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TOM TAT

Bai bao nay trinh bay qué trinh thiét ké mé phong bo diéu khién PID cho hé bong va
tam. Vi tri qua bong duge diéu khién bam theo quy dao cho trudc nho vao viée diéu khién
thay ddi goc nghiéng hai truc toa d¢ ciia tam. Trong mot didu kién véi théng s6 cu thé ciia hé
thdng thi qua trinh truy tim cac hé sé cho b didu khién duoc trinh bay va lya chon. Ngoai ra
v6i diéu kién tuyén tinh hoa cu thé cho phuong trinh (2) ciing dugc trinh bay. Két qua mo
phong cho thay bo diéu khién PID vai bo thdng s6 duoc xéac dinh bang phuong phap Ziegler-
Nichols d lam cho hé thdng 6n dinh va xéc lap tét.

Tir khéa: Bong va tam, diéu khién PID, phuong phap Ziegler-Nichols.

1. GIOI THIEU

Hé bong va tim la hé mo rong cua hé thong can bang bong va thanh kinh dién - véi he
thdng chi c6 hai bac tu do, noi bong chi di chuyén theo hai huéng dua trén chuyén dong 1én
xudng cua thanh, trong khi véi hé tim va b(’)ng, do6 phtic tap s€ tang cao véi bong dugc lan
mot cach ty do trén mat tam phang. H¢ thong nay mang tinh chat phi tuyén cao, n6 nhu mot
hé chuan dé kiém tra cac phuong phap diéu khién phi tuyén khac nhau. Qua trinh nghién cuu
dé tim ra giai thuat diéu khién hé bong va tam, gitr qua bong ¢ mot vi tri cu thé trén tim hoic
chuyén dong theo mot quy dao dit trude cd thé ap dung cac giai thuat diéu khién kinh dién
hay hién dai cho hé phi tuyén sau khi da duoc tuyén tinh hoa. Ba c6 rat nhiéu nghién ctu str
dung céc thuét toan diéu khién khac nhau dé diéu khién hé bong va tim nhu theo hudéng
nghién ciu cia nhém Y. Wang, X. Li, Y. Li va B. Zhao [1] st dung mang Neural dé diéu
khién hé bong va tam. Cac giai thuat dya trén tri tué nhan tao nay c6 do chinh xac cao nhung
phirc tap trong thiét ké. Nhom tac gia X. Fan, N. Zhang va S. Teng [2], J. Li va Z. Sun [3] da
thiét ké bo diéu khién Logic mo (Fuzzy) dé didu khién on dinh hé bong va tam. Két qua dap
g ctia hé théng n dinh khi sir dung b diéu khién Fuzzy. Tuy nhién bo diéu khién mo hoat
dong chu yéu phu thudc vao kinh nghiém va phuong phap rat ra két luan theo tu duy con
nguoi, sau do dugc cai dat vao may tinh dua trén co s¢ logic mo. Theo hudng nghién cau
cua H. Bang va Y. S. Lee [4] hay Hongwei Liu va Yanyang Liang [5] da sir dung bo diéu
khién truot dé diéu khién h¢ bong va tam. Két qua la cac nhom tac gid da xac dinh duoc hai
mit trugt theo dinh nghia ciia ham Lyapunov, két hop hai mat truot nay dé diéu khién hé
bong va tim 6n dinh. Tuy nhién trong phuong phap diéu khién trugt viéc tim kiém bé mat
trugt cua hé thong 1a khong dé dang. Hay nhu nghién ciu cua nhém F. Zheng, X. Li, S.
Wang va D. Ding [6] da diéu khién hé bong va tim dua trén co ché chuyén mach. Tuy nhién,
khi sir dung diéu khién chuyén mach nay thi vi tri géc léch caa bong twong ddi I6n. Bo diéu
khién PID diéu khién hé bong va tim trong bai béo nay s& don gian hon trong viéc thiét ké
va cho dap tng tét hon.
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2. KY THUAT PIEU KHIEN

2.1. Co sé ly thuyét

Hinh 1. M hinh hé béng va tim

~ Hé bong va tim dugc mo ta trén Hinh 1 véi mot bong di chuyén tu do trén mot tam
phang theo hai truc X va Y. Mong muon cua hé can bang nay la giir on dinh cho bong trén
tam phang ¢ vi tri da biét hoac cho bong di chuyén theo theo quy dao cho trude. V6i yéu cau
trén, tam s& duoc diéu khién nghiéng 2 géc ava £ baoi hai dong co servo dé bong di
chuyén dat duoc vi tri mong mudn.

