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ABSTRACT

This article introduces the fan and plate system (F&P) - a simple single input - single
output - SISO system but with high nonlinearity and low cost, which can be widely
applied to automatic control laboratories. The algorithm examined in this article is
PID - a popular linear algorithm in industry and academia. The PID controller has
worked well and effectively on the above system with setting angles of 10 degrees
and 15 degrees. Besides, an F&P experimental platform is implemented at the
automatic control Laboratory. Through simulation and experiment, the plate has
been successfully controlled stably at the desired position as required. The process
of investigating changes in PID control parameters is consistent with the rules of
control theory.

TOM TAT

Trong bai bdo nay, chiing t6i gidi thiéu vé hé quat va tam phan (fan and plate — F&P)
—mot hé mot vao mot ra (single input — single output — SISO) don gian nhung co tinh
phi tuyén cao, chi phi thap, cé thé dwoc dp dung rong rdi cho cac phong thi nghiém
(PTN) diéu khién t dong (PKTP). Gidi thudt duwoc khao sat trong bdi bdo nay la
PID — mét gidi thudt tuyén tinh théng dung trong cong nghiép va hoc thudt. B diéu
khién (BPK) PID dd hoat dong tot va hiéu qua trén hé trén véi goc dat 10 ¢ va 15
dé. Bén canh do, mot nén tang thi nghiém F&P duwoc thuce hién tai PTN DKTD. Thong
qua mé phong va thiee nghiém, tam phan da dwge diéu khién on dinh thanh cong tai
vi tri xdc dinh mong muén theo yéu cau. Qud trinh khdo sat s thay doi théng soé diéu
khién PID la phit hop véi quy ludt Iy thuyét diéu khién.

1. Giéi thiéu

Trong DKTD, cic mo6 hinh don gian
va mang tinh chuan hoa duoc xay dung dé
khao sat cac giai thuat diéu khién. Cac mo
hinh kinh dién nhu con lic nguoc quay (S.
Patil va cong su, 2022, trang 1-5), bong
thanh (S. Latif, E. Muhammad & U. Naeem,
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2019, trang 74-79) da duoc st dung nhiéu
va gitp cho viéc ddo tao, nghién ctru vé giai
thuat duogc thuan tién, phé bién rong rai. Bén
canh do, viéc phat trién cdc mé hinh chuin
khac ciing can thiét, dé viéc khao st cac giai
thuat dugc phong phu hon. Tu do, viéc ung
dung giai thuat phu hop cho tung truong hop



cling dugc nang cao. Trong nghién clru nay,
mot ddi twong phi tuyén SISO dugc chung
toi gidi thiéu 1a hé F&P. Pay 1a mot hé tuy
don gian nhung méi dugc nghién ctiu gan
day & Viét Nam. Trén thé gioi, hé nay da
duoc gidi thi€u & nghién ctru (E. Dincel, Y.
Yal¢in & S. Kurtulan, 2014, trang 545-550).
Trong nghién ciru nay, cdu triic toan hoc ctia
F&P khong duogc gidi thi€u va cling khong co
thong tin mo phong nao dugc trinh bay, giai
thuat PID dua trén thyc nghiém dugc thuc
hién trén PLC Beckhoff CX9000. Ciu tric
toan bd mo hinh thuc nghiém trén 1a rat dat
tién, kho co thé duoc trang bi rong rai cho
cac PTN. Giai thuat PID da duoc thuc hién
trén ca mo phong va thyc nghiém ¢ tai liéu
trén. Tuy nhién, viéc 4p dung lai giai thuat
nay trén mot vi diéu khién c6 gia thanh re,
thiét bi phd quat cho sinh vién trong cac PTN
& Viét Nam 1a can thiét dé tao ra mot cau
tric vira tai tién va d& trang bi. Trén co s&
do, sau giai thuat PID, cac giai thuat khac
nhu mo, phi tuyén co thé duoc tiép tuc ap
dung hodc nghién ctru. Bén canh do, cac giai
thuat nhu mo (Gharieb, W., 1999, vol 1625),
truot (Huann-Keng Chiang va cdng su, 2014,
trang 383-388) déu da duogc thuc hién thanh
cong trén mo hinh F&P. Tuy nhién, ¢ Viét
Nam, viéc khao sat ddi twong nay van chua

dugc thuc hién. Do d6, day 1a mét mo hinh
méi, can duge thr nghiém dé danh gia, phu
hop cho cac PTN BKTD.

