Tap chi Khoa hec va Cong nghé Truong Pai hoc Cong nghé Pong A

Piéu khién téc dd dong co mdt chiéu kich tir doc 1ap sir dung bd
diéu khién tré
Pd Chi Thanh'*, Tran Xuan Phwong?
! Khoa bién - Bién tar, Trudng Pai hoc Cong nghé Pong A
2 Khoa Bién - Bién ttr, Trudong Pai hoc Céng nghé Pong A

*Email: thanhdc@eaut.edu.vn

Tom tit

Bai bdo nay trinh bay phwong phdp diéu khién téc dg déng co mét chiéu (DC) kich tir
déc ldap sir dung bé diéu khién tré Dead-Beat Controller trong mién so. Muc tiéu la dam bdo
toc dg dong co dat gia tri tham chiéu trong thoi gian téi thiéu ma khéng c6 dao déng hodc sai
S6 qud do. Mé hinh dong co dwoc X8y dung Va roi rac héa, sau dé bé diéu khién Dead-Beat
diroc thiét ké dua trén ham truyén sé. Qua trinh md phéng duwoc thic hién bang Matlab va
Simulink, véi két qua cho thdy hiéu qua ciia phwong phdp trong viéc diéu khién chinh xac va
nhanh chong. Cac buéc trién khai cu thé trong Simulink ciing dwoc trinh bay chi tiét.

Tirkhoa: Péng co mét chiéu, Dead-Beat Controller dong co DC, Biéu khién sé déng co
DC.

Abstract

This paper presents a method for controlling the speed of a separately excited direct
current (DC) motor using a Dead-Beat Controller in the digital domain. The objective is to
ensure that the motor speed reaches the reference value in minimal time without overshoot or
steady-state error. The motor model is developed and discretized, and then the Dead-Beat
Controller is designed based on the digital transfer function. The simulation process is
conducted using Matlab and Simulink, with results demonstrating the effectiveness of the
method in achieving precise and rapid control. The specific implementation steps in Simulink
are also detailed.

Keywords: Direct Current Motor, Dead-Beat Controller for DC Motor, Digital Control
of DC Motor

1. Mé dau

Pong co mot chiéu kich tir doc 1ap duoc sir dung rong réi trong céng nghiép nho kha ning
diéu khién téc do linh hoat va hiéu suét cao. Tuy nhién, cac yéu té nhu tré thoi gian trong hé
théng sb va nhidu c6 thé anh huong dén hiéu suat diéu khién. Bo diéu khién Dead-Beat 1a mot
giai phap diéu khién sé tdi uu, cho phép hé thdng dat trang thai mong muén trong sé budc thoi
gian téi thiéu ma khong c6 dao dong du. Bo diéu khién tré Dead-Beat 1a mot phuong phap didu
khién sb, giup dua tbc d6 dong co vé gié tri mong mudn trong vai budc thoi gian, khdng c6 dao
dong qua do. Piéu nay phu hop cho dong co DC kich tir doc 1ap, loai dong co co tir thdng cd
dinh va tc d6 diéu chinh qua dién 4p phan tng [3, tr. 25 — 26; 4, tr.89].
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Bai bao nay tap trung vao viéc ap dung b diéu khién Dead-Beat cho dong co DC kich tir
doc 1ap, vai su hd tro ciia Matlab dé tinh toan va Simulink dé mé phong. Phuwong phap nay tan

dung wu diém cua diéu khién sb dé cai thién dap tmg dong cua hé thong.

2. Mo hinh héa dong co DC

Hinh 1. So d6 thay thé dong co dién mot chiéu kich tir doc 1ap
Phuong trinh c&n bang dién ap phan ung duoc dugc xac dinh nhu sau:

dig
Va(t) = Ralo(8) + L *22 + E, (£) (1)

Phuong trinh sitc dién dong mach phan tmg duoc xac dinh nhu sau:
Ey(t) = Kw(t) (2)

Phuong trinh can bang mémen dugc xac dinh theo biéu thuc sau:

T(t) = Klo(£) (3)
T(t) = J %52 + B(t) (4)

Trong do:

K: Hang sb dong co (V/rad/s)

J: M6-men quan tinh cua roto [Kg.m?].
La: Bién cam phan tng [H].