Hé béng va tim c6 4 bac tu do, hai chuyén dong cua bong so véi tim va hai chuyén
dong cua tim theo goc nghiéng. Dat chuyén dong cia bong 1a X, va y, tuong tng khi bong
di chuyén theo truc x va y, con ddi véi chuyén dong nghiéng theo truc x va truc y cua tam
lan luot 12 o va .

Mot s6 gia thiét ban dau dugc dua ra cho hé béng va tam la: béng luon tiép xdc voi
tam, bong co thé lan trén tam ma khong bi truot, tam cing va dong nhat, qua bong la hinh
cau, dac va dong nhat, tat ca cac ma sat déu dugc bo qua. Tir do ta c6 hé phuong trinh vi
phan khong tuyén tinh cua hé thong [7] la:

(1] 2 o o

m,+— |%—-m| X, a +Yy, fa |+mgsina=0

@)

mb+|—b Y,—Mm, xb(;z,b+ybﬁ +my,gsin =0

V6i gia thiét ban dau, qua bong Ia hinh ciu, dac va dong nhat, cong thie tinh mé men

. ) X 2 X .
quan tinh caa bong € la: |, = g mbrb2 thay vao (1) ta co:
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5.0 .2 o o .
Myl =%—| X +Yy, Ba |+gsina |=0

(2)

50. o2 e o .
m, ?yb_ Yo B +%apf |+gsing =0

Tuyén tinh hoa hé 2 phuong trinh trén véi gia tri géc nghiéng cua tim nho (25%): o <1,
S <1lsuyra: sina~a,sin B~ B vatdc do chuyén dong cia tim cham: ¢ <0, S <0

suyra: ¢ =0, f=0, a =0 taduoc:

5 oo
mb (7 Xb+ gaj

5 oo
m, (7 Yot 9ﬂj=0

0

3)

2.2. Piéu khién PID cho h¢ bong va tam

Bo6 diéu khién PID c6 cau triic don gian, dé sir dung nén dwoc sir dung rong réi trong
diéu khién cac doi tugng theo nguyén ly hoi tiep (Hinh 2). B6 PID c6 nhiém vu dua sai léch
e(t) cua hé thong ve 0 sao cho qua trinh qua do thoa mén cac yéu cau co ban ve chat lugng.

w e u béi tuong y
PID didu khién

Hinh 2. Biéu khién hdi tiép véi bo diéu khién PID

B¢ diéu khién PID dugc mo ta bang mo hinh vao-ra, nhu so do bén dudi:

— P K et

+ '
—Setpoint Error» 1 K,J.e(r)dr —»CE Output—p
0

Hinh 3. So dd khéi cua bo diéu khién PID

So dd dugc md ta lai bang cong thirc nhu sau:
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de(t)

1 et
u(t) = Kpe(®) +- [ edt+T, (4)

Trong do: e(t) - tin hiéu dau vao;
u(t) - tin hiéu dau ra;
Kp - hé s6 khuéch dai;
T\ - hang sd tich phan;
To - hing s6 vi phan.

Tt mo6 hinh vao - ra trén, ta c6 dugc ham truyén dat ciia bd diéu khién PID:

R(s) =K, (1+i +T58 j ()
TS

|
C6 nhiéu phuong phap xac dinh tham sé cua bo diéu khién PID [1] [4], trong bai bao
nay tac gia su dung phuong phap Ziegler-Nichols tha 2.
Céc budc xac dinh thong sé PID cho hé théng theo phuong phap Ziegler—Nichols thir 2:
Budéc 1: Gin do loi K, va K, bang 0, con do loi K, dugc tang cho dén khi né tién téi do
loi toi han k, (¢ day la 20, dé dap g nhanh dat dén gia tri dat) dén khi dap tng dao dong tir

d6 xac dinh T, va k,, , dugc thé hién ¢ Hinh 4.

