén dung cu da lua chon.

2. File ncl va file ma G (*.nc) tr chuong trinh postprocessor va cac nhan xét.

3. File ma G bién soan
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Phu luc 1

Bang chon toc dd cat khi phay mat phﬁng

Vit ligu V[miph] ding | V[m/ph] diing
cho cét tho cho cat tinh

Thép 27 30

Thép dungcu | 24 27

Gang 18 24

Pong 27 30

Nhém 61 93

Bang chon lwgng chay dao khi phay

Lirong chay dao [mmivéng]
Wat lieu - -
Cit thd Cit tinh
Thép 0.25-0.50 0.075-0.25
Thép dyng cu 0.25-0.50 0.075-0.25
Gang 0.40-0.65 0.13-0.30
Pong 0.40-0 65 0.075-0.25
Nhém 0.40-0.75 0.13-0.25
Bang chon tdc dd cat khi tién
Vat liéu | Phan loai Chiéu sau | V[m/ph] | Luong chay | Vat liéu
cit t (mm) dao dung cu
S[mm/vong]
Tién tho 3+5 120 +150 |03 +0.5 | K10 +20
Tién tinh 02 + 0.5 [140+180 | 0.1 +0.2 |KO1 =10
Thép Tién tinh (ren) 0.04
Ti¢n ranh 80 =110 [ 0.1 =02 |KI10 +20
Kim loai 0.05+0.3 1000 | 0.01 +0.02
mau
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Phu luc 11

Noi quy sir dung May

1. TAt ca cac cong viéc trén May PCMill155 phai dugc thuc hién véi sy déng y cua
can bo hudng dan .

2. Phai chuin bj k¥ ludng cac dic diém cia cong viée sdp thyuc hién trudc khi van
hanh thiét bj. Néu can kiém tra 1an cudi phuong phap van hanh, c6 thé yéu cau sy gitp
dd cua can bo hudng dan.

3. Théng bao khan cép cho can by huéng din néu phat hién May c6 sy lam viéc bat
thuong .

Thuc hanh

MUC PIiCH

Trinh bay cac dic tinh k¥ thuat chinh va cic thao tic co ban trén May Phay Piéu
Khién Chwong Trinh S6 PCMill155

PHUONG PHAP

A. Cac thao tdac co ban trén May PCMill155

— Céc cong viéc chuan bi va khoi dong cho May PCMill155 (Phuy luc A).
— Nhap dir li¢u br:ing tay, tw dong, lap trinh c6 su hd tro clia may tinh, thao tac
DNC (Phu luc B).
B. Cdc ddc tinh ky thudt chinh cua May PCMilll155

Nm kw
20 _
18 ] p! [
165 7 [ 4
] - [
12 =~ r3
i —— L
10 1 g T [
g ] 4 AN £
] Vi S, L
il 7
] Fd g B
4 | |
)| — [
2 1A [
d Lo

T f t L T t t T T f 1
0 1000 2000 3000 4000 5000 6000 7000 8000 9000 10000

10000 1/min

HFPhy luc I Béc tinh cdng thc may PC Mill 155 (4KW/ 10000 viph)

e May PCMill155
Céc dac tinh ky thuat:
— Dich chuyén 16n nhét theo truc X/Y/ Z : 300/200/300mm
— Kich thudc ban may: 520 x 180 mm
— Heé thdng cap dao: Pau quay 10 dao co thé 1ap trinh
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— Pham vi toc d6 16n nhét cta truc chinh : 150 - 5000 v/ph
— Pham vi tdc d6 chay dao cong tac: 0+4 m/ph
— Tbe dd chay dao nhanh 7,5m/ph
— Trong lugng may : 700 kg
Phu luc A
Cic cong viéc chuin bi va khéi dong cho May PCMill 155
1. Bat cong tic ngudn dién ON
M6 ngudn khi nén
Bat cong tic chinh ctia may 1- ON
DPong va M& cira chin phoi dé kiém tra cong tic an toan cia ctra.
Dit lai khoAa EMERGENCY OFF (phim dau tién bén trdi cia cic phim diéu
khién May ¢ dong cudi cing)
Nhan khod " AUX ON " va giit khoang 1 phit ( Ready status)

2. Pit cac OVERRIDE SWITCHES vé 100%.

3. bat may vé diém Reference point : Co thé thuc hién theo 1 trong 2 cach:

— Dich chuyén theo tung truc & MODE Refpoint: Léan luot nhan phim +Z, phim
+X va phim +Y. Néu ¢6 truc thir tw, nhan phim +4.
— Dich chuyén dong thoi cac truc: Nhan phim  REF ALL & ban phim PC

4. Piat cong tic khoa ché d6 lam viéc ( phim thtr hai bén trai ciia cac phim diéu
khién May ¢ dong cudi cing ) & vi tri tu dong (Automatic operation) hay & ché do hiéu
chinh (Setting operation). O ché do tu dong, cac co cAu an toan cia may déu da duoc
dat vao vi tri cong tac, vi du chuong trinh gia cong khong thuc hién dugc khi ctra may
mé..., con & ché d6 hiéu chinh, c6 thé dich chuyén cac ban trugt may br:ing tay voi cira
may mé, nhung can dic biét chii y khi thuc hién ché d6 nay vi ¢6 nhiéu nguy co vé an
toan st dung may.

Cac dich chuyén béng tay cac ban truot may co thé thuc hién duoc & ché d6 tu dong,
khi ctra may dong bang cach nhan cong tic khoa Consent T ( phim dau tién bén phai
ctia cac phim diéu khién May & dong cudi cung ):

a. Ochédotu dong :
—  C6 thé mé cira may
— Dich chuyén nhanh céc ban trugt bang tay JOG ma khong kich hoat diém

Reference point
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b. O ché d6 hi¢u chinh :
— (6 thé dich chuyén cac ban truot bang tay véi cira may mo
— Xoay trong dung cu véi cira may mé (chi xoay 1 vi tri)
5. Két thiic cong viéc chuan bi va khai dong may : Ngit cong tic ngudon 0-OFF.
Xoay ngugc #1
Hiéu chinh May - Dung cu - Ga
1. Xé dich diém chuén O, : G54 + G57
Co thé xé dich dugc 4 diém O, (vidu véi 4 co ciu kep khac nhau)
e Nhin phim mém SETTING DATA trén bo phan man hinh va cac phim mém ¢
bat ky ché d6 (MODE) nao
e Nhin phim mém ZERO OFFSET
e Nhiép cac gia tri di do duogc (tic 13 : X,Y,Z = khoang cach tir diém Oy dén
diém Oy,)
e Chinh sita cac gia tri ndy c6 thé nhap bén dudi ZO ADDIT
— Di chuyén con tré man hinh dén gia tri muén sita v6i cac phim 4 T« —
— Nhap gié tri méi va nhén phim Enter
2. Céc sb liéu dung cu cat:
Khoang cach tu diém cét got thuc té dén diém chuéan g4 dung cu ciia moi mot dung cu
dung cho gia cong déu phai duoc do.
— Nhép s6 liéu ban kinh dung cu cat chi khi can bu ban kinh cho dung cu nﬁy
—  Céc s6 liéu dung cu: Vi du mat phéng gia cong la mat X-Y (G17)
L1: Chiéu dai dao theo phuong Z tinh tir diém cat dén diém chudn ga dao
R : Ban kinh dung cu
Type: Vi du drilling tool 10, milling tool 20
e Chon phim mém TOOL OFFSET & bt ky ché d6 nao. Man hinh hién biéu mau
dung cho nhép céc s6 lidu dung cu
e Chon s hiéu dung cu bang cac phim hay nhap con sd sé hiéu dung cu va
Search
e Di chuyén con tré6 man hinh v6i cac phim + T < — dén muc nhép can thiét.
Nhap sb liéu béng ban phim sb. Gia tri nhap duoc hién thi trén man hinh
e Luu gia tri hiéu chinh khi nhan phim Enter

3. Ga kep phoi
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Phu luc B
Cic ché d9 1am viéc (MODE) ciia may PCMill 155
1. Nap chuong trinh gia cong bang tay ( MDI )
e V& diém 0 cho tat ca cac truc may.
e Dit MODE vé MDL
e Nhap tung 1€nh cua chuong trinh gia cong qua cac phim chirc ndng hoac ban
phim va INPUT.
e Nhin SBL (Single Block) dé chay gia cong theo timg cu 1énh.
Mic du ¢ thé nap toan b chwong trinh gia cong vao bd nhé, ché do MDI thudong
dung dé soan thao, sira d6i cac chuong trinh d3 ¢ sin trong b nhé.
2. Goi chuong trinh gia cong tir by nhd hodc tao chuong trinh moi
e V& diém 0 cho tat ca cac truc may.
e Dit MODE vé 1 trong cac MODES: JOG, AUTOMATIC, INC1...INC10000
va REFPOINT
e Nhan phim mém PART PROGRAM.
e Nhéin phim mém EDIT.
e Nhap s6 hiéu chuong trinh %... hay L...
e Nhan phim mém SELECT PROGRAM
Céc Iénh trong chuong trinh da c6 ¢ bo nhd dugc hién thi hodc nhdp chuong trinh
mdi qua cac phim chire nang hay ban phim.
e Nhén phim Program Start ¢ MODE Automatic dé thyc hién chwong trinh gia
cong. Chu ¥ c¢6 thé chay gia cong theo ting cau 1énh SBL véi MODE Automatic.
3. Céc thao tac quan tri chuong trinh v&i cac phim mém
e Nhin phim mém PART PROGRAM
e Nhén phim mém PROGR-HANDLE
e O dong phim mém hién thi cac chic ning COPY, RENAME, DELETE.
Vidu 1: Copy Program hay Rename Program
+ Nap qua ban phim %88=%35
+ Nhén phim COPY hay RENAME
Phan mém copy hay rename chuong trinh %88 va luu véi sé hiéu chwong trinh %35

Vi du 2: Delete Program
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+ Nap qua ban phim %22
+ Nhén phim DELETE
4. Nap chuong trinh gia cong & cac hé thong CAD/CAM véi cac phim mém.
e V& diém 0 cho tat ca cac truc may.
e Chuong trinh gia cong NC phai dugc dinh dang theo SINUMERIK 810/820.
e File nhap phai d6i lai tén ¢ dang sau:
%MPFxxxx....chuong trinh chinh
%SPFxxxx....chuong trinh con
Vi du D6i tén file voi WINDOW File Manager: From: PART1.81M To: %MPF123
e Nhap chuong trinh véi DATA IMPORT.
5. Goi va nhan chuong trinh gia cong (Data Input- Output) véi cac phim mém
e Data Input- Output
— Nhin phim mém DATA IN-OUT
— Man hinh hién thi bang thong sb va cac chiic niang.

Vi du véi muc " Interface no. for data in:", c6 thé chon mot céng ndi tiép (1 hay 2-
mg v6i cong COM1 hay COM2) hoidc mét dia (A, B hay C). Véi 6 dia C, phai c6
duong dan cua chi tiét ( co thé nhap, hay véi GENERAL DATA ¢ SETTING DATA )
hay nhap/xuat dudong dan (WinConfig, 4.1 Thay d6i Puong dan).

e DATA IMPORT : Nhén dir li¢u tir dia A, B, va C
— Nhin phim mém DATA IMPORT
— Chon dia
— Nhap bén duéi " Mainprogram" hay "Subprogram" céc s6 hiéu chuwong trinh
sau day: Begin: % 0 (S4 hiéu chuong trinh dau tién)
End: % 0 (S6 hiéu chwong trinh cudi cung)
— Nhan phim mém MAIN PROGRAM hay SUBROUTINE biat dau doc dit
liéu
— Chuyén cac xé dich diém 0, dit liéu dung cu cit: Nhan phim mém START
— STOP khi mudn ngimng DATA IMPORT
e Data Input qua cong COM1/COM2
— Nhan phim mém DATA IN START bt dau chtic ning nhan ctia phan mém
— O gbc trén bén phai ciia man hinh dang hién thi DIO (Data Input/Output)

voi cac muc nhu noi goi (vi du tir biang duc 16...)
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— Khoi dong ngudn goi
— STOP khi mudn dimg qua trinh goi
e Data Output

— Nhéin phim mém DATA OUT

— Man hinh hién thi bang thong sb va cac chtic ning

— Vi du véi muc " Interface no. for data in:", c6 thé chon mot céng ndi tiép (1
hay 2- tmg v6i cong COM1 hay COM2) hodc mét dia (A, B hay C).

— Néu goi dit liéu sang dia, dit liéu nay s& dugc goi ¢ cung dang (format) véi
dau ra dén giao dién nbi tiép. Dir lidu nay phai duoc doc vao v6i DATA IMPORT va
khong dugc copy truc tiép 1én dudng dan chi tiét.

Vi du goi chuong trinh :
+ Nhén phim mém PART PROGRAM
+ Man hinh hién thi bang thong sb va cac chiic ning cia AUTOMATIC
DATA OUTPUT
+ Nhap bén dudi Mainprogram hay Subprogram céc sb hiéu sau:
Begin: chuong trinh dau tién muén goi
End: chuong trinh cubi cting mudn goi
+ Nhan phim mém MAINPRG hoic SUBPRG bit dau chirc ning goi.
+ STOP khi mubn ding qua trinh goi
e Print Data

— Nhin phim mém DATA OUT

— Man hinh hién thj bang thong sb

— Véi "Interface no. for data out", c6 thé nhap P dé chon muc May in

e Thiét ldp cdc tham sé truyén dit ligu 6 cong giao dién noi tiép

— Céac giao dién goi va nhan qua cong truyén ndi tiép phai c6 tham s dat ( tdc
d6 truyén, so bit dumg, s6 bit dit liéu...) nhu nhau

— Chon cac phim mém SETTING DATA-SETTING BITS

— Man hinh hién thi bang thong sb

6. Mo phong db hoa
7. Van hanh may qua may tinh ca nhan ( khi c6 trang bi giao dién DNC thiét lap vai
Win Config ).

8. Goi va nhan chuong trinh gia cong bang may tinh.
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Diéu khién so
(Digital Control Systems)

Phan A:

Mon hoc truyen dat cac kién thuc phuc vu phan
tich, thiét ké cac hé thong diéu khién tu dong st

dung vixu ly (uP, pC, DSP).

Phan A bao gom céac ndi dung thudc chuong
trinh danh cho DPai hoc.

(Version 6, 8/2011)
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Piéu khién sé6

Chwong 1: M6 hinh tin hiéu va hé thong
1. Cau trac co sé cua hé thong PK so

2. MO hinh tin hiéu trén mién anh z

3. M0 hinh hé thong trén mién anh z

Chwong 2: Diéu khién c¢6 phan hoi dau ra
1. Xét 6n dinh cua hé théng $6

2. Thiét ké trén mién thoi gian xap xi lién tuc

3. Thiet k€ trén mi€n thoi gian gian doan
4. Mot s6 dang mo ron
’/ 0 . 0
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Dieu khiéen so
Chwong 3: Piéu khién c6 phan héi trang thai
1. On lai cac kién thirc co s&
2. Mo hinh trang thai gian doan
3. Tinh BK dugc, QS dugc va cac dang chuan
4. Cau trac co ban cua hé thong DK so trén khong
gian trang thai
5. Mot so dang mo rong
Chwong 4: Thuc hién ki thuét hé thong PK so6
1. Anh huéng cua s6 hoa (luong tir hoa) bién do
2. Thiét ké hé thong bang may tinh (MATLAB)
3. Thiét ké h¢ thong vi dien khien
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Systems. Addison Wesley, 274 1994
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1. M6 hinh tin hiéu va hé thong

1.1 Cau tric co sé ciia hé thong PK so

Cpotpz +tp,z" B P(z_1> mién anh z

Wi € Khau u, Paoi tu’qng
Piéu chinh DAC diéu khién | ADC
a)
[ee] = [wil - il A [24,] N 2 )
> D.,,KhaI:'., N Khau Dieu chinh:
b) e(z)=w(z) - y(z)|P'eU cin u(z) 1. Pt. Sai phén
[1,] DI tuong ] DYy Tt Py T+ Polty =
—» DAC . “..>. | ADC > L
) u(z) dieu khién y(z) qdo€s + 91611 + -+ 9,
do+aqz " ++qz" ©O(z') 2.Ham truyén dat trén
({ﬂ GDC <Z> — — A
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21 August 2011 Hon.-Prof. Prof. Dr.-Ing. habil. Nguyén Phung Quang !‘ bai hoc

1. M6 hinh tin hiéu va hé thong

1.1 Cau tric co sé ciia hé thong PK so

g

Khau DPC: su dung vi xur [y (microprocessor: uP),
vi diéu khién (microcontroller: pC) hodc vi xu Iy
tin hiéu (digital signal processor: DSP)

Khau DAC: ¢6 thé khong ton tai mot cach tuong
minh, ma an dudi dang thiét bi co chirc nang DA.
Vi du: khdu diéu ché vector dién dp (khi dicu
khién digital dong co ba pha)

Khau ADC: thuong st dung khi do dac gia tri
thue cua dai lwong ra (vi du: do dong). D61 khi ton
tai dudi dang khac nhu: do toc dd quay bang IE

Electrical Engineering - Automatic Control
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1. M6 hinh tin hiéu va hé thong

1.1 Cau tric co sé ciia hé thong PK so

gid tri SO:

‘\\\

g | =g, uy, sy, .|

bang ADC ta thu dugc chuoi bang cong cu Laplace (hay  u"(¢)

phan tich pho), dong thoi tao

()] =[u(0),u(1),u(2),...| hay| dicu kién md ta hon hop véi cic

khau lién tuc, ta nhan chudi véi
ham d(t) va thu dugc day xung:

u Khau trich [11,] i (1)
méau ly tudng
) #|  Khau :
> T = . _ >
u(t) [Hk} dieuché o | 4 (t)
N . .
u(t) R 5 U (t) ’
_/]_
Kh&u ADC va qua —
trinh trich mau do Kf:;igjréch
Sau khi trich mau (1y tuong) Dé khao sét tin hi¢u gian doan
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1. M6 hinh tin hiéu va hé thong

1.1 Cau tric co sé ciia hé thong PK so

[, ] o (4 }I
k & t

Khau giir cham

)

mien thoi gian:

Zuk{ (¢ —kT) 1]t (k+1)T]}

Tir @6 thu duwoc ham truyén dat cua khau

> % * a = >
4] u (1) bac 0 u(r)
Khéau trich
mau &
L A ; S
Khau DAC va qué trinh u (s) G (s) R
lwu gitv (nhé) khi xuat H
_ . —sT 00
M0 hinh tin hi€u c6 dang bac thang trén U 1 Z u, o KT

) gilr cham: i <S>
r Chuyen sang mién anh Laplace: Gy (S ) = U (S> =
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1. M6 hinh tin hiéu va hé thong

1.2 M6 hinh tin hiéu trén mién anh z

Chuyén phwong trinh mé ta day xung u’(t) sang mién anh Laplace:

NOE kf%[u (KT)5 (1 kT)| = U" (s) = kf%[uk &)

oo

o= U(Z) = ;[uk z_k]

Thay: z = ¢*! ta thu dwoc: U’ (S)

Vi du: Mot tin hiéu gidn doan vé thoi gian cho trude baoi 7 z
0 k<O /
u, =
¢ a* k>0

Anh z cua tin hiéu ké trén:

ue)=3fe =) -3

k=0 k=0 \ 2

Chuoi trén chi hoi tu khl‘a/ z‘ <1, tirc 1a & ving phia ngoai
' du(mg tron ¢ ban kinh @ — vai tro quan trong ciia T d6i
v6i on dinh cta hé thong.
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1. M6 hinh tin hiéu va hé thong

1.3 M6 hinh hé thong trén mién anh z

i i . Tin hiéu vao
H¢ thong DK s6 bao gom gian doan
2 loai khau co ban:
1. Khéu ¢6 ban chat gidn
doan: Cac tin hiéu vao/ra/
trang thai déu gién doan

Khéau cé ban
chat gian doan

Tin hiéu ra
gian doan

vé thoi gian va vé muec. Tin hiu trang thai
Khau mo ta cac thiét b a) glan doan
DK digital.
2. Khau ¢6 ban chdt lien ~ TIn hiéu vao Tin hidu ra
tuc:7M6 ta doi twong diey  BAn doan Khau Khau ¢6 ban lién tuc
khién. K}}i gian doan hoa nhd chat lién tuc
s€ dua dén mo hinh nhu
hinh bén. Viéc gidn doan =1 gian doan
hoa xuét phat tir mo hinh = =
. trang thai lién tuc cua doi :% =
- tuong. e =
4 b) Tin hieu trang thai
e
21 August 2011 Hon.-Prof. Prof. Dr.-Ing. habil. Nguyén Phung Quang g:lcm(?lfh o
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1. M6 hinh tin hiéu va hé thong

1.3 M6 hinh hé thong trén mién anh z

1.3.1 M6 hinh khau cé ban chat gian doan
U, Xp
Quy luat tinh toan (duoc goi la thuat
toan) xac dinh dac tinh truyén dat cua k A - &
Kkhau > Khau SISO cé ban >
' [2,] chat gian doan [x,]
a) Mo ta béng phuong trinh sai phan *Sai phan bac n:
*Sai phan bac nhat: A'u, =AN"u — A",
. A A n nl
Sai phén tién:  Au, =u, , —u, — Z[(_l) [ ]uk+n1/
v=0 v
Sai phﬁn lﬁl Auk — uk - uk—l
: Mot phuong trinh sai phan c6 it nhat 2 gia
*Sai phén bac 2: A°y, = Au,,, — Ay, tri u,,, va u, dugc goi la phuong trinh
= _ sai phan bac n.
r = Uy — 2 U P i
DAIHOC
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1. MO hinh tin hieu va hé thong
1.3 M6 hinh hé thong trén mién anh z
1.3.1 M6 hinh khau cé ban chat gian doan

a) Mo ta bang phuong trinh sai phan
*Pt. sai phan béc n sir dung sai phén tién:
AgXyy T+, X Y a,x =buy,, +-+b, . +b,u,
*Pt. sai phan bac n sir dung sai phan lui:
ayx, +ax_ +--+a,x_, =bu +bu_ +---+b,u_,

Giai pt. sai phan bang phwrong phdp tinh truy héi (recursive method)
Gia str ta xuat phat tir pt. sai phan 1ui vé6i ap=1

X =bouy by +- b0y, —a X —a X, ——a, X,
Qua trinh tinh x, duoc bét dau tir k=0, lan lugt nang thém 1:

k=0 = x,=>byu,

B k=1 = x =bu, +bu,—ax,
i :
BAIHOC
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1. M6 hinh tin hiéu va hé thong

1.3 M6 hinh hé thong trén mién anh z

1.3.1 M6 hinh khau cé ban chat gian doan

a) Mo ta bang phuong trinh sai phan Giai pt. sai phan trén mién anh z

* Budc 1: Chuyén dong thoi 2 vé cta pt. sai phan sang mién anh z:

Z {aoxk+n Tt A, Xy T a,X, } =7 {b0“k+m +- b, U +b,u }
* Budce 2: Gia thiét cac gia tri ban dau Xy X1se-er Ugy Upye - béng 0, ta co:

bz b 44D,
a,z" +az"" +---+a,

* Budc 3: Ap dung bién ddi ngugc dé tim Xy

X(2) Ulz)

Chu y: C6 thé giai pt. sai phan trén mién anh z, xuat phat tir pt. sai phan tién
| hoac lui, ket qua thu dwoc bao gi® ciing la duy nhat.

7
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1. M6 hinh tin hiéu va hé thong
1.3 M6 hinh hé thong trén mién anh z

1.3.1 M6 hinh khau cé ban chat gian doan

b) M6 ta bang ham truyén dat trén mién anh z Chu y: Trén co so cac
Vi X(2)=2{x };U(z)=Z{u, } phuong trinh vector sai

X TR ; han, c6 thé mo ta kha
la anh z ctia chudi gia tri (tin hiéu digital) dau ra / dau vao, ta s€ cd P aI}A cg © r’nod N a}lll. A
ham truyén dat sau: truyen dat gien doan nhicu
Y G( ) ' X(Z> by+bz ' 4+--+b z" chiéu tuyén tinh béi:
z)= = ; m=n
U(z) ay+az ' +-+az" > X(Z)ZG(Z>U(Z>

Tuong tu hé lién tuc, ham truyén dat G(z) c6 thé dugc coi 12 anh z
ctia ham trong lugng gian doan [g;] (chudi trong lugng). Vay:

8r = z"! {G<Z>} = X = ng—iui
i=0

Trong d6 G(z) 1a ma tran
truyén dat gian doan.

, X(z) 11-z"* . ) N =g TG TGt te g
ViduG(z)= z) _1 Khi u*=1*ta c6:  , _ 0.25
© U(Z) 4 1_2_1 0 g() )
: X = g+ =0,5
1 z z 1 _ — —
:>gk :—Z ! — z 4 :—<1k—1k 4) x2 g2+g1+g0 0,75
4 z—1 z—1 = &tg&tgtg =1

P sl =Y Y Vo V0.0
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1. M6 hinh tin hiéu va hé thong

1.3 M6 hinh hé thong trén mién anh z

1.3.1 M6 hinh khau cé ban chat gian doan

¢) Mo ta bang mo hinh trang thai gian doan
H¢é MIMO:
d;., = A q,tBu,

x,=c q,+td u,

~ dé mo ta hoac tinh toan.

7

S PITIE

C D g, (k) f—>x (k)

u,

H¢ SISO:
{qkﬂ =A'q,tb'y, L B*

qk+1

:i —
=
Mo hinh thu duoc tir phuong trinh sai phan, hay ham truyén dat (trén mién anh z) mo ta

thuat toan ma khau thuc hién (thuat toan DPC, loc SO Vv.. D).
*Co thé thuc hién bién doi sang cac dang chuan tac (chuan PK, chuan QS) thong dung

C*
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1. M6 hinh tin hiéu va hé thong

1.3 M6 hinh hé thong trén mién anh z

1.3.2 Md hinh khau c6 ban chat lién tuc va tin hiéu vao dang bac thang

< o A 2 Z oS z ATy
a) Pac diém cua qua trinh nhé N

(xem trang 7)

Dang bac thang cua tin hiéu vao do

'H—T_

qua trinh nh¢ tao nén. Trén mién
anh Laplace co dang:

()

X
! t
g Khau SISO cé ban i
> - >
chat lién tuc x(f)
U(S) B l_e_ST
U <S> S

Két luan: Khi xét PTDK khong bao gid dugc phép quén
khau gilr cham (dac trung cho qua trinh nh¢)

b) Mo ta bang ham truyén dat
\ X(S) :5<S)U* (s)

Goi anh Laplace ctia dap Gmg budc nhay
don vi (cua ham qua do A(¢))la H(s) ta co:

| Vi6i X(s) 1a anh Laplace cua bién ra, U'(s)
7 [ 1a anh Laplace ctia chudi xung dau vao

> 5(3) = H(S)—e_ST H(s) = (l—e_ST)H(s)
1—e "

= G(s) =Gy (S) G(s)

S
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1. M6 hinh tin hiéu va hé thong

1.3 M6 hinh hé thong trén mién anh z

1.3.2 Md hinh khau c6 ban chat lién tuc va tin hiéu vao dang bac thang

b) Mo ta bang ham truyén dat trén mién anh z
X(z)=G(z)U(z)
Véi G (Z) duogc tinh theo mét trong hai cach
mo ta ¢ hinh bén

Vi du: Péi twong PK 13 mot khau quan tinh
bac nhat. Theo cach di thuoc nhanh bén trai:

1 1 t
G(5) = = ) = Sy = O = (=)
1 1
*Chudi sau gian doan héa: h =1 —e
z Z

*Chuyén sang anh z: H(z)= 7

T/,

*Ham truyén dat ciia G(z)=1-

o A - A z—¢
doi1 tuong trén mién | T

- e
i anh z: = I
z—e '
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1. M6 hinh tin hiéu va hé thong

1.3 M6 hinh hé thong trén mién anh z

1.3.2 Mb hinh khau cé ban chat lién tuc va tin hiéu vao dang bac thang
b) Mo ta bang ham truyén dat trén mién anh z
o B(s) B(s)
Luu y, khi ham truyén dat c6 dang phan thirc hitu ty G(S) A ( = H (8) A )
s€ ¢0 kha nang tach thanh cac phan thirc toi gian nhu sau: S> ° <S
, [ 1
a) H(s) co cac cuc s, bat ky, khac nhau: 7, } & —
s—s, z—e
. m—1
b) H(s) co cuc s, 1ap lai m lan: 7 1 —t = 1 0 — ¢ —
‘<3_3y> (m—l)! 0s" " z—e"
Tiép tuc vi du trang trudc bang cach di theo nhanh bén phai:
*Tach H(s) thanh cac phan thirc ti gian: H(s)= _yn 1 1
P glan: s(s+1/T1) s s+1/T,
" *Tim H(z) nho tim anh cta cac phan thuc toi gian: Z{H(s)} =H(z)= & - ZT/T
z—1 z—e '™
” . . . — _ T
# *Ham truyén dat ctia d6i tuong trén mién anh z: Glz)= % .
z—e '
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1. M6 hinh tin hiéu va hé thong

1.3 M6 hinh hé thong trén mién anh z

1.3.2 Md hinh khau c6 ban chat lién tuc va tin hiéu vao dang bac thang

c) M6 ta béng moO hinh trang thai gian doan a) C_p X, ( k)
*Cho trudc d6i twgng MIMO: () Hold 0, (£) A B |l . (t)
a(t)= Aa(r) + Bu(y : : S e
Nghiém tong quét v&i ¢ > £, va ®(r) =" : ”W Hold —4@' CDlg, (t) L’xr (t)
t " U,
q(f) _ eA(t—to)q<tO>_|_ f eA<tT)Bll<7')dT} $
) b)
k) —» R\ F—»x(k
=®(t—1,)q(t,) +H(t =1 )u(t,) k=0,1,2,... ”’?( ) ¢ H ‘I%( ) ”ﬁ( )
*V61 ¢,=t, va chon =, ta co: u, (k) C D |q (%) . (k)
‘I<tk+1):‘1’ L — q(tk)+H tk+1_tk]u(tk> ¢
T T
qu:(I)(T)qk—{—H(T)uk L\ D
Lo Y+ q
*Voi: H(T)=A"'|®(T)-1|B J H < I 21 . C
. ~ U X
Uu diem: Dé dang tirp dwoc mo hinh o j
gian doan cuta cac doi twong MIMO 9
Hon.-Prof. Prof. Dr.-Ing. habil. Nguyén Phing Quang bai hoc
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1. M6 hinh tin hiéu va hé thong

1.3 M6 hinh hé thong trén mién anh z

1.3.2 Md hinh khau c6 ban chat lién tuc va tin hiéu vao dang bac thang

d) Quan hé giita mé hinh trang thai va mo hinh truyén dat
Mo hinh day du cua d6i tugng MIMO c6 dang:
q,,=®(T)q, +H(T)u
o < ) ‘ < ) Yoy phuong trinh déac tinh:  det [zI — C]E-] =0
x, =Cq; +Du,

Ma tran truyén dat G(z) trén mién anh z ctia d6i tuong MIMO:

G(z)=C[z1-&(T)] 'H(T)+D rG(z) —C[z1-®(T)| 'H(T)
— J . au J .
X(z)=G(z)u(z)= :Cad][ZI_(I)(TﬂH(T)—I—Dm :Cad] zI-®(T) H(r)
det|z1— (T det| 21— &(T)
*Ham truyén dat G(z) trén mién anh z cta d6i tuong SISO:
G(z)=¢! [z1-(T)] 'n(T)+d G(z)=c" [z1-&(T)] ' n(T)
o dj|z1—®(T) L dj|z1—®(T)
P u(z) — h(T)+q A0 —o h(T)
i det|z1—®(T)] det|z1—®(T)]
Hon.-Prof. Prof. Dr.-Ing. habil. Nguyén Phung Quang bai hoc
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1. M6 hinh tin hiéu va hé thong

1.3 M6 hinh hé thong trén mién anh z

1.3.3 M6 ta hé trong khoang giira hai th&i diém trich mau x(1) x(t+er)  xl(k-e)T]
—_ eseT L >
i Pic diém khong tuong minh Gitra 2 thoi diém | ]
. ctia phép bién doi z ngugc trich mau:
NN, t=(k+e)T;0<e<1 y -
N\ , ~
Chon s0 lugng e du 16n, //
: ta ¢ thé mo ta x(¢) boi:
\“\\ . TN x(?)
0 1 \\\\ ‘/» 3 N _|7} [x((k—ks)T)](:)[ng] . .
~- - 0 5 T T:’+s >
Bién d6i zm& rong | 7{x, }— x(z.c)=> [x,. "]
k_:O — X(Z._E)
:G(Z,E>U<Z> > G(g,g) >
k=0,1,2,---, 0<e<1 ,
. \ - * A J A \ A1 A W(Z) F(Z) ~ = X(Z)
Hai truong hop dac biét c6 thé dung d¢ kiém tra: — > G(z) 0 )‘ G(z) >
| e=0 = X(2,0)=2{x}=x(z) - )
v e=1 = X(z,l)zZ{ka}:Z[X(z)—xo]
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1. M6 hinh tin hiéu va hé thong

1.3 M6 hinh hé thong trén mién anh z

1.3.4 M6 ta hé gian doan c6 tré (tin hiéu vao dang bac thang)

He¢ véi thoi gian tré T, (Dead-Time): Ty = (d —¢,)T; d =1,2,---;0<¢, <1 dugc mé ta béi:

X = Z[g(k—cﬂ—s,)—' ui}

i= 0
Ap dung cac kién thirc vé bién d6i z md rong va nguyén Iy tinh tién cua anh z, ta thu duoc ham

truyén dat G (z) sau: G, (z) _ Z{gk_d+€d } _ G(Z,6d>
Khi 7,1 s6 nguyén lan ctia 7: 1) T, xuat hién & dau vao: 2) T, xuat hién & dau ra:
! P :(I)<T>qk +h<T>uk—d ! V3] :(I)<T)qk+h<T>uk

KhiT, la sb nguyeén . ,
lan cta T, chi can bb X, =¢€q, Xpra =€ Ay
xung z%. Khi T, khéng
la s6 nguyén Ian cua
T, str dung g, (thay vi (n+d)x(n+d)

¢) dé tim anh z m& Wy, u,_, X u,_, s P q; X,

_____

3) Trong ca hai truong hop: Bac cia ® nang 1én thanh

rong. Trongca2 ED| z )|z F Az /=) H Iz1 C =)
tru’c‘rng,hqp, sé xuat

hién diem cwec lap lai
d lan tai goc toa dé.

M6 hinh c6 tré T, ¢ dau vao P

Pai hoc
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1. M6 hinh tin hiéu va hé thong

Chu v chwong 1: Sinh vién phai nam viing chuong 1 va thanh
thao cac phuong phap gan li€n vd1 cac vi du sau day

1. Vidu 1.3.3,1.3.4, 1.3.5: M6 ta khau c6 ban chat lién tuc
vO1 tin hi€u vao bac thang béng ham truyén dat (b0 tham s6
cua dong co DC trong vi du 1.3.5 s€ dugc su dung nhat
quan trong nhiéu vi du tiép theo)

2. Vidu 1.3.6, 1.3.7: M6 ta khau c6 ban chat lién tuc vdi tin
hiéu vao bac thang bang mo hinh trang thai gian doan

-*

7
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2. DK c6 hoi tiep dai lwong ra
2.1 Xét on dinh ciia hé thong PK so

2.1.1 On dinh truyén dat V& co ban, khi hé ¢6 quén tinh (4 =0, D = 0), hai
adj(z1—®) cau trac déu c6 dang phan thirc nhu sau:
*He SISO:  G(z)=¢' ——=h+d
> det(ZI—@) \ B(Z) B B(Z) _i Cl-Z
°HéMIMO G(Z):CMH_i_D/ d€t<ZI—(I)) (z—zl)<z—zz>...(z—zn) -1 Z—Z;

det (ZI — ‘E’) K 2.
Bién doi z nguoc

g =czf e, 2+ et k=012, ...

<
<

Theo dinh nghia vé on dinh truyén dat, day g, chi c6 gia tri han ché khi |z|<1.
Tirc 1a chi khi tat ca cac diém cuc (nghiém cia phwong trinh diic tinh) nam bén
trong dwong tron don vi ciia mit phing z.

2.1.2 Tiéu chuan dai s6 | a) St dung phép bién doi twong duong

14w Sir dung phép bién d6i w chuyén mién 6n dinh bén trong

Vidu: z= - dwong tron don vi ciia mdt phang z sang bén trdai mdt

| | phang phurc Zno'i, goi la mat phang w, cho phép su durrlg

AN B chc tiéu chuén dai s6 ROUTH va HURWITZ quen biét.

; 1-w
DAIHOC
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2. DK c6 phan hoi dau ra

2.1 Xét on dinh ciia hé thong PK so

2.1.2 Tiéu chuan dai s6 | a) Sir dung phép bién doi twong duong (tiép):

Nghiém cua da thirc
dac tinh N(z) chi nam
trong dwéong tron
dorn vi khi va chi khi
tat ca nghiém cua
N(w) déu cé phan
thwc am.

1. Ung v&i moi diém bat ky thudc mién anhz:  z=u+ jv

Ay A oA A . z+1 u? +v —1 2v
ta thu dugc mot diém moi trén mién anh w:  w= =— o
\ . . e R z—1 w+v +1-2u " u +v +1-2u
2. Puong tron don vi u” 4+v° =1, bién gidi 6n Ly
dinh trén mién anh z tré thanh duong thang: "'~ ~/ 1—u

. 3. Trudc khi sir dung tiéu chuan ROUTH hay HURWITZ ta phai chuyén da thirc dic tinh:

~N(z)=a,+az+ayz" +--+a,z" sang mién w:

2
\ : 1 , 1
v N(w):ao—kal&—kaz wrl 4o =hy+hw+ w4 =0
w—1 w—
DAIHOC
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2. DK ¢6 phan hoi dau ra

2.1 Xét on dinh ciia hé thong PK so

2.1.2 Tiéu chuan dai s6

a) Str dung phép bién doi twong duong

(tiép):

K

A

A

Mién z — mién w

"

\)

W

b) Str dung tiéu chuin Schur-Cohn-Jury: Tuong ty tiéu
chuan HURWITZ, ta s€ phai thiét 1ap cac dinh thirc tu

céc hé s cua da thire dic tinh N(z)

1. Tinh cé4c dinh thue C,, D;:

C. =det(A, +B,); D, =det(A, —B,);k=12,--,n

Ak:

2. biéu kién can va du dé nghiém ctia N(z) ndm trong
duong tron don vis€ 1a N(1)>0 va (-1)"N(-1)>0

a, a
0 a
0

0

Q4

25 ))

ao_

;Bk

dong thoi phai thoa man:

k chan: C, <0;D, <0
C,>0:D, >0
Cs <0;Dg <0

k1é:

-an—(k—l)

Ap_(1c-2)

a,

0

N(z)=a,+az+a,z" ++a, 2" +a,z"

C,>0:D, <0

Cy <0;D; >0
C, >0;D; <0
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2. DK ¢6 phan hoi dau ra

2.1 Xét on dinh ciia hé thong PK so

2.1.2 Tiéu chuan dai s6

Chu y muc 2.1.2:

1. Vidu 2.1.1: Sir dung phép bién d6i tuong duong dé khao sat 6n dinh

2. Sinh vién phai tu tao vi du dé kiém chimg kha ning sir dung tiéu
chuén Schur-Cohn-Jury trén co so tu thiét lap da thirc dac tinh ¢co
nghiém nam trong dudng tron don vi.