Ra: Dién tré phan tng [Q].

B: Hé s6 ma séat nhat [N-m-s/rad].

Ta két hop phuong trinh (1), (3), (4) ta duoc:

Va(t) = Rala(t) + Lo =52 + E, (£) 5)
Kl () = ] =8 + Bu(t) (6)
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Thuc hién bién d6i Laplace cua (5) va (6), ta duoc:
Va(s) = Rala(s) + Lalo(s).s + Ep(s) (7)
KI1,(s) = Jw(s).s + Bw(s) (8)
Tir phuong trinh (8) thé vao phuong trinh (7) ta duoc:
Va(s) = () [La-J. 52 + Ra.] + LaB(s) + K?] 9)

M hinh lién tuc ciia dong co DC kich tir doc lap duoc biéu dién bang ham truyén tir dién

&p phan Gng Va(s) dén tc do w(s).

_w(s) K
Gi(s) = Va(s)  [JLgs2+(JRg+BLg)s+(K2+BRy)]

(10)

3. Thiét ké bd diéu khién dead-beat
Trong hé théng diéu khién sb, Dead-Beat Controller hoat dong trong mién ( z ) (bién ddi z) thay
vi mién (s) (bién doi Laplace), vi n6 thuong ap dung cho céac hé roi rac.
Muc tiéu: Pam bao dau ra ( y(k) ) dat gia tri tham chiéu ( r(k) ) sau mot sé buéc thoi gian hitu
han (thuong 14 (n ) budc, véi (n) 1a bac cia hé thdng), ma khong c6 sai sé hodc dao dong dur.
Ham truyén cua Dead-Beat Controller dugc thiét ké dya trén ham truyén cia déi tuong diéu

khién (plant) va yéu cau dap (tng mong muén [1, tr. 50 — 55; 5, tr.10].

k k k k
r(k) e(k) b@) u(k) @) yk

Hinh 2. C4u trac co ban cua bd diéu khién tré Dead-Beat Controller
CAu trdc cua bo diéu khién Dead-Beat bao gém cac thanh phan chinh:

- M6 hinh déi twong (Plant): Pong co DC kich tir doc lap, duoc biéu dién dudi dang ham truyén
roi rac ( G(z) ), thudng bao gom tré thoi gian.

- Bo diéu khién ( D(z) ): Puoc thiét ké dé dam bao ham truyén vong kin ( T(z) ) ¢6 dang z
(tré (k) budc), voi (k) 1a tdng bac hé thong va do tré.

- Hoi tiép: Tin hiéu dau ra y(k) (téc d6) duoc do va dua nguoc vé dé tinh toan sai so.

- Tin hiéu tham chiéu r(k): Gia tri toc d6 mong mubn ma hé thng can dat.
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Bo didu khién tré& duoc thiét ké sao cho téc do dau ra cua dong co co dang téc do tham chiéu
nhung cham sau mot vai chu ky 1ay mau. Khi 6, ham truyén cua hé thng c6 bo diéu khién tré
duoc thé hién nhu sau [2, tr. 60 — 63; 5, tr.10]:

Gy(z) = 22 = 57k (11)

w (@)
Trong d6, w*(z) toc do tham chiéu & dang bién d6i z va z’* 13 ham truyén cua bo tré sau k (k >

1) chu ky lay mau.

Tir phuong trinh (10) ¢ thé duoc viét gon lai nhu sau:

Gy(s) =2 = __K (12)

Va(s) - a;s?+aqs+ag
Trong d6, a, = LoJ,a; = LgB + RyJ,ay = RyB + K?

