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MO PHONG VA THUC NGHIEM BO PIEU KHIEN PID FUZZY
ADAPTIVE CHO PONG CO SERVO DC

Dwong Quang Thién, Nguyén Céng Vinh
Truong Dai hoc Su pham Ky thudt, Dai hoc Da Nc?ng

Tém tit. Pong co Servo DC duoc sir dung rong rdi doi véi nhiéu vmg dung ciia nganh
cong nghiép. Diéu khién toc dé 1a yéu cau phé bién trong diéu khién cong nghiép véi nhiéu
diéu kién hoat dong khac nhau, vi dy nhu khi cac tham 56 khong dam bao, nhiéu tdi... Poi voi
cdc b diéu khién théng thirong, nhom tdc gia chinh sira cdc thong s6 ciia hé thong moi khi
thay déi ché dg lam viéc trong thoi gian thwe. K3 thudt thich nghi la phit hop nhdt cho nhitng
tinh hudng ndy. Bai bdo trinh bay nghién civu vé diéu khién toc dg thuc ciia dong co Servo
DC véi thudt todn diéu khién PID Adaptive-fuzzy. M6 phong dé dwoc thiee hién trong phin
mém Matlab/Simulink, véi viéc thanh lap cau hinh ciia bo diéu khién cho hiéu sudt cao ngay
ca khi cac tham s6 thay doi. Sau do, so sanh két qua thwe nghiém va mé phong dé xdc dinh
cdch diéu khién cdc tham s6 tot nhdt. Cdc mé phong va két qud thie nghiém dwoc bdo cdo
trong bai bdo nay ciing hiéu qua doi véi bé diéu khién trong cdc diéu kién khdc nhau.

Tir khéa. Piéu khién mo, diéu khién PID, Servo DC, diéu khién thich nghi.

1. GIOITHIEU

Trong bai bao nay, chiing t6i dé xuat so
d6 tinh todn mém thong minh cta bo dicu
khién thich nghi véi cac tham sé dé diéu
khién tdc do dong co Servo DC. Bong co
Servo DC ¢6 thé diéu khién duoc trong mat
pham vi rdng véi cac dac tinh on dinh va
tuyén tinh. Dé giai quyét cac vin dé phi
tuyén va thoi gian khac nhau trong quy trinh
diéu khién toe do dong co Servo DC, mot )
phuong phap didu khién théng minh d3
duoc trinh bay, ching han nhu phwong phap
PID thich nghi [3]; phuong phap PID mang
neuron RBF mo¢ [2]; phuong phap mang
RBF no-ron PID [1]; phuong phap PID di
truyén [4]; phuong phap PID Adaptive-
fuzzy [5]. Tuy nhién, thoi gian dap ting cua
neuron PID lai qua dai, tinh phtrc tap cua ba
thuat toan khac 1on hon va PID Adaptive-
fuzzy c6 sy vuot trdi hon so voi PID thong

thuong; diéu khién mo khong phu thudce
vao mé hinh toan hoc chinh xac cua dbi
tuong duoc diéu khién [6], ¢ thé vuot qua
duoc anh hudng ctia yéu t phi tuyén tinh.
Trén co s¢ do, ching t6i mo6 phong va
nghién ciru thyc nghiém mot bo dicu khién
PID Adaptive-fuzzy trong hé thong diéu
khién téc d6 dong co Servo DC. Théng sb
c6 thé duoc diéu chinh theo thoi gian thyc.
Pé cai thién hiéu suit ciia hé théng diéu
khién PID Adaptive-Fuzzy, cin ting s
luong bién dau vao va cac chirc ning timg
tham s ciing nhu timg bo quy ludt cho mdi
thong sd K, K va K, Bang cach sir dung
cac quy ludt nhat dinh, bo didu khién c6 thé
thich tmg voi bat ky thay doi nao cua cac
tham sb. Pbi véi bo diéu khién Fuzzy-PID,
chi c6 mét quy luat chung dugc hinh thanh
cho K, K;va K, Muc ti€u cua bai bao nay la
cho thdy phan mg cua toc d6 véi bo dicu
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khién PID Adaptive-Fuzzy dé giir toc 0  dicukhién PID théng thudng.
dong co duge On dinh khi tai thay doi. Két 2. NQIDUNG NGHIEN CU'U

qua mo phong cho thiy hiéu suit ctua bd

didu khién PID Adaptive-fuzzy tbthonhiéu  Servo DC
sudt cta ca hai phwong phap Fuzzy-PID va