> - L S~

Function Block Parameters: PID ControllerX

Gia i datx

PID Controller
This block implements continuous- and discrete-time
ST anti-windup, external reset, and signal tracking. You
(requires Simulink Control Design).
Controller: [PID
Time domain:
@ Continuous-time
*) Discrete-time
Main | PID Advanced | Data Types | State attr
Controller parameters
Proportional (P): 20
Integral (T):
Derivative (D): o

Hinh 4. Cai dat gia tri cho b diéu khién PID dé xac dinh Tin va ki

Ta thu dugc dap ung dao dong cua hé thdng dé tinh toan T,, va k, nhu Hinh 5.

A

Al

Gamdsy
Daoury

I

Hinh 5. Pép tng dao dong khi K, = 20 va xac dinh Ty cta hé thong
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k,, va thoi gian dao dong T, dugc ding d¢ tinh todn nhu Bang 1.

Bdng 1. Bang tinh toan cac théng s6 ciia bd PID

DR héng so6 ke T T
P 0,5kin i -
Pl 0,45kin 0,85T -
PID 0,6kin 0,5Twn 0,125Tw

Buéc 2: Tinh toan T, va T, cia hé thong dwa vao T, , tir d6 ¢6 bo diéu khién PID mai, phi
hop vai hé bong va tam.

Do khi bo diéu khién chi cé khdi P ta cé:

K 20
KP:O,5thh—)FP5:E:km:4O (6)

V6i T, =4,5(dwa vao dap ung), ta thu dugc cac thong s méi cho bo diéu khién PID
hoan chinh nhu sau:

K, =0,6xk, =24
T, =0,5xT, =0,5%x4,5=2,25 > K, :%:10,6667 )

T, =0,125xT, =0,5625 — K, = K, xT, =135

Budéc 3: Cai dat cac hé s6 méi cho bo diéu khién va tién hanh kiém tra lai dap tng cua hé

thdng.
Vix x ] r—

Function Block Pararnz;ters: PID ControllerX

o.15} >}

Gia tri datx

PID Controlless

FID Controller
0.15

This block implements continuous- and discre
Gia tri daty

anti-windup, external reset, and signal trackil
(requires Simulink Control Design).

FID Controllery

Ball and Plate Monlinear

Controller: | FID

Time domain:
@ Continuous-time

") Discrete-time

Main | PID Advanced | Data Types St
Controller parameters

Proportional (F): 24
Integral (I): 10.6667
Derivative (D): 13.5

Hinh 6. Bo diéu khién PID vé6i hé s6 méi
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Bdng 2. Thong sb vat 1i ¢ mo phong

Tham s6 Ky hiéu Gid trj Don vi
Khéi lwong ciia bong mb 0,1 kg
Ban kinh cua bong My 0,015 m
Moment quén tinh cta bong lp 9.10°¢ kgm?
Moment quan tinh ctia tim lp 0,02 kgm?
Gac nang theo truc X Kt 15 Arc
Goc nang theo truc Y R 15 Arc
Toa do bong theo X Xp 0 m
Toa do bong theo Y Vb 0 m
Gia tdc trong truong g 9,81 m/s?
Hé s6 hang Kq 0,022
Hé sb héng Kb 0,025
Ty s6 truyén Kg 7

3. KET QUA MO PHONG VA BAN LUAN
3.1. Khio sat b diéu khién PID cho hé bong va tAm véi tin hiéu vao 1a hing sb

3.1.1. Sor do Simulink bé d@iéu khién PID cho hé béng va tdm véi tin hiéu vao 1a hang so

Vit daty I_.
= ¥ "
Gia tri dat X PID ControllerX
L &
Vit daty I_.
Dap ung y

015 a

HE BONG VA TAM

Gia tri dat ¥ ‘ PID Controllery

Hinh 7. So d6 Simulink bo diéu khién PID diéu khién hé bong va tim véi tin hiéu vao 1a hing sé

Céc thong s6 PID cho hé bong va tdm theo phuong phap Ziegler—Nichols thir 2:
K, =24;K, =10,6667;K, =13,5

3.1.2. Két qua md phong

Két qua thu dugc, hé thong da dap tng tot véi do vot 16 0,01, thoi gian dép ang 0,8
gidy, hé thong on dinh ¢ gidy thir 2.
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016 - 1

o | I | | I | i

Hinh 8. Dap ung caa hé théng vai tin hiéu vao la hang sé

3.2. Khio sat b diéu khién PID cho h¢ béng va tAm véi tin hiéu vao la ham Repeating

Sequence Stair

3.2.1. So' d@o Simulink bg d@iéu khién PID cho hé béng va tam véi tin hiéu vao 1a ham

Repeating Sequence Stair

Xét hé bong va tam v6i tin hi¢u vao la ham Repeating Sequence Stair, day la ham cho
phép tao nén mot tin hi¢u tuan hoan tuy y, cac budce thay doi dugc, thich hop cho dicu khién

bong di theo mot quy dao dugc chon trudec.