Trong céac giai thuat didu khién PID la
giai thuat thong dung nhét (Liuping Wang,
2020, trang 1-30) vi cdu trac don gian. Ciu
trac don gian khién no co thé dugc ap dung
trén cac vi diéu khién thong dung, tén it tai
nguyén. Do do, viéc nghién ctru giai thuat nay
can dugc tiép tuc khao sat dé thuong xuyén
cap nhat, huéng dan cho sinh vién.

Trong nghién ctru nay, ching to61 xay
dung mot dbi tuong F&P thuc nghiém ép
dung Arduino- mét vi xur li don gian, thong
dung, dugc ap dung rong rii va c6 cong dong
hd trg. BDK PID dugc chiing toi thiét ké thur
nghiém trén mo6 phdng Matlab/Simulink va
mo hinh thyc nghiém néu trén. Giai thuat PID
da chimg t6 kha nang diéu khién tot mo hinh
trén. Bén canh do, su khao sat cua ching to1
trong nghién clru ndy cling xac nhan sy tinh
chinh PID 1a phu hop véi Iy thuyét didu chinh.

2. M6 hinh toan hoc

Theo (Huann-Keng Chiang va cong su,
2014, trang 383-388) cac cong thuc (1)-(3)
duoc st dung. M6 hinh toan cua F&P duoc
thé hién ¢ Hinh 1 va phuong trinh dong luc
hoc cia F&P dugc chon nhu ¢ (9)

Hinh 1. M6 hinh toan F&P

QN
+

o

To

Phuong trinh momen cho dong co DC la

TF (f) - TL(r) - Bmﬂ?}'('f) = “‘rm{q (f)

(1)
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Trong do, T, 1a momen dong co (Nm), T, la momen tai (Nm), J 1a momen quan tinh dong
co (kgm?); B_1a hé s6 ma sat ciia dong co; @, lavan toc goc quay cua dong co (rad/s)
Duya vao mdi quan hé giira dong dién 1. (A) qua dong co va momen dong co, ta co
T.(t)=ki, (1) )
Voik la hang s6 cua dong co
Theo dinh luat Kirchoff, ta duoc
di (t
Ry 0+ L, 2Dt o0, (1) = v, (0 = (o) ®
t
Trong do, L la dién cam cudn day (H), k, la hé s6 phan dién cua dong co, u (hay v, la
dién ap cap cho dong co
Két hop (1), (2), (3), chuyén doi sang mién tan s, ta c6:
J s+ B 1
(R, +Las)[[%j§2r (S)+;TL (S):|+kar (s)=U(s) )
t t
Gia sur tai khong cd, tire T, (s)=0, luc nay, (4) tr¢ thanh

[(Ra +Las)(‘]’”sk—+3’"j+kb}§2r (s)=U(s) (5)

t

Ta dinh nghia:

T—J’”R“ T, = R”B’”+k T—R“

1 kt > "2 kt b |2 "3 kt (6)
Luc nay, (5) tré thanh

ne, (t)+ 1,0, (t)=u(t) (7

Bén canh d6, goc léch cua tim phan ti 1& thudn véi van tdc goc quay cua dong co thong
qua cong thirc sau
al(t 8
o, (1) =) ®
A
Trong do, A1a hé s6 ti 1é gifra van tde dong co va goc 1éch tam phan (phu thudc dac tinh
tung h¢ F&P; a 1a goc I¢ch tam phan so voi phuong thang dung (rad)
Nhu vay, phuong trinh toan mo ta hé F&P dugc mo ta nhu sau

%2 a(t)+ 2 u) ©)

(5] 5
3. M6 phéng
3.1. Ciu triic md phéng
Thong $6 mé hinh duoc chon nhu sau:

k, =0.0065, B, =4.121x10°, J =3.87x10", R, =0.837, 1 =0.002, (10)

a(f)=—

ot o BaRe Ry . 2025
1 k, ;2 k, o kt; Tl; 1'1; TR T
by=2.14,d =0
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CAu trac md phong duoc thé hién ¢ Hinh 2
Hinh 2. Cdu triic mé phéng PID cho F&P

E"i & v ._.‘, " - E}— T L :-vmu — -E}— ———
Mm-_m_n
Do F&P trong nghién ctru nay da duogc 3.2. Két qua mod phéng
xap xi dang tuyén tinh ¢ cong thirc (9). Mo Trong md phong, gia tri dit ctia goc léch
hinh trong m6 phong ap dung cong thire trén  t4m phan dwoc chon 1a 15 d9. Céc két qua mé
dé mo ta F&P gia lap. phong duoc thé hién tir Hinh 3 d¢én Hinh 5.