7
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2. DK c6 phan hoi dau ra

2.1 Xét on dinh ciia hé thong PK so

2.1.3 Str dung quy dao diém cwc

Ham truyén Quy dao diém cuc Phuong trinh

dat vong ho trén mién z dac tinh

Im {z}
Py 1 k. z+K,—z, =0
OZ—Z1 z=-K,+7z
K, (Z—ZD1>+Z—21 =0
o F i
. 0 z—7z Z:ZI+KOZD1
1+ K,
7
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2. DK c6 phan hoi dau ra

2.1 Xét on dinh ciia hé thong PK so

2.1.3 Str dung quy dao diém cwc

Ham truyén
dat vong ho

Quy dao diém cuc
trén mién z

Phuong trinh
ddc tinh

Im{z}

AK,—

————

Zz—z(zl—l—zz)—i—zlz2 +K,=0

2
EES s

z’ —Z(z1 +z, —KO)—FZIZZ —Kyzp, =0

Pt. duong tron: (z, — c)2 +zi =7’
Vou:

Z=12 1 ]Z;;C=2Zp

. 2
’”—\/2122 —Zp (Zl +ZZ>+ZD1
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2. DK c6 phan hoi dau ra

2.1 Xét on dinh ciia hé thong PK so

2.1.3 Str dung quy dao diém cwc

(z—zp )(z—2p)

L P

+z1z, + Kyzp2p, =0
Pt. dudng tron: (z, —c) +z
Véi:
z=2z + jzj
212y ~ Zpi€p2

(Zl +ZZ>_<ZD1 +ZD2>

CcC =

Ham truyén Quy dao diém cuc Phuong trinh
dat vong hd trén mién z dac tinh
Im{z} z* (H_KO)_Z[Zl +z, + K, (ZDI +Zm)]

)
L=r

<Zl + ZZ>ZDIZD2 _<ZD1 + ZDZ)ZIZZ

2
r=c +

(Zl ‘|’Zz>_(ZDl +ZD2>

|

Khi khao sat 6n dinh, bo tham s6 hé thong tai giao diem cuia dweng tron don vi voi
quy dao diém cwc sé la boé tham sf) can du"qc khao sat ky. Khi ton tai nhieu giao
diem, phai tim ra vi tri caa diem bat I¢ii nhat.
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2. DK c6 phan hoi dau ra
2.1 Xét on dinh ciia hé théng PK so

2.1.4 Dw bao dic tinh cta hé thong PK s6

a) Dw bao qua trinh qua dé trén co’ sé vi tri diém cwc 2 (> Gi(z) > E(z) X(Z)r
Xét hé c6 ham truyén dat sau:
G, (z)= G, (2)G(2) = G, () = ) _ T
" W<Z> 1+ G
v6i phuong trinh dic tinh: N(z)=0 f: Him {2} AN
*Da thirc N(z) la bd-c I Re{z)
N(z) =z—z VvOidiém cyc thyc: z =z

X

X
X
X
X
v

A
|
el
@]
|
]
ND
]
o
el
@]
—
)—1
No

Tin hi€u ra c6 dang:
Z k
X <Z) = =X, = 7,
Z - Zl LY ’
;o ., . A _ 1 A r
vl gia tri ban dau:x, = v v v v

—1<z <0: Dang dieu hoa tat dan T - T = L‘”‘ L.w T'%.. T"m T...

0<z <1: Dangkhong diéu hoa tat dan

. Qua trinh qua do khi da thurc N(z)
z, ngoai duong tron don vi: H¢ mat 6n dinh 1d béc 1
) DAIHOC
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2. DK c6 phan hoi dau ra

2.1 Xét on dinh ciia hé thong PK so

2.1.4 Dw bao dic tinh cta hé thong PK s6

a) Dw bao qua trinh qua doé trén co’ s& vi tri diém cwc
*Da thirc N(z) la bdc 2: ’ AMm {Z} \

F i

N(z):(z—zl)(z—zz> !

Trwong hop 1: Co 2 diém cuc thuc z, = z,

Tin hi€u ra c6 dang:
X (z) =

(Z—Zl)<Z—Zz>

1
_ k k
= X, = (21 —Zz)
24

vOi gid tri ban dau: x, =0; x; =1

‘ ‘ ®aq ] R ..°°
Pap g ra c¢6 dang tat dan khong ¢ hoic ¢

c6 thanh phan diéu hoa, tity theo diém cyc Oud trinh qud d6 khi da thire N(z) 1 béc 2
duong hay diém cuc am (|z,|<1) 1a tro1. véi 2 nghiém thuc

BAIHOC
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2. DK c6 phan hoi dau ra

2.1 Xét on dinh ciia hé thong PK so

2.1.4 Dw bao dic tinh cta hé thong PK s6

a) Dw bao qua trinh qua doé trén co’ s& vi tri diém cwc

*Da thirc N(z) la bdc 2:
N()=(e—2)(z—z,)

Truong hop 2: Co diém cuc thuc kép z, = z,

Tin hi€u ra c6 dang:
z

2

k-l

X(Z):

vOi gid tri ban dau: x, =0; x; =1

So v6i diém cuc thue don, diém cuc thuc
kép thé hién rat rd dic diém dap Gng diéu
hoa. Piém cuc thuc kép trén duong tron
vi bt dau gdy mat 6n dinh.

7 A ~
/ Im {z} '
Reqz
X X X v { }
-1y -0,8 -0,2 0,2 0,8 J1
v /a °
hS s
kA L J L J “'.
o o ® .... ®
! ! LI ll J ll
} L
° °
o ®
Qua trinh qua do khi da thuc N(z) la bac 2
voi nghiém thuc kép
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2. DK c6 phan hoi dau ra
2.1 Xét on dinh ciia hé thong PK so

2.1.4 Dw bao dic tinh cta hé thong PK s6

a) Dw bao qua trinh qua doé trén co’ s& vi tri diém cwc *Da thirc N(z) la bdc 2:

Truong hop 3: Co cap diém cuc phuc lién hop

n=a+jfizn=a—j0 iz} ) )

Tin hi¢u ra c6 dang: 1 ﬂ;( _M
z ’ ¥ Re {z} , ‘\99 Re {Z} | ‘\(’0 Re{z}
X(z)= -1 0,5 J1 o
( ) 72 —2a2+(a2 _|_52) k- -0,56X 4+ 4

1

k
= X, = 2[$] sin(kcp); w = arctgg =45

Nhan xét: Khi ton tai cap diém cuc phire lién hop voi thanh phan thyc 4m, hé c6 xu
i/' huong gay dao dong va vi vay can phai rat cha y. Goc ¢ cang 16n, tan s6 cua thanh
phan hinh sin cang 16n (xem k¥ trang ti€ép theo).

BAIHOC
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2. DK c6 phan hoi dau ra

2.1 Xét on dinh ciia hé thong PK so

2.1.4 Dw bao dic tinh cta hé thong PK s6

a) Dw bao qua trinh qua do trén co’ s&

Truong hop 3 (tiép): Xét tong quat dbi tuong PT, chua c6 ZOH ¢ dau vao.

vi tri diém cwc

e 1 1 bz
Mién s GS (S>: 2D 1 — = GS (Z): l
1+7S+72S2 1+ . 1+ S (Z—Zl>(z_z2>
é.; wo wo 66 + -] we 63 - ] we
6 +w’ _ . Y
b = ausm(weT); a=e ", z,= a[cos(weT):I:]sm(weT)] =aqe !
we
Nhan xét: ) +e (D |
A A o a: R o ° >
*Trén mién z, cdp di€m cyc co goc ' T .a;
w,T cang 10n, tmg voi tan sO w, trén (5): w,T 2 °* L,
mién s cang 1on. ‘ tee O 4o
*Trén mién z, gia tri o cang nho (diém R TR
- A A A A AN I8 e
cuc tién gan dén goc toa do), ing voi ”
J, cing 16n trén mién s (diém cyc dich ¢ ¢V tes B
ix’a ve phia trai), quan tinh cang nho PR - BRI I S A
(dong hoc duogc cai thién). @): w, T 2150°
) e

(1), (2), 3): w,T 230"
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2. DK c6 phan hoi dau ra

2.1 Xét on dinh ciia hé thong PK so

2.1.4 Dw bao dic tinh cta hé thong PK s6

+Xeét khau ty 1€ c6 quan tinh bac 2 (khau dao dong PT,):

b) Dw bao dic tinh hé théng trén co’ s& vi tri
cua cap diém cwc mang tinh tréi (dominant)
w, = Tan s6 ctia thanh phan sin

1 1 5 =Ha A . ,
G, (S) — 5 — — Voo % H? soA’qgeAm tm{l L
I+ ——s+—=s 1+ s } w, = Tan so6 riéng cua h¢ tat dan
oo W bt jw )l o=, D = Hé s6 tit dan

«Cong thirc quy d6i: w, = w,W1-D*; D=
Wo

*Ham qua do: h(t) —1— Lo gt sin(wJ—i—go)
we
.3 ) D
*Murc qué di€u chinh: Ah= eXp[— - WJ = exp|————
W, 1- D’

™

T, =" =
W, WOVI—DZ

«Mirc qua diéu chinh (tinh bang %) phu thudc ¢

*Tho1 gian qua BC:

)
< = cosp (p=0khi D >1);wy =6, +w’

Ajw

| Ah[%] 0 5 10 15 20 30 40 50
) © [°] 0 46 54 59 63 69 74 78

Dy

-

Y nghia cdc tham so cua

khau PT),

*Thoi gian xac 1ap:

T5, ~ 35 ;TZ%%%
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2. DK c6 phan hoi dau ra

2.1 Xét on dinh ciia hé thong PK so

2.1.4 Dw bao dic tinh cta hé thong PK s6

«Xét khau ty 1& c6 quan tinh bac 2 (khau dao dong PT,): Cac nguyén tac chon vi tri cho cip diém

cuc mang tinh trgi.

b) Dw bao dic tinh hé théng trén co’ s& vi tri
cua cap diém cwc mang tinh tréi (dominant)

. <
min

Nguyén tdac I: Trén co sd Ah
, min
*Nguyén tac 2: Chon Tso, The, = 6,> 6, in
*Nguyén tac 3: Chon T, = w, i, <w
Nguyén tdc 4: Dé han ché diéu hoa c6 tan sd cao,
can thoa min w, <w

e

€ max

Ah < Ahy,, chon
D, . <D<D,_...tcla g <<,

Mién s

-] u')E?IIIEL‘J(

v

1. Vung t6 dam (hinh bén phai) chinh la

2. Khi da xac dinh dwoc dac tinh cua hé
lién tuc (da xac dinh dwoc vung wu
tién) trén mién anh Laplace, ta c6 thé
tinh quy déi qua mién anh z

viing wu tién dé gan cwc cho hé théng

BAIHOC
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2. DK c6 phan hoi dau ra

2.1 Xét on dinh ciia hé thong PK so

2.1.4 Dw bao dic tinh cta hé thong PK s6

Xuat phat tir z = e'”; s = § + jw ta hdly tim
anh cua vung t6 dam (trang 31) trén mién z:

a) Ving cé hé sé tat dan la hang (8, = const):

b) Dw bao dic tinh hé théng trén co’ s& vi tri
cua cap diém cwc mang tinh tréi (dominant)

Jwa

Mién s

Im {z} 4

Miénz

\ 14 _6 1 T
Thay vaoztaco: z = e( e+ )

Dé dang thay anh sé& 1a duong tron

Re{z}

/4 A . /( A \ 14 14 X _6 T
coO tam tai goc toa d0 va ban kinh la: € *
e ' . A
i . Wy Im{z} 1 Miénz
J_
2
Wr
Yry
w, 1’
6L 2 f ) B
» 1 Lt
_%T\ —w, T’
2
_-jwe
¥
17

h
1

-6,
Xe

Re {z}
1 Ll

b) Viing cé tan sé la hang (w, = const):

Thay vao z ta co:
D¢ dang thay anh s€ 1a duong thang qua
goc toa do vo1 do doc xac dinh boi: o T

0T jw,T

=€ e

BAIHOC
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2. DK ¢6 phan hoi dau ra

2.1 Xét on dinh ciia hé thong PK so

2.1.4 Dw bao dic tinh cta hé thong PK s6

¢) Viing cé hé s6 tat dan la hang (D=const):

Ta phai tim anh cua duong thang:
§ =—wcotgy+ jw
Thay vao z ta co:

b) Dw bao dic tinh hé théng trén co’ s& vi tri
cua cap diém cwc mang tinh tréi (dominant)

Jw4 Mién s Im{z}

Miénz

Khi ghép cac anh con ta sé
thu dworc vung Qiém cuc trén
mién z. Day la ket quaco y

—2m(w/wr )cot —j2mw/w ®
, — o 2rlwur Jeotgp = j2m(w/wr)
Dé dang thay anh sé& 1a duong xoan
logarith nhu hinh bén
Miéns Jwa LWy
\ J
| .2
b N JWemax
|
- - = = - jwemjn
‘ >
s IS B )
—J%emin
|
|
i/‘i 77777 ‘7 - _jwemax
| “r
D 6emir1 _J7

nghia quan trong khi phan
tich chat lwong, tham chi ca
khi tdng hop hé (chon viing
dé gan diém cuwc).
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2. DK ¢6 phan hoi dau ra

2.1 Xét on dinh ciia hé thong PK so

, - ” - ~ X X ~ .~ N s anR ~
2.1.4 Dy bao dac tinh cua hé thong BK so6 c) Quan hé gitra vi tri diem cic trén
mién anh s va mién anh z
Imy ) Im4 - Im 4 ~
________ ERS L7 T
i 2,
Chuyén vi tri diém | r :
cuc tir mién s sang [/ R T FL
o« A . : C : T <
mién z: g Y |
: »
s; =0 £ jw,
z, = eSiT _ e6iTe:I:jwiT - -
________ ] = T e T T e ey e e e e
8T, T T
‘Zl‘ —e o SOZ - Im i B Im j
:;., i w=1/T
.5 :
wl wT
e (¢ W e
\ | | 1 / [
Q wT
a
7
4,=-0,1 = 4
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2. DK c6 phan hoi dau ra

2.2 Thiét ké trén mién thoi gian xap xi lién tuc

2.2.1 Khau DC theo luat PID Luat PID trén mién thoi gian (lién tuc) duge mo ta boi
cong thurc sau: ) ’ ,
. K =Hg s0 ty 1€ (hé so khuéch dai)
T de (t) . N 4 e . p A
u(z‘) =K ( )—I——Tfe<7')d7' +?D y voi: T, =Hang so0 thoi gian tich phan
4 : X . .
ro T,, = Hang s6 thoi gian vi phan

Cac thuat toan PID st dung trong DK s6 chi khac nhau béi nd luc khi thuc hién xd'p x1 hai thanh
phan vi phan (D) va tich phan (1), tic 1a khac nhau ¢ do chinh xac.

t
1. Xdp xi thanh phan I: f
1 0
= Ban chat 1 phép tinh xap xi dién tich ctia ham e(?)
St dung phwong phdap hinh chir nhat: e(t) 4
T & T & [
u, (k) ~ 72 = u(k—1)= 72
T %
u, (k)%u, <k_1>+fek—l U1<Z)N1 -

R E(z) - T, 1-z" 3
0

Electrical Engineering - Automatic Control Bac Kh oa
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2. DK c6 phan hoi dau ra

2.2 Thiét ké trén mién thoi gian xap xi lién tuc

2.2.1 Khau DC theo luat PID 1. Xap xi thanh phan I (tiép):

*Su dung phuong phdp hinh thang: e(®) 4
T N1 T &
u[(k)%F[; 5<el.+el.1) = u,( ) FZ (el.+eH)
T 1
ul(k)%u,<k—l)+F5(ek+ek_1)
- U/(z) T 14z

A\ 4
o
—
N
~
\O]
N
[E—
I

2. Xd'p x1 thanh phdn D:

g
it Refitofiatote i,
: ) t=kT
*Buwoc 2: Anh Laplace cua cong thuc trén c6 dang:
i/ SF(S)%F(S)[CO+01€ST—I—"'—I—CnesnT]

Budc 1: Tim gia tri xap xi cho de(f)/dt tai cac thoi diém ¢ = kT bang cach dit:

sBuoc 3: Khai trién chudi cho cac bi€u thirc e mii, sau do so sanh hé s6 2 vé dé tim

"2, e
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2. DK c6 phan hoi dau ra

2.2 Thiet ke trén mién thoi gian xap xi lién tuc
2.2.1 Khau DC theo luat PID 2. Xdp xi thanh phan D (tiép):

, 3 -2 1
Vidy:chonn=2 —— ¢, +¢+¢,=0 — ¢ =——75¢=—";¢=—
ST 2T T 2T
(xap xi bac 2) —Tc, —2Tc, =1
2
T—c1 +2T%c, =0
df (¢ 1 T
# %E(3fk—4fk_l—|—fk_2):>ul) (k)%ﬁ(3ek—4ek_l—|-ek_2)
t=kT
Khi chon n =1 (xap xi bac 1) ta s€ thu dugc theo cach tuong ty cong thirc quen bict sau:
df (1) 1 T,
-7 z—(fk—f,H) = uD(k)z—D<ek—ek71)
dt i T T

3. Xdp xi lugt PID:  Gia st xap xi thanh phan I theo phwong phép hinh chir nht va thanh

phan D bac 1 1 :
k U<Z) htnz +nz
T T; > GR (Z) — = |
u, =Ky e, +_zei—l+_<ek_ek—l> E(Z) 1—z

I. 3 T
P 1 T Véi:
V= w,=u_ +Kle,—e +Eekl +?V(ek —2e, , +€k72) r =K, [Hﬂ]m S % I A P o A

T T
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2. DK c6 phan hoi dau ra

2.2 Thiét ke trén mién thoi gian xap xi lién tuc
2.2.2 Mét s6 bién dang cua thuat toan PID

Thudt toan PID,: Xép xi luat PID st dung phuwong phap hinh thang cho thanh phan I va
phan thure sai phan bac 2 cho thanh phan D.

G (z) B U(z) _n —|—rlz_1 —I—rZZ_2 —|—r3z_3
K E(z) 1—z!
Véi:
T 7T T
n =Ky +L‘|‘i —n =—Ki |1+ V_L””z: Ri_v;’%:_KR -
2T. 27T 2T 2T, 2T 2T

Chu y muc 2.2: Sinh vién c6 nhiém vu nam chac phuong phap, sau d6 tu
minh dan dat lai cac thuit toan sau
1. PID (TP tich phan xap xi hinh chit nhat, TP vi phan xap xi bac nhat)
1 2. PID2 (TP tich phan xap xi hinh thang, TP vi phan x4p xi bac hai)

Dai hoc
BacA'Khoa
BACH KHOA Ha N6|
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2. DK c6 phan hoi dau ra

2.3 Thiét ké trén mién thoi gian gian doan

2.3.1 Thiét ké t6i wu tham s6 cho cac hé SISO a) M6 ta hé SISO

w—/—»O—b Gp (Z)

5 CAu truc cua
i Gr(z) da xac

(|G (s) | 5(5) » | dinh. Can di

X | tim bd tham
sO toi wu.

¢

Khau Péi tuong DK
KhaubKss i gilr cham
, x RLII —m Bz
*Doi tugng DK co tré: G (z)= X(2) _b +blz_1 + +bmz_ 4 (Z )Z—d
U(z) 14+az'4+--+a,z" A(z_l)
“1y v R(z
Khau PC: G, (Z> _ U(Z) _ T +'”12_1 + +ryz_ _ (Z )
E(z) l4pz '+ +pz" PZ—I)
. A X(z)  Gp(z)Gs(z) : E(z) 1
 Ham truyen dat - Gy (z)= Sai Iéch BC -
chu dao: ' W<<Z)) 1+ Gp (Z))Gs (2) phu thudc w: W<(Z>) 1+ Gy (Z() (;s ()
o \ X(z Gel(z Ulz Grlz
¢ *Ham truyen dat G, (z)= S *Pai luong PK _ R
’/ nhiéu: V V<Z) I+ GR (Z) GS (Z) phu thuC)c w: W(Z) 1+ GR <jH>chS <Z>
Hon.-Prof. Prof. Dr.-Ing. habil. Nguyén Phing Quang D?i hoc
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2. DK c6 phan hoi dau ra

2.3 Thiét ké trén mién thoi gian gian doan

2.3.1 Thiét ké t6i wu tham s6 cho cac hé SISO | b) Vai tro ciia thanh phan tich phin I ¢
ché dg tinh (ché dé xdc ldp)

*Yéu cau: dam bao triét tiu sai léch tinh —>]}Lngo ¢ =0 = IZILTIIKZ —1)E(z )] =0
o s g . E(z) 1 voi tin higu vao co -
Khieotdedongcudues G O G Gy () dangbudenhay: (5=
Néu PTPK la khau ty 18 ¢6 quan tinh, Z p( Z—l) A( Z—l) |
d0 du sai Iéch DC s@ triét tiéu khi: T E(z)= 7 —~ 7
z—1 P(z I)A(z 1)—}—3(2 1)R(z I)Z d
P =0 vo1 K :w
P(+KgR(1) S A Chii y: Khi DTPK la khauI: A4(1)=0
*Khi cb tdc dong nhiéu: E(z) =— Gs(2) voi: V(z)= <
V(z)  14+Gg(z)Gs(z2) z—1 P
Néu PTPK la khau ty 1€ c6 quan tinh, do du sai 1éch PC s¢ triét tiéu khi: | — 5 ( ) =0
Gl Khi DTPK 1a khau I, do 4(1)=0ta c6: — P(1)/R(1)=0 AR
D& bao dam khir d6 dw BC, phai théa man P(1)=0. _ ()= R="') Rz
Nghia Ia, thuat toan BC ciing phai c6 thanh phan K P(Z_l) (I—Z_1> P (Z—1>
tich phan | (nhw DK twong tw) véi cong thure sau: —

Intergral Part
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2. DK c6 phan hoi dau ra

2.3 Thiét ké trén mién thoi gian gian doan

2.3.1 Thiét ké t6i wu tham so6 cho cac hé SISO

c) Tim bo tham 56 DC trén co sé

cac tieu chuan tich phan

TC dién tich tuyén
tinh /;

T i e
k=0

Cac buworc tinh:

2. Chuyén E(z) sang

g}?uifglt;h it fo e (¢)dt Tg e;
e J; lettfa T3 el
dencsmangsnr | o ol S
gfugfg Izghr(lglilnghl fo = [ez (£)+ A’ (t)] dt Tkoi; (e,f + Au;

i I

Tén tiéu chuan

Tiéu chuan trén
mién ¢ lién tuc

Tiéu chuan trén
mién ¢ gian doan

1. Tim &nh E(z) c6
chtra cac tham
sO cua khau BC

dang sai phan dé
tim cong thuc
tinh e,

3. Lap e, vao tiéu
chuan va tim cuc
tiéu ctia tong, phu
thudc bod tham sb
cua khau BC

21 August 2011

Hon.-Prof. Prof. Dr.-Ing. habil. Nguyén Phung Quang
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2. DK c6 phan hoi dau ra

2.3 Thiét ké trén mién thoi gian gian doan

2.3.1 Thiét ké t6i wu tham s6 cho cac hé SISO d) Tim b tham s6 PC trén co s¢
tieu chuan toi vu module so

bat van dé:

X .
Hay tim G, (z) sao ’cho Gy (z)= WEE; 1+G( <) G Z<)Z>thc">a man ‘GW (j w)‘ — ] trong dai tan
sO cang rOng cang tot. 8

C6 thé viét lai cong thirc tong quat & trang 39 cho cac khau PC sb thong dung nhu sau:
I Pi PID PID2

Vi v, (H—dlz_l) V, (1—|—dlz_1—|-d22_2) A (1 tdz T+ d 4 d3z_3)

(1-=7") (=) 1=z ) 1=z )

Hé s6 khuéch dai ¥, theo TC tdi wu module cho sin trong bang & trang ké tiép. Cac hé s6 d| 4
duoc tinh theo cong thirc thudc bang sau day:

| Pl PID PID2
) d=a +a, dy = a; +a, +ay;dy = aaya,
=aq

Electrical Engineering - Automatic Control Bach Khoa
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2. DK c6 phan hoi dau ra

2.3 Thiét ké trén mién thoi gian gian doan

2.3.1 Thiét ké t6i wu tham s6 cho cac hé SISO d) Tim b tham s6 PC trén co so
tiéu chudn toi wvu module so (tiép)
PTDK Hé s6 khuéch dai 7 PTDK Hé s6 khuéch dai 7,
szl I: <1+a1)2 PIL . (1—|—612>2
(l—{-alZ*l) 'VS<1—al>’ .VS VS<1—|—blZ_l+sz_2) ) VS[(1+3b1—|—5b2)+a2(—1+b1—|—3b2)]
z
I. (1+a1)2 (H—alz*l)(l%-azz*l) PID : 1
v (1_|_blzfl) |  Vs|(143h) + 4 (—1+ b)) Vs (143, +5b,) 2
1\ % 1 (14 4a,)
1 1 : -1 -2 PI:
(1+az) I Vs (143,) Vs(l4bz" +byz )Zz Vs|(3+5b, +7by) +ay (1438 +5b, )
(l—l—alzfl)(l—l—azz*l) 1
PI: 1 o 5 sb + 7
Vs(l+bz ™ b,z 7 +byz ) Vg (3+5b,+7b, +9by) s (3455 +76)
2
(l+a1271) - PID (1"—613)
1 1 24 Vs [Vl —i—a3v2]
Vs(1+b12 ) | P ; l( _Cll)l ‘|—b a, m Vs (1+b12_l—|—b22_2+b3z_3)z_1 v, =14 3b, +5by +7b,
=l -1 — — +
.(l—z )% az") s|(1=a)(1-0) +4b] (e (1 +ae Y[+ ) v, = —14b, +3b, +5b,
| . (1+a,)° PID2: :
V(14527 | AT I Ey) Vs (1435, + 5b, + by
(I—I-alz_l)(l+azz_l) 1 Vg (l—i—blz_1 —1—bzz_2 —|—b3z_3)z_2 |
ID: ——— — — — PID2:
Vs (1+3h) (e ) raz )1 +az ) AR * EOM
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2. DK c6 phan hoi dau ra

2.3 Thiét ké trén mién thoi gian gian doan

2.3.1 Thiét ké t6i wu tham s6 cho cac hé SISO |  e) Tim bé tham s6 PC bdng phuwrong
phap gan diém cuc cho vong DC

Ham truyén dat ctia cau trac SISO &

trang 39 c6 da thuc dac tinh nhu sau: _
N(z)zP(z)A(z)—l—R(z)B(z) a, 0O --- 0 b, 0O --- 0 —pn_l do
:(Zn_1 +plzn—2 —|—..._|_pn71)<2n +Cl12n_1 —|—-.~—|—an) ay1 a4y - 0 bnfl bn w00 ({] Pno -al
+ ’/,anl_’_rznfz_'__“_'_rn_ bZ"71+bZ"72—|—---+bn . 5 3 5 5 0
( 0 q 1 1)( 1 2 ) 613 O
Dang tzérig quat cua da thuc trén la: a, a, 0 |lp |_|&s
N(z)=][(z—2z)= ay+az+ A ay, 2"+ | |4 £ a, b b, ||ha a, —a,
i=1 1 bn—l
Trong do, z; 1a cac diém cuc ta dy ki€n gan | |: : :
cho hé, vi ‘Va}: ca}S hé s6 q,---a,, , cOthé a b, ||r & o
duogc coi la da biet. 0 1o b |y =
y A 5 \ 1 170
Cac tham s6 a,._,; b, , cia DPTPK la cho R — —— Ay —
trude. Vi vay, sau khi so sanh hé so ctua hai
ipﬁng thire trén ta s€ thu duoc hé phwong trinh I
bén, cho phép tinh bd tham s6 ciia Gy(z).
DAl HOC
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2. DK c6 phan hoi dau ra

2.3 Thiét ke trén mién thoi gian gian doan
2.3.1 Thiét ké t6i wu tham so6 cho cac hé SISO

Chu v muc 2.3.1: Sinh vién phai hiéu phuong phap thiét ké va kiém tra
lai hiéu biét ctia minh qua tinh toan lai cac vi du sau

1. Vidu 2.3.1: Thiét ké trén co s& céac tiéu chuan tich phan (muc 2.3.1c)

2. Vidu 2.3.2: Tim bo tham s6 PC theo phuong phap gan diém cuc

(muc 2.3.1¢)
7
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2. DK c6 phan hoi dau ra
2.3 Thiét ké trén mién thoi gian gian doan

2.3.1 Thiét ké t6i wu tham s6 cho cac hé SISO 1) Giai phdp Antireset-Windup khi
bien DK U(z) di vao gioi han

UZ_I -1 —2 vee —n
*Hién twong: Bién ra GR(Z_l)— ( )_r0+’iz +rz C 4tz

. \ ~ Y . B E Z_l B 1 - Z_l
u, d1 vao bao hoa (bi
chan), sai léch DC e, -
van ton tai hodc van Up =Tp€y THep_| Thep o+t e+ N (”k - ”k)
- . I ~ ek — ek _
ta‘ng. Ifhl}r&l khoi bao U, =re; +re,_ +re,_,4+-+re_, +u,_ %
hoa, h¢ c6 nguy co
A £, 2 . r

dao dong mit on dinh. ¢, e, - €y €y - €k
*Nguyén nhan: Thanh "(P_I—’ Z I ™z I ™z T
phan [ ti€p tuc tich - Uy,

A v X A - | ——
phan ma van khong ¥y v 7 r

tang duoc u,. »é »é ' u!
*Gidi phap: Hi¢u - - ——»

chinh nguoc e, dé
ngung tich phan.

— z'|= 1/r,
BAIHOC
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2. DK c6 phan hoi dau ra

2.3 Thiét ke trén mién thoi gian gian doan
2.3.2 Thiét ké khau DC kiéu bu (téi wu cau tric) cho hé SISO

Nguyén ly:
SWensy T6i wu cau trac: Dac diém cua hé dwoc cho trwéc qua G (z), can tim
Gg(z) = vi vay, ca cau tric lan tham sé cua Gg(z) déu chwa biét.

2.3.2.1 Thiét ké khdu PC kiéu b (Compensation Feedback Controller): Bé PC kiéu can
bang mo hinh
*Thiét ké trén co s& cho trude dic diém truyén dat chu dao:

G (2)Gs(2) 1 Gy (2)
v D)=176, (2G5 (2) =)=15 @) || 1=-Gy (2) v(2)=

*Thiét ké trén co s cho trude ddc diém Term of Reliability

truyén dat nhiéu:
<Z> 1 Gy (Z)—GV (z)

Gy, (z = G,(z)=
| (%)= 1+ Gy (2)Gs (2) e(2) Gs(z)||  Gy(2)
Term of Reliability
;/' Ménh dé dic trwng [ [ Ménh dé dac trwng cho “tinh

cho dac tinh bu kha thi” cua thiét ké

Pai hoc
Bacﬁ Khoa
BACH KHOA Ha NO!
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2. DK c6 phan hoi dau ra

2.3 Thiét ké trén mién thoi gian gian doan

2.3.2 Thiét ké khau DC kiéu bu (téi wu cau tric) cho hé SISO
2.3.2.1 Thiét ké khdu PC kiéu b (tiép): Khi cho trude dac diém truyén dat chu dao G, (z)
_ _ _ _ 1
X(z) [xlz " —x)z 2 (o —x)z 4 (1=xy )2 N}l -
GW <Z> = = —Z
\ W(z) 1
w, X —1
l1—z
X =1 w(z) A g - >
?((NA __________________________:__—-‘_'r'_;g’l_ Dedalluqngdleu
N[} = e s S e i BT chinh (BLDC) X(z)
: 7 ‘ : | : bam theo dai luong
| X o chu dao W(z) nhanh,
x, L - _ . J: ham G/(z) phai la
. 7 '- ]' | mot da thirc co
) I ) bac thap.
X, | = ol !
. 0 T 2T 3T 4T o (N-2)T (N-1)TNT t
So mil N trong cong thirc trén nod1 1én: Sau N bIIO’C gia tri cia PLDC s& dudi k1p gia tri dat cua
' dal lwong chu dao. Tuy nhién, nguyen Iy nay can duoc ap dung than trong vi dé gdy nén cac
bién dong 16n cho PLDC khi x4y ra qua trinh qua do. —

Pai hoc
Bacﬁ Khoa
BACH KHOA Ha NOI
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2. DK c6 phan hoi dau ra

2.3 Thiét ke trén mién thoi gian gian doan
2.3.2 Thiét ké khau DC kiéu bu (t6i wu cau tric) cho hé SISO
2.3.2.2 Cdc han ché cia bé PC kiéu b
a) Tinh kha thi cua thudt todn:

Véi a, # 0, phan thitc G(z)
o o By 4Bz et Bz dlg:occoilécétinhkhéthi
«Khai niém “tinh kha thi”: G(z)= 10+a12_1+m+a —n *| néu théa man m < n.

1 n
R (! B, ()] R,B
Dé bao dam tinh kha thi cua AOE V(Z ).GS<Z):—’”<Z ) Gy (2)= o

— zZ)=
GAz), phai thoa man: dj, > d z P, (Z—l) ’ 4 (2—1) [ P,A,+R,B,

Chu y: Bé han ché Computing Time, ,UJ>V;”>m;dR:M_V;dS:”—m dW:<,LL—V)—|—(n—m)
nén chon d, thap. Vidu: dy=p-v=0 - - L
dy, ds, dy: Bac tuong doi cua Gg(z), G4(z), Gylz)

b) Gidn wéc cac diém khéng va diém cuec: c) Padp wng o khoang giira cac
Néu mo hinh Gy(z) 1a chinh xac so véi dbi twong thuc Gy (z), khi | thoi diém trich mau:

mac ni tiép Gp(z) va Ggy(2) trong vong DC, diém khong va diém GW(z) cho trudce chi ap dat dac
cucsé gian udc (bu) 1an nhau. Pay 1a diéu “khé xdy ra”, chung diém cua dap u:ng ra tai cac
chi ¢6 thé bu gén dang. Vi I€ d6: Chi co thé sir dung bo PC bu thoi diém trich mau. O

cho cdc doi twong c6 diém cuc va diém khong nam kha sau phia | khoang giita c6 thé xay ra dao

¥ bén trong duong tron don vi. 1 Gy (z) dong khi d6i tuong co quan
Gy (Z ) = , . , p
Gy (z)1-Gy (2) tinh 16n va Gz c thap.
21 August 2011 Hon.-Prof. Prof. Dr.-Ing. habil. Nguyén Phung Quang ai EOC
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2. DK c6 phan hoi dau ra

2.3 Thiét ke trén mién thoi gian gian doan
2.3.3 Thiét ké khau DC kiéu Dead - Beat (t6i wu cu tric) cho hé SISO

Nguyén ly:

*Khau Dead-Beat (DB) cho phép thwc hién qua trinh qua do trong khoang th&i glan hiru
han dinh trwéc = Sai léech DC bi triét tiéu sau mét lwong hivu han chu ky trich mau.

«C6 thé thiét Ige theo dic tinh chi dao hay déic tinh nhiéu. ; )
‘Nguyén ly diéu chinh DB chi c6 thé thwc hién dwoc trong cac hé théng DK sd.

2.3.3.1 Thiét ké khdu Dead-Beat theo déc tinh chi dao
. L etne it N-] ,
oS’a1 léch DC l?(z? s& bl; triét tleq sau E(Z) _ Z(eiz_l) tie la: e, = 0 véii > N
dang N chu ky tinh, néu E(z) c6 dang: o
*Diéu do, theo E(z)= [1 — Gy, (z)] W (z) chi xay ra khi G(z) la mét da thirc hitu han K(z") voi
tong cdc hé sé bang 1.

iy (3 =Gy ()=, ()64 ()= 6 ()
| R e P e R Ty
G,(2)

“ Gyl2) chi 1a mot da thure hiru han K(z!) khi co thé b1eu dién G,(z) dudi dang mot da thic
4 M(z") hiru han va c6 kha nang khtr 4(z'!) & mau sb.

BAIHOC

Pai hoc
Bacﬁ Khoa
BACH KHOA Ha NOI

21 August 2011 Hon.-Prof. Prof. Dr..—Ing.. habil. Nguyép Phung Quang
Electrical Engineering - Automatic Control




2. DK c6 phan hoi dau ra

2.3 Thiét ké trén mién thoi gian gian doan

2.3.3 Thiét ké khau DC kiéu Dead - Beat (t6i wu ciu tric) cho hé SISO

2.3.3.1 Thiét ké khdu Dead-Beat theo ddic tinh chii dao (tiép)

Viy: G,(z)= B(=) G (z) k(=) t[=")8[="")

L(z1) la da thirc hiru han, cho

phép thwc hién cac yéu cau ve
dac tinh & ché dé xac lap, hay
dat truwdc bién d6 cua BDLDK &
qua trinh qua doé.

A=) Glz) M) L(z7")a(z)
[kl el o) —
=wl )l |
G (z —R(Z_l) G, Z) L(Z_I)A<Z_l>
R P(z‘l) 1- Gy, (z) I_L(Z_I)B(z_l)

«Khau Dead-Beat ¢ trén s€ dem lai ham

truyén dat chu dao nhu sau:

|Gy (z)=L(z7")B(z")=K (")

A kOZm+s _|_ . + km+s

‘ = ko _I_klz_1 otk 2 = s

Hé théng v&i ham truyén dat
chu dao nhw bén ¢cé (m + s)
diém cwc nam tai goc toa do
cta mién z. Trong d6, m la
bac cua da thirc tir s6 cua
ham truyén dat G4(z) cia ddi
twong diéu khién, s 1a bac
cta da thirc L(z1) do ta chon.

BAIHOC
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2. DK c6 phan hoi dau ra

2.3 Thiét ke trén mién thoi gian gian doan
2.3.3 Thiét ké khau DPC kiéu Dead - Beat (t6i wu cau trac) cho hé SISO
2.3.3.1 Thiét ké khdu Dead-Beat theo diic tinh chii dao (tiép)

D¢ dam bao khtr sai léch DCkhi iy e, = lim{(l _ Z—l)[l _L(Z—I)B(Z_l)} 1 _ } 0
w, = 1% (budc nhay) can co: koo z—1 1—z

*Biéu kién trén duoc thoa man khi 1—L(1)B(1)=0, Ss‘l_ —1 ib _
tirc 1a khi ta chon cac hé s cua L(z'!) thda mén: > i:(; : =0 J

1. Pa thirc L(z!) ¢ dang L(z‘l) =/, 1.Da thic L(z'") c6 dang L(z‘l) =l +1z"!

Gy (2) = (=) Gy () (1 +1121)A(zl)1) el ], = /zmjbj

1—4,B(z") 1—(ly+42"") Bz =
m U(Z):L<Z_1>A<Z_1)W<Z)
:> lo = 1 Z b_] = uk — ZOaOWk + <loa1 + llao ) Wk*l + Tt + llaaninil
J=0 PARTEN- A X Co ‘. .
' Nhan xét: Do /, chi phu thudc vao Gia tri khac nghiét nhat khi c6é w;, = 1(k) la:  u, = [a,
.cac hé so cua B(z!), ta khong thé *Chon /, sao cho u Dan deu uy=u,;: =l =L a/a
/* tac dong toi u, (bién d6 ciia DLDK | khong qua lon: o= L= 4
1 k= O =1 = o — b, b;
khi k= Q) thong qua chon /. bt th af (aq al); j ]Z i
21 August 2011 Hon.-Prof. Prof. Dr.-Ing. habil. Nguyén Phung Quang ot 'F-:E‘; c
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2. DK c6 phan hoi dau ra

2.3 Thiét ke trén mién thoi gian gian doan
2.3.3 Thiét ké khau DC kiéu Dead - Beat (t6i wu cu tric) cho hé SISO

2.3.3.2 Thiét ké khdu Dead-Beat theo ddic tinh nhiéu

«Khi can khtr nhiu theo nguyén 1y Dead-Beat, c6 thé tién hanh thiét ké tuong tu. Pai luong
diéu chinh X(z) phai 1a mot da thirc hitu han cta z-!, ¢6 bac xac dinh bdi B(z'!) va da thirc

-1\.
e X(z)=1(=")B(=")
*Tlr ham truyén dat nhiéu X(z) G (z) V(z) 1
G, (z) == = Gy (z)=—2—
(trang 38) ta rat ra: 49 V(z) 14Gg(z)Gs(z) = Ge(2) X(z) Gg(z)
*Khi nhidu c6 dang v* = 1* ta thu =(1=z")L(z")a(z ")
Gy (z)=

duoc khau Dead-Beat sau: (1 _ 1 )L (Z_I)B<Z_1)

‘Tham sé cua L(z') dwoec xac dinh theo phwong phap twong tw & muc 2.3.3a).
‘Dé dang thay rang Gg(z) c6 tac dung khir cac diém khéng cta déi twong (do
mau so chira B(z")). Do cac diém khong trong thwc tién déi khi nam ngoai
dwdng tron don vi, khau Dead-Beat c6 thé gay dao dong va vi vay bi han ché
kha nang st dung.
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2. DK c6 phan hoi dau ra

2.3 Thiét ke trén mién thoi gian gian doan
2.3.3 Thiét ké khau DC kiéu Dead - Beat (t6i wu cu tric) cho hé SISO

Chui y muc 2.3.3: Sinh vién can tinh toan lai cac vi du sau

1. Vidu 2.3.3 (Thiét ké khau BC theo kiéu bu, phuong an toi gian):
Nham hiéu phuong phéap thiét ké va vu diém ma bd PK hira hen,
nhung doéng thoi cam nhan dugc nguy co néu khong xét téi tinh kha
thi.

2. Vidu 2.3.4 (Thiét ké khau PC theo kiéu Dead — Beat): Nham hiéu
phuong phap thiét ké va wu diém ma bd DK hira hen, dong thoi tinh

toan thanh thao.
7
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2. DK c6 phan hoi dau ra

2.3 Thiét ké trén mién thoi gian gian doan

2.3.4 Thiét ké hé thong DPC s6 nhiéu mach véong cho doéi twong SISO

a) Cau truc co vong bu nhiéu

C6 tac dung bu nhiu v & dau
vao cua doi twong khi nhiéu
la do duoc. Khau BC chinh

!

Gy (Z) — > Gq

lv

—

Y

b) Céu triic ¢é vong DC chan nhiéu neay

tir dau vao cua nhiéu

duoc thiét ké nhu binh thuong. | Hs theng
DK 56
iv
Hatheng el Gy, |
| | G,
| Vi !
i Gy (Z ) = v
i Wk ek i hd
——( —|Gp, (z) — T Gy —()—>

GSQ

L

Poi hoi nhiéu phai 1a do duoc,
dong thoi phai c6 kha niang can
thiép ¢ dau vao cta nhidu nhd
mot thiét bi PK. Hai vong BC
dugc thiét ké hoan toan doc 1ap.