Mach dién trén tuong Umg véi mot
dong co Servo DC véi tai ¢ dinh. Pién ap

Equivalent Circuit R I
o AA'AY 000
la - w
Load
vV Eg
Te b T
2 Jdm,D, Ts

Hinh 1. Mach dién tuong duong ctia dong co Servo DC [7]

dau vao V can bang vai tong cua sttc dién  UngL,.
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Bang 1. Cac thong s6 co ban cua dong co

A" Dién ap dau vao (V)

R Dién trg phan tmg (1.1Q)

L, Dién cam phan tmg (0.9mH)

E, Stic phan dién dong (V)  (=Kg.0)

) Van toc goc (rad/s)

T Moment quén tinh cua dong co (0.157x10 kg.m?)
D Hé sb giam x6c ciia dong co (N.m.s/rad)

T Moment xodn ma sat (1.7x10*N.m)

T, Moment xo04n khoi tao (N.m)

Jr Moment ctia tai chuyén ddi vé truc dong co

TL Moment xodn ma sat cia tai chuyén ddi vé truc dong co
Ke Hé s dién ap (0.06 V.s/rad)

Kr Hé s6 moment xodn (5 7x10”N.m/A)

2.1. Mo hinh héa toan hgc ctia dong co

dong phan khang E,, dién ap trén dién tré
phan tmg R va dién ap trén dién cam phan
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Length 43 m
Width 1.7m
Height 1.4m

Body weight | 1048 kg
Engine 1.3L
Power net 59 HP/5000

Trong qua trinh m6 phong ching t6i
gia thiét xem xét dong co Servo DC riéng

bi¢t. Cac phuong trinh mo ta trang thai
dong cua dong co Servo DC dugce cho béi:

_Ti®) | Guls)
. Qs
(X) C(s) o Gl | S K e
Hinh 2. So db khéi cua hé théng diéu khién tdc d6 dong co
- Téc d6 dau ra: - Ham truyén cia
V(s)= 1/K
SeL.+R tai: G (s)= £ 2
[KL.S.J(S.La +R) +Kg |- Q(5) + 224 (s) (ST, +1)(sT,+1) @)
T KT m €
TL(s
- ‘ Vi T, = — vaT,==2
- bién 4p dau vao: KgKr R
K < f . A
Q) = T V(s) + ‘ l\ilat k‘hac tur p\hu:o;ng trinh quan h?
ST(SLa+R) +KgKy gitta dau vao e(t) va dau ra u(t) qua bd
—(SLa +R) diéu khién PID,ta c6 duoc ham truyén dat
ST (SLa+R) + KeKy sau:
TL(S)

Theo do6 di¢n ap ra hay téc d6 dau ra
phu thudc vao dién ap dau vao va momen
cua tai.

- Ham truyén cta dong co:
G.(5)= (sLa+R)/K K,
! (ST, +1)(sT, +1)

(1)

u(H)= Kpe(t)+ K; ' e(t)dt +KDde)

=>C(s) = Kpt o+ K ps =K (1+

U(s)

s Td)_E(S)

sT
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-0.275585-336.81793
" 0.0000043265852+0.00611s+1
Step
Load
| 1745329
PID(s) 0.0000432658s2+0.00611s+1

Nguon ‘ PID Controller

Motor

Hinh 3. M5 hinh b diéu khién PID trong Matlab Simulink

Pé x4c dinh céc thong s6 K, K, K;bo
didu khién PID, chung ta xay dyng mé hinh
hé thong trong Matlab Simulink nhu Hinh
3. C6 nhiéu phuong phap dé xac dinh cac
thong s6 ctia bo diéu khién PID nhu diéu
chinh tha cong, Ziegler - Nichols, cac cong
cu phan mém, Cohen - Coon. Trong nghién
ctru nay dé dam bao do chinh xéc ta st dung
chttc nang PID Tuner trong Matlab
Simulink.