Hinh 3. Phan hoi ciia hé thong khi thay doi Kp

25 T T T T T T T T T

S Kp=0.1; Ki=0; Kd=0
————— Kp=0.5; Ki=0; Kd=0
— — —Kp=1; Ki=0; Kd=0
i —+—Kp=2; Ki=0; Kd=0 | |
20 ——Kp=4; Ki=0; Kd=0
—Setpoint

angle(degree)
>

-
o
T

0.05 0.1 0.15 0.2 0.25 0.3 0.35 04 0.45 0.5
time(s)

Trong Hinh 3, vi ham truyén 1a ham bac  thai on dinh duoc ting 1én theo gia tri cua Kp
nhit nén khong c6 nhidu dao dong trong dap  vi né ty 1¢ thuan véi sai s6 (diém dat — gia tri
g bude. N6 dat dén trang thai 6n dinh sau  qué trinh). Sau khi ting gié tri ctia Kp 1én hon
mot thoi gian ngén vuot muc. Gia tri cua trang 4, da c6 mot su vuot qua 1on (27,8%).
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Hinh 4. Phan héi cia hé thong khi thay déi Ki, véi Kp=0.5

18 T T T

16

14

12

-
o

angle(degree)
=

—— Kp=0.5; Ki=0.5; Kd=0
—¥— Kp=0.5; Ki=1; Kd=0
— — —Kp=0.5; Ki=2; Kd=0 —

4
""""" Kp=0.5; Ki=5; Kd=0
————— Kp=0.5; Ki=10; Kd=0
2 — Setpoint -
0 | | | Il Il 1 1 | |
0 0.2 0.4 0.6 0.8 1 1.2 14 1.6 1.8 2

time(s)

O Hinh 4, viéc trién khai Ki da gitp hé
thong dat dén gia tri diém dat. Gid tri cua Ki
cang cao thi dap ung budc dat dén trang thai
on dinh cang nhanh. Vi du: Ki = 0,5 hé thong

gidy, Ki =2 h¢ théng dat dugc sau ~1,2 giay,
v.v. Néu gia tri Ki bi day lén qua cao, hién
tugng vot 16 s& xay ra. Do do, ching toi da
dimg thir nghiém do két qua cua thir nghiém

khong dat trang thai 6n dinh trong vong hai  khong mong mudn.

Hinh 5. Phan héi cia hé thong khi thay déi Kd, véi Kp=0.5, Ki=2

8
g
kg f
e
!'I — — —Kp=0.5; Ki=2; Kd=0.0001
l: — Kp=0.5; Ki=2; Kd=0.01
L N A NN - Kp=0.5; Ki=2; Kd=0.02
—¥%— Setpoint
0 | | | | | | | | |
0 0.2 04 0.6 0.8 1 1.2 14 1.6 1.8 2
time(s)
Theo Hinh 5, Kd duong nhu c6 anh  doi trong hé thong.
huong t61 thiéu dén dap ung budc néu chung 4. Thue nghiém

ta st dung gia tri Kp = 0,5 va Ki = 2,0. Viéc
chon qua 16n Kd c6 thé khién hé thong dao
dong nhiéu vi n6 anh hudng dén téc dd thay

4.1. Mo hinh thwe nghiém
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hién duoc thé hién & Hinh 6. Trong thi nghiém
nay, ngd vao 1a dién 4p cdp cho dong co dé
tao van toc goc quay cua quat. Trén co so do,
tam phan bi léch di twong tng dé c6 ngd ra a.

Trong hé thong nay, chi ¢ 1 cam bién duy nhat
1a MPU6050 dé do goc 1éch ciia tim phan. Vi
xu 1i dugc st dung 1a Arduino MEGA2560 vi
gia thanh ré va tinh phd dung cta no.

Hinh 6. M6 hinh thuc nghiém F&P

Do qué trinh diéu khién PID la dya vao
thyc nghiém tinh chinh va théng s6 mé hinh
thuc té 1 khong thé nhan dang chinh xac hoan
toan, viéc lya chon thong s6 diéu khién thuc
nghiém 13 dya trén thtr sai. Thong s6 diéu

Hinh 7. So' d6 hé thong ciia hé F&P

Tin hiéu diéu khién

Giai thich cac thanh phan thiét bi &
Hinh 6:

1- Ngudn cap

2- Arduino MEGA 2560

3- Cau H L298

4- Tam phan (cach quat 20cm)

5- Quat

6- Cam bién goc MPU6050

khién trén thyc nghiém 1a khong sat hoan toan
so voi thong s6 da duoc liét ké & phan mo
phong.

Cau trac phan cing thuc nghiém F&P
duoc thé hién & Hinh 7.