BAIHOC
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2. DK c6 phan hoi dau ra

2.3 Thiét ké trén mién thoi gian gian doan

2.3.4 Thiét ké hé thong DPC s6 nhiéu mach véong cho doéi twong SISO

c) Céu triic cé nhiéu vong DC phan cd'p

Day la giai phap

L s

L, A W

gﬁffn bll’re ti e - ? "Gru (2) :f Grer (2)[— " G [ Cs
ye st dung - = |

trong thuc tién. L F _____________ {_____________J

X

Wi
_'—/—"O—’GRW(Z) — —»(_+— Gg —’é—’ Gy >

d) Cdu tric ¢6 vong PC phu hé tro on dinh Gt e Gl G nhidu
‘Hathong — ld nho dai luong DK phu.
A 5 v -Cai thién dong hoc va ting

> G, (2)— f G, dy trir On dinh

BAIHOC
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2. DK c6 phan hoi dau ra

2.3 Thiét ké trén mién thoi gian gian doan

2.3.4 Thiét ké hé thong DPC s6 nhiéu mach véong cho doéi twong SISO

G (z) z 4

| Ha thang

_._>

e) Céu triic cé VONng
DC bu tré

X

EDK56

con tré:
y G (Z)Z_d + Gy, (Z) = G,

A G

= G,, (z) = (l—zd)

D6i tugng c6 tré dugc mic song
song vO1 Gy, ¢O ham truyén dat
sao cho mo hinh chung khong

(2)
(2)

*Ham truyén dat ban dau:

_ Ga(z)Gs(z)z
Cw <Z) 1+ Gp (Z)GS (z) z

*Sau khi bu sé chi con:

Gp (Z)GS <Z)Z_d
O ) =6, 216, (7

V61 da thirc mau s6 khong
con chura z9

BAIHOC
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3. DK c6 phan hoi trang thai

3.1 On lai cac kién thire co so

3.1.1 M6 hinh trang thai lién tuc va cac tinh chat | (-

Xét mo hinh (muc 1.3.2¢) véi n bién a(r)=Aq(t)+Bu(r)
trang thai, m bién vao va r bién ra: x(t) = Cq(l‘) +Du (t)

a) Cac tinh chit quan trong can nhdc lai:

a; —A Qo
*Gia tri rieng (eigenvalues) va vector gia a . —\
tri riéng: Didu kién dé hé pt. tuyén tinh det(A—AI)=| 2
thudn nhat Ae = \e = (A —)\I)e =0

c6 nghiém e # 0 chi khi det(A — )\I) =0

a’nl an2

Chi §: P, (1)=0 1a phuong trinh dc tinh. Ung véi |= P, (A)=(=1)" A" +a, A" ' + -+ aA+a, =0

mdi nghiém (mdi gia tri riéng) 4, (i =1, 2, ... , n)
ta co thé tim dugc tir h¢ phuwong trinh (A - 2.I)e; = 0 mot vector gia tri riéng e, tuong ung.

*Quan h¢ gitra gia tri riéng va dac diém on
dinh cua hé:

Phuong trinh det(sI-A) = 0 1a pt. déc tinh,
v6i det(sI-A) 1a da thire mAu s6 ctia ham/ma
tran truyén dat cua doi tuong SISO/MIMO.

sBinh ly Cayley—Hamilton: Moi
j ma tran toan phuong déu thoa

det(A—AI)=P,(A)=(-1)" A" +a, A" '+ +a +a, =0

man pt. ddc tinh cua chinh no. = P(A)=(-1)"A"+a, A"+ +aA+ql=0

Hon.-Prof. Prof. Dr.-Ing. habil. Nguyén Phung Quang
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3. DK c6 phan hoi trang thai

3.1 On lai cac kién thire co so

3.1.1 M6 hinh trang thai lién tuc va cac tinh chat

b) Phep chuvén hé toa do trang thai va tac dong toi gia tri riéeng:

*Dinh nghia vector trang thai mai: g(t) = Tq(t) = q(t) = T’lg(t)

*Dao ham ca 2 vé: a(t)=Ta(t) = q(t)=TAq(t)+TBu(?)
= q(t)=TAT 'q(t)+ TBu(z)

A B

Phuong trinh déu ra: X(t) = Cq(t) + Du(t) =CT! g(t) + Du(t)

C

*Thay thé vao mé hinh bandau: A =TAT ;B=TB;C —C T ;D=D

*Mo hinh trang thai moi: g(t) B éﬂ(t) + Eu(t) voi q(to) = Tq(to)

x(t)=Ca(t)+ Du(t) B

> Quan trong: T 14 phép chuyén hé tiwong drong khong lam thay ddi ban chat vat Iy - k§ thuat cua hé.

i Ca hai hé déu c6 chung vector bién vao u(f) va vector bién ra x(¢). Gid tri riéng (nghiém ctia phuong
trinh dac tinh) ctia hé€ thong la bat bien sau phép chuyén hé twong dwong.
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3. DK c6 phan hoi trang thai

3.1 On lai cac kién thire co so

3.1.1 M6 hinh trang thai lién tuc va cac tinh chat

c) Tinh diéu khién duwoc e) Tinh quan sat duoc
Hé MIMO néi trén s& 1a diéu khién dwoc hoan H¢é MIMO n6i trén s€ 1a quan T C
toan khi va chi khi ma tran (n, nm) sau day: sdat dwoc hoan toan khi va chi
’ : n A CA
Q. = [B, AB,.-- A"} B] khi ma trin (nr, n) bén co Q, = .
) . oo T hang 1a n. Nghia 1a, ma trdn ¢ :
co Qhangrla n. Nghia lfl, ma tz:an dziu kfzzen QQ quan sat Q, phai chira 7 C A
pl}gl chtra n vector cOt dQAC lapk tuyep;tml}. K’hl vector hang doc 1ap tuyén tinh. L .
doi tuong la SISO, ma tran diéu khién c6 kich o
¢& (n, n) va cong thic: Khi doi tugng l1a SISO, ma tran
quan sat bén vdéi kich co (n, n) C ]

— coe n_l .
Qc = [b’ Ab, -, A b] c6 hang n va n vector hang c¢’A’ .
van vector cot Ab (i=0,1,2,..)phailacdc | (i=0,1,2,..)phiilacic ¢ c A

vector doc lap tuyén tinh. vector hang doc lap tuyén tinh:

Chu Déﬂ kiém tra tinh DK dugc cta h¢ SISO | Chu y: D¢ kiém tra tinh QS T AN

chi can ki€ém tra diéu kién detQ # 0. duoc cua hé SISO chi can kiém - -
tra diéu kién detQ,, # 0.

_d) Dang chudn diéu khién: St dung phép
chuyen h¢ toa do trang thai sau:  _ QEI

) Dang chudn quan sat: St dung phép chuyén
hé toa do trang thai sau: T = Qal

BAIHOC
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3. DK c6 phan hoi trang thai

3.1 On lai cac kién thire co so

3.1.1 M6 hinh trang thai lién tuc va cac tinh chat

o) Dang chudn Jordan (chudn modale):

Gia su doi tuong co n gia tri rieng khac nhau A\, A\, ..., A\, v&1 n vector riéng doc lap e, e,,..., e

«Thiét 1p ma tran toan phuong M:
*Chon ma tran chuyén hé toadd T:
*Hay xét A = TAT!, ta co:

Vi e; \, = Ae,, phuong trinh

l
trén chi théa man khi va chi khi
ma trdn A = TAT-! 1a ma trin

duong chéo A:

*Twr do thu dugc mo hinh dang
chuan Jordan (con goi 1a chuan
“modale), cho phép thiét ké bo PK
gdn cdc diém cuc khéng tirong
i/’z‘dc lan nhau.

M:[el,eg,...,en]
T=M'=T'=M
MA=AM = |[ee,,...,e,|[A=|Ae, Ae,, ..., A¢e,]

A, 0 - O]
A-M'AM=A=|> ® 0
T T! .
0 0 A |
a(t) = Aq(t)+M ' Bult)
B q(t,) =M 'q(t
x(t)=CMgq(t)+Du(t) afe) (o)
C
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3. DK c6 phan hoi trang thai

3.1 On lai cac kién thirc co s&

3.1.2 CAu tric co s& cua hé DK trang thai lién tuc

umé a(r) q(?) EX(I) u(t)

Pt B I ) R o =—Rq(?)
! MIMO:q(¢t)=[A-BR]q(?)
A DPéi twong DK .
__________________________________________ E SISO :q(r)=| A—br" |q(t)
Khau BC
-R K——/—— trang thai

a) Thiét ké theo phwong phdp gdén cuc n
Phuong trinh dac tinh ctia vong DPC khép kin c6 dang: det [SI — (A -B R)] = H(S — Sl-)
i=1

Khi cho trude s, nham dat dugc mét dic tinh dong hoc nhat dinh, néu so sanh hé sd hai vé cta
phuong trinh trén ta sé thu duge mot hé cé n phuong trinh ctua (mxn) phan tir thuoc R. D6 1a
i/izé phuwong trinh phuc vu tong hop khau DC. Cac thiét ké c6 tén Ackermann (hé SISO), modale

(hé MIMO).
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3. DK c6 phan hoi trang thai

3.1 On lai cac kién thirc co s&

3.1.2 CAu tric co s& cua hé DK trang thai lién tuc

b) Thiét ké theo tiéu chudn chit lwong

Ham muc tiéu (ham chit luong) dugc dinh nghia:
I={[q"(1)Qq(t)+u’ (1)Su(r)]ar
0

*Ma tran R can dugc thiét ké sao cho 7 dat dugc gia tri bé nhat. Hai vector trang thai q(¢) va dau
vao u(7) tham gia vao tiéu chuan chét luong qua hai ma trdn trong sé Q va S. P6 1a hai ma tran
hang, toan phuong va xac dinh duwong (positive definite).

*Khi chon ¢ = o ta thu duoc R 1a mdt ma tran héng. Khi chon 7 1a mot gia tri httu han, ta thu dugc
ma tran R(7). Khi tim R sao cho 7 dat gié trj tbi thiéu ta s& phai giai phuwong trinh Riccati.

3.1.3 Cac cau tric mé rong cta hé PK trang thai lién tuc

a). He DK trang thai co khau loc dau vao

' Sau khi d3 thiét 1ap dac tinh dong hoc cua h¢ thong qua thiét ké R, c6 thé bod sung thém khau (ma
“tran) loc dau vao K dé céi thién ddc tinh tinh (Vi du: xac 1ap di€m lam viéc, phan kénh tinh).

r q(t)=[A-BR]q(t)+BK,w(r)
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3. DK c6 phan hoi trang thai

3.1 On lai cac kién thirc co s&

3.1.3 Cac cau tric mé rong cta hé PK trang thai lién tuc

a) Hé DK trang thai co khau loc dau vao (tiép)

w () . ) q(t) q(¢) x(1)
—> Kk ::>§\):> B [ e
Khau loc avcerend
dau vao A Péi twong DK
Khau BC
R K trang thai

*Khi vector chii dao w 13 hang, sau khi qué trinh qua do — v6i dong hoc do R quyét dinh — di qua,
vector trang thai xac lap la q,,, voi: *
: ang dp 1a q q (t) 0

\*Vay ta dit diéu kién: x,, =Cq,, =W Diéu kién d6 thoa man khi chon:

r 17!
K, =|C(BR-A) B
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3. DK c6 phan hoi trang thai

3.1 On lai cac kién thirc co s&

3.1.3 Cac cau tric mé rong cta hé PK trang thai lién tuc

b) Két hop hé PK trang thdi véi DK cé hoi tiép vector bién ra Khiw=0,z=0 ta co:
Bang khau loc dau vao K, ta khong thé cai thién dugc u(t) = —Rq(t) — KPCq(t) + K,y(t)
dong hoc, khong thé khir dugc nhiéu. Co thé str dung .
DC trang thai ¢ vong trong cung, két hop vo1 hoi tiép Cl(f ) = Aq(t ) +Bu (t )
vector bién ra va dung mot khau PI (hinh dudi) dé khir .
nhiéu, hay bu bién dong tham so ctia d6i tuong vv... Y(t ) = —X(t ) = —CCI<f )
q(t) z (1)
q(?) x (1)
B | C
2
| khau PI
\
o -R
Z
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3. DK c6 phan hoi trang tha

3.1 On lai cac kién thirc co s&

3.1.3 Cac cau tric mé rong cta hé PK trang thai lién tuc

b) Két hop hé DK trang thai voi DK co hoi tiép vector bién ra (tiép)

v

Mo hinh trang thai mé rong cia d6i tuong PK: *Ham DK trang thai méi:
t
u(t)=-[R+K,C, K,]{q( )}

* -C 0| y(z 0 y (¢
S (1) (1)
*Ma trin PC méi c6 kich ¢& (m, n+r) c6 thé dugc thiét ké theo cac phuong phap ¢ muc 3.1.2, ap
dung cho ddi twong méi véi mo hinh trang thai mé rong (n+r, ntr).

*Dbiéu kién dé tim duoc thiét ké 1a tinh DK dwoc ciia mé hinh mé rong. Tinh DK duoc ton tai khi
mo hinh ban dau q(t) = Aq(t) + Bu(t) la BPK duoc hoan toan va ma tran:

A 0
-C 0
co hang ntr (corang n + r).
. #Trong cdu trac mai, cac thanh phan tich phan 7 kht triét dé d6 du sai 1éch BC. Vi vay c6 thé bo
qua khau loc dau vao K.
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3. DK c6 phan hoi trang thai

3.1 On lai cac kién thirc co s&

3.1.3 Cac cau tric mé rong cta hé PK trang thai lién tuc

¢) Hé DK trang thii cd bii nhiéu *Diéu kién dé co thé thyc hién
Khéau bu bu: Phdi do dwoc nhiéu.
nhiéeu z( Nhiéu tac dong vao doi tuong
qua ma tran E (n, m). Viéc
bu dugc thuc hién bang ma
Déi twong tran bu K ..
DK bi nhiéu *
" q(t):Aq(t)—i—BuR(t)
x(1) +Bu_(1)+Ez(z)
C F—>| «Viéc thiét ké khau PC trang
: thai khong thay d6i. Nhiéu
bi triét tiéu khi:
; Buz(t)+Ez(t):0

___________

Khau BC *Ma tran bu K, ¢6 dang:

trang thai e
K, =—(B"B) B'E
3 BAIHOC
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3. DK c6 phan hoi trang thai

3.1 On lai cac kién thirc co s&

3.1.3 Cac cau tric mé rong cta hé PK trang thai lién tuc

Khi khéng thé do cac bién trang

thai, ta phai dung khdu QS

Luenberger v&i cau triuc ¢ hinh

bén phai dé tinh cac bién do.
bicu kién: doi tugng DK phai
bao dam tinh quan sat duogc.

® q(t)

Mo hinh trang thai cta d6i
tuong va cua khau QS:

q(t)=Aq(t)+Bu(t)

q(t)=Aq(t)+Bu(t)+ Kx(t)
M5 hinh cua sai sb QS:

a()=a(r)-a(?)

~ o A~

a(r)=q(r)—q(r)=(A-KC)q(t)

q (tO ) Déi twong DK

d) Hé DK trang thai s dung
khau quan sat (OS) trang thai

____________________

q(t) X(t)

(Al(t) V Khau QS trang thai
Luenberger
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3. DK c6 phan hoi trang thai

3.1 On lai cac kién thirc co s&

3.1.3 Cac cau tric mé rong cta hé DK trang thai d) Hé DK trang thai sir dung khdu

quan sdt (OS) trang thdi (tiép)
*Ma tran K duoc thiét ké sao cho cac gia tri riéng cua ma tran ( A—K C) co thanh phén thuc am.
Vi€c thiet ké theo phwong phap gan cuc chi co thé thyc hién khi doi twong la QS duoc toan phan.

*Khi st dung vector q (1) dé PK ta co: *Vay mo hinh hé thong tong thé 1a:
u(r)=-Rq() a(r)| [A-BR BR ]|q(?)
— q(¢)=[A-BR]q(t)+BRq(t) q(7)
| sI-(A-BR) -BR |
*V4i phuong trinh dic tinh: N () =det e Comr(;ler:NSC(s) Jd—(A-KC) =0
i \ Observer: No(s) ’_
“Vay: Ng(s)=Nsc ()N (s)=det| sT-(A-BR) |-det[ sT-(A-KC)|=0

Phwong trinh dac tinh mé&i cho thay ré: Piém cwe ctia vong QS khéng hé di chuyén vi tri diém
cwc cua vong BC. Viéc gan diém cwc cho hai vong DC va QS c6 thé thwc hién hoan toan déc
lap vé&i nhau (nguyén ly phan ly, Separation Principle).

& L
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3. DK c6 phan hoi trang thai

3.1 On lai cac kién thirc co s&

Chu y muc 3.1: Nhirng sinh vién mudn 6n lai kién thirc co sé mét cach
t6t hon s& khong thé bé qua chudi vi du minh hoa (khong bat budc)
sau day.
1. Vidu 3.1.1: Kiém tra tinh PK va QS duoc cua khau PT2
2. Vidu 3.1.2: Thiét ké khau DC trang thai theo phuong phap gan cuc
3.  Vidu 3.1.3: Thiét ké hé DK trang thai c6 khau loc dau vao
4. Vidu 3.1.4: Thiét ké hé DK trang thai két hop hoi tiép dau ra
5.  Vidu 3.1.5: Thiét ké khau QS trang thai cho doi twong SISO
P
Hon- ol Pro, Dr-in. i, N Phing Qs § | Bactknos
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3. DK c6 phan hoi trang thai
3.2 Mo hinh trang thai gian doan

3.2.1 M6 hinh {

q,., = Pq, +Hu,
x, =Cq, +Du,
$=&(T)= e

Muc 1.3.2¢) da xay dung mo hinh trang thai gian doan cho cac dbi tuong
DK vdi1 ban chat lién tuc (hinh dudi: doi tugng MIMO) nhu bén canh:

H= H(T)z]@(u)du B;H(T)

u, ﬁ(r) x(t) =A'|®(T)-1|B

z C D q -Khi d6i tuong DK 1 hé SISO:
{qkﬂ =®q, +hy,

x, =¢ q, +du,

4 q(t) (I):@<T)26AT;h:h<T)=z¢<u)dyb

h(T)=A"|®(T)-1[b
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3. DK c6 phan hoi trang thai

3.2 Mo hinh trang thai gian doan

3.2.2 Chuyén hé toa trang thai cho mé hinh

Tuong tu myc 3.1.1a), ta co thé thuc hién phép chuyén hé toa do T cho mo hinh trang thai gian
doan nham thu dugc mo6 hinh mdéi véi nhitng dac diém thuén 1gi cho qua trinh thiét ké b BK
hay bd QS.

*Dinh nghia vector trang thai méi: ¢, = Tq, = q,= Tilgk

°X&&Md%ﬂ%uﬁyhhﬂ@:EMIZTqﬂl:$ q, , =Teq,+THu,

=kt -
o H
Phuong trinh dau ra: x, =Cq, +Du, =CT 'q, +Du,
=k
C
*Thay thé vao m6 hinhban ddu: ®=T®T " H=TH;C=CT ';D=D
gk+1 - iﬂk +Euk

. *M0G hinh trang thai moi:

\ x, =Cq, +Du,
e y: Trong thuc tién ta cling co thé thuc hién phép chuyén hé toa do trang thai cho mo hinh li€n tuc truée,
sau d6 moi thyuc hién gian doan hoa theo phuwong phap da trinh bay ¢ muc 1.3.2¢).
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3. DK c6 phan hoi trang tha

3.3 Tinh PK dwoc, QS dwoc va cac dang chuan

3.3.1 Tinh diéu khién dwoc va dang chuan diéu khién

‘Mot dbi twong MIMO mo ta boi q,., = ®q, +Hu, 1a DK duoc hoan toan khi va chi khi:
C6 thé dua d6i tugng chuyén tir trang thai ban dau bat ky q(0) t6i trang thai cudi cung q(NV)
sau diing N chu ky trich mau T.

Pé bao dam diéu d6, ma tran DK (n, n m) Q. phai c6 hang n. Ttrc 1a Q- phai chira n vector

cOt doc 1ap tuyén tinh. Véi: _
5 5 p y QCZ[H,@H,°“,@”1H:|

«Chuyén sang dang chuan PK khi d6i tuong 1a DK duge: T = QEI

3.3.2 Tinh quan sat dwoc va dang chuan quan sat

Mot dbi tuong MIMO mé ta boi q, ., = ®q, + Hu, va cé vector bién C

ra X, =Cq, Ia QS dwroc hoan toan khi va chi khi: C6 thé xac dinh du:oc Cd

trang thai ban dau bat ky q(0) sau mdt lugng hiru han chu ky trich mau 7, Q,

khi & thoi diém thit £ biét vector bién vao u, va do dugc vector bién ra x;.

Dé bao dam diéu d6, ma tran QS (n 7, n) Q, phai c6 hang n. Tuc la Q,, CP"!
i/' phai chtra n vector hang doc 1ap tuyén tinh. Véi: -

«Chuyén sang dang chuan QS khi d6i tugng 1a QS duge: T = Qal
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3. DK c6 phan hoi trang tha

3.3 Tinh PK dwoc, QS dwoc va cac dang chuan

3.3.3 Dang chuéan Jordan (chuan modale, chuan dwéng chéo)

bicu kién: D61 tugng 1a DK va QS duoc, co n gia tri riéng khac
nhau \;, \,, ... , A, vO1 n vector riéng doc lap e, e,,..., e,.

*Ttr d6 thu dugc mo hinh dang chuén Jordan (con goi la chuan modale, chuan duong cheo), cho
phép thiét ké bdo DK gdn cac diem cuc khong twong tac lan nhau.

( . —-1
i _Agk +M\___aHuk qa =Aq +Hu,
H Zht1 2k = . -1
J — voi: g, =M a,
x, =CMq, +Du, x, =Cq, +Du, -~
C
*Trong do: )(\)1 )(\) 8
M:[el,eZ,...,en ‘A= | ,2 o :Q:M’HI)I_\V@
. . ", . T T1
* 0 0 - A,

€hu ¥: Vi cac dbi tuong ky thuat ma ta co the chi ra duoc ¥ nghia cua timg diém cuc dbi véi timg dic tinh ky
4 thuat cu thé, ta c6 thé tac dong t6i mot dic tinh nhat dinh ma khong anh hudng tdi cac dic tinh khac nho thiét
ké modale, cho phép chi di chuyén duy nhat diém cuc tuong Gmg.
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3. DK c6 phan hoi trang thai

3.3 Tinh PK dwoc, QS dwoc va cac dang chuan

3.3.4 Tim md hinh chuan PK, chuan QS cua déi twong SISO tir ham truyén dat

M6 hinh truyén dat ctia doi twong G < ) X(z) b, +b1Z_1 ot b 2" B(z—l)
SISO khéng tré (vdi ddi tuong co s\#)= U - T, “m T
quan tinh gia trj b, = 0): () lraz +ta,z A<Z )
*Mo6 hinh trang thai gian doan cia Q. =Pq, +huy,
doi tuong SISO (véi doi tuong co

quan tinh gia tri d = 0):

X =¢ q +du,

2 0 1 o 0] 0] b |
*Dang chuadn DK: . . . . . "
(chi s6 C: Controllability) R : S N
: , . P = she =) 60 =
Dang chuan DK c¢ vector DK h. dic biét don 0 0 e 1 0 b2
gian. Pay 1a dang rat thuan loi khi thiét ké by DK.
__am _am—l o _al ] 1 bl
*Dang chudn OS: 0 -+ 0 —a, | b, | 0
~ (chi s6 O: Observability) 1 ... 0 — b 0
\ \ ) A1 m—1
Dang chuan QS co6 vector dau ra ¢, déc biét don (I)O —. . . . > ho = . 1€ =].
_gian. Day 1a dang rat thuén loi khi thiét ke bo QS. e : : :
O e 1 _al bl 1
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3. DK c6 phan hoi trang thai

3.4 Cau tric co ban trén khong gian trang thai

4.

«Vong DC khép kin s& ¢6 ham DK va u (k) ! P
phuong trinh chuyén trang thai nhu sau:  [—— 4 H ] >z
u, =-Rq,

MIMO :q,,, =[®-HR]q,

P

SISO :q;, = ®—hr" |q;

racewd

«C6 thé tim bd tham s6 PC bang phuong
phép gan cuc trén co s6 phuong trinh -R

<%

dac tinh sau:

MIMO: det| zZI-(®-HR) | =ﬁ(z—zi); SISO:det[zI—(cb—hrTﬂ =T1(z-=)

i=1

« Truwong hop ddc biét: Khi dit tit ca cac diém cuc z; tal géc toa do (dung dinh ly Cayley-Hamilton,

muc 3.1.1a) ta s€ thu duoc dac tinh cua khau BDC kiéu Dead — Beat (muc 2.3.3).

*Khau PC kiéu Dead — Beat trén khong gian trang thai thuong c6 dic diém nhay tham sd. Pong

ijh(‘)’i, bién d6 cua dai lugng DK u, kha Ién.

*Thong thuong, khong nén dat tat ca moi diém cuec tai géc toa do.

n

BAIHOC

71 . August 2011 Hon.-Prof. Prof. Dr..—Ing.. habil. Nguyép Phung Quang
Electrical Engineering - Automatic Control

Dai hoc
Bach’Khoa
Ha Noi

BACH KHOA



3. DK c6 phan hoi trang thai

3.5 Mt s6 dang mé rong

3.5.1 Hé DK trang thai c6 loc dau vao

*Mo hinh hé nhu sau: «O trang thai x4c 1ap, khi w = const:
Q. =[2-HR]q, +HK W, (I-®+HR)q, =HK ;W
— > 41 79 =4 =
x, =Cq, x, =Cq,
-1
*Vay ta co Ky K, = [C(I LTHR- (I))—l H}

3.5.2 Hé DK trang thai c6 BPC dau ra theo luat PI

K, P v (K

3%?3%3
Cc

Bang viéc két hop
DC trang thai voi
vong DC ngoai su
dung khau PI ta co
thé theo dudi cac Yis1
muc tiéu thiét ké
;/ﬁhu: o muc 3.1.3b.

w (k)
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3. DK c6 phan hoi trang thai

3.5 Mt s6 dang mé rong

3.5.2 Hé DK trang thai c6 BPC dau ra theo luat PI

*Vector dau ra cua khau 7 dugc viét nhu sau: 'y, =y, +W, —X;, = Vi =Y +Wi — X4y

*Khi w, = v, =0 ta co: Yin =—C2q; +y, —CHu,
® 0 H
*Mo hinh trang thai mo rong c6 dang: {qkﬂ} = { qu} +{ }u i
Veu| |-C® 1]y, | |-CcH

*Tu do ta thu duoc vector DK:

u, =[—(R+KPC),K,]B’j

3.5.3 Hé DK trang thai c6 bu nhiéu

’ X =®q, +Hu, +Ev
«Cho truéc 1a d6i twong c¢6 nhiéu do dugce nhu sau: «lqk * U k k

x, =Cq,

*Téac dong clia nhiéu v, t6i q;.; s& bi triét tiéu néu ta bu boi mot vector sau day: u, (k)=K v,
i

_vOl: ol oo
K, =—(H'H) H'E
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3. DK c6 phan hoi

trang tha

3.5 Mt s6 dang mé rong

3.5.4 Hé DK trang thai sir dung khau QS trang thai

*Tu so d6 cau truc bén ta

u (k)

_______

viét hé phuong trinh sau:

Qi1 qx X _ & H
1/z ey _Tﬁ_> 1(}k+1 (Alk"' uy ]
|| Péitwong BK Uy = P, T Huy +Kx
P = q,., =(®—KC)q, + Hu, +Kx,
SURE s o e el *M6 hinh cua sai 1¢ch
X trang thai c6 dang:
: Qi1 = D1 — qk+1 (‘I) Kc)qk
Khau QS
trang thai
C . Luenberger
X Phai thiét ké K sao cho moi diem
cwc cia(® — K C) déu ndm trong
dwong tron dorn vi. Nguyén ly

Separation cé hiéu lwc gibng nhw
trwong hop hé lién tuc.
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3. DK c6 phan hoi trang thai

Chu y chuong 3: Sinh vién can hiéu va ty minh tinh toan kiém tra lai
cac vi du sau day.

1. Vidu 3.3.1: Sy phu thudc vao chu ky trich mau T cua tinh PK va
QS duoc

2. Vidu 3.3.2: Xay dung QC dé kiém tra tinh DK duoc cua cac doi
tuong quan tinh bac 1, 2 va 3

3. Vidu 3.3.3: Xay dung QO dé kiém tra tinh QS duoc cua cac doi
tuong quan tinh bac 1, 2 ¢ dang chuan PK

4. Vidu 3.3.4: Thiét ké khau PC kiéu Dead — Beat cho dbi tugng 12

(muc 3.4)
7
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4. Thwe hién ky thuat hé thong PK so

4.1 Anh huéng ciia s6 hoa (Iwong tir héa) bién do

4.1.1 Nguyén nhan gay sai s6 lwong tir héa

Luong tir hoa bién do:

1. C6 thé xuét hién trong: khau ADC, don vi xir Iy trung tim (CPU), khau DAC.

2. C6 thé gay nén: sai léch tinh, dao dong gia tri (bang-bang), dic biét khi bé réng ciia Word xit
ly khong du 16n.

3. C6 thé dugc bo qua ddi voi ché do tin hiéu Iom (qua trinh qua do), nhung khé c6 thé bo qua &
ché do tin hiéu nho (dao dong quanh diém 1am viéc)

w Pon vi xtr ly trung tam
(Central Processing Unit: CPU)

fffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffff

:  Nhap sé liéudang | : | Xuat s6 liéu dang analog|  D&i tugng
: analog g W i . diéu khién
kT, i (Walery ¥ (Ua)oa '
y i Control v y
. —N H »
o] Algorithms| ] e s
Lam tron Thuat toan Lam tron Lam tron Khau
trong ADC | diéu khién phép nhan ii trong DAC  gilfcham |
/
(Chi s8: Q = Quantization; AD = Analog to Digital; DA = Digital to Analog)
. X Dhe Dai hoc
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4. Thwe hién ky thuat hé thong PK so

4.1 Anh huéng ciia s6 héa (Iwong tir héa) bién do

4.1.1 Nguyén nhan gay sai s6 lwong tir héa

a) Nhdp s6 liéu dang analog: Dic tinh phi tuyén bdc thang dau tién ¢ hinh thudc trang trudc
Vi du: Trich mau tin hiéu y nam trong dai 0...10V, sau d6 sé hoa nhd khau ADC véi bé rong
word la WL (word length), d0 phan giai A (resolution) va dai gia tri NR (number range) thu dugc.

*Dai gia tri (thap phan): Bérongword WL | 7 8 10 12 15
bit
NR = 2" —1 TN
N A ia Dai gia trj NR 127 255 1023 | 4095 | 32767
*D§ phan giai: N ) "
I I i Do phan giai A 0,00787 | 0,00392 | 0,00098 [ 0,00024 | 0,00003
= = ~ D6 phan gidi A [%] | 0,787 | 0,392 | 0,098 | 0,024 | 0,003
NR 2™ -1 2™

Vi du: S6 héa dai dién ap 10V=10000mV v&i bé rong tir 7...15bit, luong tir dién ap (d6 phan giai

dién 4p) co thé biéu dién dugc A = 78,7...0,305mV. Néu dai dién ap d6 Gmg véi dai nhiét do 100°C,

d6 phan giai 1a A = 0,787...0,003°C.

L lash nguyeén lan luong tur A da chia di¢én ap y: yo=LA; L=0,12,---,NR

*SH du 8y < A duoc lam tron 1én, tron Xuéng, hodc cat bo: y= Yo +6y

- “Sai s luong tir hoa 8,: —Khi lam tron: —0,5<(8,/A) <0,5
—Khicatbo:  0<(6,/A) <1

BAIHOC

Bai hoc
BachKhoa
Ha Noi

Hon.-Prof. Prof. Dr.-Ing. habil. Nguyén Phung Quang

21 August 2011 ) , i )
Electrical Engineering - Automatic Control

BACH KHOA



y

4. Thwe hién ky thuat hé thong PK so

4.1 Anh huéng ciia so6 héa (Iwong tir héa) bién do

4.1.1 Nguyén nhan gay sai s6 lwong tir héa
b) Don vi xu Iy trung tam (Central Processing Unit): Tin hi¢u (yg)ap do khau ADC dua t&i thuong
duogc CPU xir 1y v6i bé rong word WL py 10n hon. Cac thuat toan DK tuyén tinh gom céac budc:
*Tinh sai lech DBC: € (k) (YQ <k>)AD — W, <k>
Tinh dap g DC (ham DK): u, (k) =—pquq(k=1)—---—pq(k—p)
gCq (K) T+ 1080 (k—v/)
Do bé rong word WL p; cia CPU la hitu han, s€ xuat hién sai sb luong tir hoa céc gia tri sau day:
*Gia tri dat (set points): Wao (k)
*Dai lvong PK: u, (k —i), i=1,2,...
«Tham s6 PK: Dio» L
e v t,i=0,1,2,...
*Cac tich so: P, (k—1), roe, (k—1i)
«Tong cdc tich so: u, (k)
P6i v6i CPU ddu phdy tinh, 6 phan giai A duoc xac dinh —0.8388608-2'2 <. <0.8388607-2'*
nhu muc a). Khi 1a dau phdy déng, néu 1a CPU 16 bit, ’ - =7
thuong sir dung nhiéu words. Vi du: s6 L = M.2E, dugc —0,24651902-10 % <L <0,14272476-10”
'/ biéu dién bai 2 words loai 16 Bit, trong d6 7 bit cho sd -
mu E, 23 bit cho gia tri M. Pham vi gié tri L s€ la: A=~10" T
Hon.-Prof. Prof. Dr.-Ing. habil. Nguyén Phung Quang pai hoc
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4. Thwe hién ky thuat hé thong PK so

4.1 Anh huéng ciia s6 héa (Iwong tir hoéa) bién do

4.1.1 Nguyén nhan gay sai s6 lwong tir héa

¢) Xudt sé liéu dang analog: Tuong ty khau nhép s6 liéu dang analog, sai s6 lugng tir hoa ctia khau
xuat cling phu thudc vao bé rong word. Khau DAC ciing gdy nén mot dudng dic tinh phi tuyén
dang bac thang.
d) Két ludn:
D3 xuét hién nhiéu khau phi tuyén trong toan bd vong DC sd. Viéc khao sat anh hudng cua ching
d6i voi vong BC 1a cyc ky kho khan.
*Vé co ban ton tai ba loai nguyén nhan sai so chinh sau day:

—Luwong tir héa cdc bién (1am tron sb cac bién PC va PK trong ADC, DAC va CPU)

—Luwong tir hda cdc tham sé (1am tron s6 cac tham sé PK)

—Lwong tir héa cdc két qua trung gian cia thut toan DK (lam tron sb cac tich)

Do6i voi hé thong DK sd, co thé xay ra cac trudng hop sau:
—~Vong PC ,,van“ 6n dinh do tac dong cua luong tir hoa 1a nho. Khi bi day ra khoi trang thai
can.bang ta co: lim e(k)~0
. —Khi bi day ra khoi trang thai can bang s& xuét hién sai s6 tinh: lime(k)= 0
_Khi gié tri dit luon bién dong, s& xuét hién hién tugng ,tap dm luong tir héa™, con goi 14 ,tap
am lam tron so*.
—Xuat hién dao dong dang bang-bang véi chu ky M: l}lglo e(k) = lim e(k+M) =0

k—o0
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4. Thywe hién ky thuat hé théng DK sé

4.1 Anh huwéng ciia s6 héa (Iwong tir héa) bién do

4.1.2 Hiéu trng lwong tir héa cac bién p(3)t p(3)]

a) Tap am lwong tw hoa: 1/A

1/A

-Theo muc 4.1.1a): Tin hi¢u dlgltal Yo
gom co tin hiéu analog Y, xép chong

v6i tap 4m S, phan bo déu nhu hinh bén -AJ2 A2 B 0 A8
Mat d6 phan bd sai s6 lugng ti héa khi
¥ (k)=y(k)—8(k) lam tron (hinh trai) va cdt b (hinh phai)
o0

*Ky vong cua ,.tap am luwong tur hoa*: —Khi lam tron: E{6(k)} = f p((S)(Sd(S =0
~Khi cdt bo: E{6 } — A2
Phuong sai ciia ca 2 truong hop trén: o, = f (5 E{(S §)dé = A’/12

Nhén xét: Néu tap 4m (6n trang) ndy xuat hlen trong khau ADC, no s€ c6 tac dung nhu tin hi¢u
nhiéu ngau nhién n(k) vao dai lugng PC v6i phuong sai khong thé suy giam bang cong cu PC.
Nhiéu s& gay nén cac bién dong cua dai luong PK véi bién d6 16n hon 1 luong tir cia ADC (xem
vidu4.1.1).
b).Sai léch tinh va dao dong bang-bang: Sai 1&ch tinh va dao dong do lugng tir hda trong khau ADC
¥ ¢6 bién do tdi thidu 1 luong tir A (xem vi du 4.1.2, 4.1.3). Viée giam hé sé khuéch dai c6 thé gop
phan khir dao dong bang-bang. Pé khao sat ta thuong dung cong cu mo phong. T

Pai hoc
Bacl(% Khoa
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4. Thywe hién ky thuat hé théng DK sé

4.1 Anh huwéng ciia s6 héa (Iwong tir héa) bién do

4.1.3 Hiéu trng lwong tir héa cac tham sé

Anh hudéng ciia tham sé dwoc lam tron sé6 d6i véi hé thong - ké ca CPU dau phay tinh — la nhé
va co thé bo qua, trut truong hop tham sé qua be (vi du: co kich c& chi vai lugng tu).
*Néu can thiét, co the st dung cac phuwong phap phdan tich do nhdy tham so de khao sat.

4.1.4 Hiéu (rng lwong tir hoa cac két qua tinh trung gian

a) Sai léch tinh va dao dong bang-bang:

—Trong thuat toan PK, két qua tinh trung gian 14 tich giita cdc hé sé trong lwong (tham sd PK)
va cde bién (sai 1éch PC, hay dai luong DK). Nguyén nhan gay sai s6 lugng tir hoa 1a: Ca céac
thira s6 ctia phép nhan 1an két qua nhan déu bi lam tron.

Voi: QE la 5’6 nguyén,lén luong tir A da chia 9= QA + 6q; e=EA+ 66
tham s g, bi€n e; sai sO 1am tron 1a é;], o, ge = QEAz +QA56 —|—EA5q +6q66

——
~0

—Neéu sai s0 lam tron J,, o, 1a doc 1ap v€ mat thong ké va co

. A 7. . A \ \ < A r 2 2 2 2. 2
phuong sai o, = A*/12, doi véi sai s6 do lam tron thira s6 ta cod: 0, & (Q +E ) op

. /{ \ A} 14 /\’ \ 2
—Sai 50 do lam tron tich so la:  6,; = QEA” — (QE)Q A
. A . A Ao N \ 2 2 2 2 2 2 2 2

_~Phwong sai 5o cua sai so cuoi cung la: o;, ~ [1 +A (Q +E )}05 ~ [1 +q +e ]05
’/ Nhén xét: Cong thirc phuong sai cho thdy, khi q va e ¢6 kich ¢& 16n, sai
s0 s€ chu y€u bi gay nén boi viéc lam tron cac thira s ciia phép nhan.

BAIHOC
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4. Thye hién ky thuat hé théng DK sé

4.1 Anh huéng ciia s6 héa (Iwong tir hoéa) bién do

4.1.4 Hiéu rng lwong tir héa cac két qua tinh trung gian (tiép)

a) Sai léch tinh va dao dong bang-bang (tiép):  (xem vi du 4.1.4)

«Cht y, viéc lam tron cho timg tich riéng r&, hay sau khi tinh tong tich lily, cling c6 ¥ nghia quyét
dinh t61 sai sO. Vi du: Néu lam tron riéng r€ cho thuat toan tim ham DK ¢ muc 4.1.1b) va sai s0
luong tr cua cac tham so 1a o, J,,; khi tinh céac tich pu(k-i), r,e(k-i), sai s6 cuoi cung s€ la:

‘pui> “rei
6,(k)==0,, (k=1)—-—=6  (k—p)+6,(k)+-+6, (k—v)
o v
Vo1 phuong sai: 5 = Zo-gpui + Z@?m
i i=0

Nhén xét: Phuong sai sé tdng theo sé lwong phép nhdn cia tong tich liy va ddi voi cac thudt todn
DK bdc cao c6 thé 16n hon phuong sai do lugng tir hoa trong khau ADC gay nén.
b) Ving chét:

7
BAIHOC
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4. Thwe hién ky thuat hé thong PK so
4.2 Thiét ké hé thong bang may tinh

4.2.1 Cac phwong phap mé phong

Thoi gian mé hinh = Thaoi gian thuc

_| M5 hinh

Offline
Khéu DC

w
»| M6 hinh =
P

&=

A 4

Offline

Déi tugng
diéu khién

Thoi gian mé hinh =

trén

£ | Phin mém BC
»| phan cling thuc

Hinh 1 Nguyen ly mo phong Off line

Xay dung va tbi gian mo hinh ddi tuong, xac dinh tham s
ctia mo hinh dé tir d6 thiét ké thuat toan DC. Dién bién

thoi gian trén mé hinh khong dung vai dién bién thyc.