)10
1.2

o8

L L " L L L
a 0.01 0.02 0.03 0.04 0.0s8 0.06

Hinh 4. Dap tng toc d6 dau ra

2.2. Thiét ké bd diéu khién Fuzzy-PID
thich nghi

Bo diéu khién PID Fuzzy thich nghi
duoc su dung trong bai bao nay dua trén hai
dau vao va ba dau ra. Cau tric tong thé cua
bo diéu khién duoc thé hién trong hinh 5.
Bo diéu khién Fuzzy - PID c6 ba dau ra 1a
Kp, Ki va Kd. Téc do (E) va gia toc (CE)
dudi dang dau vao diéu khién mo va daura
mo la AKp; Ati va ATd. V&AKp =
Kp.AKp; ATi=Ti.ATivaATd=Td.ATd.

Trong qua trinh nghién ctru, chiing t6i
st dung thuat toan 1y luan can thi¢p mo cua
Mamdani va d6 phan giai mo bang cach sir
dung phwong phap trong tim. Sau do, ¢6 thé
thu dugc dau ra caa AKp, ATi, ATd boi do
phan gidi mo.

Fuzzy Inference

e(t)
el —
Reference r'\
/

PID
= i o -
ONTROLLER DC 5:::::: otor

LN

kp ki kd tuning

Hinh 5. M6 hinh b6 diéu khién Fuzzy-PID Adaptive trong Matlab Simulink
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Céc bién ngodn ngir ddu vao va dau ra
da dugc phan loai la: very small; small,
middle; large; very large va super large.
Bién dau vao toc do trong khoang [0

Bang 2. Bang luat diéu khién mo
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+3600]; gia toc trong khoang [0 = 36]; bién
dau ra AKp trong khoang [0.005 + 0.009];
ATi trong khoang [0.001 + 0.005] va duogc
tong hop trong Bang 2.

de(t)\e(t) | Very Small | Small Middle Large | Very Large | Super Large
Small Small Small Middle Middle Big Big
Middle Small Small Middle Big Big Big
Big Small Middle Middle Big Big Very Big
Very Big Small Middle Big Big Very Big Very Big
Input za_fiable membership functions i very small W
small W
. midile PaN
é. 0.6- ‘ large ’;
g very large N
2 04-
E super large ’K
< 02
0-i i | 1 ] — | [
0 500 1000 1500 2000 2500 3000 3600
Range
Hinh 6. Quy luat thay d6i toc do
Input variable membership functions cmall
1 -
midle [N
5 08~ ‘ big s
206 | very big ’7
@ 1\
£ 04- ‘
u
=
0.2- ‘
0 Tl I | I I I | I | I I I I | I | I I 1
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36

Range

Hinh 7. Quy luat thay ddi gia tdc
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Output variable membership functions — IK
1
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08 ;
6 big ,K
;g- 06- very big IK
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Hinh 8. Quy luat thay déi bién K

2.3. Két qua thwe nghiém va ban luin
2.3.1. M6 phong Adaptive Fuzzy-PID

18 21 24 27 3

Hinh 9. Phan tmg cta dong co Servo DC bang PID Adaptive-fuzzy va PID thong thuong

Hinh 9 cho thay hiéu suat ctia bo diéu
khién PID Adaptive-fuzzy va diéu khién
PID thong thuong ctia dong co Servo DC &
tbc do 1000 vong/phut véi cung diéu kién
tai trong biang cach st dung mo phong trén
Matlab. Chung t6i nhan théy duoc cac dac

16

diém ciia bo diéu khién PID Adaptive-fuzzy
c6 uu thé hon so véi bo didu khién PID
thong thuong. Tat ca cac tin hiéu di vao bd
diéu khién PID Adaptive-fuzzy tao ra cac
quy luat dé didu khién tdc d6 ctia dong co.
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Hinh 10. So d6 khdi ctia bo diéu khién PID Adaptive-fuzzy diéu khién dong co

Gia tri dau vao va pham vi diéu khién
cta toc do va gia tde 1an lwge nhu sau 0 +
3600 (vong/phut); 0+ 36 (rad/s).

Hinh 11. Quan hé dau vao - ra ctia bd

dicu khién mo dong co Servo DC

Hinh 11 chi ra mbi quan hé gitta dau
vao va dau ra khi diéu khién téc d6 dong co
Servo DC. Céc bién thé ciia toc d6 va gia toc
trong hinh ndy gifip chiing ta tim ra diém tdi
vu cia tham s6 PID.