Géc
dat

Mach diéu khién

= Gia tri phin héi

May tinh

Diél_l
khién
toc dd
quat
gio

I

Trong mo hinh nay, binh thuong, tam
phan s& théng ding huc’rng xudng. Véi viée
chon gia tri dat (tc goc 1éch mong mudn
ma ta mudn tdm phan dat duoc). Cam bién

MPU6050 bao gia tri gboc nghiéng cta tim
phéan. Gi4 trj ndy dugc cam bién do nghiéng
nay truyén vé board diéu khién Arduino.
Qua trinh tinh toan sai sd, tinh toan ra tin
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hiéu diéu khién PID duoc thuc hién thong
qua code Arduino. Tin hiéu diéu khién dugc
xuit dudi dang PWM duoc giri t6i board
cau H L298 dé lam quay quat. O day, quat
duge gin voi 1 dong co DC. Tuy thudc
gia tri diéu khién ma quat quay nhanh hay
cham. Tir 46, tAm phan s& duoc nang 1én hay

ha Xuéng, tuong ng véi gia tri dat. Tin hiéu
cam bién dwoc Arduino truyén 1én may tinh
thong qua UART. Cac s6 liéu nay duoc phan
mém Hyper Terminal ctia mdy tinh thu thap
va luu trir.

Mo ta két ni thiét bi phan cimg F&P
duoc mo ta ki hon ¢ Hinh 8.

Hinh 8 So dé phan cimg va diéu khién ciia hé

PWM3 SCL | SDA vce
ONB | ipusoso
SCL
SDA
5V | GND GND
o '
-
220VAC [ =
I | |
| [ [ =+
FAN
LN+ T -
[+ 1 -1
INT4 [ INT3 [GND [ 12v
Power Supply
L298
ouT3 I
ouT4

4.2. Két qua thwe nghiém
O thyc nghiém, gi4 tri dit cua goc léch

tam phan duoc chonla 10 do . Cac két qua thuc
nghiém dugc mo td & Hinh 9 dén Hinh 11.

Hinh 9. So sdnh hiéu chinh hé sé ti 1¢ Kp

| ' ' |= = Kp=2,Ki=0.7, Kd=0.5
201 ——Kp=1, Ki=0.7, Kd=0.5
o seeennns Kp=0.2, Ki=0.7, Kd=0.5
Z
fa] 15 B 7]
<=
Ry
<
5 10
2.
\O
5 5
0 | 1 1 | | 1 1
0 10 20 30 40 50 60 70 80
Thot gian (giay)
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Khi giam hé s6 ty 1é Kp ¢ Hinh 9, ta
thay: Pau tién, thoi gian khai dong co6 xu
huéng dai hon do phan hoi cta hé thong tre
nén cham va kém tich cuc hon. Do do, thoi
gian xac 1ap tang. Bén canh do6, giam Kp
thuong din dén giam do vot 16. Hé thong trd
nén it nhay cam hon voi nhiéu loan, dan dén
phan Umg muot ma hon va giam kha ndng
vuot qua trang thai mong mudn. Thu ba, thoi

gian cai dat, dé cap dén thoi gian can thiét dé
hé théng on dinh trong mgt pham vi xac dinh
xung quanh trang thdi mong mudn, thudng
khong bi anh hudng dang ké boi viéc giam
Kp. Bang cach giam Kp, kha ning cua hé
théng giam thiéu sy khac biét giira trang thai
mong mudn va trang thai thuc té duoc cai
thién, nang cao d6 chinh xéc tong thé cua qua
trinh diéu khién.

Hinh 10. So sdnh hiéu chinh hé sé tich phan Ki

' ' ' ' ———Kp=1, Ki=0.7, Kd=0.5
200 Kp:l’ K1=02, Kd=0.5
= - = Kp=I,Ki=1.7, Kd=0.5
S
< 15T |
<
£
= 1
= 0
‘(i‘).
3
O 5
0
0 10 20 30 40 50 60 70 80
Thoi gian (gidy)