Thai gian thue

M6 hinh

u

Khédu DC

thoi gian
thuc

=

v

Déi tuong
diéu khién

Hinh 3 Nguyén Iy Hardware-in-the-Loop
(mo phong thoi gian thuc, real-time simulation) ‘ , T , .
Str dung moi truong phat trién thoi gian thuc, ghép véi DPTDK that, hay véi
St dung hardware dé mo phong vong PC. RTS cho phép kiém tra chuirc nang PR P A AN A e x4
danh oid kha ha DC dudi didu kien the mo hinh vat Iy thu nho (khi doi tugng la thi€t bi o cong suat, kich ¢ 1om).
an ciing, vi gitp dnh gié kha ning cia phin mém DC dudi didu kién thoi Thit nghiém trén thiét bi that cho phép kiém tra anh hudng ctia céc hidu tng
ian thuc. biéu nay cuc ky co y nghla khi phai kiém tra céc thiét bi hon hop . N L . i
khong thé mé ta dugc bang mo hinh toan.
nhiéu phan tir co-dién tir-phdn mém (h¢ théng mechatronic).

Thoi gian mé hinh = Thai gian thuc

w Interpreter caa
& A~ 7 A 1o X
» phan m?m bC L Mb h.mh =Y
> hodc Offline
M6 phong vi mach
Khdu DC D 5? tugng
diéu khién

Hinh 2 Nguyén Iy Software-in-the-Loop
Ma nguén BC (C, assembler) dugc thi trén mo hinh Offline. Hoac ma C chay truc tiép,
hodc sir dung mét phan mém mé phong mach phan cirng. Qua do6 kiém tra chirc nang cua
thiét bi DC (chua can ché tao) trén mod hinh DTPK. Vi du: Céc chirc ning cia vi diéu

khién (bién ddi AD, DA, diéu ché bé rong xung, cau tric ngit vv...)

Thaoi gian mé hinh = Thoi gian thuc

w Maéi trucng
» phat trién 4 | Déi tugng thue | X

thai gian thuc "1 (M6 hinh vt Ly)

(Phan mém DC)

Khéu PC DGi tuong
diéu khién

Hinh 4 Nguyén ly Control Prototyping
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4. Thwe hién ky thuat hé thong PK so
4.2 Thiét ké hé thong bang may tinh

4.2.1 Cac phwong phap mé phéng (tiép)

Mo phong thél gian thwe dung Card
DS1102 cua dSPACE

Hinh bén gidi thiéu vi du khi str dung méi trudng thiét ké
trén nén MATLAB & Simulink v6i phan ctng c6 vi xir ly
tin hi¢u (Digital Signal Processor: DSP) cua tap doan
Texas Instruments. So d6 chi ra rd rang: két hop voi
MATLAB va cac Toolbox, ta c6 thé tién hanh céc bude:
—Bude 1: Mo phong Offline dé bude dau xac dinh tham sb
cua thuat toan BC.

—Bude 2: B xung thém cac khdi xuét/nhép dir liéu (vi du:
cac khéi ADC hodc DAC) vio so dd cau trac vong DC.
—Bude 3: St dung C-compiler tao ma C dé nap xudng card
hardware, cai xen vd1 hé théng phén mém diéu khién theo
ngét.

Chu ¥: Thu vién MLIB cung céap cac chic nang diéu khién
i)hén ctng tor moi truong MATLAB (st dung chuong trinh
Cockpit). Thu vién MTRACE c¢6 cac chirc nang gitip thu
i/thép s liéu tir phan ctng.

MATLAB

MLIB |MTRACE

SIMULINK
Real-Time
Workshop

Real-Time
Interface

C Program for
SPACE Hardware

Parameters
Variables

User Host
Programms

CLIB

TextlO

Debugger

Parameters

.

=

o

~
o
=

o

C Compiler

(’- Controlled b

§ ?ystenl e

Parameters
Variables
—

Recorded Dat;l

TRACE

-

RealMotion

T

COCKPIT

21 August 2011
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4. Thwe hién ky thuat hé thong PK so

4.2 Thiét ké hé thong bang may tinh

4.2.2 Mé phéng bang MATLAB & Simulink

a) Mo phong bcin,g cac lenh truc tiép tw Toolbox

cua MATLAB:

*Nhom lénh khai bao m6 hinh gian
doan (thudc Control Toolbox)

Vi du:
Mo hinh TF:
> h = tf ([1 -0.5],[1 1 -2],0.01)
Transfer function:
z - 0.5
"2 + z - 2
Sampling time: 0.01

M6 hinh ZPK:
>> h = zpk (0.5,[-2 1],1,0.01)

tf (num,den,Ts)

zpk (z,p,k,Ts)

Ss (4,B,C,D,Ts)

Khai b4o m6 hinh gian doan cia hé LTI

Ham truyén dat: Vector cac hé sb cua
da thtre tt s6 num, mau sb den

Biéu do diém khong - diém cwe: Vector
cac diém khong z, diém cuc p, h¢ sb
khuéch dai k

M hinh trang thai: Ma tran hé thong
A, du vao B, dau ra C, lién thong D

Trd (answer freq,unit,Ts) Mé hinh du’ liéu dic tinh tin sé bap

ung tan sb answer, vector tan so freq,
unit 13 don vi (thtr nguyén cua tan sd
rad/s (mac dinh) hodac Hz
(unit="Units’,’rad/s’)

Zero/pole/gain: Ts ChAu ky trich m?tuA cil‘a h¢ ‘%ién doa‘An N
- (z-0.5) khong khai T's: Mo hinh /ién tuc vé thoi

___________ gian ‘

(z+2) (z-1) Ts = -1 M0 hinh gian doan vé

Sampling time: 0.01

thoi gian, chu ky trich
mau chua xac dinh

BAIHOC
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4. Thwe hién ky thuat hé thong PK so
4.2 Thiét ké hé thong bang may tinh

4.2.2 M6 phong bang MATLAB & Simulink | @) M6 phong bang cdc lénh truc tiép tir Toolbox

ciia MATLAB (tiép):
*Nhém énh chuyén doi gitra hai loai mé hinh gian doan va lién tuc (thudc Control Toolbox)

Vi du i : : . Step Response
>> sysc = tf(1,[1 1])
Transfer function:

1.2F

o
o}

Amplilude
o
[v]

s +1
>> gysd = c2d (sysc,2)
Transfer function:

o
B
T

(@]
]

0.8647 .
__________ DO 2 4 = =] Timeﬂ(jsec) 12 14 16 15 20
z -0 - 1353 - Chuyén doi gitra hai hé LTI lién tuc va gian doan
Sampling time: 2 .
>> sysdd =d2d (sysd,0.7) c2d(sysc, Ts , method) Chuye::n hé lién tyc thanh hé gian doan
Transfer. function: d2c(sysd , method Chuyén hé gian doan thanh h¢ lién tuc
.0.5034 d2d(sys, Ts Thay d6i chu ky trich mau
__________ method Phuong phép gian doan hoa:
0.4966 >zoh”, >foh”, “tustin’,
gémpllng time: O 7 “prewarp’, matched’
>> step (sysc,"r-",sysd,"c-",sysdd, "g--") o
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4. Thwe hién ky thuat hé thong PK so
4.2 Thiét ké hé thong bang may tinh

4.2.2 M6 phong bang MATLAB & Simulink | @) M6 phong bang cdc lénh truc tiép tir Toolbox

clia MATLAB (tiép):

«Nhom énh loc so FIR (Finite Impulse Response, thudc Signal Processing Toolbox)

Cong thirc té)n% quat: B0 loc FIR va ham cira sb
H(z”) _ y(zfl _ B(Zfl) Firl(order,limitfrequency ,window)  Thiét ké bd loc FIR
‘___ x(z) Az (loc thong thap)

. 5 ) filter(num ,den ,data)
_btbz Abz 4D,z filtfilt(rum,den ,data)
a, + azz_1 + a32_2 +-ta, z"

—> a,y (k)= bx(k)+byx(k—1)+-+b,. x(k—m) freqz(num ,den ,points ,samplingfreq) Pap tng tan sb gian

Loc s liéu
Loc s0 liéu ¢6 hiéu
chinh pha

doan
Vrd . _azy(k_l)_“._anﬂy(k_n) a0 Discrete Filter
1 u./\ ~N N p N N === non-filtered
% Tao tap sb 1liéu x cb6 chiéu dal 25| — FIRfilter |-
----- FIR filtfilt
% length(x)=101 50l i

>> t = 0:0.005:0.5;

>> X = 5 + 8*sin(2*pi*8*t) + 4*cos(2*pi*33*t);
% Thiét -ké bd loc FIR

>> Bw = Firl1(20,0.2,hamming(20+1));

% Dung Bw dé loc x theo 2 céach: filter

$rva filtfilt

ﬁ;> X F = filter(Bw,1,x);

-10

1
0.4 0.5

>> x f = filefilt(Bw,1,x); 2 = °2 Times) L
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4. Thwe hién ky thuat hé thong PK so
4.2 Thiét ké hé thong bang may tinh

4.2.2 M6 phong bang MATLAB & Simulink | @) M6 phong bang cdc 1énh truc tiép tir Toolbox

clia MATLAB (tiép):

*Nhom Iénh loc so 1IR (Infinite Impulse Response, thudc Signal Processing Toolbox)

Cong thirc tong quat: butter (order,limitfreq)
- hebyl(order,ripple,limitfreq)
k)=bx(k)+bx(k—1)+-. | DY PP
aly( ) 1x< ) + Zx( ) + cheby2(order ,ripple ,limitfreq)

B¢ loc IIR

Loc Butterworth
Loc Tschebyscheff Typ 1
Loc Tschebyscheff Typ 2

+b, x (k — m) ellip(order,ripple ,attenuation ,limitfreq) Loc Elliptic (Cauer)
a,==a, = fi Itel_’(num ,den ,data) Loc s€:) liéu
8 filtfilt(hum,den ,data) Loc s0 liéu ¢6 hiéu chinh pha
freqz(num ,den ,points ,samplingfreq) Pap mg tan s gian doan
Vi du - Dlisr.rete Filttler
>> t = 0.01:0.01:1; —
>> x = 5 + 8*sin(2*pi*8*t) + 4*cos(2*pi*40*v); | Lo IR fillfill
>> [B,A] = butter(4,20/50);%Thiét k& bd loc IIR =
>> x f = filter(B,A,x); %Loc tin hiéu x o

>> X .FF. = Filtfilt(B,A,x); %Loc tin hiéu x cb bu pha
>> plot(t,x, "g-",t,x f,"r-",t,x ff,"b:");

>> axis(JO0 0.5 -10 30]);

>> title("Discrete Filter®, "FontSize®,12);

£> xlabel("Time [s]","FontSize",12);

10+

) | | )
0.1 0.2 0.3 04 0.5

>> legend("non-filtered™,"1IR filter™,"1IR Ffiltfilt"); ° e
21 August 2011 Hon.-Prof. Prof. Dr.-Ing. habil. Nguyén Phung Quang g:::ﬁ%fh o

Electrical Engineering - Automatic Control

Ha Nbi

BACH KHOA



4. Thwe hién ky thuat hé thong PK so
4.2 Thiét ké hé thong bang may tinh

4.2.2 M6 phéng bang MATLAB & Simulink | b) M6 phéng bang so dé céu tric cia Simulink:

Unit Delay

] Khéi Unit Delay c6 tac dung trich mau tin hiéu vao va cit giit gid tri thu duoc trong mot chu ky
: [ trich mau. Vi vay, khéi c6 dic diém nhu mot phﬁn tr co ban cua cac hé gian doan. Khdi co thé
unitbelay  duge st dung nhu mot khau quéa do tir tan so trich mau thap sang tan s trich mau cao.
Discrete-Time Integrator

; Khéi Discrete-Time Integrator (tich phan giéNn doan) vé co ban ciing gi(j)ng n}lu khéi Integrator
Z (tich phan) lién tuc. Bén canh chu ky trich mau ta con phai chon cho moi khéi thuat toan tich
Dilsrft?gt:tToi:ne phan (tich phan E}Jler tién, tich phan Eulle.r ll:l.i hay tigh phan hinh thang). Sau khi da chon thuat

toan tich phan, biéu tugng (Icon) cia khoi lai thay doi tuong Ung.

Discrete Filter (scalar)
Khdi Discrete Filter mé ta mot khau ( _]) B y(zfl) B(z”) ) +byz '+ bz + g b, 2"

1
#0521 | loc sO ¢6 ham truyén dat nhu bén:
Discrete Filter

B x(zfl) B A(z”) B a,+az ' ‘az +-+a,z"
Céac hé sb cua da thire tir s6 va mau sd duoc khai bao theo trinh tu s6 mil cua z giam dén, bat dau
tr hé sb cua z°.

Discrete Transfer Function (scalar)
. 1 Kh(‘)\i Discrete Transfer Function c6 dic diém gidng khdi Discrete Filter va dugc mé ta boi ham
~is [ truyén dat bén: H(2)= B(z) bz +bz" bz b,

Discrete Alz az'+az ' taz"t 4+ da
o
i/ Trangfer Fen ( ) 1 2 3 il

Céc h¢ s6 cua hai da thirc tir s6 va mau s6 dugc khai bao theo trinh ty s6 mii cia z gidm dan, bat
dau tr m (tr s0) va n (mau so).

BAIHOC
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Bach’Khoa
Ha Noi

21 August 2011 Hon.-Prof. Prof. Dr..—Ing.. habil. Nguyép Phung Quang
Electrical Engineering - Automatic Control

BACH KHOA



4. Thwe hién ky thuat hé thong PK so
4.2 Thiét ké hé thong bang may tinh

4.2.2 M6 phéng bang MATLAB & Simulink | b) M6 phéng bang so dé cdu tric cia Simulink

(tiép):
Discrete Zero-Pole (scalar)
@n | Trong khdi Discrete Zero-Pole, thay vi phai khai bao cac hé s, ta khai bao diém cuc - diém khong

2z05 | cua ham truyén dat va mdt hé s6 khuéch dai.
Discrete
Zero-Fole

Discrete State Space
e Khoi Discrete State Space mo6 ta mot h¢ thong gidn doan bang md hinh trang thai. Khoi
wn+Di=focery+Buery [ €O ddc diém st dung giong nhu khoi State Space cua cac h¢ lién tuc.

Discrete State-Space

Zero-Order Hold
L Khoi Zero-Order Hold trich mau tin higu dau vao va gitt gia tri thu dugc dén thoi diém trich mau
ti€p theo. Nén stir dung khoi Zero-Order Hold trong céac hé trich mau chua c6 mot trong cac khoi
ZETI'D%W gian doan da dugc mé ta ¢ trén (tl'J.:c 1a nhirg khdi c6 sin khau giir chan} bac Q). K,hi chon bNué’c
tich phan cung, c6 thé st dung khoi Zero-Order Hold tai cac vi tri chuyén tir tan s6 trich mau cao
sang tan s trich mau thip hon.

Chii y: Mot hé thong s6 ky thuat thuong st dung nhiéu chu ky trich mau khdc nhau (goi 13 hé
-0 chu ky hon hop), va can phai dugc luu y déc bi¢t khi mo6 phong. H¢ lai 1a cac h¢ co chira
7| ca hai thanh phan lién tuc va gian doan.

BAIHOC
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4. Thwe hién ky thuat hé thong PK so
4.2 Thiét ké hé thong bang may tinh

4.2.2 M6 phéng bang MATLAB & Simulink | b) M6 phéng bang so dé cdu tric cia Simulink
(tiép): /
. @ 'Jyrd
. Xua(k - 1) xusldt(k_]) i - w
Vi dU.Z "mf : i (DM o
M6 phong khau BC 2 chiéu (2- La x| _ . ] Hsd, e
. . ~ \ X, 11
dlgmensmnal, @au MIMO? dl}ng o, le o) _
dé BC vector dong stator i, cua - 1 =
A . A I‘sq qu 1 ) = usq usqr
dong co xoay chiéu 3 pha. ~0— 5 wO—h, ] :
Hpllat ~ &
(k -:1] o - x|
CoO—»F R 1] [ PO I w;
+ K X 1 A r _
isds - ot I | ’_P_p sond 1) Ll 2 11 O«
- = =i>< g
isd ity - A
+— — 1 = \ 14
= kP B — So dd céu tric
" o khau DC digital
11 g
8 ) —wiomesei i .
ness So d6 mo hinh
- e - Simulink
. DAIHOC
. X Dhe Pai hoc
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4. Thwe hién ky thuat hé thong PK so
4.3 Thiét ké hé thong vi diéu khién

4.3.1 Phan loai vi x ly Pon vi xit Iy trung tam (CPU) 9
a) Khdi niém “vi xir [y Khau tinh toan Khau diéu khién
Chir “vi* trong khai niém trén c6 cdi ngudn Thanh ghi o — Giai ma
tlr chit “micro, ky hiéu 1a “p, ¢ nghia la 0 licu hoovalogie| ¢—
“mot phﬁn triéu* hodc “rat nho“. Vi xir ly Thanh ghi | o | ' (ALU)g Dé&m chuong
(Microprocessor) c6 nghia 1a “bd xir 1y rat dia chi 1 trinh
nhé*, ky hiéu 1a “pP«. o i
*Khau tinh toan: gém c6 don vi s6 hoc va x X PE——— 7
logic (Arithrpetic Logic Unit: ALU), cac v v v
thanh ghi so liéu va dia chi. Pém Bus Pém Bus Pém Bus
Khéu diéu khién: gdm c6 bo gidi md lénh s6 ligu diéu khién dia chi
va bo dém chuwong trinh. t Khau dém * i
*Khdu dém: vt cac by dém (thuong 1a ba )
trang thai: Tri-State), ghép n6i Bus trén Hinh trén: Cau truc bén trong ciia mot pP
phién ctia P v6i cac Bus diéu khién, s6 - ; >
liéu va dia chi ndm bén ngoai. Chuy: bé 51:1’ dung trong cac h§ thong PK so, uP sé
o phai duogc bd sung thém cac phan tir ngoai vi, phuc
£ vu viéc nhiing (embed) pP vao moi trudng thiét bi.
e
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4. Thwe hién ky thuat hé thong PK so
4.3 Thiét ké hé thong vi diéu khién

4.3.1 Phan loai vi xi¥ ly (tiép)

VIXU LY

b) Khdi niem “vi xu ly tin hiéu”
biéu
Vi xw Iy tin hieu = Digital Signal Processing (DSP).

Duoc thiét ke dé tang toc do xur 1y, tinh tong tich liy:

khién

Bus s6 liéu

Z ( ax, ) Bus di‘achi

Biin chdt DSP: 1a P ¢6 thém thanh ghi ACC (voi 1 }

1

bé rong gap doi bé rong ctiia Bus) va bd nhan cimg. Nhé chuong trinh

Nhé s6 liéu

«Nhiéu thao tac trong 1 lénh: DSP cho phép thuc

hién céc thao tac (lam tron, dich trai/phai vv...) do
dong thoi véi nhan va tich liiy chi trong mot nhip

VIXULY

1énh duy nhat. = _ - o
*Cdu truc Bys: Bus trén phién (on-chip) dugc thuc < Program e B\ Dota Bus bt
hién theo cau tric Harward. = o = o
"o n el n
\ 3 21 Diéu/khién | B 5
. /M an
| | | b) ea o3
i Hinh bén: Cau tric Bus a) kiéu Nhé chuong trinh Nhé 6 ligu
Von-Neumann; b) kiéu Harward trén chip trén chip
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4. Thywe hién ky thuat hé théng DK sé

4.3 Thiét ké hé thong vi diéu khién

4.3.1 Phan loai vi xi¥ ly (tiép)

c) Khai niem “vi diéu khién”

Vi diéu khién = pP (hodc DSP) + ngoai vi + ngat khéng can tha tuc

__________________

Chu y: nC dugce phan biét
v6i uP 1a do cac dic diém:

a) c6 thém céc phan tir ngoai
vi co ban trén phién
(peripheries on-chip) va b) co i
co ché ngdt khéng can thi tuc ’
ngit. Piéu nay cho phép nang
cao toc do tinh toan, ting do .
tin cdy, dong thoi giam gia
thanh cia hé thong. g

[ up to
i+ 128 KByte
L1 ROM/ i Da
. i Flash |
i | EPROM 32

CPU

1

< | osc -

External

$

— PEC

)

o
I}
()
i
Dual Port

RAM |

2 KByte | !

1

i‘" , 14
# | Hinh bén: Cau triic chi tiét chia pC =~ ° |

Pl oAb C167 (Siemeny . | Gj@mjﬂb _____________ % ............. % % ____________________

é XélfM g '_; . . | T : Interr}mt. Bus : - 16 :
______________ ) 16 !
el U [

! g !
Ne 5 E e | [ V10 [USARTI B, | GPT1|GPT2| CAPCOMA, 2 | PWM Module i
P2 ] s St | | ADC (P A=l L= = |

! o 2 5" CS Logic han ASC [SSC Channels pT3 UL _TL i
%‘S O i e BRG BRGMMMM:Q Pra g
I | - - E— ;
1 8 Port 1 Port 5 Port 3 Port2| Port8 Port 7 i
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4. Thwe hién ky thuat hé thong PK so
4.3 Thiét ké hé thong vi diéu khién

4.3.1 Phan loai vi xt ly (tiép)
d) Khdai niém “DSP Controller” Data RAM | [Program ROM/ Event Manager
. . = = Ti —
Céch dinh nghia pC nhu ta da e ] ==
néu & muc 4.3.1c cling c6 thé A (15-0) Gutputs | =
dugc ap dung doi voi DSP. 9 Compare | F—+
Outputs | [
. D (15-0 Dead Band| —
Thay vi viét cong thiec: (15-0) P 5 | —
— o IGR —
I’I’C = HP:- ngE)aI Vi N . Interface | |«
+ ngat khong can thu tuc R ——
}gﬁg 16 x 16 Multiply TR
ta Vié’t: Shifter 32-Bit P-register _ 1 I
~ _ Shift L (0, 1, 4, -6) e N Y—
nC = DSP + ngoai vi 32-Bit ALU Watchdog |_>
+ ngét khﬁng Cén thl] tUC 32-Bit Accumulator Jmer
= DSP Controller Shift L (07 P [
8 Auxiliary Registers
' 8 Level H/W Stack SCI <P
. 2 Status Registers Throe O Ports
b4 N ) R T -Bi <>
i Hinh bén: So d6 khoi cua DSP Controller ky cpeat Tount Bt
hi¢u TMS 320C/F240 (Texas Instruments)
5 BAIHOC
_ . X . Pai hoc
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4. Thwe hién ky thuat hé thong PK so
4.3 Thiét ké hé thong vi diéu khién

4.3.2 Khai quat vé nhiém vu thiét ké m
Cau tric cia mot hé thang DK s& dién hinh a—
cho truyén déng dién I
Field Bus - Periphery phu Giao
—d dién
Fl_— % S Mach DC . v i v
B j & Digital Controller —
: T RAM
| £ g £ o ™S SAB —
W—b; . Le— . E | 320C25 C167 3~
| £ jf £ Téng Nghich
! e J | P d
' U LU L TR H d@l'l"l
:Digital Controller [ l it
uP véi nhiém vu nC vai Nghich Iuu Péng co
truyén théng  nhiém vu BC xoay chiéu 3 pha Péng co
xoay chiéu 3 pha
Do téc doé
quay
- Minh hoa nhiém vu thi€t ké thong qua vi du cu thé: H¢ thong DK s6 cho truyén dong dién xoay chiéu 3 pha.
Can phai lam 16 céc van dé cu thé:
*Hardware: Lua chon vi xt 1y (h¢ 1 hay nhiéu pP, uC)? Can nhitng ngoai vi gi va vdi tinh nang thé nao?
§ *Software: Cong cy, quy trinh va quan 1y (management) phat trién? Chuan bi lap trinh (thuat toan, chuan
hoa, thu vién, test)? —
IH
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4. Thwe hién ky thuat hé thong PK so
4.3 Thiét ké hé thong vi diéu khién

4.3.3 Hardware: Yéu cau doi vé&i vi xiv ly

o Chon hé 1 vi xur Iy (Single Processor System) khi Hardware chi
phai thuc hién cac bai toan PK. Nhiém vu truyén thong vdi moi
truong xung quanh & muc rat han ché.

e Chon hé 2 vi xur Iy (Double Processor System) kh1 Hardware
khong chi phai thuc hi€n cac thuat toan thor gian thuc ma con
phai cho phép tich hgp vao mot moi truong cong nghé tu dong
(vi du: nho Field Bus, DK qua giao dién vv...) phuc hop.

o Vixir ly/cac vi xir Iy can phai c6 khd ndang dam dwong cdc

~ nhiém vu cua ngoai vi (vi du: ADC, diéu ché, do toc do quay
| VV...) to1 muc toi da. Vi vay, néu 1a hé 2 vi xir Iy thi 1 s& phai

' duoc chon 1a uC.

BAIHOC
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4. Thwe hién ky thuat hé thong PK so
4.3 Thiét ké hé thong vi diéu khién

4.3.3 Hardware: Yéu cau doi véi vi xir ly (tiép)

Vi du vé mot hé 2 vi xur
1y, bao gom DSP loai
TMS 320C25 (Texas
Instruments) va pC loai
SAB C167 (Siemens).

*Tan dung kha nang tinh
todn cia DSP dé thuc
hién cac thuat toan thoi
gian thyc phtrc hop.

*Tan dung ngoai vi phong

phii ciia uC d¢é ghép véi
moi truong cong nghe.

i/’.'

Tacho Incremental Encoder

l Channel lA lB

Resolver (witt IE copy)

] Jsin lcos ]A I‘B Ilndex

Option Speed Measurement

TIT 0 1§

Inverter control, measurment
of Upand stator currents

4\ u AN
Digitaler Signal
Processor
TMS 320C25
~L RAM \ B EPROM|| RAM
us
EE}:R{E)M Skx8 Driver 64k x 16 32kx 8
N\ ‘ N\
Microcontroller SAB C167
g 0 g g 1
Contact arrays Option Field bus - peration
Analog Digital | |RS232, Rsass, TTy| | OPUon Keypad panel

o] o]

frd

BAIHOC
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4. Thwe hién ky thuat hé thong PK so
4.3 Thiét ké hé thong vi diéu khién

4.3.4 Hardware: Yéu cau déi v&i ngoai vi (trén co s& vi du @ muc 4.3.2)

e Phai c6 don vi {’WM (Puls Width Modulation) v&1 dO phan giai
tho1 gian bg’: nhét’ (vi du: 50ns cua SAB C167, TMS 320C/F240)
phuc vu dieu ché vector dién ap.

» Do dong stator v6i d phén giai 10...12bit. Doi v6i truyén dong
chat luong cao phai la 12bit-ADC véi1 toc do bien doi <10us.

» Do toc dj quay bang IE can c6 céc thanh ghi CAP/COM. Po
bang Resolver thuong phai c6 mach phu bén ngoai.

* Po dién dp Up bang 10-12bit-ADC.

e | Mach phu dé ghép Field Bus.

s Mach theo doéi/bdo vé mach dién tir cong suat va dong co.

Bai hoc
Bach’Khoa
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4. Thwe hién ky thuat hé thong PK so
4.3 Thiét ké hé thong vi diéu khién

4.3.5 Software: Cong cu phat trién va céng tac quan ly | «) Cic budc chudn bi viét

Software

o Tdp hop tat ca cac cong thirc can tinh (cac thuat toan) cung voi
cac tham so cua doi1 tugng cong nghé (vi du: s 1iéu dong co).

e Chudn héa cac cong thurc can tinh, xac dinh kich cé cia dir liéu
(b€ rong word) cling nhu do chinh xdc cua dir liéu (s bits sau
dau phay).

e MB0 ta chu trinh tinh bang lLeu dé thudt todn (flow chart).

« Xac dinh chuong trinh chinh, chwong trinh con va chuong trinh
ngat (chuong trinh con theo manh thoi gian hay theo mirc uu
~ tién khac nhau).

¢ | Xac dinh cdc module thw vién.

Dai hoc
Bach'Khoa
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4. Thwe hién ky thuat hé thong PK so
4.3 Thiét ké hé thong vi diéu khién

4.3.5 Software: Céng cu phat trién va céng tac quan ly

«  C Compiler: Trinh bién dich ma ngudén C

\ ~ & ~ - -n”
*  Editor: Trinh soan thao ma nguon Can nhac lua chon cong cu phat trién
(Intelligent Concept of the Development Environment)

b) Chudn bi cong cu phdt trién
(moi truong phdt trién)

» Linker, Locater: Hai trinh ghép, dinh vi

»  Assembler: Trinh thong dich hop ngir Editor I
' '

cac modules. D61 khi 1a 1 trinh vd1 2 C
. , Compiler Assembler
options khac nhau.

Linker

Locater I—

e  Librarian: Trinh quan ly thu vién

*  Format Converter: Trinh dao dinh dang

Librarian

i

Librarian Id—

«  Object/Hex Converter: Trinh dao ma =
chay/ ma hexa Format Converter
A Object/H
«  Debugger: Trinh g& roi y ' o i
*  Emulator: Thiét bi moé phong chip Emulator § [ Debugger

» Target System: Hardware

v
q/ s  EPROM Burner: May nap EPROM ;fsfgeer; I_‘, ERHOM I

BAIHOC
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4. Thye hién ky thuat hé théng DK sé

4.3 Thiét ké hé thong vi diéu khién

4.3.5 Software: Céng cu phat trién va céng tac quan ly

Ml_JC tiéu Cén dat: ;/[:ICIO :
4 4 A A 2 N\ e . 21“‘-?8 : i
* bat tinh nang theo yéu cau cua bai . Files
Gl W
toén 2;/;:;114 JJ,T
A ’ ~ N X 4 -2 5;2 ;As:sembler;
* Cau truc 10 rang, dé hiéu e
X 1 2 ~ A A A A Zrgr Vo
* D¢ bao dudng, cap nhat, nang cap e
X o . * Library | %
« D¢ st dung lap lai el
“n P M N Archiver
Bién phap nham dat muc tiéu: _J
* Dinh nghia 10 rang giao dién gitra cac seoalll o
: ect 21 Linkerand |¢#*
modules “Files ;;;;
ey 7 sy
A N N A ~ 1A , T Vit
« Lap trinh bang ngon nglr bac cao (chu | jisgiid
yéu la C) Cmﬂg\qim 7 ;hxgtt:blc; Z
. [ ¢+ Cau trac thu muc va modules r0 rang
| * Sur dung Make Files trong qua trinh tao
i/-' Code ‘W
EPROM
Programmer Hardware

1 Library -

c) Chu trinh va cong
cuy phdat trién

Chu trinh va céng cu
.~ phat trién Software

- Runtime -
- Support -

Emulator with
Debugger J
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4. Thwe hién ky thuat hé thong PK so
4.3 Thiét ké hé thong vi diéu khién

4.3.5 Software: Céng cu phat trién va céng tac quan ly d) Cdc nguyén tdc thuwc hién

1) Cac bwéc phat trién

o Xay dung danh muc yéu cau d6i voi Software (theo nhu cau
cua thi truong)

o Khang dinh khd nang dap iing danh muc yéu cau

* Phan tich phuong an, phdan tich hé thong trén co sé Hardware
da thiet ké

o Xdc dinh cdc modules phan mém can soan thao

o« Soan théo cdc modules cu thé

o Thu nghiém riéng ré tung module (Test Programs, Debugger,
Emulator, Hardware-in-the-Loop-Test)

Yo Thit nghiém tong thé trén thiét bi
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4. Thwe hién ky thuat hé thong PK so
4.3 Thiét ké hé thong vi diéu khién

4.3.5 Software: Cong cu phat trién va cong tac quan ly | d) Cdc nguyén tic thuc hién (tiép)

2) Quan ly Files va ky hiéu

e CAu tric thuy muc trén PC: Source Files, .obj Files, vv...

o Tén Files: mang ¥ nghia dé hiéu

. T~én ky hiéu, tén bién: mang y nghia dé hjéu, khai bao tap trung dé
dé quan 1y (trdnh lIang phi bd nhg, tang toc do)

3) Quan ly va tao phién ban

4) Cau trac cua tirng module

e Tén module * (Gi1ao dién véi bén ngoai module
» Lich sir cua module e Giao di€n v61 bén trong module
~» Mota module * Chuc nang cua module
Z
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4. Thwe hién ky thuat hé thong PK so
4.3 Thiét ké hé thong vi diéu khién

4.3.5 Software: Cong cu phat trién va cong tac quan ly | d) Cdc nguyén tic thuc hién (tiép)

5) Con dwdng tir thuat toan (Algorithms) t&l phan mem (Software)

« Tap hop tat ca cac phuong trinh can tinh (thuat toan) va cac tham so
cua do1 tuong DK.

e Chuyén tat ca phuong trinh va tham sO sang dang khong c6 thu
nguyén (Normalizing, chuan hoa).

* Khi str dung uP, uC hay DSP giéu phéy tinh: Xéac dinh cac hé so
truot (Scaling) do1 voi tham s6 va bién. Khong thue hién dong tac
nay do1 véoi dau phay dong.

«  Xay dung luu d6 (Flowchart).

e Phan thanh chuong trinh me, chuong trinh con hay thu tuc ngat
(Interrupt Routines).

fo Xac dinh thu vién.

Hon.-Prof. Prof. Dr.-Ing. habil. Nguyén Phing Quang B?i hé?c
Electrical Engineering - Automatic Control ] Baé#l Khoa
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Pieu khién so6
(Digital Control Systems)

Phan A:

Mon hoe truyen dat cac kién thuc phuc vu phan
tich, thiét ké cac hé thong diéu khién tu dong st
dung vixu ly (uP, pC, DSP).

Phan A bao gom cac ndi dung thudc chuong
trinh danh cho DPai hoc.

(Version 5, 8/2009)

i
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Dieu khién so
Chwong 1: M6 hinh tin hiéu va hé thong
1. Cau trac co sé ciia hé thong PK s6
2. MO hinh tin hiéu trén mién anh z
3. M0 hinh hé thong trén mién anh z
Chwong 2: Dieu khién c6 phan hoi dau ra
1. Xét 6n dinh cta hé théng s6
2. Thiét ké trén mién thoi gian xap xi lién tuc
30" Thiét ké trén mién thoi gian gian doan
4. Mot s6 dang m¢ rong

| Pai hoc
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Piéu khién soé

Chwong 3: Dieu khién c6 phan hoi trang thai

1.

2.
3.
4

5.

On lai cac kién thuc co s&

MO hinh trang thai gian doan

Tinh BK duoc, QS dugc va cac dang chuan
Cau trac co ban ciia hé thong PK so trén khong
glan trang thai

Mot sO dang mé rong

Chu’o’ng 4: Thwce hlen ky thuat hé thong PK so

1. Anh hudng cia so hoa (lugng tir hoa) bién do
2. Thiét ké hé thong bang may tinh (MATLAB)
3. Thiét ké hé thong vi diéu khién
18 August 2009 Assoc. Prof. Hon.-Prof. Dr.-Ing. habil. Ng. Ph. Quang | Dai hOC
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b\ > y
Dieu khien so
Tai liéu tham khao:
[1] Isermann R.: Digitale Regelsysteme. Bd. I und II, Springer-Verlag, 2.

Auflage, 1987-1988

[2] Franklin G.F., Powell J.D., Workman M.L.: Digital Control of Dynamic
Systems. Addison Wesley, 274 1994

[3] Quang Ng.Ph.: MATLAB & Simulink danh cho ky su diéu khién tw déng.
Nha xuat ban KH&KT, 2004

[4] Quang Ng.Ph., Dittrich A.-J.: Vector Control of Three-Phase AC
Machines. Springer, Berlin — Heidelberg, 2008

Chu y: Giao trinh nay st dung de day cac 10’p da1 hoc vo1 thot
luf()’ng 45 tiét, bao gdm ly thuyet va vi du. Vo1 cac 1op 60
ti€t, s€ day giong nhu 1op 45 ti€t nhung ¢6 thém bai tap 1on

P 12- 15 tict.
i
_ : ' Dai hoc
18 August 2009 Assoc. Prof. Hon.-Prof. Dr.-Ing. habil. Ng. Ph. Quang Bach Khoa
Electrical Engineering - Automatic Control (]
sacinoa| HA NOI




1. M6 hinh tin hiéu va hé thong

1.1 Cau tric co sé ctia hé thong PK so

Wi €k Khau U, Ddi tuong
Didu chinh [ | PAC | diéu knién | ALC
a)
[e,] = [wi] - [ A [24,] A c A »
> B.,,Kha# N Khau Diéu chinh:
b) e(2)=w(2) - y(2) leu chin u(z) 1. Pt Sal phﬁl’l
. Up_y 0t Pl + Pty =
[1,] ac D6 tugng D [yk]b Py Py T Poliy
c) u(z) diéu khién ¥(z) dox T q1€—1 T 1T4,6_,
G ) = - tgz " 4tqzv ©O(z') 2.Ham truyén dat trén
P Z | = — A N
j o oBC potpz +etp " Pz mién anh z
: _ ~ [Pai hoc
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1. M6 hinh tin hiéu va hé thong
1.1 Cau tric co sé ciia hé thong PK so

« Khau DC: st dung vi xu [y (microprocessor: puP),
vi diéu khién (microcontroller: pC) hodc vi xit 1y
tin hiéu (digital signal processor: DSP)

 Khau DAC: c6 thé khong ton tai mot cach tuong
minh, ma an dudi dang thiét bi co chirc ning DA.
Vi du: khdu diéu ché vector dién dp (khi diéu
khién digital dong co ba pha)

* Khau ADC: thuong st dung khi do dac gia tr1

| thuc cua dai lugng ra (vi du: do dong). D61 khi ton

“|  tai dudi dang khac nhu: do toc d6 quay bang IE

Pai hoc
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1. M6 hinh tin hiéu va hé thong

1.1 Cau tric co sé ciia hé thong PK so

Khau trich
mau |y tudng

[14,]

.

0 (r){
k Khau !