2.3.2. Chuwong trinh phan cieng va phan mém

Chuong trinh ciu tric phan ctng trong
bai bao nay dugc hién thi trong Hinh 12. M6
hinh thuc nghiém cua hé théng gom co

dong co servo DC cua TAMAGAWA TS
3761 ¢ gan kém cam bién téc d6 Encoder,
ngudn acqui 12V. St dung cong diu ra
PWM va dau vao két ndi v6i bd ma hoa
MyRIO. Tiép dén, MyRIO gui tin hiéu dén
may do 16i dé diéu khién tdc do cta dong co.
Dong thoi, nang lugng ctia mach phan cimg
dugc chi dinh trén bang diéu khién gitip
chung t6i diéu khién toc do quay ciia dong
co Servo DC va phan tich phan tng h¢
théng va dugc thé hién trén Hinh 12.

Hinh 12. M6 hinh thyc nghiém két ndi
v&i man hinh
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Hinh 13 va hinh 14 chi ra két qua dép
tng tdc d6. Thoi gian ting ciia qua trinh
didu khién tuong ty nhu mo phong khoang
0.5 gidy. Nhung trong m6 hinh thi nghi¢m,
¢6 mot s6 nhidu va do 1éch tinh cao hon gia
tri mo phong. Trong hinh 13, qua trinh thay
d6i toc do thay ddi tir 1000 vong/phit dén
2000 vong/phut. Su lién tuc cuia phan ung
tbc 46 ndm trong khoang 800 vong/phut va
3000 vong/phut.

Speed (rpm) Speed ‘rpm)

3000

250

200 hAJ\Au o A A e o
Vv'v"—" WMWY WY

= Speed (rpm)

0 05 1 15 2 25 3 35 Time(s)

Hinh 13. Phan tng cua toc d dong co Servo DC

Speed (rpm)

—Speed (rpm)

ik Wﬂ“h“]

0 H 1 6 Time(s) 8 10 n

Hinh 14. Téc d6 thay d6i nhu mong mudn
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3.KETLUAN

Trong qua trinh m6 phong va thuc
nghi¢m trén mo hinh, ching t61 da trinh bay
cc thudt todn van hanh cho bg diéu khién
PID Adaptive-fuzzy vé téc do. Két qua
nghién ctru tép trung chi yéu vao dong co
Servo DC va lam thé nao dé diéu khién toc
d6 theomong mudn. Duya trén Iy thuyét vé
diéu khién mo va PID thong thuong, ching
t6i sa dung phin cimg MyRIO dé diéu
khién phan tng toc do vé6i thiét ké nhanh
bang chtic nang cua cac bién. Su két hop
cia Matlab/Simulink va Labviews c6 thé
xac minh két qua gitta thuc nghiém va mo
phong. Bang cach mo phong, phuong phap
nay cho gia tri gan dung véi két qua thyc
nghiém.

Véi két qua nghién ctru 1y thuyét két
hop véi thyc nghiém, phuong phap diéu
khién nay da mang lai nhimg két qua t6t hon
vé toc d6 voi sy thay doi ngau nhién cua tai.
Tuy nhién, phwong phap nay van con cd
mot s6 nhidu va chi chinh xac trong didu
kién xac 1ap. Vi vdy trong thoi gian dén,
chang toi sé thiét ké lai m6 hinh véi cac quy
luat méi caa di liéu mo dé kiém chiing va
hi¢u chinh lai sao cho phu hop véi cac
thong sd da tinh toan dugc. Trén co'sd d6, s&
nghién ctru phat trién cho dong co van hanh
trong cac diéu kién qua d6 nhu khoi dong,
ham dirng, quay nguoc.
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MODELISATION AND EXPERIMENT THE PID FUZZY ADAPTIVE
DEVICE FOR SERVO DC MOTOR

Abstract. DC servo motors have been widely used in many applications of industry.
Speed control is popular requirement in industrial controller with many operating
condition i.e. parameter uncertainty, load disturbance etc. For conventional controllers,
we need fix the parameters of the system so that we have not been successful for real time
applications. Adaptive techniques are the best suited for these situations. This paper
presents the study on speed control of real DC servo motor are applied the algorithm of
adaptive Fuzzy-PID controller. The model has been carried out in MATLAB/SIMULINK
with the configuration of controller that has also been observed for robust performance
against variations of parameter and uncertainties. After that, Comparion of experience
and simulation to determine the best way of parameter controller for model. The
simulation and experience results reported in this paper performthe effectiveness of the

proposed controller against varyring operationg conditions.
Keywords: Fuzzy control, PID control, DC servo, Adaptive control.
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