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DANH GIA KHA NANG TU DPONG NHAN DANG VA TiM THAM SO
DPIEU KHIEN BANG PHUONG PHAP RELAY CO TRE CHO NHIET
PO LO SAY SU’ DUNG VI PIEU KHIEN ARM

EVALUATION OF AUTOMATICALLY IDENTIFYING AND FINDING CONTROL
PARAMETERS USING HYSTERETIC RELAY METHOD FOR DRYER
TEMPERATURE USING ARM MICROCONTROLLER

bang Ha Diing
Khoa DPién — Dién tir, Truong Pai hoc Giao thong Van tai

TOM TAT

B¢ dieu khién PID duoc sir dung rat rong rdi trong cdc ung dung diéu khién tu dong, tinh
nang tw dong tim kiém, diéu chinh tham sé PID dd duoc tich hop vao phdn mém ciia nhiéu thiét bi
diéu khién nhir cdc ham PID ciia PLC. Trong bai bdo nay, tdc gia sé trinh bay viéc thuwce hién danh
gid kha nang cai dat tinh ndng t déng tim va diéu chinh tham sé bé PID sé trén vi diéu khién goc
ARM, cu thé la STM32. Péi twong diéu khién la nhiét @ 16 sdy, nguon dién cap cho 1o la nguon
xoay chiéu 220V, 50Hz. Mot phdn mém Matlab duoc phat trién dé thu thap, hién thi dir liéu nham
thuwe hién ddnh gid két qua diéu khién.

Tir khoa: Bé diéu khién PID; Phwong phdp tw chinh Relay; Phwong phdp Ziegler- Nichols;
Vi diéu khién, Diéu khién nhiét do.

ABSTRACT

PID controllers are widely used in automatic control applications. The feature of
automatically searching and adjusting PID parameters has been integrated into the software of
many control devices such as PID functions of PLCs. In this article, the author will present the
evaluation of the ability to install the feature of automatically finding and adjusting digital PID
parameters on the original ARM microcontroller, specifically the STM32. The control object is the
dryer temperature, the power source for the dryer is 220V, 50Hz AC source. A Matlab software was

developed to collect and display data to evaluate control results.

Keywords: PID controller, Relay self-tuning method; Ziegler-Nichols method;

Microcontroller; Temperature control. &
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1. PAT VAN PE

Viéc tong hop tham sé b diéu khién
PID Iudén 1a mot trong nhitng nhiém vu quan
trong cua qua trinh diéu khién, tu dong hoa. ba
¢6 rat nhidu phuong phap dugc dé xuat, phd
bién nhét c6 thé ké dén 1a phuwong phap dya trén
thuc nghiém dé tim hé s6 khuéch dai t6i han
(ultimate Gain K ) va chu ky dao déng to1 han
(ultlmate Period P ) cua dbi twong diéu khién
dugc dé xuét boi J.G. Zlegler va N.B. Nichols
tir nhimg nam 40 cta thé ky trudc. Phuong
phap nay con duoc biét téi voi tén phuong phap
Ziegler-Nichols 2, von duoc giang day trong tat
ca cac chuong trinh dao tao lién quan dén diéu
khién tu dong. Trong g dung thuc tién, ngoai
vu thé thuan tién, d& ung dung, phuong phap
Ziegler-Nichols c¢6 nhitng nhuoc diém khong
thé tranh khoi. Cu thé, v6i vige tang hé so
khuéch dai K t61 K| dé day hé thong diéu khién
t61 diém lam viéc t0’1 han, twong ung véi hién
tuong dau ra dao dong tudn hoan, c6 thé day hé
théng vao nhimng trang thai lam viéc khong an
toan, dic biét voi nhimng hé thng diéu khién
qua trinh.

Nam 1984 va sau do, nam 1999, K.J.
Astrom va T. Héagglund [1], [2] dd dé xuét
phuong an cho phép xac dinh céc gia tri td1 han
K, vaP sudung cic khau Relay. Phuong phap
nay da khéc phuc duoc tat ca cac han ché cua
phuong phap Ziegler-Nichols, ngoai ra n6 con
cung cap kha ning xac dinh dugc K, vaP hoan
toan ty dong trén cac thiét bi diéu khién dya trén
nhiing thuat toan thich hop. Noi dung chinh cta
phuong phap Astrom-Higglund 13 thay vi su
dung bd diéu khién khuéch dai nhu cach cua
Ziegler-Nichols, ta st dung bd diéu khién dang
Relay nhu trong Hinh 1. Véi so do diéu khién
nay, vé mat 1y thuyét, chic chan dau ra ciia hé
diéu khién s& dao dong ma khong can phai tién
dén diém lam vi¢c t6i han. Viée xac dinh duoc

chu ky dao dong va bién do dao dong nay sé€
cho phép xéc dlnh dugc K va P, va tu do xac
dinh duoc tham s6 cia bo PID theo nhitng cong
thirc da biét.