> . .
u(t) == ] | 8uchgd [
~ . P !
u(t) 16 u (t) ’
_/l_
Khau ADC va qua —
trinh trich mau do Khniigjﬂéch

Sau khi trich mau (1y tu:(mg)
bang ADC ta thu dugc chudi

gid tri 6
(][ (0), (1) u(2),..

g | =g, uy, usy, .|

] hay

A\

Dé khao sat tin hiéu gian doan
bang coéng cu Laplace (hay
phan tich pho), dong thoi tao
diéu kién mo ta hdn hop voi cac
khau lién tyc, ta nhan chudi véi
ham d(t) va thu duoc day xung:

DAIHOC

()= 3 [u(kT)8 ¢ KT

18 August 2009
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1. M6 hinh tin hiéu va hé thong

1.1 Cau tric co sé ciia hé thong PK so

[i1, ] ”U}{ [ { { [
k ) t

Khau giir cham

mién thoi gian:

Zuk{ 1(¢e—kT) 1]t (k+1)T]}

Tur do thu dugc ham truyen dat cua khau

> Z * n ; >
] u (1) bac 0 u(t)
Khau trich
mau &
| P a S
Khau DAC va qué trinh uis) | Gofs) (s) |
lwu gitr (nh&) khi xuat H
_ . —sT 00
M0 hinh tin hi€u c6 dang bac thang trén U 1 Z u, o KT

| itr cham: —
4 1 © G (s) U(s)
Chuyen sang mién anh Laplace: H U <S>
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1. M6 hinh tin hiéu va hé thong

1.2 M6 hinh tin hiéu trén mién anh z

Chuyén phwong trinh mé ta day xung u’(f) sang mién anh Laplace:
©.0) (0.@)
* * —
u (t)= Z[u(kT)é(t—kT)] =U (s)= Z[”k e SkT]
k=0 k=0
0. e]
Thay: z =¢’ tathudu’o’c U() () Z[ ]
¢ k=0
Vi du: Mot tin hiéu gian doan vé thoi gian cho trudce boi 7 5
0 k<O /
u, =
¢ a* k>0
, ) a
Anh z cua tin hiéu ké trén:
o0 o0 k
U= 3l =) =30
: k=0 k=0 \ Z
\ Chudi trén chi hoi tu khl‘a/ Z‘ <1, tirc 1a ¢ vung phia ngoa
y | duong tron co ban kinh a — vai tro quan trong cua T dbi
voOi1 on dinh cua hé thong st
1é'A t 2009 A Prof. Hon.-Prof. Dr.-Ing. habil. Ng. Ph. Q Dai hOC
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1. M6 hinh tin hiéu va hé thong

1.3 M6 hinh hé thong trén mién anh z

Tin hiéu vao

Hé thong PK s6 bao gom gian doan ——
2 loai khiu co ban: Khau c6 ban
1. Khdu c6 ban chdt gidn chat gian doan

doan: Cac tin hi€u vao/ra/
trang thai déu glan doan

Tin hiéu ra
gian doan

veé thot gian va vé muec. Tin hleu trang thai
Khau mé ta cac thiét bi a) gian doan
DK digital.
2. Khéu c6 ban chat lien 110 hiéu vao Tin hidu ra
tuc: MO ta doi twong dieu " doan Khau Khau c6 ban lién tuc
khien. Kl}i gian doan hoa nhd chat lién tuc
s€ dua dén mo hinh nhu
hinh bén. Vi¢c gian doan =1 gian doan
hoa xuat phat tir mo hinh e =
. trang thai lién tuc cta d6i :E =
- tuong. &g =
4 b) Tin hiéu trang thai
oA
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Electrical Engineering - Automatic Control

BACH KHOA

Ha Noi



1. M6 hinh tin hiéu va hé thong

1.3 M6 hinh hé thong trén mién anh z

1.3.1 M6 hinh khau cé ban chat gian doan

u, Xp
Quy luét tinh toan (dugc goi la thuat I I I N I [ I
toan) xac dinh dic tinh truyéndatcoa | | | | | N . L1t
A g Khau SISO cé ban
khau. > L >
[z, ] chat gian doan [x,]
a) Mo ta bang phuong trinh sai phan *Sai phan bac n:
*Sai phan bac nhat: A'u, = A”‘lukJrl —~ A"y,

, n
Sai phan tién:  Au, =u, |, —u, — E
v=0

[

Sai phén o Auk — uk — uk—l
\ Mot phuong trinh sai phan co it nhat 2 gia
*Sai phén bac 2: A°y, = Au,,, — Ay, tri u,,, va u, dugc goi la phuong trinh

#

i —u, ., —2u,,, +u, sai phan bac n.
DAIHOC
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1. M6 hinh tin hiéu va hé thong
1.3 M6 hinh hé thong trén mién anh z

1.3.1 M6 hinh khau cé ban chat gian doan

a) Mo ta bang phuong trinh sai phan
*Pt. sai phan béc n sir dung sai phén tién:
AgXy oy T, Xy ta,x =by,, +-+b, . +b,u,
*Pt. sai phan bac n st dung sai phan lui:

ayx, +ax,_ +--+a,x,_, =bu, +bu,_ +---+b,u,_,

Giai pt. sai phan bang phwrong phdp tinh truy héi (recursive method)
Gia sir ta xuat phat tir pt. sai phan 10i voi a,=1

X = by b+ b U, —a X —ay X, = —a,X,
Qua trinh tinh x, duoc bat dau tir k=0, 1an luot nang thém 1:

)

k=0 = x,=>byu,

yr k=1 = x, =byu, +bu,—ax,
i :
I8 A t 2009 A Prof. Hon.-Prof. Dr.-Ing. habil. Ng. Ph / Daihgc
ugus ssoc. Prof. Hon.-Prof. Dr.-Ing. habil. Ng. . Quang Béciln Khoa
Electrical Engineering - Automatic Control . arma
Bacnknoa| Ha NOI




1. M6 hinh tin hiéu va hé thong

1.3 M6 hinh hé thong trén mién anh z

1.3.1 M6 hinh khau cé ban chat gian doan

a) Mo ta bang phuong trinh sai phan Giai pt. sai phan trén mién danh z

* Budc 1: Chuyén dong thoi 2 vé cua pt. sai phan sang mién anh z:

Z {aoxk+n Tt a, Xy, T a,%, } =7 {b0“k+m + 4D, Uy + DU }
* Bude 2: Gia thiét cac gia tri ban dau Xy Xseves Uy Ul béng 0, ta co:
_ bz +bz" "+ 4D,

-1
a,z" +az"" +---+a,

* Budc 3: Ap dung bién ddi nguoc dé tim X

X(2) U(z)

Chu y: Cé thé giai pt. sai phan trén mién anh z, xuat phat tir pt. sai phan tién
| hoac Iui, ket qua thu dwoc bao gi® ciing la duy nhat.

i
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ugus ssoc. Prof. Hon.-Prof. Dr.-Ing. habil. Ng. Ph. Quang z
Electrical Engineering - Automatic Control B?C A}.(hoa
Biciknoa| Ha NOI



1. M6 hinh tin hiéu va

hé thong

1.3 M6 hinh hé thong trén mién anh z

1.3.1 M6 hinh khau cé ban chat gian doan

b) M6 ta bang ham truyén dat trén mién anh z
Vi X(z):Z{xk};U(z>:Z{uk}
1a anh z ctia chudi gia tri (tin hiéu digital) dau ra / dau vao, ta s& co

ham truyén dat sau: X(z) bo—l-b12_1+-~°+bmz_m
= . m=n

Chu y: Trén co sd cac
phuong trinh vector sai
phan, c6 thé mé ta khau
truyén dat gian doan nhiéu
chiéu tuyén tinh boi:

Glz)= = X
(2) U(z) a,+az '+ +az"
Tuong tu hé lién tuc, ham truyén dat G(z) co thé duoc coi 13 anh z
ctia ham trong luwong gidn doan [g,] (chudi trong luong). Vay:

g =2 {G<Z>} = X = ng—iui
i=0

Trong d6 G(z) 1a ma tran
truyén dat gidn doan.

X "
Vidu:G(z)= (2) _ 11 = Khi u*=1* ta ¢0:
U(z) 41—z
‘ | z Z 4 1/ k—4
=—7 - =—(1" -1
| B {z—l z—lz} 4< )
i

wlel= (4 Ja Ja Jar0.0-)

X =& T & T& T +&+&

X, = 2 =0,25
X = g +8& =0,5
Xy = & t8& 18 =0,75

g 1+8& +8& +8& =1
X, = g tgtgtgtg =1

X3 =

{8 August 2009
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1. M6 hinh tin hiéu va hé thong

1.3 M6 hinh hé thong trén mién anh z

1.3.1 M6 hinh khau cé ban chat gian doan

¢) M6 ta bang mé hinh trang thai gian doan

#

i

Hé MIMO:
Q. = A'q,+tBu,
{ x, =C'q,+Du,
Hé SISO:
Q. = A'q,tby,
{ x,=c q,+td u,

A B’

C* D*

=

M0 hinh thu dugc tir phuong trinh sai phan, hay ham truyén dat (trén mién anh z) mo ta

Ar+1

thuat toan ma khau thuc hién (thuat toan BC, loc SO VV.. D).
*Co thé thuc hién bién doi sang cac dang chuan tac (chuan DK, chuan QS) thong dung

dé mo ta hoac tinh toan.

Iz1

A*

18 August 2009
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1. M6 hinh tin hiéu va hé thong

1.3 M6 hinh hé thong trén mién anh z

1.3.2 M6 hinh khau c6 ban chat lién tuc va tin hiéu vao dang bac thang

. 4. - r i , ' Y7 X
a) Pac diém cua qua trinh nhd

(xem trang 7) T

Dang bac thang cua tin hi¢u vao do o Khau SISO ¢6 ban !
qua trinh nhé tao nén. Trén mién — > hat lian t >
. , _ 72(f) chat lién tuc x(f)
anh Laplace c6 dang:
—_ 1 _ e_ST & B E s 1 =T
— S5 ko U (s) 5
GH (S) U*<S)

Két luan: Khi xét PTPK khong bao gid duoc phép quén
khau gitr cham (dac trung cho qua trinh nhd)

b) M6 ta bang ham truyén dat Goi anh Laplace ciia dap ing budc nhay
_ . don vi (cua ham qua do A(r))la H(s) ta co:
X(s)=G(s)U"(s)

] > E(S)=H<S)—€_STH(S)Z(l—e_ST)H<S)
| Vi X(s) 1a anh Laplace cta bién ra, U'(s)

1 . e—ST

7 | la anh Laplace ciia chudi xung dau vao = G(s)=Gy(s)G(s)
S
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1. M6 hinh tin hiéu va hé thong

1.3 M6 hinh hé thong trén mién anh z

1.3.2 M6 hinh khau c6 ban chat lién tuc va tin hiéu vao dang bac thang

b) M6 ta bang ham truyén dat trén mién anh z
X(z)=6(z)U(z)
V6i G <Z> duogc tinh theo mot trong hai cach
mo ta & hinh bén

Vi du: Déi tuong DK 13 mot khau quan tinh
bac nhat. Theo cach di thudc nhanh bén trai:
1

Gls)= 1= H )= S(Hlsm = h(e)= (1= )1()

X ¥ 4 kT —kT/T,
*Chubi sau gian doan hoa: A, =17 — /"
z z

*Chuyén sang anh z: H(z)= I

*Ham truyén dat cia G(z)=1-

Ko A © A z—e
doi tuong trén mién g

- e
i/anh s = —T/T,
z—e

= h{kT)=h,
Z{ih}
G

DAIHOC
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1. M6 hinh tin hiéu va hé thong

1.3 M6 hinh hé thong trén mién anh z

1.3.2 M6 hinh khau c6 ban chat lién tuc va tin hiéu vao dang bac thang

b) M6 ta bang ham truyén dat trén mién anh z

Luu ¥, khi ham truyén dat c6 dang phan thirc hitu ty

G(s)= ) i (s) 11(3)
s& c6 kha ning tach thanh cac phan thic t6i gidn nhu sau: (s) s Als)
a) H(s) co cc ey s, bat ky, khac nhau: 7] — } -2
s—s,| z—e”
J - . A ' 1 1 8m71
b) H(s) c6 cuc s, 1ap lai m lan: 7 | (3 . )m ] (m = 1>! 5T _ZesyT

Tiép tuc vi du trang trude bang cach di theo nhanh bén phai:
, \ , A v TRY T, 1
*Téach H(s) thanh cac phan thuc t61 gian: H|( ) =

1
§)=——1"1 == -
s(s+1/Ty) s s+tlTy
" *Tim H(z) nho tim anh cia cac phan thuc toi gian: Z{I—I(s) =H(z)= GEE -
| z—1 z—eTh
k N 14 hY

y *Ham truyén dat cua doi tugng trén mién anh z:

_ 1_e T/h
G(Z ) - o Uh
, _ | Pai hoc
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1. M6 hinh tin hiéu va hé thong

1.3 M6 hinh hé thong trén mién anh z

1.3.2 M6 hinh khau c6 ban chat lién tuc va tin hiéu vao dang bac thang

c) Mo ta béng mo hinh trang thai gidn doan a) C—p X, ( k)
*Cho trudc d6i twong MIMO: uy () s i (t) A B |2) x(t)
() = Aa(1)+Bu) ; : L a )
*Nghi¢m téng quat vo1 ¢ > f, va ®(t)=e" : u@' Hold —4(5)’ ¢ D q, (f) L’xr (t)
t m um
alt)=c"""a(s)+ [[e*" "Bu(r)ar] !
) b)
—> k) F—»
— (- t)all) - M-t )ulty) £=0.1.2,.. k) =g |1k (R
*V61 ty=t, va chon =t ta co: u, (k) C D |q (k) . (B)
Q(tkH):(I) Ly — 4 q(tk>+H tk-s—l_tk]u(tk) ¢
T T
qu:q)(T)qk%—H(T)uk L'\ D
7 9t q
*Voi: H(7)=A"'|®(T)-1|B J H - Iz? . C
. ~ L2¥ X
Uu diém: Dé dang tim dwo'c m6 hinh o j
gian doan cuta cac doi twong MIMO 9
I8 A t 2009 A Prof. Hon.-Prof. Dr.-Ing. habil. Ng. Ph. Q / D@iEgc
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1. M6 hinh tin hiéu va hé thong

1.3 M6 hinh hé thong trén mién anh z

1.3.2 M6 hinh khau c6 ban chat lién tuc va tin hiéu vao dang bac thang

d) Quan hé giita mé hinh trang thai va moé hinh truyén dat
M9 hinh day du cua d6i tugng MIMO c6 dang:
1qk+1 = <I>(T)qk +H(T)uk
x, =Cq, +Du,

*Ma tran truyén dat G(z) trén mién anh z ctia d6i tuong MIMO:

G(z)=C[z1-&(T) 'H(T)+D
x(2)=G(z)u(z) = _ o adi[z1-®(7)
 det[zI-®(T)

*Ham truyén dat G(z) trén mién anh z ctia d6i twong SISO:

au

*’ <
H(T)—i—D quan tinh

’G(z): Clz1-&(T)|

v&i phuong trinh dac tinh:  det [ZI — <I>] =0

1

H(T)

G(z)=c"[z1-®(T)] 'h(T)+d rG(z):cT [21-®(T)| 'n(7)
o dj|z1-®(7)| s dj|z1-®(7)|
o u(z) :cTa]Z h(T)—|—d quan tinh _ r adj|z h(T)
4 det|z1—®(T)] det|z1—®(T)]
, g Pai hoc
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1. M6 hinh tin hiéu va hé thong

1.3 M6 hinh hé thong trén mién anh z

1.3.3 Mb ta hé trong khoang giira hai th&i diém trich mau x(f) s(t+eT)  xl(k+2)T]
——| T 1 >
fi Djc diém khong twong minh | Giia 2 thoi diém \ o)
.. Cuaphép bién d6i z nguoc trich mau:
NN, t=(k+e)T;0<e<1 -
\ ) / ~
Chon s6 lugng € du 16n, /
: ta ¢ thé mo ta x(¢) boi:
\\\\\ 2 /'// ‘Q§ 4 > X( ) /
0 1 ‘\t\l},y 5 N _ ..I . [x((k+s)T)}<:>[xk+g] i
- -z 0 5 T T+5 >
Bién d6i zm& roéng | 7{x,, } = X ()= i[kargz ‘|
k=0
_ — X(z,e)
= G(z,e)U(z) P> G(z,e) —»
UV (2D — ()
Hai truong hop dac biét co6 thé dung dé kiém tra: E— G(z) 0( )‘ G(z) >
4
\ e=0 = X(Z,O):Z{xk}:X<z) -
4 e=1 = X(z,l):Z{ka}:Z[X(Z)—xO]
I8A t 2009 A Prof. Hon.-Prof. Dr.-Ing. habil. Ng. Ph. Q / Daiz?c
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1. M6 hinh tin hiéu va hé thong

1.3 M6 hinh hé thong trén mién anh z

1.3.4 M6 ta hé gian doan c6 tré (tin hiéu vao dang bac thang)

Hé v6i thoi gian tré T, (Dead-Time): 7, :oo(d —&, )T; d=1,2,--;

Ap dung cac kién thirc vé bién ddi z mé rong va nguyén 1y tinh tién cta anh z, ta thu duge ham

G, (Z) = Z{gk_d+€d } = Z*d5<z,€d)

truyén dat G/(z) sau:

X = Z [g(kd+5d)' ”i}

l 0

0 <e, <1dugc mo ta bai:

Khi 7, 1a s6 nguyén lan cua T:

Khi T, la sb nguyeén
lan cua T, chi can bé
xung z. Khi T, khong
la s6 nguyén Ian cua
T, st dung ¢, (thay vi
¢) dé tim anh z mé&
rong. Trong ca 2
trwérng hop, sé xuat
hién diém cwc lap lai
d lan tai g6c toa do.

1) T, xuat hién ¢ dau vao:

4., =®(T)q, +h(T)u,_,

T
X, =¢C q,

u,

) =1

[ )] =1

u,

—

_____

2 z'l

==

H

Mo hinh co tré T, o dau vao

2) T, xuét hién & dau ra:
Qi1 = (I)(T)qk "|’h<T>uk

X, g =€ qy
3) Trong ca hai truong hop: Bac cia ® nang 1én thanh
(n+d)x(n+d)

9rv

q;

Iz1?

o
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2. DK c6 hoi tiep dai lwong ra
2.1 Xét on dinh ciia hé thong PK so

2.1.1 On dinh truyén dat V& co ban, khi h¢ c6 quan tinh (d = 0, D = 0), hai
adj(z1—®) cau triic déu c6 dang phan thirc nhu sau:
*H¢ . G(z)=¢ ———%h+d
He SISO:  G(z)=c - TN B(2) B B(z) T
*H¢ MIMO: G(z)= C_adj(zI __(I)) H+D / det(z1-®) (z-z)(z-2)(z-z2) Fz-z

det(zI — CID) .
Bién do61 z nguoc

g, =czi+ezf vtz k=012, ...

<
<

Theo dinh nghia vé én dinh truyén dat, day g, chi cé gia tri han ché khi |z]<1.
Tirc 1a chi khi tat ca cac diém cuc (nghiém ciia phwong trinh diic tinh) nim bén
trong dwong tron dorn vi ciia mit phing z.

2.1.2 Tiéu chuan dai s6 | a) Su dung phép bién doi twong duong

14+ w Str dung phép bién doi w chuyén mién 6n dinh bén trong
Vidu: z= - dwong tron don vi cua mat phang z sang bén trdi mat

| | phang phuc Zno”i, goi la mat phang w, cho phép su dur’lg

AN PR céc tiéu chuin dai s6 ROUTH va HURWITZ quen biét.
; 1-w
~ [Pai hoc
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2. DK c6 phan hoi dau ra

2.1 Xét on dinh ciia hé thong PK so

Nghiém cua da thirc
dac tinh N(z) chi nam
trong dwéong tron
don vi khi va chi khi

o

2.1.2 Tiéu chuan dai s6 | a) Sir dung phép bién doi twong dwong (tiép):
Im{w}
C
/ Re{)
L > 4 >

tat ca nghiém cua B
N(w) deu cé phan
thwc am.
) . A
1. Ung v&i mdi diém bat ky thuoc mién anhz:  z=u+ jv
ne 2R A A z+1 u> +v* —1 2v
ta thu duoc mot diém moi trén mién anh w: w= — —j
: : ., o z—1 W viH1-2u T ur VvV 41-2u
2. Pbuong trondonvi y~ +v” =1,biéngiéiéon vy
dinh trén mién anh z tré thanh duong thang: '~ ~/7_,

. 3. Trudc khi sir dung tiéu chuan ROUTH hay HURWITZ ta phai chuyén da thic dic tinh:

o N(z)=a,+az+az’+-+a,z" sangmiénw:

2
! w4+l (w41
4 N<W>:a0+alw—+a2[w ] o= hy Hhw w4 =0
W_l w— DAIHOC
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2. DK c6 phan hoi dau ra

2.1 Xét on dinh ciia hé thong PK so

2.1.2 Tiéu chuan dai s6

a) Str dung phép bién doi twong duong

b) Str dung tiéu chuan Schur-Cohn-Jury: Tuong tu tiéu
chuan HURWITZ, ta s€ phai thiét 1ap cac dinh thirc tu

cac hé so cua da thire dic tinh N(2)

tiép):
(ticp) 1 N(z) =a,+az+az ++a, 2" +az
Mién z = mién w 1. Tinh cac dinh thuc C, Dy:
./ -aO a, ak_1- -an—(k—l) a,, a,
0 ag Ao a, . a, O
? A= . . . B = (.k g .
1 i 0 - 0 ag| a, O 0
‘s 2. Piéu kién can va du dé nghiém ctia N(z) nam trong
~ duong tron don vis€la N(1)>0 va (-1)"N(-1)>0
K‘ . dong thoi phai théa man:
k kchan: C,<0:D,<0 klé: C >0;D <0
C,>0;D, >0 C; <0;D; >0
j Cs <0:Dy <0 C,>0:D; <0
I8A t 2009 A Prof. Hon.-Prof. Dr.-Ing. habil. Ng. Ph 4 Dai hS(')c
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2. DK c6 phan hoi dau ra

2.1 Xét on dinh ciia hé thong PK so

2.1.3 Str dung quy dao diém cuwc

Ham truyén Quy dao diém cuc Phuong trinh
dat vong ho trén mién z dac tinh
Im{z}
z+K,—z, =0
K N .
z—z K N E z=—-K,+z

1 K, — oo
K, <

K, <Z—ZD1)+Z—Zl =0

Z—Zp,
- — ) K,—oco | K,=0
\ K, . P 0 Re{z} _z+ Kz,
1 1 Zm Z 1 zZ =
1+ K,

5 ~
i
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2. DK c6 phan hoi dau ra

2.1 Xét on dinh ciia hé thong PK so

2.1.3 Str dung quy dao diém cuwc

Ham truyén
dat vong hd

Quy dao diém cuc
trén mién z

Phuong trinh
dac tinh

Im{z} AKO — 00

z’ —Z(Z1 —|—Zz>—|—ZIZZ—|—K0 =0

2
TSy Py

K, — o0

z’ —Z(Z1 +z, —KO)—|—2122 —Kyzp, =0

Pt. dudng tron: (z, —c) + z;=r’

Z—Zp
\ K, <Z—Zl>(Z—22) Voi:
z=z,+jz;;¢=12zp
~
4 r:\/ZIZZ_ZD1<Zl+ZZ>+le)1
| _ Dai hoc
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2. DK c6 phan hoi dau ra

2.1 Xét on dinh ciia hé thong PK so

2.1.3 Str dung quy dao diém cuwc

Ky, — o0

(z—zp )(z—2p)

K od-—po—
" (Z_Zl><Z_Z2> -1 szvi

+z,2, + Kyzpyzp, =0
Pt. duong tron: (z, —¢) +z
Voi:
z=z,+]jz;
212y — ZpiZpo

(Zl +Z2>_(ZD1 +ZD2)

CcC =

Ham truyén Quy dao diém cuc Phuong trinh
dat vong hd trén mién z dac tinh
Im{z} z? (1+K0>—Z[ZI+ZZ+KO <ZD1—|—ZD2>]

)
=r

<Zl + ZZ>ZDIZD2 _<Zm + Zm>2122

2
r=c +

(Zl +ZZ>_<ZD1 +ZD2>

Khi khao sat 6n dinh, bo tham s6 hé thong tai giao diem cuia dwong tron don vi voi
quy dao diém cwc sé la bo tham sé can dwoc khao sat ky. Khi ton tai nhiéu giao
diém, phai tim ra vi tri cia diém bat loii nhat.
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2. DK c6 phan hoi dau ra
2.1 Xét on dinh ciia hé thong PK so

2.1.4 Dw bao dic tinh cta hé thong PK s6

: W (z) — X(2)
a) Dw bao qua trinh qua dd trén co sé vi tri diém cwc »(O—| Gi(z) | G(2)

Xét hé c6 ham truyén dat sau:

e X(z) __Gi(2)
G, =G G G = =
(=G (5() = 0, () = = e
v6i phuong trinh dic tinh: N (z)= / Mm {z} N
*Da thirc N(z) la bac 1: Re{z)
N(z)=z—z Véi diém cuc thuc: z =z, 2 % % X
Tin hi¢u ra co6 dang: ’ ’ '
X(Z)zz_zaéxkzzlk \ '
vGi gia tri ban dau:x, =1 I Vo d oo
L . YYYT I Lo
—~1<z <0: Dang diéu hoa tat dan T T ’ * L-“ % T See T T

0<z <1: Dangkhong diéu hoa tat dan
z, ngoai duong tron don vi: H¢ mat 6n dinh

Qua trinh qua do khi da thirc N(z)

Zd b'aAC ] DAIHOC
_ Dai hoc
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2. DK c6 phan hoi dau ra

2.1 Xét on dinh ciia hé thong PK so

2.1.4 Dw bao dic tinh cta hé thong PK s6

a) Dw bao qua trinh qua do trén co’ s vi tri diém cuc

*Da thirc N(z) la bac 2:
V()= (z-2)(z-2)

Truong hop 1: Co 2 diém cuc thyc z, = z,

Tin hi¢u ra c6 dang:

4
Fa

/

Alm {z}

z

(Z—Zl)(z—zz)
(o -2

vOi gid tri ban dau: x, =0; x; =1

X (2)

k

Pap tng ra c6 dang tat dan khong ¢ hoic
c0 thanh phan diéu hoa, tuy theo diém cuc
duong hay diém cuc am (|z,|<1) 1a tro1.

Qud trinh qua do khi da thurc N(z) la bac 2
voi 2 nghiém thuyc

DAIHOC
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2. DK c6 phan hoi dau ra

2.1 Xét on dinh ciia hé thong PK so

2.1.4 Dw bao dic tinh cta hé thong PK s6

a) Dw bao qua trinh qua do trén co’ s vi tri diém cuc

*Da thirc N(z) la bac 2:
V()= (z=2)(z-2)

Truong hop 2: Co diém cuc thuc kép z, = z,

Tin hi¢u ra c6 dang:
z

2

k-l
= X, —kZL2

X(Z):

vOi gid tri ban dau: x, =0; x; =1

So véi diém cuc thue don, diém cuc thue
kép thé hién rat rd dic diém dap tmg diéu
hoa. Piém cuc thyc kép trén dudng tron
vi bit dau gy mat 6n dinh.

s A ~
/ Im {Z} N
Reqz
X X X XK te)
-1y -0,8 -0,2 0,2 0,8 J1
* /; °
“ )
‘; . v Y .... :
! P t e U
L
° °
e °
Qud trinh qua do khi da thuce N(z) la bac 2
voi nghiém thuc kép
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2. DK c6 phan hoi dau ra

2.1 Xét on dinh ciia hé thong PK so

2.1.4 Dw bao dic tinh cta hé thong PK s6

zZi=a+jBiz,=a—jf

Tin hi¢u ra c6 dang:

a) Dw bao qua trinh qua do trén co’ s vi tri diém cuc

Truong hop 3: Co cip diém cuc phuc lién hop

*Da thirc N(z) la bac 2:

Re {z}

z

X<Z>: z° —2az+(a2 —I—ﬁz)

k
=X, = 2[%] sin(kcp); O = arctgg

Im {z} Im {z} Im {z}
0,54 BX {0.5
© Re {z} 00 ‘\(’0 Re {z} | m
-1 05 1 -0,5
o =45 © =90° p=135"

Nhan xét: Khi ton tai cap diém cuc phtrc lién hgp v61 thanh phﬁn thuc am, hé co xu
hudong gay dao dong va vi vay can phai rat chi y. Goc ¢ cang 16n, tan so6 cua thanh

r phan hinh sin cang 16n (xem k¥ trang tiép theo).
: _ ~ | Dai hoc
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2. DK c6 phan hoi dau ra

2.1 Xét on dinh ciia hé thong PK so

2.1.4 Dw bao dic tinh cta hé thong PK s6

a) Dw bao qua trinh qua do trén co’ s¢

Truwong hop 3 (tiép): Xét tong quat d6i twong PT, chua c6 ZOH & dau vao.

vi tri diém cwc

Ajw
|G == 1 = Gy(2)=—
o, y 1+ s+ — s |j4_8 4 S ] (z—z)(z—2z,)
— 99\ » Wo Wp o, +jw, 6, — jw,
2 2
b =a ° :}—w sin(w,T);a=e"";z, = oz[cos(wj):l:jsin(wj)] =aqe !

Nhén xet: ) (1)

*Trén mién z, cap diém cuc 6 goc T .afl
,T cang 16n, img véi tan s6 o, trén (5): w °* .
mién s cqng lom. 7 « @ o
*Trén mién z, gia tri a cang nho (di€ém RN SR
cuc tién gan dén gdc toa do), tmg vai Se®

0, cang lon trén mién s (diém cuc dich f (.4) + ) 0<a<l
_Xa vé phia trai), quan tinh cang nho PR * Bl ‘ool

(dong hoc duogc cai thi¢n). (4): w. T 2150°

(1, ), 3): w,T 230"
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2. DK c6 phan hoi dau ra

2.1 Xét on dinh ciia hé thong PK so

2.1.4 Dw bao dic tinh cta hé thong PK s6

b) Dw bao dic tinh hé thdng trén co’ s& vi tri

+Xeét khau ty 1€ c6 quan tinh bac 2 (khau dao dong PT,):

GS(S)Z 2D I , B Vol A 1A i le 1A
l1+——s+—s T ] I ] w, = Tan so ri€éng cua h¢ tat dan
“oo % bt jw )l 0=, D =Heé sb tit dan
.. 6 : ' :
«Cong thirc quy doi: w, = w,V1—D*; D =—-=cosp (¢ =0khi D > 1); w; =& +w’ Ajw
Wo

\ /4 A w — .

*Ham qua do: h(t)=1—"e" sin(w,t + )

> 0
*Mtrc qué diéu chinh: Ak = exp[— < 7r] = exp
*Thoi gian qua DC:

«Mirc qua diéu chinh (tinh bang %) phu thudc ¢

cua cip diém cwc mang tinh tréi (dominant)
w, = Tan s0 cua thanh phan sin

! ! ¢, = Hé s6 quan tinh

we

w

e
s s
T pu— =

ow, w1-D?

\ Ah[%] 0 5 10 15 20 30 40 50
\s o [°] 0 46 54 59 63 69 74 78
A 3 4 >
*Thoi gian xac 1ap:  Tsu ~ / ) > Doy ™ %e Y nghia cdc tham sé ciia|khdu PT,
. : Dai hoc
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2. DK c6 phan hoi dau ra

2.1 Xét on dinh ciia hé thong PK so

2.1.4 Dw bao dac tinh cta hé thong PK s6 | b) Dw bao dac tinh hé thong trén co s vi tri
cua cip diém cwc mang tinh tréi (dominant)
«Xeét khau ty 1€ co quan tinh bac 2 (khau dao dong PT,): Cac nguyén tic chon vi tri cho cip diém
cuc mang tinh troi. R
*Nguyén tic I: Trén co s& Ah_. < Ah < Ah__ chon b Mién s
: Drnin< D < Drnax’ tirc la mein< ¥ < ¥max- — _] W, ax
*Nguyén tac 2: Chon T, The, = 0,> 6, nin
*Nguyén tac 3: Chon T, = w, i, <w,
*Nguyén tdic 4: Dé han ché diéu hoa c6 tan s6 cao, Jw,
can théa man w, < w, .«
J >
1. Vung t6 dam (hinh bén phai) chinh la —jw,
vung wu tién de gan cwc cho hé thong
2. Khi da xac dinh dwoc dac tinh caa hé
lién tuc (da xac dinh dworc vung wu — 7 W
,»f tién) trén mien anh Laplace, ta c6 the
r tinh quy doi qua mién anh z
I8A t 2009 A Prof. Hon.-Prof. Dr.-Ing. habil. Ng. Ph. Q 4 Dé_liast_)c
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2. DK c6 phan hoi dau ra

2.1 Xét on dinh ciia hé thong PK so

2.1.4 Dw bao dic tinh cta hé thong PK s6

Xuét phattr z =¢' ;s =6+ jw ta hdy tim
anh cua vung t6 dam (trang 31) trén mién z:

a) Ving c6 hé sé tat dan la hang (6, = const):

b) Dw bao dic tinh hé thdng trén co’ s& vi tri
cua cip diém cwc mang tinh tréi (dominant)

Jwa

Mién s

Im {Z} Al Miénz

\ /4 _6 j T
Thay vaoztaco: z = e( e+ )

Dé dang thay anh sé& 14 duong tron

/4 ol . /( Pal \ /4 14 \ _6 T
coO tam tai goc toa do va ban kinh la: €

e

Mién s Juwa m{z} 4.

Jﬁ Miénz
2
Yr \ r A Agy g S _ .
5 2 AN r Refz} b) Vung cd tan so la hang (w, = const):
" " \ /4 j T
_wT‘TK T ! Thay vaoztaco: z = el ol
.y 2 D¢ dang thay anh s€ 1a duong thang qua
. goc toa do voi do doc xac dinh boi: w T
-
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2. DK c6 phan hoi dau ra

2.1 Xét on dinh ciia hé thong PK so

2.1.4 Dw bao dac tinh cta hé thong PK s6 | b) Dw bao dac tinh hé thong trén co s vi tri
cua cip diém cwc mang tinh tréi (dominant)
¢) Viing cé hé s6 tat dan la hc%ng (D=const): jwa Im{z} 4
> e in ” ) . Z Mién s 1 Mién =
Ta phai tim anh ctia duong thang:
s =—wcotgy + jw
Thay vao z ta co:
. — e—ZW(w/wT)cotggpe—j27r(w/wT) ¢ ‘,
D@ dang thay anh sé& 1a duong xoan
logarith nhu hinh bén
Miéns ‘jw“ LwWr
b ]leTlaX T . . ” I~ ~
| ///;;x Khi ghép cac anh con ta sé
. N, [ thu dworc vung diém cuc trén
| L wr// 2 mién z. Day la ket qua céy
2 - Al | w2 nghia quan trong khi phan
: tich chat lwong, tham chi ca
o g, <Tw khi tdng hop hé (chon ving
r 1 o dé gan diém cuwc)
D 6c%min —J 2 g . .

Dai hoc
Bach’Khoa
Ha Noi
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2. DK c6 phan hoi dau ra

2.1 Xét on dinh ciia hé thong PK so

2.1.4 Dw bao dic tinh cta hé thong PK s6 c) Quan hé giira vi tri diém cuc trén

mién anh s va mién anh z

Chuyeén vi tri diém
cuc tor mién s sang
mién z:

s; =0, £ jw,
s, T 6T *jw;
e’ =ele

zZ, =

21| = Mo =+ T

; ”
i
I8 A t 2009 A Prof. Hon.-Prof. Dr.-Ing. habil. Ng. Ph. Q Baiagc
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2. DK c6 phan hoi dau ra

2.2 Thiét ké trén mién thoi gian xap xi lién tuc

2.2.1 Khau DC theo luat PID Luat PID trén mién thdi gian (lién tuc) duge mo ta boi
cong thuc sau: ) ) )
t K =Hg¢ s0 ty 1€ (hé s0 khuéch dai)
| T, de<t> L 3 A s o , A
u (t) =K e(t) +ﬁfe( )dT +? y voi: T, =Hang so6 thoi gian tich phan
ro t T, = Hang s6 thoi gian vi phan

Cac thuat toan PID sir dung trong DK s6 chi khac nhau béi nd Iyc khi thue hién xd'p X1 hai thanh
phan vi phan (D) va tich phan (1), tic la khac nhau ¢ do chinh xac.

1. Xap xi thanh phan I: =— f
1 0
= Ban chat 1a phép tinh xap xi dién tich cia ham e(?)
*Sur dung phwong phdp hinh chir nhat: e() 4
T ¢ T & [
u (k) ~ FZ = u(k=1)~ FZ
T “
u, (k)zu, <k_1>+fek—1 U1(2>N£ -
R E(Z) - T, 1-z" )
0

\ arrnoc
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2. DK co

phan hoi dau ra

2.2 Thiét ké trén mién thoi gian xap xi lién tuc

2.2.1 Khau DC theo luat PID

*Sur dung phuwong phap hinh thang:
T N1

u, (k) ~ FZ 5<€i —|—eH)

I i=1

T 1
u, (k—l)—i—FE(ek ‘|—€k_1)

1

~:
=
2

1. Xdp x1 thanh phdn )i (tié})):

= U, (k—l)%

e(t) 4

v

U, (2) ~
E(z) 2T,1-z7" 0

2. Xap xi thanh phan D:

*Buéc 1: Tim gia tri xap xi cho de(¢)/dt tai cac thoi diém ¢ = kT bang cach dat:

q (1)
7 ~efi tafia o te i
\ , t=kT
*Buoc 2: Anh Laplace cua cong thirc trén c6 dang:
f/’ SF(S)%F(S)[CO—}—CleST—I—"'—I—CnesnT]
*Buoc 3: Khai trién chudi cho cac biéu thic e mii, sau do so sanh hé sb 2 vé dé tim Coy eee
. ) Paihoc
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2. DK c6 phan hoi dau ra

2.2 Thiét ké trén mién thoi gian xap xi lién tuc

2.2.1 Khau BC theo luat PID | 2. Xdp xi thanh phdn D (tiép):

Vidyichonn=2 o ¢, +¢+¢6,=0 —m ¢ =—75¢=—"5¢=—=
(xap xi bac 2) —Tc, —2Tc, =1

2

T
—¢, +2T%c, =0

df (t 1 T,
# zﬁ(m—%_l+fk_2);»uD(k)zﬁ(3ek—4ek_1+ek_2)
t=kT
Khi chon n =1 (x4p xi bac 1) ta s& thu dugc theo cach twong ti cong thirc quen biét sau:
df (1) 1 T,
- %_<fk_fk—1) = uD<k>R’J_D<ek_ek—l)
dt i T T

3. Xdp xi lugt PID:  Gia st xap xi thanh phan I theo phuong phéap hinh chir nhat va thanh

phan D biac 1

U(Z) N —|—rlz_1 +rz

2

T & T » G, (z)= =
W, = K, ek+—Zei_1+—V(ek—ek_1) R( ) E(z) 1—z!
Ie = r
= u, =u, +K,le, —e,_, —I—Eek_1 —I-?V(ek —2e, , +ek_2> . :KR[1+£];rl _ x 1+2i—£ - :KRQ
T Tigrr Fsic T
: Daihoc
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2. DK c6 phan hoi dau ra

2.2 Thiét ké trén mién thoi gian xap xi lién tuc

2.2.2 M6t s6 bién dang cta thuat toan PID

1. Thuqt toan PID,:

phan thirc sai phan bac 2 cho thanh phan D.

G (z)=2 (z) _n+nz+nz +n27
K E(z) 1—z !
Vou:
T 7T T
rO:KR _|_L_|_i_v ; 1__KR 1_|_ V_L ;r2: Rz_vﬂl/é :_K
27, 27T 2T 2T, 2T

Xap xi luat PID str dung phuong phéap hinh thang cho thanh phan I va

2. Bién dang ciia thudt todn PID,:

Theo Takahashi c6 thé lam suy giam bdt bién do PLDK khi BL chu dao (gia tri dat ) co dot

bién nhanh bang cach, thay vi e, = w, — X, chi st dung e, = —Xx, . Tir d6 ta co:
T T
” W = 27 0| =05 A0 =8 = =0 SR D —
7 S SR e S T< k k-1 k2)

DAIHOC
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2. DK c6 phan hoi dau ra

2.3 Thiét ké trén mién thoi gian gian doan

2.3.1 Thiét ké t6i wu tham s6 cho cac hé SISO a) M6 ta hé SISO

w—/—n»O—» Gp (z)

iv

e bGH(S)—b 6(5;) >

¢

Cau trac cla
Gr(z) da xac
dinh. Can di

tim bo tham

s toi wu.