Trong Hinh 10, khi hé sé tich phan
Ki dugc ting 1én, ta théy: Pau tién, thoi
gian khdéi dong c6 xu hudong nhanh hon
khi hé thdng phan tng nhanh hon véi cac
16i va co6 thé nhanh chéng diéu chinh dau
ra ctia n6. Diéu nay cho phép hé théng
dat dén trang thai mong mudn nhanh hon.
Tuy nhién, thoi gian khéi dong nhanh
hon khong nhéit thiét dam bao hiéu suét
tong thé dugc cai thién. Thir hai, ting Ki
thuong din dén tang vot. Phan ung cta hé
théng tré nén tich cyc hon va nhay cam
hon véi céac 15i, diéu nay co6 thé khién hé
théng vuot qua trang thai mong mudn
truée khi On dinh. Thi ba, thoi gian xéc
lap, dé cap dén thoi gian can thiét dé hé
théng on dinh trong mdt pham vi xac dinh

xung quanh trang thai mong muén, tré nén
nhanh hon. Tuy nhién, thoi gian xéac lap
nhanh hon nay ciing c6 thé giy ra hién
tuong mat on dinh hoic dao dong tiém an
trong hé thong. Thoi gian khoi dong ¢6 xu
huéng dai hon do phan hoi cua hé théng
tré nén cham hon va kém tich cuc hon.
Diéu nay c6 nghia 1a phai mét nhiéu thoi
gian hon dé hé théng dat duogc trang thai
mong muén. Hon nira, giam Ki thuong
dan dén giam d¢ vot 16, 1am cho hé théng
6n dinh hon va it bi sai 1éch qua muc. Tuy
nhién, thoi gian xac 1ap c6 thé 1au hon gap
nhiéu lan. Ki giam lam cham kha ning
loai bo sai s6 xac 1ap ciia hé théng. Ngoai
ra, viéc giam Ki ¢6 thé dan dén sai sb xac
lap tang 1én.

33



Hinh 11. So sdnh hiéu chinh hé vi phan Kd

20
o
S
~ 15+
-~
= i
<
5 10 :
‘(i‘).
3
O S

T

- Kp=1, Ki=0.7, Kd=0.5
........ Kp=1, Ki=0.7, Kd=0.2
= = Kp=1,Ki=0.7, Kd=1.2

s

30 40 50 60

Thoi gian (gidy)

Trong Hinh 11, khi ting hé s6 vi phan
Kd, ta thidy: Dau tién, thoi gian khoi dong
néi chung khéng bi anh hudng dang ké.
Phan tng cua hé théng ddi voi sai sb co thé
tré nén nhanh hon mot chit nhung khong
nhat thiét dan dén thay doi dang ké vé thoi
gian khoi dong. Tho hai, tang Kd thuong
dan dén giam dg vot 16. He théng tré nén
c6 kha nang giam dao dong va duy tri do
6n dinh t6t hon, dan dén phan (rng mugt ma
hon v&i dd vot 16 it hon. Thu ba, thoi gian
thiét 1ap, dé cap dén thoi gian can thiét dé
hé théng on dinh trong mot pham vi xac
dinh xung quanh trang thai mong mudn, c6
xu huéng dai hon. Khi hé sé vi phan Kd
bi giam, ta thidy: Dau tién, thoi gian khoi
dong c6 xu huéng nhanh hon khi phan ung
ctia hé thdng tré nén nhanh hon va nhay
cam hon véi cac thay dbi. Piéu nay cho
phép hé théng dat dén trang thai mong
mudén nhanh hon. Tuy nhién, thoi gian khoi
dong nhanh hon khong nhat thiét dam bao
hiéu suét tong thé duoc cai thién. Thi hai,
giam Kd thuong din dén ting do vot 16. Hé
théng tré nén it c6 kha nang giam dao dong
hon, khién né d& bi vuot quéa trang thai
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mong mudn trude khi 6n dinh. Thu ba, thoi
gian thiét 1ap c6 xu huéng dai hon. Hanh
dong vi sai giam lam cham phan ung cua
hé thong, diéu nay co thé kéo dai thoi gian
can thiét dé dat dén trang thai on dinh hoic
pham vi mong mudn. Cubi cung, giam Kd
c6 thé dan dén sai sé xac 1ap tang 1én.

5. Két luan

Trong bai bao nay, chung t61 da trinh
bay mdt md hinh toén ctia hé F&P, mot mo
hinh SISO don gian, rat phu hop dé duoc
phat trién trong cac PTN PKTD trong
diéu kién & Viét Nam. Mot cau trac diéu
khién PID duoc xay dung va ap dung cho
hé théng trén. M6 phong Matlab/Simulink
cho thdy BPK trén hoat dong tot va cac
quy tac tinh chinh di duoc khao sat. Bén
canh d6, mot mé hinh F&P thuc nghiém
st dung Arduino dugc chung téi gidi
thiéu. Tuy md hinh don gian va dé dang
duoc xay dung cho PTN nhung viéc kiém
chung gidi thuat PID va cac khao sat da
duoc thuc hi¢n va chung minh sy phu hop
ctia giai thuat voi moé hinh nay. Cac két
qua mo phong va thuc nghiém ciing phu
hop véi 1y thuyét diéu chinh PID.
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