»

11z Wi tri datx

_EI_ "5 e e -_. [:]
I L,

vitndatx oo o an PID ControdlarX

T ——
Vit daty I >
Dapung y

VIt daY  pote Transition y PID Controllery

HE BONG VA TAM

Hinh 9. So d6 Simulink b diéu khién PID diéu khién hé bong va tim véi tin hiéu vao
la ham Repeating Sequence Stair

3.2.2. Két qua méd phong

°iiT’“*~r¥Mﬁ]’ﬁf\jw—[.______wf.w *jmﬁ‘_yﬂ

6 a8

Hinh 10. Bap ing ciia hé thong vaéi tin hiéu vao 1a ham Repeating Sequence Stair

véi thong s PID giir nguyén
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Vi céc h¢ s6 cua bg diéu khién PID giong véi khi khao sat nguon vao la hing s thi he
thong khong thé dap tmg duoc khi thay doi tin hiéu vao, dao dong lon, dac biét tai cac vi tri
chuyén trang thai dot ngét cua tin hiéu vao.

Dé dap (g cua hé théng c6 thé bam theo tin higu dat, tién hanh cc budc xéc dinh lai
théng s6 PID nhu da dé cap vai bo dieu khién cé tin hiéu vao la hang s6 néu & phan trén.

Ap dung thong sé mai cho bo diéu khién: K, =1,2;K, =0,2; K, =13,7.

Hinh 11. Pap g cua hé thdng véi tin hiéu vao la ham Repeating Sequence Stair

Ngd ra cua h¢ thdng bam theo tin higu dit véi sai sd xac 13p nho (0,007), khong c6 do
vot 16, dap trng nhanh véi vi tri dich chuyén 1én.

4. KET LUAN

V6i thong sb sau khi chon loc cho bo diéu khién PID bang phuong phap Ziegler-
Nichols cho hé théng bong va tam da duogc thyc hién biang phin mém mé phong Matlab cho
thay sau khi bo théng sé duoc chon loc thi két qua ngd ra bam theo tin hiéu dat véi dot vot 16
giam vé zero va dap ung chap nhan duoc nhu thé hién trong Hinh 11. Ngoai ra md hinh
tuyén tinh cua hé béng va tim dwoc xay dung trén Matlab Simulink ciing dd dwoc trinh bay
va bo thdng sé diéu khién PID bang phuong phap Ziegler-Nichols da duoc lya chon. Tuy
nhién, trong bai bao nay, tac gia da bé qua anh hudng cia cac lec ma sat va quan tinh cuaa
bong trén mit truot lang dé dé dang tuyén tinh hoa cho h¢ théng. Vi vay, khi xem xét anh
hudng quan tinh caa bong trén mat lang can xay dung nhiéu giai thuat khac nhau dé danh gia
dap ung cua hé thong chinh xac hon khi xét dén cac yéu té anh huong nay.
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ABSTRACT

DESIGN OF PID CONTROLLER BASED ON ZIEGLER-NICHOLS METHOD
FOR BALL AND PLATE SYSTEM

Tran Thi Nhu Ha*, Tran Hoan, Duong Van Khai
Ho Chi Minh City University of Food Industry
*Email: hattn@hufi.edu.vn

This paper presents the simulation design process of PID controller for ball and plate
system. The position of the ball is controlled to follow a given trajectory thanks to the
control of changing the tilt angle of the two coordinate axes of the plate. In a condition with
specific system parameters, the process of finding the coefficients for the controller is
presented and selected. In addition, the specific linearization condition for equation (2) is
also presented. The simulation results show that the PID controller with the set of parameters
determined by the Ziegler-Nichols method has made the system stable and well established.

Keywords: Ball and plate, PID control, Ziegler-Nichols method.
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