Khéu Dé&i tuong PK
KhaubKss ; gitt cham
: x -1 —m B(z!
Doi tugng DK co tré: Gy (z) = X(z) _b +blz_l T +bmz_ o4 — (Z )Z—d
U(z) 14+az'+--+a,z" A(Z_l)
g v R
Khau PC: G, (Z): U(Z) _To +'”12_1 + +ryz_ _ (Z )
E(z) l4+pz'+-+pz" P(z‘l)
> A X(z) Gr(2)Gs(2) , E(z) 1
_*Ham truyén dat G, (z)= Sai 1éch BC =
chu dao: ' W((Z>) 1+ Gy (?))Gs (2) phu thudc w: WEZ>) I+ Gy (Z() ();S (2)
P \ X(z Gel(z Ulz Gz
# (*Ham truyén dat G, (z)= = S *Pai lugng PK _ R
T=a OV TG EIGE | e e PR W) TG 16,
_ ) Paihoc
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2. DK c6 phan hoi dau ra

2.3 Thiét ké trén mién thoi gian gian doan

2.3.1 Thiét ké t6i wu tham s6 cho cac hé SISO | b) Vai tro ciia thanh phan tich phan I &
ché do tinh (ché do xac lap)

*Yéu cau: dam bao triét tiéu sai léch tinh —>klim e, =0 = lin}{(z —1)E (z)] =0
E(z) 1 vO1 tin hi€u vao cé

w(z) 1+G, (2)Gs (2) dang budc nhay: — W(z)= -1

Néu DTDK la khau ty 1¢ c6 quan tinh, . Pz )a(z) |
d6 du sai léch DC s triét tiéu khi: +T— E(z)= ——— S
PPl (e R ()

P() =0 Vo1 K= w

P(1)+KsR(1) A(1) Chii y: Khi PTPK lakhduI: 4(1)=0

*Khi ¢6 tac dong chu dao:

“Khi ¢6 tdc dong nhiéu: Elz)__ Gs(2) v6i: V(z)=—
V(z) 14+ Gy (2)Gs (2) z—1 P

Néu BTPK la khau ty 1€ ¢6 quan tinh, d0 du sai 1éch DC s¢ triét ti€u khi: | — B S K< 1)'2 = 0

Chii y: Khi PTDK la khau I, do 4(1)=0ta c6: —P(1)/R(1)=0 (1)+KsR(1)

D& bao dam khi d6 dw BC, phai théa man P(1)=0. _ ()= R(z™) R(z™)
Nghia Ia, thuat toan BC ciing phai c6 thanh phan rlz)=
tich phan | (nhw DK twong tw) véi cong thirc sau: —

Intergral Part

Ddar 1noc
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2. DK c6 phan hoi dau ra

2.3 Thiét ké trén mién thoi gian gian doan

2.3.1 Thiét ké t6i wu tham sé cho cac hé SISO ¢) Tim bé tham s6 DC trén co s6

cac tieu chuan tich phan

0 A 1 A 00 0 4 74 1 .
TC di¢n tich tuyén f e(r)dt TS e, Cac bwérc tinh:
tinh /; 0 o 1. Tim anh E(z) ¢

. o s chtra cac tham
Tlf dl@l’l tich binh f 82 <t> dt TZ e}f sO cua khau bC
phuong /, 0 k=0 2. Chuyén E(z) sang

.z 50 00 dang sai phan dé
Tf: tr%:fuy’@t doi1 f ‘e(l‘)‘ dt TZ ‘ek‘ tim C@ng thirc
cta dién tich /j 0 —0 tinh e

k

TC tri tuyét doi ciia dién foo o 3. Lap ¢; vao ticu

ach: . e(t) tdt T kle 20
tich /5, 6 trong so ¢ 0 ‘ ( )‘ P 0( ‘ k D chuan va tim cyc

— ti€u cua tong, phu
TC dién tich binh ) 2 (2 2 thudc bo tham sb
phuong mé rong / f(‘) [e <t> A <t>} dt TZ <ek AU ) ctia khau BC
- k=0
] 1 1
4 I Tiéu chuan trén Tiéu chuan trén
Tén tiéu chuan mién ¢ lién tuc mién ¢ gian doan
g DAIHOC
) Daihoc
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2. DK c6 phan hoi dau ra

2.3 Thiéet ke trén mién thoi gian gian doan
2.3.1 Thiét ké t6i wu tham s6 cho cac hé SISO d) Tim bé tham s6 PC trén co s¢

tieu chuan toi wu module so

bat van de:

X .
Hay tim G, (z) sao cho Gy, (z)= WZ; 1+G( (> G Z<>Z)th6a man ‘GW (j w)‘ — | trong dai tan
sO cang rong cang tot. §

Co6 thé viét lai cong thirc tong quat & trang 39 cho cac khau PC s thong dung nhu sau:
I Pl PID PID2

(1_2_1) (1—2_1) (1_2—1) (1_2—1)

Hé s6 khuéch dai ¥, theo TC tdi wu module cho sin trong bang & trang ké tiép. Cac hé s6 d| 4
dugc tinh theo cong thirc thudc bang sau day:

| Pl PID PID2
) d=a+a, dy = a; +a, +ay;dy = aa,a,
=a

Ddar 1moc
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2. DK c6 phan hoi dau ra

2.3 Thiét ké trén mién thoi gian gian doan

2.3.1 Thiét ké t6i wu tham s6 cho cac hé SISO

d) Tim bo tham 56 BC trén co sé

tieu chuan toi wu module so (tiép)

PTPK Hé s6 khuéch dai Vj PTPK Hé s6 khuéch dai Vj
szl I: <1+a1)2 PIL (1+a2)2
(1+a12_1) -VS(I—al)’ -VS VS(I—FblZil—f—sziz) | VS[(1+3b1+5b2)+a2(—1+b1+3b2)]
z
(l—i—al)2 (l-l—alz_l)(l—i—azz_l) PID : 1
VS(1_|_blzfl) | Vs[(143b)+a (—1+b))] Vs (1+3b +5b,) 2
(1—1—az_l) : I; 1 ) PI: (1+a2)
! Ve (143b,) Vs(1+biz! bz )Zz Vs[(3+5,+7b, )+ a, (1+3b; +3b,)|
(l—i-alz_l)(l—l—azz_l) 1
PI: 1 PID:
Vs(I+bz ™ b,z +byz ) Vg (345D, +7b, +9by) Vs(3+5b +7hy)
4 2
(H—alz_l) PID: M
; Vs [v +a, |
V. l—f—bZil) (1—(1) +4a -1 ) 3\ —1
s(1+h, 1| p: ! p ! p Vs(l4bz" +bz7 +b,27°)z v, = 1+3b, 4 5b, + 7b,
= 1 Vol(1—a)(1—b,)+4
‘(l—z (e s|(1=ay)(1-5;)+4b] (e (1 +az (1 + a5 ) vy = —14b, +3b, + 5b,
2
o g (1+a,) PID2: 1
s(be!) A= Vs (143, +5b, + b
(l—i-alz_l)(l + azz_l) 1 Ve (1 +hz bz + b3zf3)272 |
D:—— — — — PID2:
A Vs (1+3b,) (1+az ") (1+az ") (14 a2 Vs (3+ SBal 7551 95, )
Daihoc
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2. DK c6 phan hoi dau ra

2.3 Thiét ké trén mién thoi gian gian doan

2.3.1 Thiét ké t6i wu tham s6 cho cac hé SISO

e) Tim bo tham s6 BC bcing phwong

Ham truyén dat ctia cu tric SISO &
trang 39 c6 da thuc dac tinh nhu sau:
N(z)=P(z)A(z)+R(z)B(z)
= (z”_l + p2" —i—pn,l)<zn a4 —i—an>
(2" 4 n2 e (B b 4 4B,
Dang tong quét cta da thuc trén 1a:
2n-1

! ! ! 2n—2 2n—1
H(z—zl-)zao—I—alz—l—----l—azn_zz +z

i=1

N(z):

Trong do, z; 1a cac di€ém cuc ta du kién gan
cho hé¢, vi vay cac hé s0 a,---a,, , cOthé
duoc coi la da biét.

Cac tham s6 a,._,; b, , cia DTPK la cho
trude. Vi vay, sau khi so sanh hé s6 cua hai

,rc6ng thire trén ta s€ thu duoc hé phuwong trinh
b

én, cho phép tinh bd tham sé cita Gp(z). |

phap gan diém cuec cho vong DC

a, 0 0
a,, a, - 0
a, 0
a, a,
) & a1
1

“
0 |

S O

(n—l) cvolumns

n columns

i a

pn—l 0

pn—2 al

P1 _ )

nfl anfl - an
r 1

! Ay, 53—
14, 1
170

Ay, p — a4

DAIHOC
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2. DK c6 phan hoi dau ra

2.3 Thiét ke trén mién thoi gian gian doan
2.3.1 Thiét ké t6i wu tham s6 cho cac hé SISO f) Gidi phdp Antireset-Windup khi

bién DK U(z) di viao gidi han

U Z_l _1 _2 cee —n
*Hién twong: Bién ra GR(Z—I)_ ( ):ro +nz +nz "4tz

. \ ~ \ . N E _1 1 - Z_l

u, d1 vao bao hoa (bi z
chan), sai Iéch DC e, -
van ton tai hoic van Uy =1ye, +He_| The o+t e, T _ (”k - ”k)

- . 9o 1~ ek — ek —
tang. Khira kho1bao 7 — yef 1+ rey | + e s+ 4 re, + 1 0
hoa, h¢ c6 nguy co

A AL A . r

dao dong mat on dinh. ¢, e, - €4y G — €k

*Nguyén nhan: Thanh 4’?—I—> Z I ™z I ™z j
phan / tiépNtuc tich - Uy, -
phan ma van khong ¥y r 7 r -~

tang duoc u,. »é) »é , u!
*Gidi phap: Hi¢u — - ——>

chinh nguoc e, dé
ngung tich phan.

18 August 2009 Assoc. Prof. Hon.-Prof. Dr.-Ing. habil. Ng. Ph ¢ Darige
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2. DK c6 phan hoi dau ra

2.3 Thiéet ke trén miéen thoi gian gian doan
2.3.2 Thiét ké khau DC kiéu bu (t6i wu ciu truc) cho hé SISO

Nguyén ly:
ST 161 wu cAu trac: Pac diém cua hé dworc cho trwéc qua G(z), can tim
Ggr(2) = vi vay, ca cau tric 1an tham sé cua Gr(2) deu chuwa biét.

2.3.2.1 Thiét ké khdu DC kiéu bii (Compensation Feedback Controller): Bé PC kiéu cdn
bang mo hinh
*Thiét ké trén co s& cho trude dac diém truyén dat chu dao:

G (2) Gy (2) 1 Gy (z)
- = G,(z)= ;| G 1
" 6060~ T | GE)| [ e | P
*Thiét ké trén co s& cho trude dic diém Term of Reliability
truyén dat nhiéu:
G (2) L || 6526, )
Gy, (z = G,lz)=
156,066 " G| ek
Term of Reliability
4 f Ménh dé dac trwng Ménh dé dic trwng cho “tinh
cho dac tinh bu kha thi” cha thiét ké

‘ Paithoc
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2. DK c6 phan hoi dau ra

2.3 Thiét ké trén mién thoi gian gian doan

2.3.2 Thiét ké khau DC kiéu bu (tdi wu cAu truc) cho hé SISO

2.3.2.1 Thiét ké khdu PC kiéu bui (tiép): Vi du minh hoa
Khi cho truée dac diém truyén dat chu dao:

Hai vi du theo phwong én téi gidn

X(2)=Gy ()17 (2)

Pé dai lugng diéu chinh (PLPC) X(z) bam theo dai
lugng chi dao W(z) nhanh, ham G,(z) phai la mét

1T4.4—.+¢

1 f.-.—l—'l—.—.
i
i

i —

da thirc c6 bac thap.

Gia thiét, tin hi¢u vao c6 dang budc nhay, vay:

. . —(N— _ 1
X,z 1+x22 2+---—|—xN_lz (v l)—I—Z Nl |

2z 12

-2

AT i

1—z!

—i—(x3—x2)2_3—i—-~-—|—(1—xN_1)z_

2 N

= xlz_1 + (x2 — xl)z_

2z 12

-2

[
!
-

S6-mitN trong cong thirc trén ndi 1én: Sau N bude, gia
tr1 cua PLDC s€ dudi kip gia tri dat cua dai lugng chu
“dao. Tuy nhién, nguyén ly nay can dugc ap dung thian

§ trong vi dé gay nén cac bién dong 16n cho PLBC

khi xay ra qua trinh qua d6 (xem vi du). N

Cai thién bang cach dat: xz ' +(1—x )z

=2

- Ddr noC
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2. DK c6 phan hoi dau ra

2.3 Thiét ke trén mién thoi gian gian doan
2.3.2 Thiét ké khau DC kiéu bu (t6i wu ciu truc) cho hé SISO

2.3.2.2 Cdc han ché ciia bé DC kiéu bu
a) Tinh kha thi cua thudt toan:
*Khai niém “tinh kha thi’:

Vi a, # 0, phan thuc G(2)
duoc coi 1a c6 tinh kha thi
néu thoéa man m < n.

G(Z) _ Bo 4Bz - 4B,z "
l+a;z” ' 4+ +a,z"

RV Bm

Dé bao dam tinh kha thi cta _
P,A,+R,B,

GyAz), phai théa man: d, > d r(2)= P (z‘l). 4

Chu ¥: Pé han ché Computing Time,
nén chon dy thap. Vidu: dy=p-v=0

Gy (2)
IS

p>vin>mydy = p—vidg =n—m| dy =(p—v)+(n—m)
dy, dg, d,y: Bac twong ddi ctia Gi(2), G((z), Gylz)

b) Gian woc cac diéem khong va diem cuc:

, , c) Pap wng o khoang gitra cdc
Néu mo6 hinh G¢(z) 1a chinh x4c so vé1 doi tugng thuc Gg,(z), khi

thoi diem trich mau:

mic nbi tiép Gg(z) va Gg(z) trong vong DC, diém khong va diém
cucrségian ude (bu) 1an nhau. Pay 1a diéu “khé xdy ra”, ching
chi c6 thé bu gan dung. Vi 18 d6: Chi c6 thé sir dung b DC bi
cho cdc doi tiong c6 diém cue va diém khong nam kha sau phia
f bén trong dwong tron don vi. ()= 1 Gy(2)
K Gy (Z) 1-Gy, (z)

GpAz) cho trude chi ap dat dac
diém cua dap ung ra tai cac
thoi diém trich mau. O
khoang giita co thé xay ra dao
dong khi ddi tuong co quan
tinh 16n va G (zpad:hac thap.
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2. DK c6 phan hoi dau ra

2.3 Thiéet ke trén miéen thoi gian gian doan
2.3.3 Thiét ké khau DC kiéu Dead - Beat (t6i wu cu truc) cho hé SISO

Nguyén ly:

*Khau Dead-Beat (DB) cho phép thuc hién qua trinh qua dé trong khoang thoi gian hiru
han dinh trwéc = Sai léech DC bi triét tiéu sau mét lwong hiru han chu ky trich mau.
*C6 thé thiét ké theo dac tinh chii dao hay déc tinh nhiéu. , ,

‘Nguyén ly diéu chinh DB chi c6 thé thwc hién dwoc trong cac hé théng DK sé.

2.3.3.1 Thiét ké khdau Dead-Beat theo dic tinh chii dao
. e ns n N-1 '
-S:cu léch BC l?(z? s€ bl; trigt thU: sau E (Z> _ Z (el.z_’> trc 1a: e, = 0 v6ii > N
ding N chu ky tinh, néu £(z) c6 dang: PR
*Diéu do, theo E(z)= [1— Gy (z)]W(z) chi xay ra khi G(z) la mét da thirc hitu han K(z'") véi
tong cdc hé so bang 1.

| -V6i: G, (z)‘Hfo(?Z()Z();S (Z)‘Gs(z):Gu (z)Gs(2)=G, (Zitl;
Gu(2)

A GyA(2) chi 1a mot da thire hitu han K(z™!) khi c6 thé biéu dién G, (z) dudi dang mot da thirc
M(z™") hitu han va c6 kha nang khir A(z'!) & méu sd.

DAIHOC

Dai h§c
Bach’Khoa
Ha Noi
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2. DK c6 phan hoi dau ra

2.3 Thiéet ke trén mién thoi gian gian doan
2.3.3 Thiét ké khau DC kiéu Dead - Beat (t6i wu cu truc) cho hé SISO
2.3.3.1 Thiét ké khdu Dead-Beat theo ddc tinh chu dao (tiép)

A B(z—l) Gy (2) K(z—l) L(Z_I)B(z_l) L(z") l1a da thirc hiru han, cho
Viy: Gg(z)=——4= GW( R phép thwc hién cac yéu ciu vé
Al) Gl ()= al) dac tinh & ché dé xac lap, hay
Gy (z)=K(z")=1(z")B(") dat trweéc bién do ctia DLDK &
= G (Z):M<2_1>:L(Z_I>A(z_l> qua trinh qua doé.

P(z"') 1=Gy(z) 1-L(z"")B(z"") | | H& théng véi ham truyén dat
chu dao nhw bén c6 (m + s)
*Khau Dead-Beat ¢ trén sé dem lai ham diém cwc nam tai goc toa do
truyén dat chu dao nhu sau: cua mién z. Trong d6, m la

o (= LB — k(o bac cua da thirc tir s6 cua
w(2)= (Z ) (Z )_ (Z ) ham truyén dat G¢(z) ctia doi
pr . e k2™ 4k twong diéu khién, s la bac
_ 1 m—s __ ™0 m+s o . C
r =kthz etk 2T = ks cta da thirc L(z) do ta chon.

DAIHOC

Dai ilkc
Bach'Khoa
Ha Noi
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2. DK c6 phan hoi dau ra

2.3 Thiét ké trén mién thoi gian gian doan

2.3.3 Thiét ké khau DC kiéu Dead - Beat (t6i wu cu truc) cho hé SISO

2.3.3.1 Thiét ké khau Dead-Beat theo dic tinh chii dao (tiép)

+Dé dam béo khir sai lech DCkhi [ o — 1im{(1 e a(=)B(= ) 1 } Iy
Wy = 1 (budc nhéy) can co: k—o0 z—1 1

tirc 1a khi ta chon cac hé s6 cua L(z'!) thoa man:

*Dbiéu kién trén dugc théa man khi 1—L(1)B(1)=0, SS‘ ] — / i b.
g 4 ! J

11—z

=0 j=0

1. Pa thire L(z ") ¢b dang

L(z')=l| 1_Dathic L(z").co dang [L(z ") =1, +4z"

LAz L4124z m
GR<Z): ( >1 Gp(z)= (O : >1 ( >1 =+ =1 ij
1—4,B(z") 1—(ly+4z"")B(z") =
m U(Z)ZL(Z_I)A<Z_1>W<Z)
= h=1 Zobj = uy. = lyagw; + (loay +Lag ) we_y + -+ +ha,we_,
Jj= .y, . z . A A . Ja \
' Nhén xét: Do /, chi phu thudc vao Gi4 tr1 khac nghi€t nhat khi co v‘vk =1(k) la: uy, =1lya,
\.cac hé so cta B(z'!), ta khong thé *Chon /, sao cho u Dan déu uy = u,;: =l =L ay/a
i [thc dong t6i u, (bién do cia DLDK | khong qud 16n: o= D=4
. A _ 0
 khi £= 0) thong qua chon /,, :>ll_b1+b2+---+bm Ta (ao_al);bj , ,ij. .
C
18 August 2009 Assoc. Prof. Hon.-Prof. Dr.-Ing. habil. Ng. Ph. Quang Eglcii:g'khoa
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2. DK c6 phan hoi dau ra

2.3 Thiéet ke trén mién thoi gian gian doan
2.3.3 Thiét ké khau DC kiéu Dead - Beat (t6i wu cu truc) cho hé SISO

2.3.3.2 Thiét ké khau Dead-Beat theo dic tinh nhiéu

«Khi can khir nhiéu theo nguyén 1y Dead-Beat, c6 thé tién hanh thiét ké twong tu. Pai luong
diéu chinh X(z) phai 1a mot da thic hitu han cta z'!, c6 bac xac dinh boi B(z!) va da thic

KD X(z)=1(=")B(=")

Tt ham truyén dat nhiéu Gy (z)= X(z) Gs (2) = Gy (2)= _

(trang 38) ta rit ra:
1=(1=z")L({z"") (=)
(1==7)L(=7)B(=")

‘Tham sé cua L(z') dwoe xac dinh theo phwong phap twong tw & muc 2.3.3a).
*Dé dang thay rang Gg(z) c6 tac dung khir cac diém khéng cta déi twong (do
mau sb chira B(z)). Do cac diém khong trong thwc tién déi khi nam ngoai
dwong tron don vi, khau Dead-Beat c6 thé gay dao dong va vi vay bj han ché
kha nang st dung.

Ddr ocC
18 August 2009 Assoc. Prof. Hon.-Prof. Dr.-Ing. habil. Ng. Ph. Quang Bécl§|6Khoa
Electrical Engineering - Automatic Control e . arma
sacaxnoa| Ha NOI

«Khi nhiéu c6 dang v* = 1¥ ta thu
duoc khau Dead-Beat sau:

Gp (Z) =




2. DK c6 phan hoi dau ra

2.3 Thiét ké trén mién thoi gian gian doan

2.3.4 Thiét ké hé thong BC s6 nhiéu mach vong cho doi twong SISO

a) Cau truc co vong bu nhiéu

C6 tac dung bu nhidu v & dau
vao cta d6i tuong khi nhiéu

la do duoc. Khau DC chinh
duogc thiét ké nhu binh thudng.

-

P’

iv

Gy (2)—7 Ga

—

Y

'Hé théng
PKs§ —————————— -
iv
Hetheng — | Go |—» o, 5 »
39?( sé'? " Sy - b) Cau truc co vong PC chan nhiéu ngay
G tw dau vao cua nhiéu
3 v, .
Gy (2|« 3 Doi hoi nhiéu phai 1a do dugc,
dong thoi phai ¢6 kha nang can
G (] Gy e(v] Gy, |3 | thi€p 6 dau vio ciia nhiéu nho
: T_ mot thiét bi BPK. Hai vong BC
X, | duogc thict ké hoan toan doc lap.
{8 August 2009 Assoc. Prof. Hon.-Prof. Dr.-Ing. habil. Ng. Ph 4 Darioc
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2. DK c6 phan hoi dau ra

2.3 Thiét ké trén mién thoi gian gian doan

2.3.4 Thiét ké hé thong BC s6 nhiéu mach vong cho doi twong SISO
¢) Cdu triic c6 nhiéu vong DC phdn cdp
Pay la gidi phap | HéthongPKss i I
quen b{et, rat hay Tk, Gy (2) G (2) | Gy |5 G, 4>
duogc sir dung | _; _4 :
trong thuc tién. S F _____________ T/-------------‘I
4 Ca i ving DC phu 1 ro G din G e dong ot i
:FH@ thong | v nh¢ dai lugng DK phu.
[P | v «Cai thién dong hoc va ting
| S[WE)| S— G, du tri¥ én dinh
(G, (Z ) — —» () Gy [ G, >
A — :
el Txk :
\ _ —Pai-hdc
18 August 2009 Assoc. Prof. Hon.-Prof. Dr.-Ing. habil. Ng. Ph. Quang BécﬁgKhoa
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2. DK c6 phan hoi dau ra

2.3 Thiét ke trén mién thoi gian gian doan
2.3.4 Thiét ké hé thong BC s6 nhiéu mach vong cho doi twong SISO

¥ e) Cdu tric cé vong

Gpy (Z)
| He th6ngT
i DK 56
Ddi twong cé tré duogc méc song | *Ham truyén dat ban dau: *Sau khi bu s€ chi con:
song vO1 Gy, €6 ham truyén dat G A(2\Go(2) 24 G ()G (2) 24
sao cho m6 hinh chung khong Gy (z)=—2 () Gs (2) Gy (z)=—% (2)Gs 2)

¢on tré: 14Gy(2) Gy (2)z - 14Gg(2)Gs(2)

~d _ V6i da thirc mau s6 khong
L GlE) + O (2)=0,(2) con chira z¢

r d
BN, (z): (l—z )GS (z)
\ _ —Baihoc
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3. DK c6 phan hoi trang thai

3.1 On lai cac kién thirc co s&

3.1.1 M6 hinh trang thai lién tuc va cac tinh chat | |-

Xét mo hinh (muc 1.3.2¢) vé6i n bién q<t> B Aq(t) + Bu(t)
trang thai, m bién vao va r bién ra: X(t) = Cq(z‘) +Du (l‘)

a) Cac tinh chat quan trong can nhdc lai:

-qu Atr,z rieng (elgenV;aluAes) va Vfctorr gid | oay @A o ay, |
tri riéng: Diéu kién dé hé pt. tuyén tinh det(A —A I) = . : . =
thuan nhat Ae=Xe=(A-\Ile=0 ' ' ' '
c6 nghiém e # 0 chi khi det(A —AI)=0 Un1 Ung 7
Chu §: P,(4)=0 1a phuong trinh dc tinh. Ung véi  [= B, (A) = (=1)° A" +a, A"+ +aA +a, =0
moi nghiém (moi gia tririéng) 4, (=1, 2, ..., n)
ta c6 thé tim dugc tir hé phuong trinh (A - 41)e; = 0 mot vector gia tri riéng e, tuong Uung.

«Quan hé gitta gid tri riéng va dic diém 6n | Phuong trinh det(sI-A) = 0 la pt. dac tinh,
dinh cta hé: vo1 det(sI-A) 1a da thirc mau s6 cua ham/ma
' ' trin truyén dat ciia doi tuong SISO/MIMO.

+Dinh ly Cayley—Hamilton: Mbi
y ma tran toan phuong déu thoa
man pt. ddc tinh cia chinhné. (= P (A)=(-1)"A" +a, A"'+ - +a,A+q,=0

det(A—AI)=P,(A\)=(-1)"\"+a, A" '+ +ar+aq =0

n

Dai h(())c
4 Bach'Khoa
sichkroa| Ha N6I
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3. DK c6 phan hoi trang thai

3.1 On lai cac kién thire co so

3.1.1 M6 hinh trang thai lién tuc va cac tinh chat

b) Phep chuyén hé toa do trang thai va tac dong toi gia tri riéeng:

*Dinh nghia vector trang thai mai: g(t) = Tq(t) = q(t) = T_lg(t)

*Dao ham ca 2 vé: é(t>:T(.1(t) = é(t):TAq(t>—|—TBu(t)
~ q(t)=TAT'q(t)+ TBu(t)

A B

Phuong trinh dau ra: X(t) = Cq(t) + Du(t) =CT! g(t) + Du(t)

C

*Thay thé vao mo hinh bandau: A =TAT ';B=TB;C —C T D=D

*Mo hinh trang thai moi: g(t) - Aﬂ(t) * Bu(t)
\ x(¢)=Cq(t)+Du(z)
- Quan trong: T 1 phép chuyén hé tuwong dwong khong lam thay ddi ban chat vat Iy - k§ thuat cua hé.

i Ca hai hé déu c6 chung vector bién vao u(f) va vector bién ra x(¢). Gid tri riéng (nghiém cta phuong
trinh dac tinh) ctia hé thong la bat bien sau phép chuyén hé tuwong dwong.

v6i Q<to)=TQ(t0)

Dai h{_)c
4 Bécﬁ Khoa
BACH KHOA Hé N6I
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3. DK c6 phan hoi trang tha

3.1 On lai cac kién thirc co s&

3.1.1 M6 hinh trang thai lién tuc va cac tinh chat
c) Tinh diéu khién duwoc e) Tinh quan sat dwoc
Hé MIMO ndi trén s& 1a diéu khién dwoc hoan | Hé MIMO noi trén sé 1a quan " c
toan khi va chi khi ma tran (n, nm) sau day: sat dwoc hoan toan khi va chi
Q, = [B AB.... A" B] khi ma tran (nr, n) bén co Q, = Ca
) C ’ 3 ’ ’ T hang 1a n. Nghia 13, ma trdn ¢ :
co Pang’ la n. Nghia lAa, mAa ti:an dzeA’u k,hzen QC_ quan sat Q, phai chira 7 C A
pl}?u chtra n vector cot doc lap‘ tuyepv tinh. Khi vector hang doc 1ap tuyén tinh. L
doi tugng la SISO, ma tran diéu khién co kich ,
¢& (1, n) va cong thic: Khi doi tugng l1a SISO, ma tran
B el quan sat bén vaéi kich ¢ (n, n) [T
Qc = [b’ Ab, -, A b] c6 hang n va n vector hang ¢’A’
vi n vector cot A'b (i=0, 1,2, ...) phailacac | (i=0, 1,2, ...) phai la céc | ¢ A
vector doc lap tuyén tinh. vector hang doc 1ap tuyén tinh: :
Chiiy: Dé kiém tra tinh DK dugc clia h¢ SISO | Chu y: Pé kiém tra tinh QS oI A
chi can kiém tra diéu kién detQ. # 0. duoc cua hé SISO chi can kiém - -
tra diéu kién detQ,, # 0.
fd ) Dang chudn dicu khién: Six dung phép f) Dang chudn quan sdt: St dung phép chuyén
chuyen h€ toa d6 trang thai sau:  _ QC hé toa do trang théi sau: T = QBI _
_ . Pai hoc
18 August 2009 Assoc. Prof. Hon.-Prof. Dr.-Ing. habil. Ng. Ph. Quang Bacﬁ Khoa
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3. DK c6 phan hoi trang thai

3.1 On lai cac kién thire co so

3.1.1 M6 hinh trang thai lién tuc va cac tinh chat

o) Dang chudn Jordan (chudan modale):

Gi4 stir do1 twong co n gia tri riéng khac nhau A, \,, ..., A v&i n vector riéng doc 1ap e, e,,..., e

*Thiét lap ma tran toan phuong M: M = [el, €y, ..., en]

*Chon ma tran chuyén hétoadoT: T=M'=T'=M

*Hay xét A = TAT-!, ta co:

Vi e, \, = Ae,, phuong trinh
trén chi thdéa man khi va chi khi
ma trin A = TAT-! 1a ma tran A=M?®A
duong chéo A: R

{=

=A

-1

=

*Tur d6 thu dugc mo hinh dang ,
chuan Jordan (con goi la chuan . (
. modale), cho phép thiét ké bd bK 4

"
0

0

0
Ay

0

t):Ag(tM—Mu(t)

MA=AM = |[ee,,...,e,|A=[Ae, Ae,, ..., A¢e,]

0
0

n

gan cac diém cyc khong tuwong 1 ° g(%) =M Q(to>
i/’tdc lan nhau. x(t) = Ciwg(ﬂ +Du(t)
I8A 2009 A Prof. Hon.-Prof. Dr.-Ing. habil. Ng. Ph 4 Dai h??c
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3. PK c6 phan hoi trang thai

3.1 On lai cac kién thirc co sé

3.1.2 CAu tric co s& cua hé DK trang thai lién tuc

u(t)é a(7) a(?) gx(t) u(z)=-Raq()

MIMO:(.l(t) =[A-BR]q(?)

SISO :(i(t)z[A—brT]q(t)

_____________________________________________________

Khau BC
-R K& trang thai

a) Thiét ké theo phwong phdp gan cuc n
Phuong trinh dac tinh cia vong DC khép kin c¢6 dang: det I:SI — (A -B R)] = H (S —; )
i=1
Khi cho trude s, nham dat duoc mot dic tinh dong hoc nhat dinh, néu so sanh hé sd hai vé cta
huong trinh trén ta s& thu duoc mot hé c6 n phwong trinh cta (mxn) phan tir thuoc R. D6 1a
i hé phuong trinh phuc vu tong hop khdu DC. Cac thiét ké co tén Ackermann (hé SISO), modale
(hé MIMO).

DAIHOC

Dai hgc
Bécﬁ Khoa
Ha Noi
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3. PK c6 phan hoi trang thai

3.1 On lai cac kién thirc co sé

3.1.2 CAu tric co s& cua hé DK trang thai lién tuc

b) T hiét ké theo tiéu chudn chat lwong

Ham muc tiéu (ham chat luong) dugc dinh nghia:
=[] q" (t)Qa(¢)+u" (1)Su(r) at
0

*Ma tran R can dugc thiét ké sao cho I dat dugc gia tri bé nhat. Hai vector trang thai q(¢) va dau
vao u(f) tham gia vao tiéu chuan chat luong qua hai ma trdn trong sé6 Q va S. P6 1a hai ma tran
hang, toan phuong va xac dinh duong (positive definite).

*Khi chon ¢ = o ta thu duoc R 1a mt ma tran héng. Khi chon 7 1a mot gia tri hitu han, ta thu dugc
ma tran R(7). Khi tim R sao cho  dat gia trj toi thiéu ta s& phai giai phuong trinh Riccati.

3.1.3 Cac cau tric mé rong cta hé PK trang thai lién tuc

a).He DK trang thai co khau loc dau vao

' Sau khi d3 thiét 1ap dic tinh dong hoc ciia hé thong qua thiét ké R, co thé bo sung thém khau (ma
tran) loc dau vao K dé cai thién ddc tinh tinh (Vi du: xac 1ap di€m lam vi€c, phan kénh tinh).

’r’ .
q(t)=[A-BR]q(?)+BK,;w(?) _
I8 A t 2009 A Prof. Hon.-Prof. Dr.-Ing. habil. Ng. Ph. Q DaiESQC
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3. PK c6 phan hoi trang thai

3.1 On lai cac kién thirc co sé

3.1.3 Cac cau tric mé rong cta hé PK trang thai lién tuc

a) Hé DK trang thai co khau loc dau vao (tiép)

et N PN il S

w (1) u ) q(t) q(t) x(t)
—Kr :(>§%:;’> £ I g o
Khau loc sevcrend
dau vao A DPoi twong DK
Khau BC
RK trang thai

*Khi vector chu dao w la héng, sau khi qua trinh qua d6 — vo1 dong hoc do R quyét dinh — da qua,
vector trang thai xac lap la q,,, voi: *
‘ ang ap 1a q q ( t) 0

\*Vay ta dit diéu kién: x,, =Cq,, =w Diéu kién d6 thoa man khi chon:

A _1 _
A K, =|C(BR-A)"B]|
18le t 2009 A Prof. Hon.-Prof. Dr.-Ing. habil. Ng. Ph. Q 4 D@iEgc
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3. PK c6 phan hoi trang thai

3.1 On lai cac kién thirc co sé

3.1.3 Cac cau tric mé rong cta hé PK trang thai lién tuc

b) Két hop hé DK trang thdi véi DK cé hoi tiép vector bién ra Khiw=0,z=0tacé:
Bang khau loc dau vao K, ta khong thé cai thién duoc u (t) = —Rq(t) — KPCq(t) +K,y (t)
dong hoc, khong thé khir dugc nhiéu. Co thé st dung .
PC trang thai ¢ vong trong cung, két hop véi hoi tiep q(t)=Aq(t)+Bu(r)
vector bién ra va dung mgt khau PI (hinh du61) dé khu .
nhiéu, hay bu bién dong tham so6 ciia d6i tuong vv... y(1)=—x(t)=—Cq(z)

rrmnaie § a(%) N

wie) : 4 a () a() (1)

wis e(1)=y(2) B ; { c

S K
y A
| khau PI
; R

=X hoc
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3. DK c6 phan hoi trang tha

3.1 On lai cac kién thirc co sé

3.1.3 Cac cau tric mé rong cta hé PK trang thai lién tuc

b) Két hop hé DK trang thdi véi DK cé hoi tiép vector bién ra (tiép)

*Mo hinh trang thai mo rong cua ddi tuong DK: *Ham DK trang thai moi:
4
u(r)=—[R+K,C, K,]{q( )}

° -C 0| y(z 0 t
y(1)] ) ¥ (¢)
*Ma trin DC méi c6 kich ¢& (m, n+r) c6 thé dugc thiét ké theo cac phuwong phap & muc 3.1.2, ap

dung cho ddi twong mdi véi mo hinh trang thai mé rong (n-+r, n+r).

*Diéu kién dé tim duoc thiét ké 13 tinh DK dwoc ciia mé hinh mo réng. Tinh DK duoc t6n tai khi
mo hinh ban dau q(t) = Aq(t) + Bu(t) la PK duoc hoan toan va ma tran:

A 0
-C 0
cO hang ntr (corang n +r).
. *Trong cdu trac mai, cac thanh phan tich phan 7 kht triét dé d6 du sai 1éch BC. Vi vay c6 thé bo
qua khau loc dau vao K.

v

DAIHOC

Dai hoc
Bacﬁ Khoa
siciknoa| Ha NOI
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3. PK c6 phan hoi trang thai

3.1 On lai cac kién thirc co sé

3.1.3 Cac cau tric mé rong cta hé PK trang thai lién tuc

¢) Hé DK trang théi c6 bii nhiéu -Didu kién dé c6 thé thuc hién
Khau bu b Phdi do dwoc nhiéu.
nhiéu z® Nhiéu tac dong vao doi twong

qua ma tran E (n, m). Viéc
bu dugc thuc hi¢n bang ma

Doi twong tran bu K ..
a(p,) ~ PKPinhicy q(t)=Aq(r)+Bug(r)
q(t) ' x (1) +Bu, (t)+Ez(t)
I C —.—> *Viéc thiét ké khau PC trang
. : thai khong thay doi. Nhiéu
ur® E E bi triét tiéu khi:

Bu, (t)—l—Ez(t):()

Khau bC *Ma tran bu K, ¢6 dang:
it trang thai

K, = —(BTB)_l B'E

PATHOC

Dai hoc
BécﬁgKhoa
Ha Noi
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3. PK c6 phan hoi trang thai

3.1 On lai cac kién thirc co sé

3.1.3 Cac cau tric mé rong cta hé PK trang thai lién tuc

Khi khong thé do cac bién trang

thai, ta phai dung khdu OS
Luenberger voi cau trac ¢ hinh
bén phai dé tinh cac bién do.
Diéu kién: doi tugng PK phai
bdo dam tinh quan sat duoc.

PR S T e e e e
1

q (tO ) ' Pbi twong DK

u@® .

Mo hinh trang thai cta doi
tuong va cua khau QS:

q(t)=Aq(t)+Bu(f)

q(t)=Aq(t)+Bu(t)+ Kx(t)
M5 hinh cua sai s6 QS:

a()=a(r)-a(?)

~

a(r)=a(r)-a(r)=(A-KC)q(1

_______________________

d) Hé DK trang thai sw dung
khdau quan sat (OS) trang thai

q(t) - x(1)

_________________

(Al(t) V Khau QS trang thai
Luenberger
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3. DK c6 phan hoi trang tha

3.1 On lai cac kién thire co s&
d) Hé DK trang thai sw dung khau
quan sdt (OS) trang thdi (tiép)

3.1.3 Cac cau tric mé rong cua hé BK trang thai

*Ma tran K duoc thiét ké sao cho cac gid trj riéng ctia ma trin ( A—K C) c6 thanh phan thuc am.
Viéc thiét ké theo phuong phap gan cuee chi ¢é thé thuwce hién khi doi tuwong la QS duoc toan phan.

*Khi str dung vector q( ) dé PK ta co: Vay mé hinh hé théng tong thé 1a:

u(t)=-Rq(¢) a(t) {A—BR BR }P(r)}

— || : 0 A-KC]q(¢)
= q(t)=[A-BR]q(z)+BRq(?) a(7) :
" sI-(A-BR) -BR
*V6i1 phuong trinh déc tinh: Ng (S) = det Statecontr(;ler:NSC(S) I — ( A-K C) =0
i Observer: No(s) )_

*Vay: Ng (s)=Ngc ()N (s)=det| sT-(A-BR)|-det| sT-(A-KC)|=0

Phwong trinh dic tinh méi cho thay ro: Diém cwe cua vong QS khéng hé di chuyén vi tri diém
cwc cua vong PC. Viéc gan diém cwc cho hai vong BC va QS c6 thé thwe hién hoan toan doc
Iap vé&i nhau (nguyén ly phéan ly, Separation Principle).

Dai hoc
18 August 2009 Assoc. Prof. Hon.-Prof. Dr.-Ing. habil. Ng. Ph. Quang
Electrical Engineering - Automatic Control ‘ BaCh Khoa
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3. PK c6 phan hoi trang thai

3.2 Mo hinh trang thai gian doan

q,,, = ®Pq; +Hu,

Muc 1.3.2¢) d3 xdy dung mo hinh trang thai gian doan cho cac ddi tuong

3.2.1 M6 hinh {
DK voi ban chat lién tuc (hinh dudi: d6i twong MIMO) nhu bén canh:

x, =Cq, +Du,
P=P(T)=e'

H= H(T)z]@(u)du B;H(T)

Q(%) 0

u, a(t) x(t) =A'|®(T)-1B

*Khi d6i tuong PK 13 hé SISO:
q, =Pq, +hy
x, =¢ q, +du,

NI
~i—‘
o>
ow
=

U q(t) (I):@<T>26AT;h:h<T>=LZ¢<V)dVb

h(T)=A"|®(T)-1[b
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3. DK c6 phan hoi trang tha

3.2 Mo hinh trang thai gian doan

3.2.2 Chuyén hé toa trang thai cho mé hinh

)

o

Tuong tu muc 3.1.1a), ta c6 thé thuc hién phép chuyén hé toa d0 T cho md hinh trang thai gian
doan nham thu dugc mo6 hinh méi véi nhitng dac diém thuan lgi cho qua trinh thiet ké bo BPK
hay bo QS.