Thong sé cia dong co mét chiéu kich tir doc 1ap trong mé hinh khao sét:

Dién tro mach phan tng

Ra =755 (Q)

Dién cam mach phan ang

La =0,1114 (H)

bién tro mach kich tur Re =240 (Q)
bién cam mach kich tur Le =120 (H)
H& cam gitra phan tng va kich tur Me = 1,8 (H)
bién ap kich tur Ve =220 (V)

Hang s6 dong co

K =1,6504 (V/rad/s)

Momen quén tinh cua roto

1=0,01287 (kg.m?)

Hé sb ma st

B =0,0001 (N.m.s)

Momen tai TL=5(Nm)
Thong sb bo bam xung

Dién ap dau vao E =220 (V)
Tan s6 bam xung f = 1000 (Hz)

Tir théng sé dong co theo (10) ta xac dinh dwoc ham truyén cu thé cua dong co dién mot chiéu

Kich tir doc lap cd dang nhu sau:
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w(s) 1,65
Va(s) ~ 0,00143452+0,097175+2,724

Gi(s) = (13)

Dé 4p dung bo diéu khién tré, mo hinh lién tuc duoc roi rac hda bang phuong phap ZOH voi
chu ky 1ay mau Ts. Vé6i Ts=0.01 gidy, khi d6, ham truyén caa dong co giit bac khong dau vao

c6 dang nhu sau:

_ w(z) _ 0,04579z+0,03651
Gl(z) - - 2
Va(2) z2+1,372z+0,5078

(14)
Gia thiét k =1, khi ¢6 ham truyén cua ca hé véi bo diéu khién 1a:
G,(z) =z71 (15)

Cudi cuing, ham truyén caa bo diéu khién tré s& c6 dang nhu sau:

G2(2) 1 _ z2-1,3722+0,5078 (16)

D(z) = [ =
( ) G1(2) 1-G,(2) 0,04579z2—0,0092842+0,031651

4. M6 hinh héa trong matlab & simulink

Str dung Matlab & Simulink dé khao séat hé diéu khién toc d6 dong co mét chiéu kich tir doc

lap duoc cap boi b bam xung dién ap sir dung bo diéu khién tré.

—»{ [Ref]
21372
> - 1.372z + 0.5078 _ N _/— »o P
- 00457977 — 00092847 — 0.03651
Saturation
Tée db dat PWM Generator

DEAD-BEAT CONTROLLER (DC-DC)
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Hinh 3. M6 hinh md phong diéu khién dong co mét chiéu kich tir doc 1ap sir dung bo
diéu khién tr& Dead-Beat Controller
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Hinh 4. Dong dién phan wng cia dong co
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Hinh 5. Mémen dién tur cua dong co
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Hinh 6. Téc do tham chiéu va téc d6 thuc cua dong co
5. Trao ddi va két luan
Phuong phap str dung b diéu khién Dead-Beat dé diéu khién toc do dong co DC kich tir
doc lap da dugc chitng minh hiéu qua théng qua md phong trong Matlab va Simulink. Két qua
cho thay kha niang dat téc d6 mong muén trong thoi gian tdi thiéu, ma ra tiém niang ang dung
trong cac hé théng cong nghiép.
Bai béo c6 thé két luan rang Dead-Beat Controller 1a mot phuwong phap hiéu qua cho diéu

khién téc do dong co DC kich tir doc lap trong cac hé thong yéu cau phan hdi nhanh, d6 dao
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dong nho. Tuy nhién, can can nhac nhiéu va sai léch mé hinh trong ung dung thuc té. Cac tng

dung tiém ning bao gém robot céng nghiép, may cong cu, va hé théng tu dong hoa.

Cac nghién ctu tiép theo cd thé tap trung vao cai thién do bén vai nhidu va tha nghiém
thuc té. Hudng phat trién cd thé bao gdm két hop vai bo loc Kalman hoic diéu khién thich nghi

dé tang tinh thyc tién.
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