Sp ¢ Relay u DPoi y

Hinh 1. So do nguyén Iy sir dung b¢ diéu khién
Relay

Trong nhiéu thiét bi diéu khién cong
nghiép co tich hop bd diéu khién PID, tinh ning
tu dong tim tham s PID duoc hd tro kha phd
bién. Vi dy, tinh nang autoturn ciia cac ham PID
trong PLC Siemens. D4y 1a tinh nang tuong ddi
hi€u qua trong vi¢c tim tham s6 bo diéu khién,
n6 rat dugc ua chudng sir dung trong nhirng bai
toan diéu khién.

V61 muc dich phuc vu cong viée nghién
cuu, giang day, bai bao nay trinh bay viéc danh
gia kha ning trién khai phuwong phap tu dong
xéac dinh tham s6 bo diéu khién PID roi rac dua
trén phuong phap Relay cua Astrom-Higglund.
Thiét bi diéu khién duoc st dung 1a vi diéu
khién STM32F103, day 4 loai vi diéu khién rat
pho bién, gia ré trén thi truong. Doi tugng didu
khién 1a nhiét do cua 10 sdy, ngudn gia nhiét cua
16 dugc 14y tir ngudn dién ludi 220V, 50Hz. Két
qua cua nghién clru ngoai viéc dl‘mg dé danh
gia kha nang cua phuong phap diéu khién, con
c6 thé duoc sir dung dé so sanh véi cac phuong
phap tim tham s diéu khién PID khac.

2.TIM THAM SQ PID VA PANH GIA KET
QUA PIEU KHIEN

2.1. Phuong phép Relay tim tham s6 by PID

Vé mit nguyén 1y, phuong phap cia
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Astrom- Higglund sir dung bo diéu khién dang
Relay dé xac dinh cac dic tinh cua doi tuong
diéu khién tir d6 tinh toan ra bo tham s PID
pht hop. Hai dang bo diéu khién Relay sé duoc
str dung trong bai bao nay 1a b Relay ly tuong
va bo Relay c6 tré. B diéu khién Relay ly
tuong duoc Astrom-Higglund dé xuat vao nim
1984, v6i nguyén ly theo Hinh 2. Tuy theo gia
tri sai 1éch e gitra gla tri dat (SP: Setpoint) va
dau ra y ma bo didu khién s& c6 muc tac dong
tang (+A) hodc giam (-A) quanh mot giad tri
trung binh dugc chon tur trudc. Dudi tac dong
ctia tin hiéu diéu khién u, dap Gmg dau ra y caa
hé s€ dao dong quanh mdt gia tri xac 1ap, thong
thuong ddy s& 1a gia tri dat SP ctia hé. Bang
viéc xac dinh chu ky dao dong P va bién do
dao dong a, ta co thé xac dinh duoc chu ky dao
dong t¢i han P va h¢ s6 khuéch dai t6i han K|
theo cong thirc sau:

4 %A

K, = (1)

T*a

L
Hinh 2. B diéu khién Relay Iy twong va cdac dac
tinh vao, ra
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Viée xac dinh bd tham sd PID c6 thé
thuc hién theo cong thirc Ziegler-Nichols hoac
mot sd cong thire khac tim tham s PID theo
K, P, nhu bang sau [3], [4]:

Bdng 1. Bang céng thirc tinh tham s6 bé PID

B
didu K T, T K K
- P i d i d
khién
P 0,5K,
PI | 045K, | 08P, 0,54K /P,
PID | 0,6K, | 0,5P | 0,125P | 12K /P | 0,075KP,

Khau Relay Iy tuong co dic diém 1a dé
bi tac dong béi nhiéu, dic biét 1a nhiéu cia qua
trinh do ludong. Dé giam tac dong cuia nhidu,
ngudi ta sir dung khau Relay co tré v6i nguyén
ly 1am viéc nhu trong Hinh 3. Viéc thém mot
dai lugng € vao gia tri sai 1éch, theo cac hudng
taing hodc giam cua dap Ung dau ra, s& giam
dang ké tac dong cta nhiéu trong qué trinh do
ludng. Vé ban chat, khau Relay c6 tré 1a trudong
hop tong quat cta khau Relay 1y tuong. Khi do,
cong thitc d€ tinh h¢ s khuéch dai t6i han K_s&
dugc thuc hién theo cong thure:

K, =——— 2)

—€

-A

Hinh 3. Nguyén 1y ciia bé diéu khién Relay cé tré

Céac hé s6 PID sau khi duoc xac dinh s&
duoc cai dat 1én bo PID sb ¢o dang nhu ¢ cong

thie (3):
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k

K;
up = K.e + KT, Z e(i) + T (ex —ex-1)(3)
=

i=0

Thuét toan PID cai dat 1én vi didu khién
duoc trinh bay trong [5], trong dé cong thic
ctia bo diéu khién 1a PID2DOF, déy 1a truong
hop té)ng quat cia bd PID. Nhin vao cong thirc
(4), ta thdy khi b =1 va ¢ = 1 thi ta thu dugc (3).
w= K (0 r —y)+ K;Tplz){r —3)

Kj
+ m{cﬁ - }") (4)

2.2. M6 hinh diéu khién nhiét dj 10 siy

Mo hinh nhiét 16 sy, so d6 mach diéu
khién va thuat toan do ludong duoc trinh bay chi
tiét trong [6], giai thuat diéu khién PID2DOF cai
dat trén vi didu khién duoc trinh bay trong [5].
So d6 mach in ctia bd diéu khién va mé hinh
thye ciia thiét bi dugc trinh bay trong Hinh 4.

Hinh 4. Mach in va thiét bi diéu khién nhiét

Nguyén 1y van hanh cua thiét bji va
nguyén 1y cit pha dong dién téi thiét bi gia
nhi¢t dugc mo ta trong Hinh 5. Cong thue (5)
tinh thoi gian mé triac diéu khién.

n(us) = 3183 arcos (% — 1) (5)

Ung dung trén may tinh dugc phat trién
dua trén Matlab co6 thé thuc hién thu thap dir
liéu van hanh ctia qué trinh diéu khién nhiét do
duoc mo ta trén Hinh 6.

Uk Lo &

Wodssgaz

Hinh 5. Nguyén Iy van hanh va cdt pha dong dién
ctia thiét bi

Hinh 6. Giao dién ung dung trén may tinh
2.3. Két qua diéu khién

Qua trinh tién hanh thu thap di liéu,
tinh toan cac tham sb K, vaP,bd diéu khién
Relay duoc kich hoat. Puong dic tinh dau ra c6
dang dao dong nhu Hinh 7.

[Py

Hinh 7. Pdc tinh dau ra dao dong twong vmg voi
tac dong Relay

Giai thuat xac dinh cac gia tri t61 han
cua dap ung dao dong va chu ky dao dong trén
vi diéu khién cung cap cac gia tri bién do dao
dong, chu ky dao dong nhu bang 2.
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Bang 2. Cac gia tri bién do dao dong va chu ky dao dong sau 5 chu ky

Chu ky 1 2 3 4 5

Max (d0) 47,1300 47,2400 47,1000 47,2000 47,1600
Min (d0) 42,9400 42,9900 42,9200 42,9100 42,9500
P (gidy) 63,3000 64,5000 66,9000 69,6000 71,1000

Stur dung céc gia tri trung binh cua céc
dai lwong tir Bang 2, vi diéu khién xac dinh
dugc bo tham sb cho cac bd diéu khién PID
nhu sau: K = = 25,0059; K. = 0,7246 va K,
215,6250. Ket qua diéu khlen thu duogc kha t6t
dugc thé hién trén Hinh 6 va tap hop dir lidu chi
tiét nhu trong Hinh 8:

Hinh 8. Dit lidu diéu khién nhiét dé véi bé PID
autoturn

A

3. KET LUAN VA PANH GIA

Tir nhitng két qua nghién ctu thuc
nghiém dugc trinh bay & trén, co thé rut ra két
luan rﬁng tinh ndng ty dong tim va hi€u chinh
tham s6 bo diéu khién PID trén vi diéu khién
ho STM32 di dem lai chat lugng diéu khién rat
kha quan, it nhat véi d6i twong nhiét do 16 siy.
Hudng nghién ctru tiép theo 1a mé rong cho cac
loai d6i tuong khac. <
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