*Dinh nghia vector trang thai mai: q, = Tq, = q,= T_lgk

*Xét thoi diem sauday 1 chuky: q,  =Tq,, = q, = T<I>qk +THu,

o H

Phuong trinh déu ra: x, =Cq, +Du, = CT +Duk
—C
*Thay thé vao m6 hinhban ddu: ®=T®T " H=TH;C=CT ';D=D

gk+1 — igk + Euk

*MGo hinh trang thai moi:
x, =Cq, +Du,

7 Chu ¥: Trong thuc tién ta ciing c6 thé thuc hién phép chuyén hé toa do trang thai cho mé hinh lién tuc trude,
sau do mdi thuc hién gian doan hoa theo phuong phap da trinh bay ¢ muc 1.3.2¢). —
I8 A t 2009 A Prof. Hon.-Prof. Dr.-Ing. habil. Ng. Ph Da hoc
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3. DK c6 phan hoi trang tha

3.3 Tinh PK dwoc, QS dwoc va cac dang chuin

3.3.1 Tinh diéu khién dwoc va dang chuan diéu khién

Mot ddi twong MIMO mé ta boi q,.,, = ®q, +Hu, 1a DK dirgc hoan toan khi va chi khi:
C6 thé dua ddi twong chuyén tir trang thai ban dau bat ky q(0) t6i trang thai cudi cting q(N)
sau ding N chu ky trich mau T

Dé bao dam diéu d6, ma tran DK (n, n m) Q. phai ¢6 hang n. Ttc 1a Q. phai chira n vector

¢t doc 1ap tuyén tinh. Vi Q,. - [H, ®H, - P! H]

«Chuyén sang dang chuan DK khi d6i tugng 13 PK dugc: T = Q(_jl

3.3.2 Tinh quan sat dwoc va dang chuan quan sat

Mot d6i twong MIMO mo ta béi q,,, = ®q, + Hu, va co vector bién C
ra X, =Cq, Ia QS dwoc hoan toan khi va chi khi: C6 thé xac dinh du’oc Cd
trang thai ban dau bat ky q(0) sau mot lugng hiru han chu ky trich mau 7, Q,
khi & thoi diém th k biét vector bién vao u, va do dugc vector bién ra x,.
D¢ bao dam diéu d6, ma tran QS (n 7, n) Qp phai c6 hang n. Tuc 1a Q, CPp"!
,/’ phai chtra n vector hang doc 1ap tuyén tinh. Véi: -
«Chuyén sang dang chuan QS khi ddi twong 1a QS duge: T = Q51

DAIHOC
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3. DK c6 phan hoi trang tha

3.3 Tinh PK dwoc, QS dwoc va cac dang chuan

3.3.3 Dang chuéan Jordan (chuan modale, chuan dwdng chéo)

Diéu kién: Péi tuong 1a DK va QS dugc, ¢b n gia tri riéng khdc

nhau A\, \,, ... , A, vO1 n vector riéng doc lap e, e,,...,

*Tir 36 thu duoc mo hinh dang chuan Jordan (con goi 1a chuan modale, chuan duong chéo), cho
phép thiét ké bo DK gdn cac diem cuc khong twong tac lan nhau.

e,

( . -1
q,,=A7Aq,+M Hu, q_=Aq +Hu,
H —k+1 =k — ,e . -1
: = voi: qk—M q,
x,=CMq, +Du, x, =Cq, +Du, -~
C
*Trong do: )(\)1 )(\) 8
M:[el,ez,...,en;A: ,2 =®=M'&M
T-1
| 0 0 - A

€ha y: Véi cac dbi tuong ky thuat ma ta co the chi ra dugc ¥ nghia cua ting diém cuc d6i voi timg dic tinh ky
4 thuat cu thé, ta co thé tic dong tGi mot dac tinh nhat dinh ma khong anh hudng t6i cac dic tinh khac nho thiét

ké modale, cho phép chi di chuyén duy nhat diém cuc tuong tmg.
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3. PK c6 phan hoi trang thai

3.3 Tinh PK dwoc, QS dwoc va cac dang chuan

3.3.4 Tim md hinh chuan PK, chuan QS cua dbi twong SISO tir ham truyén dat

M6 hinh truyén dat ctia dbi tuong G < ) X(z) b —i—blz_l 4+ 4b " B(z—l)
SISO khong tré (v6i dbi tuong cb s\%)= - T, e 1
quén tinh gi4 tri b, = 0): Ufz) 14az '+ ta,z" 4z

dbi tugng SISO (véi ddi tuong co

*MOo hinh trang thai gian doan cua {qu =®q, +hu,
quan tinh gia tri d = 0):

; 0 1 - 0] 0] b,
*Dang chuan DK: . . . . . "
(chi s6 C: Controllability) b — : 3 KR h. — . . — :
Dang chuan PK c6 vector DK h,. dic biét don ¢ 0 0 e 1 ¢ 0!’ ¢ b2
gian. Pay 1a dang rat thuan loi khi thiét ké by DK.
4y Ty —a 1] b |
-Dafagichuan OsS: 3 0O - 0 —a, b, 0
~ (chi §0 O: Observe‘lblhty) 1 0 —a b . 0
Dang chuan QS co vector dau ra ¢, dac biét don q)o —l. . . . , hO =1 . € =].
ﬁién. Pay la dang rat thuan loi khi thiét ké bo QS. R : : :
0 e 1 —Cll bl I 1
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3. DK c6 phan hoi trang thai

3.4 Cau tric co ban trén khong gian trang thai

*Vong DC khép kin s& c6 ham DK va u (k) V|
phuong trinh chuyén trang thai nhu sau:  [—— 4 H ]
u, =-Rgq,

MIMO:q,,, =[®-HR]q,
SISO  :q; =[<I>—hrT]qk

«C6 thé tim bd tham s6 PC bang phuong

>

z

qx

P

Sdsanewd

phap gan cuc trén co s& phuong trinh
dac tinh sau:

MIMO: det| zZI-(®-HR) | = f[(z ~ z,); SISO: det[zl ~(®-hr’ )J =

«Truwong hop dic biét: Khi dit tat ca cac diém cuc z; tai gdc toa do (dung dinh 1y Cayley-Hamilton,

-R

e

muc 3.1.1a) ta s€ thu dugc dac tinh cua khau BDC kiéu Dead — Beat (muc 2.3.3).

Khau BC kiéu Dead — Beat trén khong gian trang thai thuong c6 dic diém nhdy tham sd. Pong

_ thoi, bién do cua dai lugng PK u, kha 16n.
*Thong thuong, khong nén dat tat ca moi diém cuc tai goc toa do.

11(2_4)

i=1

n
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3. DK c6 phan hoi trang thai

3.5 Mt s6 dang mé rong

3.5.1 Hé PK trang thai c6 loc dau vao

*Mo hinh hé nhu sau:
{qkﬂ = [(I) -H R] q, +HKzw,
x, =Cq,

—_— 4 =49, =9, = {

0] trang thai xac lap, khi w = const:

*Viy ta co Kz

Ky =| C(1+HR-@)" HT

(I-®+HR)q, =HK,w
x, =Cq,

3.5.2 Hé DK trang thai c6 BC dau ra theo luat PI

-

Bang viéc két hop w®

K,

DC trang thai vdoi
vong BC ngoai su

dung khau PI ta co

thé theo dudi cac Vit
uc tiéu thiét ké
ynhu ¢ muc 3.1.3b.

! P

q

2

ft

v (k)

bg%
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3. DK c6 phan hoi trang thai

3.5 Mt s6 dang mé rong

3.5.2 Hé DK trang thai c6 BC dau ra theo luat PI

*Vector dau ra cua khau / dugc viét nhu sau: y, =y, +W,—X;, = Y =Yr * Wi —Xin

*Khi w, = v, =0 ta co: Yin =-C®q, +y, ~CHu,
® 0 H
*Mo hinh trang thai mé rong c6 dang: {qkﬂ} = { }[qk} + { }u i
Veu| |-C® 1]y,| |-CcH

*Tur do ta thu duoc vector BK:

u, =[—(R+KPC),K,]E]]j

3.5.3 Hé PK trang thai c6 bu nhiéu

: X =®q, +Hu, +Ev
«Cho trudce 1a doi twgng c6 nhiéu do duoc nhu sau: {qk o U k k

x, =Cq,

*Téac dong ctia nhicu v, t6i q,,, s& bi triét tiéu néu ta bu boi mot vector sau day: u, (k)=K v,
.

vO1:

p -1
i K, =—(H'H) H'E
. : ~ [Pai hoc
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3. DK c6 phan hoi trang thai

3.5 Mt s6 dang mé rong

3.5.4 Hé DK trang thai str dung khau QS trang thai T so dd cAu tric bén ta

rptsiohd seal iRl bt na st e ' viét hé phuong trinh sau:
u® \ P q. X, _
e et M ) N1/ z ey B 5 {qkﬂq)qk—FHuk

| ' || Déi twong DK Uy = 24, T Hu +Kx

P 5 =q,,, =(®—KC)q, +Hu, +Kx,

el R e e ke et *M06 hinh cua sai 1éch

f Xk | trang thai c6 dang:

K <= T Qi1 =gt — Dy = (‘I) _KC)Qk

: ~ ~ -+ Khau QS

Qi q, | trang thai

oo ol By I/z *—_"} C - Luenberger
o s Phai thiét ké K sao cho moi diém
P i cwc ctia(® — K C) déu ndm trong
: dwong tron don vi. Nguyén ly
"""""""""""""""""""""""" T Separation c6 hiéu lwc giong nhw
V q; truro'ng hop hé lién tuc.
I8 A t 2009 A Prof. Hon.-Prof. Dr.-Ing. habil. Ng. Ph 4 Da h(())C
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4. Thwe hién ky thuat hé thong PK so

4.1 Anh hwéng ciia s6 hoa (lwgng tir héa) bién dd

4.1.1 Nguyén nhan gay sai s6 lwong tir héa

Luwong tw hoa bién do:

1. C6 thé xuat hién trong: khau ADC, don vi xir 1y trung tdm (CPU), khau DAC.

2. C6 thé giy nén: sai léch tinh, dao dong gia tri (bang-bang), dic biét khi bé réng ciia Word xix
1y khong du 16n.

3. C6 thé duoc bo qua ddi véi ché dé tin hiéu Iém (qua trinh qua do), nhung kho cé thé bo qua ¢
ché do tin hiéu nho (dao dong quanh diém lam viéc)

w Pon vi xtr ly trung tam
(Central Processing Unit: CPU)

7777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777

Nhap sé ligu dang | | Xuat s6 liéu dang analog Déi tugng

" analo | W ¥ . diéu khién
| 9 3 (Wa)epy H (Ug)on .
: kTO .
y Control U y
*i—"/' —N : -
A Algorithms| ™’ Hold: [ ==4}. (Frocass
| Lamtron | Thuét toan Lam tron  Lamtron Khau |
trong ADC | diéu khién phép nhan it trong DAC  gilf cham |
J
(Chi s6: Q = Quantization; AD = Analog to Digital; DA = Digital to Analog) .
18 A t 2009 A Prof. H Prof. Dr.-1 habil. Ng. Ph gal hOC
ugus SSOC. Ir1rol. aon.-rrol1. pr.-ing. navil. . Juan
& & g. Ph. Quang BachKhoa
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4. Thwe hién ky thuat hé thong PK so

4.1 Anh hwéng ciia s6 hoa (lwgng tir hoa) bién do

4.1.1 Nguyén nhan gay sai s6 lwong tir héa

a) Nhdp s6 liéu dang analog: Dic tinh phi tuyén bdc thang dau tién ¢ hinh thudc trang trudc
Vi du: Trich mau tin hiéu y nam trong dai 0...10V, sau d6 s6 hoa nho khau ADC véi bé rong
word la WL (word length), d0 phan giai A (resolution) va dai gia tri NR (number range) thu duogc.

*Dai gia tri (thap phan): Bérongword WL | 7 8 10 12 15
e Dai gi4 tri NR 127 | 255 1023 | 4095 | 32767
*D¢ phan giai: | | | PO phan gidi A 0,00787 | 0,00392 | 0,00098 | 0,00024| 0,00003
=R = g P phan gidi A [%] | 0,787 | 0392 | 0,008 | 0,024 | 0,003

Vi du: S6 hoa dai dién ap 10V=10000mV v&i bé rong tir 7...15bit, luong tir dién ap (d0 phan giai

dién 4p) c6 thé bicu dién dugc A = 78,7...0,305mV. Néu dai dién ap d6 tmg voi dai nhiét d6 100°C,

do phan giai la A =0,787...0,003°C.

o146 nguyén lan luong tir A d3 chia dién ap y: yo=LA; L=0,1,2,---,NR

*SH du 8y < A duoc lam tron 1én, tron Xuéng, hodc citbo: y= Yo +6y

- Sai s lugng tir héa §,: —Khi lam tron: —0,5<(6,/A) <0,5
—Khicatbo:  0<(6,/A) <1

)
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4. Thwe hién ky thuat hé thong PK so

4.1 Anh hwéng ciia s6 hoa (lwgng tir héa) bién dd

4.1.1 Nguyén nhan gay sai s6 lwong tir héa

b) Don vi xw Iy trung tam (Central Processing Unit): Tin hi¢u (yg),p do khau ADC dua téi thuong
duge CPU xur 1y vé6i bé rong word WL py 160 hon. Céc thuat toan DK tuyén tinh gém céc budc:
«Tinh sai léch DC: e (k) (yQ (k))AD — W, (k)
*Tinh dap vung BC (ham DK): u, (k) = —Piolq (k—1)—-— P.o (k — ,u)
+1,,€

1080 (K)+ o A1,080 (k—v/)
Do bé rong word WL p; cua CPU Ia hitu han, sé& xuat hién sai s6 luong tir hoa céc gia tri sau day:
wo (k)

*Gia tri dat (set points):
*Dai lvong DK:

«Tham sé6 PK: Pig> Tig .

, , 1=0,1,2,...
Cdc tich so: Py (k—1), e, (k—1)
Téng cdc tich so: u, (k)

D6 voi CPU dau phay tinh, &6 phan giai A dugc xac dinh
nhu muc a). Khi 1a dau phdy dgng, néu 1a CPU 16 bit,
uong str dung nhiéu words. Vi du: s6 L = M.2E, duoc
’/ biéu dién bai 2 words loai 16 Bit, trong d6 7 bit cho s6

—0,8388608-27"*" <1 <0,8388607-2"
—0,24651902-107 <L <0,14272476-10%

mi E, 23 bit cho gia tri M. Pham vi gia tri L s€ la:

A ~ 10738

DAIHOC
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4. Thwe hién ky thuat hé thong PK so

4.1 Anh huwéng ciia s6 héa (Iwong tir héa) bién do

4.1.1 Nguyén nhan gay sai s6 lwong tir héa

¢) Xudt sé liéu dang analog: Tuong tu khau nhap s6 liéu dang analog, sai s6 luong tir hoa cua khau
xuat ciing phu thudc vao bé rong word. Khau DAC ciing gdy nén mot duong dic tinh phi tuyén
dang bac thang.
d) Két ludn.
D3 xuét hién nhiéu khau phi tuyén trong toan bd vong PC sd. Viéc khao sat anh hudng cua ching
d6i véi vong BC 1a cyc ky kho khan.
V& co ban ton tai ba loai nguyén nhdn sai so chinh sau day:

—Luwong tir héa cdc bién (1am tron sb cac bién PC va PK trong ADC, DAC va CPU)

—Luwrgng tir héa cdc tham sé (1am tron sd cac tham sé6 DK)

—Luwrgng tir héa cdc két qua trung gian cta thuat toan DK (1am tron s céc tich)
*Ddi v6i hé théng DK sd, c6 thé xay ra cac truong hop sau:

~Vong BC ,,van® on dinh do tac dong cua luong tir hoa 1a nho. Khi bi day ra khoi trang thai

can.bang ta co: lim e(k)~0
. —Khi bi day ra khoi trang thai can bang s& xuét hién sai s6 tinh: lime(k)= 0

—Khi gia tr1 dat luon bién dong, s€ xuét hién hién tuong ,,tap am llifao%g twr hoa*, con goi la ,.tap
7 | amlam tron 0%,

—Xuat hién dao dong dang bang-bang véi chuky M:  lime(k)=lime(k+M)=0

: k—oo k—oo DAIHOC
_ . Dai hoc
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4. Thywe hién ky thuat hé théng DK sé

4.1 Anh huwéng ciia s6 héa (Iwong tir hoéa) bién do

4.1.2 Hiéu trng lwong tir héa cac bién p(3)} p(3)t

a) Tap am lrone tir hoa: 1/A

1/A

°Theo muc 4.1.1a): Tin hi¢u dlgltal Yo
gdm c6 tin hiéu analog Y, X€p chong

> >
>

v6i tap 4m 8, phan bd déu nhu hinh bén -A/2 A2 B 0 A B
Mat d6 phan bé sai s6 lugng tt héa khi
Yo (k) =y(k)—6 (k) lam tron (hinh trai) va cdt b6 (hinh phai)
o0

*Ky vong cua ,.tap am lwong tir hoa*: —Khi lam tron: E{é(k)} = f p(6)6ds5=0
~Khi citbo:  E{5(k)}=A/2
Phuong sai cuia ca 2 truong hop trén: o, = f [6 — E{é(k)}]z p(6)ds=A’/12

*Nhan xét: Néu tap 4m (On tring) nay xuat hién trong khau ADC, né s& c6 tac dung nhu tin hiéu
nhiéu ngiu nhién n(k) vao dai lugng PC véi phuong sai khong thé suy giam bang cong cu DC.
Nhiéu s& gay nén cac bién dong cua dai luong PK véi bién d6 16n hon 1 luong tir cia ADC (xem
vidu4.1.1).
b).Sai lech tinh va dao dong bang-bang: Sai 1&ch tinh va dao dong do luong tir hoa trong khau ADC
¥ ¢6 bién do t6i thiéu 1 luong tir A (xem vi du 4.1.2, 4.1.3). Viéc giam hé sb khuéch dai c6 thé gop
phén khu dao dong bang-bang. Pé khao sat ta thuong dung cong cu mo phong. T
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4. Thye hién ky thuat hé théng DK sé

4.1 Anh huwéng ciia s6 héa (Iwong tir héa) bién do

4.1.3 Hiéu trng lwong tir héa cac tham sé

«Anh huéng ciia tham sé dwoc lam tron sé d6i véi hé thong - ké ca CPU dau phay tinh — la nhé
va co thé bo qua, trix truong hop tham s6 qua be (vi du: co kich c& chi vai lugng tir).
*Néu can thiét, ¢ thé str dung cac phuwong phap phdn tich do nhdy tham so dé khao sat.

4.1.4 Hiéu rng lwong tir héa cac két qua tinh trung gian

a) Sai léch tinh va dao dong bang-bang:

—Trong thuét toan DK, két qua tinh trung gian 13 tich gifta cdc hé sé trong hrong (tham s6 DK)
va cdc bién (sai léch PC, hay dai lugng PK). Nguyén nhan gay sai s6 luong tir hoa 1a: Ca céc
thira s6 ctia phép nhén 1an két qua nhan déu bj 1am tron.

Véi: Q2 Ela s§ nguyén,lén luong tir A da chia 9= QA + 6q; e=EA+ 68
tham s0 ¢, bién e; sai s lam tron 1a §q, o, ge = QEAZ 4+ QA(Se + EA(Sq + 6(156

——
~0

—Neéu sai s0 lam tron o, 6, 1a doc 1ap vé mat thong ké va co
. A 7. . A \ \ \ A ’ 2 2 2 2 2
phuong sai o, = A’/12, doi véi sai so do lam tron thira s6 tacod: 0, = (Q +E ) o
oS \ \ ’ A 1N 2
—Sai 56 do lam tron tich so 1a:  0,; = QEA” — (QE)Q A
\ . X P . X Ao N \ 2 2 2 2 2 2 2 2
, “Phuwong sai so cua sai so cuoi cung la: oy, ~ [1 +A (Q +E )}05 ~ [1 +q +e ]05
r Nhén xét: Cong thirc phuong sai cho thiy, khi q va e ¢6 kich ¢& 16n, sai
s0 s€ chu y€u bi gdy nén boi viée lam tron céc thira s6 cua phép nhan.
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4. Thye hién ky thuat hé théng DK sé

4.1 Anh huwéng ciia s6 héa (Iwong tir héa) bién do

4.1.4 Hiéu trng lwong tir héa cac két qua tinh trung gian (tiép)

a) Sai léch tinh va dao dong bang-bang (tiép):  (xem vi du 4.1.4)

«Chti y, viéc lam tron cho tig tich riéng &, hay sau khi tinh tong tich lily, cling c6 y nghia quyét
dinh t&i1 sai s6. Vi du: Néu lam tron riéng r€ cho thuat toan tim ham PK ¢ muc 4.1.1b) va sai s0
luong tir cua cac thamso 1a o,,,, J,,; khi tinh céc tich pu(k-i), r,e(k-i), sai s cuoi cung sé€ la:

‘pui> “rei
6, (k)=—=6 (k=1)—--=6  (k—p)+6.,(k)++6, (k—v)
i v
voi phuong sai: Op = Zagpm- + Zagrei
i=1 i=0

Nhan xét: Phuong sai sé ting theo sé lwong phép nhdn cia tong tich lity va doi voi cac thudt toan
DK bdc cao c6 the 16n hon phuong sai do luong tir hoa trong khau ADC gay nén.
b) Viing chét:

i
I8 A t 2009 A Prof. Hon.-Prof. Dr.-Ing. habil. Ng. Ph. Q 4 Da E%c
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4. Thwe hién ky thuat hé thong PK so
4.2 Thiét ké hé thong bang may tinh

4.2.1 Cac phwong phap mé phong

Thoi gian mé hinh = Thoi gian thuc

w
—> Mohinh | % [Mohinh | X
» Offline Offline "
Khéu DC Déi tuong

A A2
diéu khién

Hinh 1 Nguyén [y mo phong Off-line

Xay dung va ti gian mé hinh ddi tugng, xac dinh tham s6
ctia mo hinh dé tir 46 thiét ké thuat toan DC. Dién bién
thoi gian trén mé hinh khong dung vai dién bién thyc.

Thoi gian mé hinh = Thai gian thuc

Z_, PhanmémPC | , | Mohinh | 4
trén P thoi gian >
”| phan clng thuc thuc
Khiu DC Déi tuong
diéu khién

Hinh 3 Nguyén Iy Hardware-in-the-Loop

nhiéu phan tir co-dién tir-phdn mém (hé théng mechatronic).

Thoi gian mé hinh = Thoi gian thuc

w Interpreter cua
A A u A 1N X
—» phéan mém bC = Mo hmh =
5 hoac Offline
Mo phéng vi mach

D61 tuong

Khéu DC . .
diéu khién

Hinh 2 Nguyén ly Software-in-the-Loop
Ma nguén DC (C, assembler) dugc thir trén mo hinh Offline. Hodc ma C chay truc tiép,
hodc sit dung mét phan mém mé phong mach phan cirng. Qua d6 kiém tra chirc nang cua
thiét bi DC (chwa can ché tao) trén mo hinh DTPK. Vi du: Cac chirc ning ciia vi diéu

khién (bién d6i AD, DA, diéu ché bé rong xung, ciu trac ngit vv...)

Thoi gian mé hinh = Thoi gian thue

w Mai truong
—® phat trién L | Déi tugng thyc | £

»{ thoi gian thuc | (M6 hinh vt Ly)
(Phéan mém DC)

Khau DC Déi tuong
diéu khién

1R

Hinh 4 Nguyén ly Control Prototyping

(mo phong thoi gian thuc, real-time simulation) , e , _
Str dung moi treong phat trién thoi gian thyc, ghép véi DTDK thét, hay véi
St dung hardware dé mo phong vong DC. RTS cho phep kiém tra chitc nang PSP S 2k RSO A Lk a1k
mo hinh vdt Iy thu nho (khi doi tugng 1a thi€t bi c6 cong suat, kich ¢& 16n).
an ctmg, va gitip danh gia kha ning ciia phan mém DC dudi diéu kién thoi , N S 1 A . . A
Thir nghiém trén thiét bi that cho phép ki€m tra anh hudng ctia cac hiéu tng
ian thuc. bPiéu nay cuc ky co y nghla khi phal kiém tra céc thiét bi hén hop N N 1 . i
khong thé mo ta duge bang mo hinh toan.
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4. Thwe hién ky thuat hé thong PK so

4.2 Thiét ké hé thong bang may tinh

4.2.1 Cac phwong phap mé phéng (tiép)

Mo phong thél gian thwe dung Card
DS1102 caa dSPACE

Hinh bén gidi thiéu vi du khi str dung méi trudng thiét ké
trén nén MATLAB & Simulink v6i phan ctng c6 vi xur 1y
tin hi¢u (Digital Signal Processor: DSP) cua tap doan
Texas Instruments. So dd chi ra rd rang: két hop voi
MATLAB va cac Toolbox, ta c6 thé tién hanh céc bude:
—Bude 1: Mo phong Offline dé bude dau xac dinh tham sb
cua thuat toan BC.
—Buée 2: Bb xung thém cac khdi xuat/nhap dir liéu (vi du:
cac khbéi ADC hodc DAC) vao so dd cdu trac vong DC.
—Bude 3: Sir dung C-compiler tao ma C dé nap xudng card
hardware, cai xen véi hé théng phan mém diéu khién theo
ngét.
Chu ¥: Thu vién MLIB cung cip cac chie ning diéu khién
phan ctng tir moi truong MATLAB (st dung chuong trinh
gockpjt). Thu vién MTRACE ¢6 cac chirc nang gitp thu
rthap so liu tir phan cing.

MATLAB

MLIB \MTRACE

SIMULINK

Real-Time
Workshop

C-Coded Model

Real-Time
Interface
I

l

C Program for

Parameters
Variables

\

Parameters

User Host
Programms

|

cLg |

TextlO

Debugger

SPACE Hardware

C Compiler
Object Code

/ o ™
/ Controlled

System

| Recorded Data

RACE

/

-
£

Parameters
Variables

T

COCKPIT

RealMotion
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4. Thwe hién ky thuat hé thong PK so
4.2 Thiét ké hé thong bang may tinh

4.2.2 M6 phéng bang MATLAB & Simulink

a) Mo phong bc%n,q cac lénh truc tiép tir Toolbox

*Nhom lénh khai bdao mo hinh gian
doan (thudc Control Toolbox)

Vi du:

MG hinh TF:

> h = tf ([1 -0.5],[1 1 -21,0.01)
Transfer function:

z - 0.5

z"2 + z = 2

Sampling time: 0.01

M6 hinh ZPK.:

>> h = zpk (0.5,[-2 1],1,0.01)
Zero/pole/gain:

A=

) (zr 1)
Bémpllng time: 0.01

cua MATLAB.:

Khai biao m6 hinh gian doan cia hé LTI

t £ (num,den,Ts)

zpk (z,p.,k,Ts)

ss (4,B,C,D,Ts)

frd (answer freq,unit,Ts)

Ts

Ham truyén dat: Vector cac hé sb cua
da thtrc tr s6 num, mau sb den

Biéu d6 diém khong - diém cwe: Vector
cac diém khong z, diém cuc p, hé $b
khuéch dai k

M6 hinh trang thai: Ma trin hé thong
A, ddu vao B, dau ra C, lién thong D
M6 hinh dll’ liéu dic tinh tan s6 bap
ung tan sb answer, vector tan so freq,
unit 14 don vi (th&r nguyén cua tan sb
rad/s (mac dinh) hodac Hz
(unit="Units’,’rad/s’)

Chu ky trich méu cta hé gian doan
khong khai T's: Mo hinh lién tuc vé thoi
gian

Mo hinh gidn doan vé
thot gian, chu ky trich
mau chua xac dinh

Ts=-1
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4. Thwe hién ky thuat hé thong PK so
4.2 Thiét ké hé thong bang may tinh

4.2.2 M6 phéng biang MATLAB & Simulink | @) Md phong bang cdc lénh truc tiép tir Toolbox

clia MATLAB (tiép):

*Nhom /lénh chuyén doi gitra hai loai m6 hinh gidn doan va lién tuc (thudc Control Toolbox)
Vi du: a : : : Step Response

>> sysc = tf(1,[1 1])
Transfer function:

1.2

[
i}

Amplitude
[a]
0

s + 1
>> sysd = c2d (sysc,?2)
Transfer function:

=]
5
T

[
[}

0.8647 i
__________ o] 2 4 & =1 Time‘lssec) 12 14 18 18 20
z - 0 ) 1353 _ Chuyén doi giira hai h¢ LTI lién tuc va gian doan
Sampling time: 2 i
>> sysdd =d2d (sysd,0.7) c2d (sysc, Ts ,method) Chuy(:en hé lién tuc thanh hé gian doan
Transfer- function: d2c (sysd, method (Huq@?hégﬁndomqﬂ@nhhéhéluw
0. 5o d2d (sys, Ts Thay d6i chu ky trich mau
__________ method Phuong phép gian doan hoa:
z "~ 0.4966 "zoh’, ' foh’, ’tustin’,
Eémpling time: 0.7 "prewarp’, 'matched’

>> step (sysc,'r-',sysd,'c-',sysdd, 'g--")
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4. Thwe hién ky thuat hé thong PK so
4.2 Thiét ké hé thong bang may tinh

4.2.2 M6 phéng bang MATLAB & Simulink

a) Mo phong bc%n,q cac lénh truc tiép tir Toolbox

*Nhom lenh loc so FIR (Finite Impulse Response, thudc Signal Processing Toolbox)

clia MATLAB (tiép):

Cong thuc ton% quat

-1
)=
b +bz bz 4+ b, 2"
g taz taz i+ +a, z"

=bx(k)+bx(k—1)+--+b, . x(k—m)

—> aly(k)

firl (order, limitfrequency, window)

filter (num,den,data)
filtfilt (num,den,data)

freqz (num,den, points, samplingfreq) Dap g tan sb gian

B§ loc FIR va ham cira so

Thiét ké bo loc FIR
(loc thong thap)
Loc s6 liéu

Loc s6 liéu co hiéu
chinh pha

doan

—azy(k——U—— ——amHy(k——n)

Vi du:
$ Tao tédp s8& liéu x cé chiéu dar
% length(x)=101
>> t = 0:0.005:0.5;
>> x = 5 + 8*sin (2*pi*8*t)
SoThiét-k& bd loc FIR
>> Bw = firl (20,0.2,hamming (20+1));
S Dung Bw dé loc x theo 2 cach: filter
S7va filgfilt

> X £ = filter(Bw,1,x);
>> x ff = filtfilt(Bw,1,x);

+ 4*cos (2*pi*33*t);

30 I:I)lscrete Fllttler

=== non-filtered
251 —— FIR filter B
----- FIR: filtfilt

20+ —
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4. Thwe hién ky thuat hé thong PK so
4.2 Thiét ké hé thong bang may tinh

4.2.2 M6 phéng bang MATLAB & Simulink

a) Mo phong bc%n,q cac lénh truc tiép tir Toolbox

*Nhom Iénh loc s6 IR (Infinite Impulse Response, thudc Signal Processing Toolbox)

B6 loc IIR
Cong thirc téng quat: butter (order, limitfreq) Loc Butterworth
aly(k) _ blx(k) n b2x<k _ 1) 4 ... | chebyl (order, r%pple, lz.mz_tfreq) Loc Tschebyscheff Typ 1
cheby?2 (order, ripple, limitfreq) Loc Tschebyscheff Typ 2
+b,,.,x(k—m) ellip (order,ripple, attenuation, limitfreq) Loc Elliptic (Cauer)
4 ==a, =0 filter (num,den,data) Loc 50 ligu
! filtfilt (num,den,data) Loc s6 liéu ¢6 hiéu chinh pha
freqz (num,den, points, samplingfreq) Paép (mg tan s6 gian doan
Vi du - Dliscrete Filttler
> t = 0.01:0.01:1; .l T mepegiered: | |
>> x = 5 + 8%sin(2%pi*8*t) + 4*cos(2*pi*40*t); oo L IR i
>> [B,A] = butter(4,20/50);%Thiét k&€ bd loc IIR ol 1
>> x £ = filter (B,A,x); %$Loc tin hiéu x
>> o xeff.= fi1tfilt (B,A,x); %$Loc tin hiéu x cbé bu pha

>>
>>
>
E>

>>

ciia MATLAB (tiép):

plot(t,x,'g-",t,x f,'r-",t,x ff,'b:");

axis ([0 0.5 =10 30]);

title('Discrete Filter', 'FontSize',12);

xlabel ('Time [s]', 'FontSize',12);
legend('non-filtered', 'IIR filter', 'IIR filtfilt');

-10 L L L L
0 0.1 0.2 0.3 04 0.5

Time [s]
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4. Thwe hién ky thuat hé thong PK so
4.2 Thiét ké hé thong bang may tinh

4.2.2 M6 phéng bang MATLAB & Simulink

b) Mo phong bcin,q so do cau tric cua Simulink:

Unit Delay

1

Discrete-Time Integrator

T

Integratar

Discrete Filter (scalar)
Khdi Discrete Filter m6 ta mot khau

1

Discrete Filter

tir hé s6 cua 2°.
Discrete Transfer Function (scalar)

\ 1

truyén dat bén:

Khoi Unit Delay c6 tac dung trich mau tin hiéu vao va cat giit gia tri thu duoc trong mot chu ky
z trich mau. Vi vay, khoi c6 dac diém nhu mot phan tir co ban cua cac h¢ gian doan. Khoi ¢6 thé
unitbelay  duge sir dung nhu mot khau qua do tir tan so trich mau thap sang tan so6 trich mau cao.

Khéi Discrete-Time Integrator (tich phan gian doan) vé co ban ciing giéng nhu khdi Integrator
- (tich phan) lién tuc. Bén canh chu ky trich mau ta con phai chon cho mdi khéi thuit toan tich
pisceteTime  phén (tich phan Euler tién, tich phan Euler lui hay tich phan hinh thang). Sau khi d4 chon thuat
toan tich phan, biéu twong (Icon) cua khéi lai thay ddi trong tng.

( l) = y(Zil) B(Zil) _ b —|—b22_1 +b3Z_2 +-+b,.,2"
sz [ loc s6 ¢6 ham truyén dat nhu bén: B x(z”) A(z”) e taz'taz’tta,z"

Cac hé so cua da thire tur s6 va mau s6 dugc khai bdo theo trinh ty s6 mii cua z gidm dan, bat dau

Khéi Discrete Transfer Function c6 dic diém gidng khéi Discrete Filter va dugc mé ta béi ham
B(z) bz"+bz" " bz 4+ b

?+U.5 H (Z) — — — m+1
> Discrete A(Z) az"+a,z"" +az" + - +a,,
’ Transfer Fen , . . ~ ‘ . " . A 2
4 Céc h¢ sb cua hai da thirc tir s6 va mau s6 dugc khai bao theo trinh ty s6 mii cia z gidm déan, bat
dau tir m (tr sO) va n (mau so).
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4. Thwe hién ky thuat hé thong PK so
4.2 Thiét ké hé thong bang may tinh

4.2.2 M6 phéng bang MATLAB & Simulink | b) M6 phéng bang so dé cdu tric cia Simulink

tié,
Discrete Zero-Pole (scalar)
@n | Trong khdi Discrete Zero-Pole, thay vi phai khai bao cac hé s, ta khai bao diém cuc - diém khong

zz05 | cua ham truyén dat va mot hé so6 khuéch dai.
Dizcrete
Zero-Pole

Discrete State Space
B Khéi Discrete State Space mo ta mdt hé thong gian doan bang md hinh trang thai. Khoi
win+=uiri+Bugy [ €O ddc diém st dung giong nhu khoi State Space ctua cac hé lién tuc.

Discrete State-Space

Zero-Order Hold

L Khoi Zero-Order Hold trich mau tin higu dau vao va giir gi4 tri thu dugc dén thoi diem trich mau
tiep theo. Nén str dung khoi Zero-Order Hold trong céac hé trich mau chua c6 mot trong cac khoi

gian doan da dugc mo ta ¢ trén (tu’c 1a nhirg khdi c6 sin khau giit cham bac 0) Khi chon buorc

tich phan cu‘ng, co the st dung khdi Zero-Order Hold tai céc vi tri chuyén tir tan sb trich mAu cao
sang tan so trich mau thap hon.

Zero-Order
Haold

| Chii y: Mot hé thong sb k§ thuat thudng sit dung nhiéu chu ky trich mau khdc nhau (goi 13 hé
-co chu ky hon hop), va can phai dugc luu y dac biét khi mo phong. Hé lai 1a cac h¢ c6 chura
ca hai thanh phan lién tuc va gian doan.

\\
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4. Thwe hién ky thuat hé thong PK so
4.2 Thiét ké hé thong bang may tinh

4.2.2 M6 phéng bang MATLAB & Simulink

b) Mo phong bcin,q so do céau trie cia Simulink

Vi du: Ly

tie

Mo phoéng khau DC 2 chiéu (2- Q
dimensional, khaiu MIMO) dung o

dé BC vector dong stator i, cia

ddng co xoay chiéu 3 pha.

O iy
R .
isd o e L] [P
+_ _ 1 \ 4
__ mqw:l; - o1 So d6 cau trac
z el khau BC digital
P11 gl
@’Omegagﬂ b 4 \
SIS So d6 md hinh
- g - Simulink
— <
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4. Thwce hién ky thuat hé th6ng PK so6
4.3 Thiét ké hé thong vi diéu khién

4.3.1 Phan |°5:“ VI XWP Iy Don vi xti 1y trung tam (CPU)
s sA 6es 5 123 Khau tinh toan Khau diéu khién
a) Khai niem “vi xu ly
Chir “vi‘“ trong khai niém trén co6 co0i1 nguén Thanh ghi | o : Giai ma
tir chit “micro, ky hiéu 1a “p, c6 nghia 1a 50 liéu h*ggg;;;;c | 1énh
“mot phan tri¢u* hodc “rat nho*. Vi xu 1y Thanh ghi —> (ALU) Dém chuong
(Microprocessor) co6 nghia 1a “bd xtr 1y rat dia chi 1 trinh
nho*, ky hiéu 13 “pP*. 3 { 3
*Khau tinh toan: gom c6 don vi so hoc va e
A . . . . " , 4 4 Bus trén phién I
logic (Arlthmetlc Logic Unit: ALU), cac v v v
thanh ghi so liéu va dia chi. Dém Bus Dém Bus Dém Bus
«Khdu diéu khién: gom c6 bod gidi ma lénh s6 liéu diéu khién dia chi
va tio deﬁm Cht,f.on‘,g trlAnh.A ‘ ‘ * Khau dém * *
*Khau dém: voi cac by dém (thuong la ba ,
trang théi: Tri-State), ghép ndi Bus trén Hinh trén: Cau trac bén trong cia mot pP
phién cua pP véi cac Bus diéu khién, so — — 7 .
liéu va dia chi ndm bén ngoai. Chu y: Bé str dung trong cac hé thong DK so, uP sé
> ' phai dugc bo sung thém céc phan tir ngoai vi, phuc
4 vu viéc nhing (embed) puP vao moi truong thiét bi.
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4. Thwce hién ky thuat hé th6ng PK so6
4.3 Thiét ké hé thong vi diéu khién

4.3.1 Phan loai vi xt ly (tiép)

b) Khdi niem “vi xu ly tin hiéu”

Vi xie Iy tin hiéu = Digital Signal Processing (DSP).

Puoc thiét ké dé tang toc d6 xu 1y, tinh tong tich liy:

VIXU LY

Diéu

khién

Bus s6 liéu

g (ax ) Bus dia Chi
1 1
£ \ L A . - a) } {
*Ban chat DSP: 1a pP c6 thém thanh ghi ACC (v6i
bé rong gap doi bé rong ctiia Bus) va b nhan cing. Nhé chuong trinh Nhé s8 ligu
*Nhiéu thao tdc trong I [énh: DSP cho phép thuc
hién cac thao tac (lam tron, dich trai/phai vv...) o o
A e e 1A A L ~ , A . VI XU LY
dong tho1 voi nhan va tich liiy chi trong mét nhip
1éqh duy nhat. , — ~ &~ ~
*Cau truc Bus: Bus trén phién (on-chip) duogc thuc < Frogram. Ji B Date Bus &
hién theo cau truc Harward. S o S, Yo
"o R "o n
‘ 3 2l Diéu/khién | 3 3
‘ an an as) aa)
) : ’ b)
i Hinh bén: Cau tric Bus a) ki¢u Nh§ chuong trinh Nh s6 liéu
Von-Neumann; b) kiéu Harward trén chip trén chip
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4. Thwce hién ky thuat hé th6ng PK so6
4.3 Thiét ké hé thong vi diéu khién

4.3.1 Phan loai vi x ly (tiép) | ¢) Khdi niém “vi diéu khién”’

Vi diéu khién = pP (hodc DSP) + ngoai vi + ngat khéng can thu tuc

6

T up to ! I

Chu y: uC dugc phan biét | | 128 KByte | ﬁﬁ RAM | |

- H . pv S . | ROW/ w CPU ) i

v6i pP 1a do cac dac diém: . | Flash | & 7?2 kByte |!

A . Ao . ! | EPROM | 52 :

a) cO thém cac phan tr ngoai e : N :

Vi co ban trén phién o P 1 4 i

. . . \ , <« osc - BN, Gl i

(peripheries on-chip) va b) c6 ! Erema) —PEC :

, , ‘ 1 nstr/Data ) i

co ch€ ngat khong can thu tuc R r Interrupt Controller g ey, 1 ;

Ilgﬁt Dléu Iléy ChO phép nﬁng : XillfM %; 4—_ | . . T . Interrpot Bus | - 16 :
cao toc do tinh toan, tang do R 0

T 11

tin cay, dong thoi giam gia NP E ] [P Pz [ aPTi[aeTa] CAPCOM 2 | Proreas
\ 9 A A % xternaOn rgs, ADC (SPI) H‘ PT1 | i
thanh cta hé thong. O TTET |l e [A0C | e |ssc ﬂj\\!\h\aunln\e\l\s H] il :
‘ %% V2 i WBRGBRGMMFQ Pra g
v 5 !
e | | | | — !
e , o U 1 Port 1 Port 5 Port 3 Port2| Port 8 Port7 |
7 "Hinh bén: Chu tric chi tiét cia pC  © | = :

16 Bit loai SAB C167 (Siemens) . o 1T
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4. Thwce hién ky thuat hé th6ng PK so6
4.3 Thiét ké hé thong vi diéu khién

4.3.1 Phan loai vi xt ly (tiép)
d) Khai niem “DSP Controller” Data RAM | {Program ROM/ Event Manager
p - = = T —
Cach dinh nghia pC nhu ta da R ] ==
néu & muc 4.3.1c cling c6 thé A (15-0) Gutputs | =
duoc ap dung doi véi DSP. e =
Outputs
, D (15-0 Dead Band| —
Thay vi viet cong thuc: (15-0) =P 5 [[—
MC = HP + ngoai Vi InItSl}%ace —
+ ngat khéng can thu tuc G
]13%51; 16 x 16 Multiply T0Bit ADC
ta Vlét Shifter | 32-Bit P-register - 1 '
~ _ Shift L (0, 1, 4, -6) e
nC = DSP + ngoai vi 32-Bit ALU Waichdog |_>
+ ngét khﬁng can thl] tUC 32-Bit Accumulator —
= DSP Controller Shift 1 0-1) <+ 5 @
8 Auxiliary Registers
‘ 8 Level H/W Stack =P sa <>
2 Status Registers
& . ) B G ‘ ' Three I/O Ports 0
7 | Hinh bén: So db khéi ciia DSP Controller ky e L
hi¢u TMS 320C/F240 (Texas Instruments)
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4. Thwce hién ky thuat hé th6ng PK so6
4.3 Thiét ké hé thong vi diéu khién

4.3.2 Khai quat vé nhiém vu thiét ké [
Cau trac cia mdt hé théng DK s& dién hinh —-

cho truyén doéng dién

Field Bus - ——

Giao
dién
\4
Digital Controller —
™S SAB =

320C25 C167 3~
Tang Nghich |luu
dém

boéng co
xoay chiéu 3 pha

pP véi nhiém vu pC voi Nghich luu bong co
truyén théng  nhiém vu BC xoay chiéu 3 pha

Do téc d6
quay

- Minh hoa nhiém vy thlet ké thong qua vi du cu thé: Hé thong DK sb cho truyén dong dién xoay chiéu 3 pha.
Cin phai 1am 1o cac van dé cy thé:

L*Hardware: Lya chon vi xtt Iy (hé 1 hay nhiéu uP, pC)? Can nhiing ngoai vi gi va véi tinh nang thé nao?

i~ Software: Cong cy, quy trinh va quan Iy (management) phat trién? Chuan bj 1ap trinh (thuét toan, chuan
hoa, thu vién, test)?
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4. Thwce hién ky thuat hé thc“'mg PK so6
4.3 Thiét ké hé thong vi diéu khién

4.3.3 Hardware: Yéu cau déi v&i vi xir ly

e Chon hé I vi xur ly (Single Processor System) khi Hardware chi
phai thuc hién cac bai toan BDK. Nhi¢ém vu truyén thong vi1 mo1
truong xung quanh & muc rat han ché.

e Chon hé 2 vi xur Iy (Double Processor System) kh1 Hardware
khong chi phai thuc hi€n cac thuat toan thot gian thuc ma con
phai cho phép tich hgp vao mdt moi truong cong nghé tu dong
(vi du: nho Field Bus, PK qua giao dién vv...) phtrc hop.

e Vixir Iy/cac vi xir Iy can phai c6 khd ndng ddm dwong cdc

" nhiém vu cua ngoai vi (vi du: ADC diéu ché, do toc dd quay
yv...) toi muc toi da. Vi vay, néu 1a hé 2 vi xir 1y thi 1 sé& phai

4 duoc chon l1a pC.
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4. Thwce hién ky thuat hé th6ng PK so6
4.3 Thiét ké hé thong vi diéu khién

4.3.3 Hardware: Yéu cau doéi v&i vi xiv ly (tiép)

Vi du vé mot hé 2 vi xur
1y, bao gom DSP loai
TMS 320C25 (Texas
Instruments) va pC loai
SAB C167 (Siemens).

*Tan dung kha nang tinh
todn cua DSP dé thuc
hién cac thuat toan thoi
gian thuc phtrc hop.

*Tan dung ngoai vi phong

phii ciia 1C dé ghép voi
moi truong cong nghe.

i

Tacho Incremental Encoder Resolver (witt IE copy) Upcisy 1sv ty ty ty
G S I S VO LS
Onti S dM t Inverter control, measurment
PHOD. SPES EASRLCINER of Upcand stator currents
AN N
Digitaler Signal
Processor
TMS 320C25
~Z RAM B EPROM|| RAM
us
EE;:R?M 8kx 8 Driver 64k x 16 32k x 8
NS ‘ NS
Microcontroller SAB C167
1S | | g 0
i i . eration
Contact arrays Option Field bus Option Key pad p
Analog Digital RS232, RS485, TTY| panel
INﬁ OU@ INﬁOU'% ﬁ u
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4. Thwce hién ky thuat hé th6ng PK so6
4.3 Thiét ké hé thong vi diéu khién

4.3.4 Hardware: Yéu cau doéi v&i ngoai vi (trén co s& vi du @ muc 4.3.2)

e Phai c6 don vi PWM (Puls Width Modulation) vo1 Ao phan giai
tho1 gian bé nhét’ (vi du: 50ns cua SAB C167, TMS 320C/F240)
phuc vu di€u ché vector dién ap.

. BO’ dong stator vo1 Ao phan giai 10... 12‘pit. Doi y('yi t;uyén dong
chat luong cao phai la 12bit-ADC véi1 toc do bien doi <10us.

» Do toc d quay bang IE can co cc thanh ghi CAP/COM. Po
bang Resolver thuong phai c6 mach phu bén ngoai.

* Po dién dp Up bang 10-12bit-ADC.

e | Mach phu dé ghép Field Bus.

s Mach theo doi/bdo vé mach dién tir cong suat va dong co.
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4. Thwce hién ky thuat hé th6ng PK so6
4.3 Thiét ké hé thong vi diéu khién

4.3.5 Software: Cong cu phat trién va cong tac quan ly | «) Cdc buéc chuan bi viét

Software

« Tdp hop tat ca cac cong thire can tinh (cac thut toan) cung véi
cac tham so ctia doi tugng cong nghé (vi du: so liéu dong co).

o Chudn héa cac cong thirc can tinh, xac dinh kich ¢é ciia dir liéu
(bé rong word) ciling nhu d@é chinh xdc ciia dir liéu (s6 bits sau
dau phay).

e MO ta chu trinh tinh bang lLeu d6 thudt toan (flow chart).

e Xac dinh chwong trinh chinh, chuong trinh con va chuong trinh
ngat (chuong trinh con theo manh thot gian hay theo mirc vu
- tien khac nhau).
»  Xac dinh cac module thur vién.
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4. Thwce hién ky thuat hé th6ng PK so6
4.3 Thiét ké hé thong vi diéu khién

4.3.5 Software: Céng cu phat trién va céng tac quan ly

«  C Compiler: Trinh bién dich ma nguoén C

R ~ < ~ - . n?
»  FEditor: Trinh soan thao ma nguon Can nhac lua chon cong cu phat trién
(Intelligent Concept of the Development Environment)

b) Chudn bi cong cu phdat trién
(moi truong phat trién)

*  Linker, Locater: Hai trinh ghép, dinh vi

*  Assembler: Trinh thong dich hop ngi Editor I
y y

cac modules. Boi khi 1a 1 trinh vé1 2 C
. , Compiler Assembler
options khac nhau.

Linker

Locater I—

* Librarian: Trinh quan 1y thu vién

»  Format Converter: Trinh ddo dinh dang

Librarian

i

Librarian I<—

* Object/Hex Converter: Trinh ddao ma \
chay/mﬁ hexa Format Converter
. ~ A Object/H
»  Debugger: Trinh g& r6i ! v Pt
e  Emulator: Thiét bi mo phong chip Emulator f§f | Debugger

» Target System: Hardware

y
I'+  EPROM Burner: May nap EPROM R I: EPROM I
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4. Thwce hién ky thuat hé th6ng PK so6
4.3 Thiét ké hé thong vi diéu khién

4.3.5 Software: Céng cu phat trién va céng tac quan ly

Muc tiéu can dat:

«  Pat tinh ning theo yéu cau cla bai
toan

e Cau tric rd rang, dé hiéu

« D@ bao dudng, cap nhat, nang cép

« D@ sir dung lap lai

Bién phap nham dat muc tiéu:

* Dinh nghia rd rang giao dién gitra cac
modules

« Lap trinh bang ngdn ngir bac cao (chi
yeu la C)

|+ Cau tric thu myc va modules rd rang

» St dung Make Files trong qua trinh tao
i Code

!
(o)

C Compiler

/

:

7

- Source - j»
. -7
:

/

c) Chu trinh va cong
cu phat trién

- Chu trlnh va cong cu
. phat trién Software

- Runtime -
- Support -
- Library -

Macro -
- Library -
; 0 o>
s
s
Gk :
7/ Object
Archiver Z oject -
J' 77| Files
7 4
7 %777 R
5 5 7 B
- Library of - :jz i /i?”ff/ﬁ'
. Object - ZZ(Lmkerand
Files o Locator )z

Hex
Conversion

EPROM
Programmer

PRI A ’/7777'

o Executable_ &

N

Files

Hardware

Emulator with
Debugger l
()
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4. Thwce hién ky thuat hé th6ng PK so6
4.3 Thiét ké hé thong vi diéu khién

4.3.5 Software: Cong cu phat trién va coéng tac quan ly d) Cdc nguyén tdc thue hién

1) Cac bwéc phat trién

« Xay dung danh muc yéu cau d6i voi Software (theo nhu cau
cua thi truong)

o Khang dinh khd nang déap ving danh muc yéu cau

* Phan tich phuong an, phdn tich hé thong trén co sé Hardware
da thiet ké

e Xac dinh cdc modules phan mém can soan thao
o Soan thao cac modules cu thé

e Thu nghiém rieng re tung module (Test Programs, Debugger,
Emulator, Hardware-in-the-Loop-Test)

Yo Thir nghiém tong thé trén thiét bi

~ [Pai hoc
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4. Thwce hién ky thuat hé th6ng DK
4.3 Thiét ké hé thong vi diéu khién

sO

4.3.5 Software: Cong cu phat trién va coéng tac quan ly | d) Cdc nguyén tic thuc hién (tiép)

2) Quan ly Files va ky hiéu
e CAu trac thu muc trén PC: Source Files, .obj Files, vv...
e Tén Files: mang ¥ nghia dé hiéu

e Tén ky hiéu, tén bién: mang y nghia dé hiéu, khai bao tip trung dé

dé quan 1y (tranh lang phi bo nhd, ting toc d0)
3) Quan ly va tao phién ban
4) Cau trac cua tirng module

e Tén module * (Gi1ao dién véi bén ngoai module
» Lich sir cua module * Giao di€n v6i1 bén trong module
¢ Mota module e Chirc nang cua module
4
18 August 2009 Assoc. Prof. Hon.-Prof. Dr.-Ing. habil. Ng. Ph. Quang D?ilag ¢
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4. Thye hién ky thuat hé théng DK sé

4.3 Thiét ké hé thong vi diéu khién

4.3.5 Software: Céng cu phat trién va céng tac quan ly

5) Con dwdng tir thuat toan (Algorithms) t&l phan mem (Software)
« Tap hop tat ca cac phuong trinh can tinh (thuat toan) va cac tham so

[ ]
:

e

cua doi tuong DK.

d) Cdc nguyén tic thuwc hién (tiép)

Chuyén tat ca phuong trinh va tham sO sang dang khong co thu
nguyén (Normalizing, chuan hoa).

Khi st dung pP, pC hay DSP giéu phéy tinh: Xac dinh cac hé s6
truot (Scaling) do61 voi tham s6 va bién. Khong thyce hién dong tac

nay d6i voi dau phay dong.

Xay dung luu do (Flowchart).
Phan thanh chuong trinh me, chuong trinh con hay thu tuc ngat
. (Interrupt Routines).

Xac dinh thu vién.
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He thong di€éu khién so
-G101 thi€u mon hoc

-G101 thi€u vé diéu khién so

-PID

H¢ thong diéu khién sb B9 mon Thiét bi dién

wo9'jpdodwis mmm//:dny - uoisiaA paltaisibaiun nds pue abis|N 4ad odwis



g e A
@ (G101 thieu mon hoc

Tén mdn hoc: Hé thong diéu khién s6
Phan phoi gio: 42LT
SO tin chi: 2

Trang web ca nhan: www4.hcmut.edu.vn/~nntu

H¢ thong diéu khién sb B9 mon Thiét bi dién
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& Tai lidu tham khao

* Digital Control of Dynamic Systems, Addison-
Wesley Co. 1990, G.F. Franklin, J.D. Powell,
M.L. Workman.

* High Performance Drives, Engng 3028, E.
Levi

* Modern Power Electronics and AC Drives,
Bimal K. Bose

e Phan mém Matlab/Simulink

H¢ thong diéu khién sb B9 mon Thiét bi dién

wo9'jpdodwis mmm//:dny - uoisiaA paltaisibaiun nds pue abis|N 4ad odwis



‘B.KJ NO1 dung

H¢é thong diéu khién s6 cho may dién

Phan 1: Pai cuong vé diéu khién so

Phan 2: Giéi thiéu vé bién tan

Phan 3: M6 hinh may dién — Cac hé qui chiéu
Phan 4: Piéu khién so6 dong co dién (dong co
khong dong b ba pha) — Piéu khién vector (FOC)

H¢ thong diéu khién sb B9 mon Thiét bi dién
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D Panh gia

» Kiém tra giita ki: kiém tra viét (20%) — du kién
45 phut

o Kiém tra cudi ki: trac nghieém (80%) — du kién
75 phut

Khong svr dung tai liéu
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Q) Piéu khién twong tu

» Hé thong diéu khién tuong ty

) et) [Bo aknign| |u@ [Péitwong| y
—0 " D) [T Gs) '

Cam bién
1

H¢ thong diéu khién sb B9 mon Thiét bi dién
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& Pidu khién s

* HE thong di€u khién so
e T1a thoi gian 1ay mau (s)
e Tin hiéu lay mau : x(kT) = x(k)

——————————————————————————————————————————————————————————————————

| bit — voltage |
i Bo diéu i
r(t) / r(kT)Q e(kT) | khign u(kT) D/r,?\ fcljnd Eu(l‘) Péi twong y(t) ,
T + © | G(s)
T |
clock ¢
y(kT) Al/D - ___[cambién
: . T ; 1
' BO diéu khién s6 voltage — bit ’

__________________________________________________________________________________
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‘B."J Hé thong diéu khién dong co

Power source

Power
 —— Controller it Electronic

Converter

Motor

Process

Process

Control pesti
Computer

Figure 12-1 Control of motor drives.

» Diéu khién dong co 1a mét trong nhirng (ng dung
qguan trong nhat trong linh vwee dién tir cdng suat

H¢ thong diéu khién sb

B9 mon Thiét bi dién
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&) Pidu knién méy dién vong ho

Three-phase (or single-phase) Variable voltage
AC supply (fixed voltage and (and frequency)
frequency) supply
> Single PEC or ™ Electric
» set of PECs »  machine
>
Generation of driving signals for PEC = power electronic
switches in the PECs on the basis converter

of open-loop pre-programmed
control law

Open-loop low performance electric drive

H¢ thong diéu khién sb B9 mon Thiét bi dién
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ﬂ e A e R , A N /
¢y Dicu khien may dien vong kin

Three-phase (or single-phase) Variable voltage
AC supply (fixed voltage and (and frequency)
frequency) supply
* Single PEC or *  Electric
* set of PECs ™ machine
»
Generation of driving signals for Measured
switches in the PECs on the basis electric &
of closed-loop control law and B mechanic
teedback measured signals teedback signals

Closed-loop high performance electric drives
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y S U
h H¢ thong dicu khién dong co DC

Controller Control

|" __________ 7| voltage

| Position/ | ia Position/

Power vy
Speed Cg:_";:gﬂ;r—i—h Electronics —/9\—{ Motor =ﬂ]= Load #:[F Speed

| Controller | + Converter Transducer
I A | yi
I I P SN - ’
Reference |
position/speed Speed
Position
Ty (s)
Vt(S} 1 I a(s) : . Tem(S) U 1 (Dm(S) 1 Gm(s )
+Ci> > R, +eL, o + B+sd s
E,(s)
a kg |
H Figure 13-7 Block diagram representation of the motor and load (without any feedback).
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Vi du trng dung

Input
power
Adjustg ble speed Temperature and
”"‘{L humidity
[ - —___"""—__"""__"‘I
Desired : =
temperature Power : Building
System . | Air .
=™ Controller _E') Ega:\t’g:?; Motor I I% Conditioner [ | Cfgla'gg 1T
L __ d
Measured Indoor
outdoor temperature
temperature and &
Sensors
Figure 12-3 Adjustable-speed drive in an air conditioning system.
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- TS . X
¢*» Khai niém di€u khién vector

o Diéu khién vector: diéu khién dco AC giong nhw diéu
khien dong co DC (dieu khien moment va tu thong

rotor).
D P owrer
e — Processor T — |
Source :> (Povwrer slectronic :@ﬁ @ :
! | Comverters) o i
! L P !
R R g TT i fe%dbac\l-:: _______________________ g
: Control o
Contrdl I
' Tnit -

H¢ thong diéu khién sb B9 mon Thiét bi dién
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ﬁ Picu khién vector hay dinh huéng
>X truong

«— | ta
—> 3 Ya

Decoupled Wt

Te=Kiwrwa=Kila ks

Torque Field
component component

Péng co khéng dong bd cé thé dwoc diéu khién bang céach
dwa vé trang thai nhw dong co DC kich ttr déc 1ap

H¢ thong diéu khién sb B9 mon Thiét bi dién
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B6 diéu khién PID

e BO diéu khién truyén thong don

gian de
u=Ke+K, E+Kl.j(e)d

» B¢ dkhién PD c6 thé cai thién
dap ung qua do trong khi van
gilt dugc su On dinh.

B¢ diéu khién PI c6 thé cai
thign sai sO xac lap cua he
thong ma khong lam giam su
on dinh.

wo2jpdodwis mmmy/:dny - uoisipA palatsibaiun uds pue abisy 4ad odwis
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& B6 didu khién PID

I=diéu khién tich phan
Ki*[J (e)dt]

\ 4

Gia tri

B>+

dat e=sai A
‘/> ) P=ti &

N\

er

u | Dbituong didu
—"—’ khién

D=diéu khién vi phan
K j*[d(e)/dt]

Tin hiéu hoi tiép

Pau ra

IA paiaisiBaiun nids pue abisN 4ad odwis

woa ypdodwis -mmmy/:dny - uogs@

H¢ thong diéu khién sb

A
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’

J Phuong trinh b PID lién tuc va roi rac

ot
Time domain  fit) = K x Errorg () =K;x | Error

: T

Discrete  f(X;) = K x Errorg,. ~(k;x T rrorg,. ~ Ky x (Error
demain 2 T A _};E et .

(zampling done at Fs = 1/Ts freqguency)
Y L k‘l x TE = HI

. d s
sﬁrsft,udt— Kz P EfErrn:urwsft,-,u

—Error

5y & gySr_y/

-Liic ban dau, set gid tri Kp, gid tri Ki=0

-Tang dan Kp cho téi khi ddp Gmg dat t6i gid tri dit (khong c6
vot 10 qua 16n va dao dong)

-Sau do6 Ki duoc tang cham dé sai so ve 0

H¢ thong diéu khién sb B9 mon Thiét bi dién
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Tinh chat ciaa cachéso P, I, vaD

Chi ¥ ring quan hé & dudi c6 thé khong chinh xac, vi Kp, Ki, va Kd phu thudc 1an nhau. Bang dwéi chi

dwoc dung dé tham khao khi chon céc gia tri Ki, Kp va Kd.

Thong so6 | Thoi gian l1én Vot 10 Thoi gian | Sai s6 xac lap
xac lap
K, Giam Ting Thay doi it Giam
K, Giam Tang Tang Triét tiéu
K, Thay doi it Giam Giam Thay doi it

H¢ thong diéu khién sb

B9 mon Thiét bi dién
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’

BK

Toc & dong co (w)

H¢ thong diéu khién sb

Bo diéu khién PID

Qua vot b

Péping qui cham

v

Thot gian

B9 mon Thiét bi dién
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& Bo diéu khién PID

Sai §
. xac lap
Vot 16 (overshoot)

it i /\ %

Thuong = 10%

Vot 16 (undershoot) Phu thudc vao
’ ing dung

wo9'jpdodwis mmm//:dny - uoisiaA paltaisibaiun nds pue abisiN 4ad odwis

0 Thoi gian 1én Thoi gian xac lap Thoi gian
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D Thiét ke by di€u khién

amplitude amplitude
(output of an equivalent, second order dynamic system) (output Df‘{—m equivalent, second order dynamic system)
F 9
+5% e oo o -
final value p==== ————mas——=- final value p==-- ——— oo —— oo
ane, - - - - 4_ Sk hnl Bl Sy Sl
. :
! I
1 1
! 1
1 1
! I
I I
| 1
I I
| 1
I I
! I
10%-H- | !
— — | —
— — time | ) : time

Thoi gian 1én T, Thoi gian xac 1ap T,

I1se

H¢ thong diéu khién sb B9 mon Thiét bi dién
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Anh huong cua tan sO ty nhién w

o \

Amplitude

77777777777777777777777777777777777777777777777777777777 0)1=1 ]
m2=2
777777777777777777777777777777777777777777777777777777777 m3=4 L
®,=8
\ i \ \

H¢ thong diéu khién sb

Time (sec)

B9 mon Thiét bi dién
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& Thiét ké b6 didu khién PI (1)

, i usq 1/R Sq®

Cho hé thong: | ‘ STo+ 1 0
! 5-20ms B

R=1€Q, 1,=10ms. Thiét ké b diéu khién PI c6 bang i 5
thong (tan so tu nhién) 300Hz (1900 rad/s) va (=0.8 i p|ant“%;
(hé sb tit dan) tomooooosmoooooooo g
: c6) 5

lsg ki (s+a;) 100 g

"% " s s+100 Msa?

closed loop transfer function %

G(s) -

1+G(s) -

H¢ thong diéu khién sb B9 mon Thiét bi dién



ﬂ ° /( /( A . /‘\ . ,‘?\ éj
s Thiet k€ bg di€u khién PI (2) 3
¢ ,,f %

Cho hé thong:

R=1Q, 1,=10ms. Thiét ké bo diéu khién PI c6 bing
thong (tan so tu nhién) 300Hz (1900 rad/s) va (=0.8

(hé sb tat dan)

Ham truyén vong kin:

100k; (s+a;)
s’ + 100(1+k;)s + 100k a,

V&1 o =1900rads  vi

Phuong trinh déc tinh

24 0 2
§°+20m s+ o

M

s? + 100(1+k;)s + 100k a,

H¢ thong diéu khién sb

Usq 1/R iaqg‘
ST+1 =

i A
! 5-20ms B
i plant%
Loon o o o o e e e e e e e e e e e e - g
* G(s) >
'sd | Ki(s+a) 100 N g
% s  s+100 sd.
closed loop transfer function %
=708 G(s) E
1+G(s) S
s’ + 3040s + 3610000
a =1227.9
s? + 100(1+k.)s + 100k a, ‘ _
i = k=294
B9 mon Thiét bi dién



'BK

Cho hé thong:

R¢=1€, 15=10ms. Thiét ké bo diéu
khién PI c6 bing thong (tan so tu
nhién) 300Hz (1900 rad/s) va
(=0.8 (hé s6 tat dan)

H¢ thong diéu khién sb

Thiét ké bo diéu khién PI (3)

| |

Step

100

FIO P

100

T 5+
FI0O Gontroller Transfer Fen

B9 mon Thiét bi dién
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Hé thong diéu khién so

-Gi161 thiéu bo nghich luu
-Giéi thiéu vé vector quay

-Space vector

H¢ thong diéu khién sb B9 mon Thiét bi dién
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MO0 hinh dong co DC 2

leh tur doc lap
. Review (1) R
| I
ire1‘+‘,p-~,i k.(s+a.) | Vc KLY 1 i HI %L
hd s a R+sL
V() = Ri(t) + L '“}
K. v(s) = Ri(s) + si(s)L

V(s) 1 i(s)

uJo:)',tpdodLu!S'MMM//:duq - uoisia pailalsibaiun uds pue abisN 4ad odwis

R+sL
1 i
sL+ R
V(s)
bap tng c6 thoi gian 1€n cham

} R, (duong mau xanh) *,  thiét ké bo

°" R, diéu khién dé giam thoi gian 1én

1 nhu duong mau do

dn = ——

2 B9 mon Thiét bi dién



”
¢

Vo1 hé so tat dan va tan so tu nhién da
cho, thiét két bo diéu khién:

A.

B.
C.
D.

Review (2)

k.= 0.65, a,=15.38
k.= 0.65, a_=200

k.=0.75, a.=16.7
k.=0.75, a,=15.34

Ap dung cho bd diéu khién tuong tu,
tinh R1, R2 va C:

A

B.
C.
D

R,=100k(}, R,=66k(, C=1uF
R,=10k(), R,=66k(), C=1uF

R,= 10k}, R,=6.6k(}, C=0.1uF
R,=100k{}, R,=66k, C=0.1uF

H¢ thong diéu khién sb

| ref +O kc{s;ac} K. R.:5|_
20 1
1+0.5s
1
I‘{TT'I

dny - uoisia palaisibaiun uds pue abioN 4ad odwis

L =500 mH, R=10Ohm, k, =20,k =1
=07 i, = 20rad/s

wo9'jpdoduwis' mmmy/
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Cau tao bien tan

L] - prni|
Rectifier bridge | | Predoad | |[Fifter | Inverter D 3.

! , : > |
| i | [
L Lo [USEETROVNE (G, . T T3 T5

= — ()
D4/\ DS/N\  DE/N T2 T4@ TE@

) L]

PWM control

Rectifier = Rectified voltage

wo9'jpdodwis mmm//:dny - UoISISA paJa1s!E_ié_JiJ-n uds pue abis|N 4ad odwis

Filter = Smooth voltage

Inverter =» Production of AC 3-phase supply varied in frequency and voltage

H¢ thong diéu khién sb B moén Thiét bi dién



Cau tao bien tan

”
¢

Chinh Mach mét chiéu Nghich
lLeu Trung gian Ly
VT TV ’ »
N Ry I
F . 9 . =
+ i n | T
—_ Ca?gecrrtc-r " - 1.4|
A A A& - . J& » E

Rectifier Section Filter Section Inwerter Section

AL Line T L‘i ) d: -
i [ 1] [ _E] [ ] ]
T . | : |
T — Filt " £
AC Line T =T Copacter | T 7 i
Reactor - ﬁ JLI .J
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d.c.link
voltage (S80Y)

P Bonghichluu |
&3 . [

z
odwis

ap 3 pha T ﬁ}

Diode Inverter

S

motor
current

Khoda trén va khoa
A dwéi khong thé mé
bién ap DC déng thoi (dead band)

v

+
A A “%
6 tin hiéu PWM
de dieu khien———= > :
dong ngat khoa T 7
cong suat

woojpdodwis mmm//:dny - uoISIaA palalsibalun 1ds pue

Ngo ra 3 pha té&i
A A 4 déng co’

/

Khéa céng suat

H¢ thong diéu khién sb B9 mon Thiét bi dién




‘B."J Dang song ra bo nghich luu 3 pha

Carrier

Ilodulation

H¢ thong diéu khién sb

:
|

PWM Full Amplituce

oV -

- VVDC bus

Dién ap ra (PWM)

woo jpdodwis mmm//:dny - uoisIaA palalsibalun 1ds pue abia\ 4ad odwis
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#% MO hinh b nghich luu DC — AC
s don gian

+V
PWM1H @ PWM2H PWM3H bC KDB 3pha

PWM1L
PWM2L

+V=V_= DC link Vo= Vo Vy,

H¢ thong diéu khién sb B9 mon Thiét bi dién

wo'jpdodwismmm//:dny - uoisiaA paltaisibalun Nds pue abis|N 4dd odwis


Administrator
Sticky note
ÿÿ���ÿ�Y� �L�ÿ� ���I˚ÿ�M� �O� �C�H˚ÿ� �K�H�ÿ�N�G� �P�H˚ÿ�I� ���I˚ÿ�M� �n


’

‘B"J Sine PWM

W cmira W coniral W comiral
(phase-a} (phase=h} (phase-c)
Yde A MM M/EEAEE e
Vinande *
L Von
Yder— MM A A A A R e i s I e B s |
Ve
Van
Yah
Ve

Tin hi¢u reference hinh sine, song mang tam giac, PWM
DiénapphaV, vaV, ,vadiénapdayV,

H¢ thong diéu khién sb B9 mon Thiét bi dién
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PIEU CHE VECTOR KHONG GIAN

o~
e SVM

Trang thai va vector khéa co ban

s 6 vector tich cwc (V,,V,, V;, V,, Ve, Vi) q axis

Nam trén 6 vi tri dinh cta hinh luc giac L

Dién ap DC dwoc cung cap cho tai qua cac khoa

Méi vecto co ban (1 t0 6) lechnhau60doé  +

s 2 vector zero (V,, V)

Nam tai géc O véi module bang o -1 3 2 v 3 -1 )

) e s y 01 (101
Khong co dién ap cap cho tai (09 Y

Vector déng ngat co ban

H¢ thong diéu khién sb B9 mon Thiét bi dién
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‘B"J Vector VO — V3

= ] + |
E /S E /
2 2
r 9 0 9 0
E E
2 2 4
V0 (000) | V1 (100) !
i i
Voltage Vector | Voltage Vector i
AR SR 'If """"" 2 '!—'“' ()
: :
| |
| |
| |
F . E = |
2 2
r 9 0 |:|
E -~ E
2 aud 2 4
V2 (110)

V3 (010)

1

| I

: |

| I
Voltage Vector ;Z ______ » Votage Vector \

|
H¢ thong diéu khién sb B9 mon Thiét bi dién

wo9'jpdodwis mmm//:dny - uoisiaA paltaisibaiun nds pue abis|N 4ad odwis



o \

Vector V4 — V77

- |

MM
N

0

E
2

V4 (011)

Voltage Vector

fm====mm ()
|
|
|
:
- |
E /
2
e 0
E
2 (
V6 (101) I
i
Voltage Vector :
-------- (c)

H¢ thong diéu khién sb

MM
N
N

0

'E
i

V5 (001)

MMM

0

R

V7 (111)

Voltage Vector

e
|
|
|
|
|
|
|
|
|

—
[
e

|
B0 mon Thiét bi dién
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Nguyén ly cua Space vector
PWM

«Coi dién 4p sine nhu mot vector do 16n khong doi quay voi van
toc khong doi

”
¢

*PP nay xap xi dién dp chuan V_, bang mot td hop 8 switching

patterns (V, to1 V)

ref

Chuyén hé qui chiéu abc sang af: vector dién dp 3 pha dugc
chuyén thanh vector trong h¢ qui chiéu tinh of

«Cic vector V,, tdi V, chia thanh 6 sector, mdi sector chiém 60°

eV . duoc tinh tir 2 vector ké nhau va hai vector 0

ref

H¢ thong diéu khién sb B9 mon Thiét bi dién
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H¢ thong diéu khién sb

5 53 ¥ AC motor
a o bed C o }
. L R, e
\ -
. _ E@
ILA .:h
— Vi # T —— = eV
¢ — &
v I E
I - T i t&;ﬂ’
I
a'yﬁ} bol c'aﬁ}
5, Ss 3,
.
v (1), v, () V. ()
b

stator voltage vector

Ve (1) V(1)

v, (®)

v, ()

v, (1)

B9 mon Thiét bi dién
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H¢ thong diéu khién sb

Vector khdng gian quay

SPACE VECTORS

B9 mon Thiét bi dién
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Vector khog gian — dong dién
moi pha theo thoi gian

o \

WAVE SPACE DISTRIBUTION SPACE VECTORS

s
T

Phase A

Phase C
Resultant

H¢ thong diéu khién sb B9 mon Thiét bi dién
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+V | | I

PWM1H S1 PWM2H #S3 PWM3H 5

PWM1L S2 PWM2L § s4 PWMS3L jse6

<
<

Z

TPWM
H¢ thong diéu khién sb
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o \

+V | |

PWM1H S1 PWM2H /s3 PWM3H 5

PWM1L S2 PWM2L § s4 PWMS3L jse6

4
<

.
\l

H¢ thong diéu khién sb
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o \

+V |

PWM1H S1 PWM2H f S3 PWM3H S5

PWM1L S2 PWM2L !S

4 PWM3L jse6

Ti=aTpyy T2=D0.Teuy

! 4

* o

*®

L X 4

N

\l

—

TPWM
H¢ thong diéu khién sb
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o \

+V |

PWM1H S1 PWM2H | S3 PWM3H §S5

PWMIL JS2 PWM2L / si4 PWM3L fse
+

Ti=aTeuy T2=b.Toyy

* o

*®

N

—

Tewm =
Hg¢ thong diéu khién sb B¢ mon THigt bi dig U,
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Dead Time

T S

PWM1H

S

H¢ thong diéu khién sb

Dead time

PWM1H 5

PWM1L

B9 mon Thiét bi dién
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& Space Vector: hé thong lién tuc

Vo1 V * va 0 dugce cap nhat moi t,
cac khoa converter s€ dong cat dé

nhan dugc V| v
5q

H¢ thong diéu khién sb B9 mon Thiét bi dién
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Switching Vectors

”
¢

» Dé tao ra st tir dong quay can thiet trong stator clia may KDB, b inverter
can dwoc lai vai cac switching variable vector [a, b ,c]

H¢ thong diéu khién sb

B9 mon Thiét bi dién

Voltage Switching Vectors Line to neutral voltage Line to line voltage _Fﬂ” ] B 2 ~1
Vectors a h - v Vo \} Vo, A’ v, . _ F.:;'.-_:- B 1 5
vv | o] o | o 0 0 0 o | o | o Ll B B
v, 10 | o] 23 | 3| a3 | 4 o | -1 | Ven | -1 -1
V, 1 1 0 1/3 13 | 213 0 1 -1
Vs 0 1 0 A3 | 23 | -3 -1 1 0 7, 1 -1
V, 0 1 1 -2i3 113 103 -1 0 1 Vi |=V, 0 1
A 0 0 1 A3 | -3 | 23 0 -1 1 v, | -1 0
Ve 1 0 1 13 | -2i3 113 1 -1 0
V; 1 1 1 0 0 0 0 0 0

w00'4pdodw!§'MMM//:d11u - uoisla palalsibaiun uds pue abisy 4ad odwis



Bién do1 abc — af

v,
(-1/3,1 (9 {“D}{l 3,1/-3)

“3l0 372 =372

{fa} o011 =1/2  -1/2

(-1/3,-1 “‘E}T v 0r3:=175

5 : b
(001) (101)
a-.

*Khi rotor dOdng co quay, reference vector -
(vector di€n 4p stator) cung phai quay theo, G
vi thé diéu nay doi hoi phai thay doi sector ¢

khi vector quay quanh truc a.

H¢ thong diéu khién sb B9 mon Thiét bi dién
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: xac dinh toa do cua cac vector

khong gian

Ug, Ugp, U, Uy, Upe Uea

Usi | Usn | Ucn | Uas | Upc | Uca v Ugg
ojlojo| 0| o | o0 |0]|o0| 0|V,
10023 |-13|-13|1]0]-1]|V,
1|10 13|13 |-2/3| 0 1 1|V,
0| 1|0 |-13]|23|-13|-1]|1]| 0 |V,
0|1 |1 |23 w3 |13|-1]0]| 1]V,
0| 0|1 |-13]|-1/3|23|0]|-1|1 Vs
10113 |=23|13|1]-1]0 |V
11100 ]| 0o o0o]o0o]| o]V,
i R ——
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¢ Thiét 1ap

 XacdmhV,, Vi, Vp(gla tr1 dinh) va géc o
Vi = Fx (VD) = [V, V]
o=w_xT
* Xac dinh céac khoang thoi gian T, T,, T,
(T,=Ty+T,+T,)

ref

TV

oy =1V, LV 60 +1, (Ogpo0r0,,,)

[Ti T2 ]T = ]; [Vx in‘60 ]_1 Vref

I--.;]

* Xdc dinh thoi gian déng ngat cho cdc khéa S, téi S,

H¢ thong diéu khién sb B9 mon Thiét bi dién
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Thiét 1ap

L L+, T,
j Vidt + j Vadt + j Vo
0 Ti T,+T,

TS R
sSector 1 IVref =
0

..'TY 'Vref :(’Ii .{]1 +T2 {]2)

\_]ref‘ .{c.os(a)} T 2 v, .{I}LTZ 2 v, .|:C.OS(71'/3)}
sin (o) 3 0 3 sin(r/3)

(where, 0<a<60°)

=T -

“T=T-a 81n.(71'/3—a')
sin (7 /3)
~T,=T - Q.M
sin(7/3)
1 \_]ref
- T, =T —(T +T,), T=—, a=——"
f 2
° 3Vdc
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s Tai Sector bat ki

H¢ thong diéu khién sb

=T

..1

2

-,

Thiét 1ap

Vref‘ : (ﬂ' n—1 j
sin| =—a+——7x
V. 3 3

Vdc

\7ref "
(sin §7Z — aj

Vdc

Vref|(  p n .
smgﬂcosa—cosgﬁsma

= fa-1514)
sin| & — T
V. 3

—COS-SIN—— T +SINX-COS——TT

_\/§°Ts\‘7r€f‘( n—1 n—1

Vdc

=T -T —T

N

29

n=1-—6(Sectorl — 6)
0<a<60°
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Thiét 1ap

Thé&i gian dong ngat cua cac khéa (S, téi S;) (1)

T, T,

T: : T-_ Tj T:"IIZ T:."II: Tj T:-"'H';

-4 -t P> > >
Sy | | S
(upper) S, (upper) S,
Ss |—|—| S;
S, — - S4
(lower) S; —1  (lower) S;
S | : S

vV, V. vV, V. V.oV, Lt

<
I

(a) Sector 1.

H¢ thong diéu khién sb

W
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vV,

[

Vs

V. Vo V.oV,

(b) Sector 2.

B9 mon Thiét bi dién
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Thiét 1ap

Thé&i gian dong ngat cua cac khéa (S, téi S;) (21)

A . I il Z Il
T:.' : T-_ Tj T:.-'Z T:"II:‘- Tj T-_ T:."II:’- T: : T: T-_ T:."II:"- T:." : T-_ -"'2
-« e bt >re > - o > bt »
S r—l—\ Sy r—|—|
(upper) S; | | (upper) S, |
Se | | Se |
S 4 | [ S 4 | [
(lower) S, (lower) S
S’) S-}
L 1_?3 V. AL LA U 1!;';?3 1 LY \_?S V. V. V.o V.

[
[
©

(c) Sector 3. (d) Sector 4.
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Thiét 1ap

Thé&i gian dong ngat cua cac khéa (S, téi S;) (3)

TZ TZ TZ
T,/2| T. | T, |[T,2|Ty2| T, | T, [T,2 T.2| T, | T, |T,2|T,2 2
- =|= =|=1 ‘;-|-= L =|-= =|-= =|-= > it =|= =l= =|= 1t =|= L
S1 [ | S1 [
(upper) S; —— (upper) S, —
S [ | S: [
S, ——— — S, —
(lower) S, ! (lower) S;
S, S,
vV, Vi V. V. V. ¥V, V. V, V. V., V. V. V, .
(e) Sector 5. (f) Sector 6.
H¢ thong diéu khién sb B9 mon Thiét bi dién
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¢ Thiét lap

Thé&i gian dong ngat cua cac khéa (S, téi S;) (4)

Sector | Upper Switches (S,, 8,, 8;) | Lower Switches (8, S, S,)

ST+ T, +Ty/2 S,=Ty/2

1 S;=T,+Ty/2 S=T,+T,/2
S;=T,/2 S, =T+T,+T,/2
S, =T,+T,/2 S, =T, +T,/2

2 S;=T+T,+Ty/2 Sg=Ty/2
S;=T,/2 S, =T+T,+T,/2
S,=T,/2 S, =T +T,+T,/2

3 S;=T+T,+Ty/2 Sg=Ty/2
S:=T,+T,/2 S, =T, +Ty/2
S,=T,/2 S, =T +T,+T,/2

4 S;=T,+T,/2 S=T,+T,/2
S;=Ty+T,+Ty/2 S,=Ty/2
S, =T,+T,/2 S, =T, +T,/2

5 5,=T,/2 S =T +T,+T,/2
S;=Ty+T,+Ty/2 S,=Ty/2
S =Ty +T,+Ty/2 S,=Ty/2

6 5,=T,/2 S =T +T,+T,/2
S:=T,+T,/2 S,=T,+T,/2

H¢ thong diéu khién s6 B mon Thiét bj dién
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TP.HCM

Piéu khién vong hé duing SVPWM

Id§ pue abia\ 4ad odwis
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Piéu khién vong hé V/f dung
(Fs = 10kHz, t, = 60Hz)

1 ue apjaw 4ad odwis
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Universal Bridge
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Fs = 10kHz

. N 100
Hgé thong dieu I =
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Fs = 20kHz
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<) Bai tap

Bai tap 1.1. Bién ap ba pha 380V, SO0Hz. Tai thoi diém t = 6ms. Tinh usa,
usb, usc, u_(=u,,) va (ug=u), jusl? Biét g6c pha ban dau 0, = 0.

> sa

Baitap 1.2. Dién ap ba pha cap cho bo nghlch luu 1a 380V, S0Hz. Tinh
dién ap pha 16n nhat ma bo nghich luu ¢6 thé cung cap cho dong co.

Bai tap 1.3. Dién ap mot pha cap cho bd nghlch luu 1a 220V, 50Hz. Tinh
dién ap day 16n nhat ma bo nghich luu c6 thé cung cap cho dong CO.

Bai tap 1.4. Dién ap DC cap cho b0 nghich luu 12 460V. Di¢n 4p pha bo
nghich luu cip cho dong co la 150V va 50Hz. Tai thoi diém t = 6ms. Tinh
T1, T2 va TO? Biét géc pha ban dau 0,=0va tan s6 déng cat ctia bd
nghlch luu 1a 20KHz.
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