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PIEU KHIEN TOC PO PONG CO DC
BANG BO PIEU KHIEN THONG MINH:
UNG DUNG TRONG CONG NGHIEP

® TRIEU QUOC HUY

TOM TAT:

Bai bdo nghién citu thi€t k&€ va tng dung bo diéu khién thong minh vao viéc diéu khién 6n
dinh tdc do dong cd DC, ddng thdi so sdnh v6i bd diéu khién PID kinh dién. Dya trén nguyén ly
ctia phuong phap diéu khién PID theo Ziegler - Nichols, tdc gia thuc hién phan tich mo hinh va
tinh todn cdc thong s6 Kp, Ki, Kd. Tir 46, dé xuat gidi phap k&t hdp bd diéu khién PID véi bd
diéu khié€n md tao thanh bo diéu khién thong minh. Qud trinh nghién cttu dugc thuc hién bdi
phuong phdp mo6 phdng véi su hd trg cia phAn mém Matlab. C4c k&t qua nghién citu di cho
thay, bd diéu khién thong minh dat chit lugng diéu khién &t hon bo diéu khién PID thong
thudng. Pic biét, dong khdi dong ctia bo diéu khién thong minh chi bing 1/6 so v6i bo dicu

khién PID thong thudng.

Tit khéa: mod hinh todn dong cd DC, diéu khién tu dong, diéu khién PID, diéu khién md,

diéu khién md, diéu khié€n thong minh.

1. Dt van dé

Pong co dién mot chiéu (DC) 1a mot trong cic
thi€t bi dudc sit dung rong rai trong sdn xudt va
ddi song. Pa c6 nhiéu bod diéu khién tdc do dong
cd dugc ch€ tao, cling nhu nhiéu phuong phdp
diéu khién hién dai di va dang dugc nghién ctu
nhim ngay cang nang cao chat lugng cho cic bd
diéu khién nay. Mot phuong phéap diéu khién rat
ndi ti€ng dugc bi€t d&€n va di tr§ thanh phuong
phép kinh dién dé diéu khién dong co DC ciing
nhu nhiéu thi€t bi khac trong cong nghiép 1a PID
(Proportional Integral Derivative). Tuy nhién,
thi€t k&€ bd diéu khién PID lién quan d&n phuong
trinh todn hoc, dong hoc, ham truyén va viéc chon
cdc hé s& Kp, Ki, Kd phai qua rat nhiéu khau tinh

toan. Khi thuc hién diéu khién thiét bi, ngudi diéu
khién chli y&u dua trén cdc thong sd nay dé€ chinh
dinh d4p Gng ngd ra clia ddi tugng can diéu khién
sao cho &n dinh nhu mong mudn, phuong phap nay
chi 4p dung cho hé thong diéu khién cic d6i tugng
don gidn. Hon nita, cdc thong s6 Kp, Ki va Kd tim
dudc chua phdi 1a cdc thong s6 t8i vu. Trong khi
d6, diéu khién logic m& dugc xem 14 mdt trong
cdc phuong phap diéu khién thong minh nhd vao
wu diém khi thi€t k& khong nhat thi€t phai bi€t
tru6c mo hinh todn, ma chi can sy hi€u biét vé
phuong thifc hoat dong clia ddi tugng, dong thdi
thé hién qua cdc bi€n ngdn ngit. Trong nhiéu
trudng hgp, kha ning nhan dang d6i tugng qua mo
hinh todn 1a cuc ky khé khin va d6i khi khong thé
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didu khién duge véi cdc bo didu khién thong
thudng. Piém manh ctia bo diéu khi€n mdJ 1a st
dung diéu khién cdc ddi tugng phic tap, cic doi
tugng ma viéc xay dung md hinh todn cuc ky khé
khin. Ngay ca d6i vdi ciac d6i tugng diéu khién
don gidn thi quy trinh thi€t k& bo diéu khién md
cling ngin hon so véi qui trinh thi€t k& cdc hé
thong diéu khién thong thudng. Ngay nay, diéu
khi€n md di dugc ¢ng dung thanh cong trong
nhiéu linh vuc, dic biét 1a d6i v6i cdc hé thdng phi
tuy€n. Bén canh nhitng uu di€m thi b diéu khién
md truc ti€p cling con nhitng mit han ché& nhu:
thudng dugc thi€t k& dua vao kinh nghiém chuyén
gia vd mang tinh “thit sai”, do d6 khi gip cdc ddi
tugng phiic tap, ngudi thi€t k€ s& mat rit nhiéu
thdi gian ma k&t qué c6 dugc sé khong t8i uu hoic
sai s§ diéu khi€n 16n.

Tir cdc uu diém chia bd diéu khién md, nhim
muc dich ning cao hiéu qua cia bd diéu khién
PID kinh dién, cuing vdi nhu cAu tGng dung cong
nghé tu dong hda ngay cang gia ting dic biét la
trong thdi ky cdch mang cong nghiép 4.0, da thic
ddy tac gia thuc hién nghién citu nay. V46i nhitng
di€ém mdi va déng gép chinh clia nghién ciu sé
tap trung vao nhirng ndi dung nhu sau:

- P& xuit md hinh diéu khién thong minh biing
cdch k&t hop bd diéu khién md vdi bo diéu khién
PID @€ diéu khién t6c dong dong cd DC, v6i muc
tiéu chinh 1a &n dinh téc d6 va gidm dong khdi
dong. T do, gidp ti€t kiém ning lugng cling nhu
ting do an toan trong qud trinh van hanh hé thdng.

- K&t qua nghién citu chitng té bo diéu khién
dé xuA't tot hon bo diéu khién PID thong thudng.

2. Téng quan nghién ciiu

Phuong phap diéu khién PID tir lau da dugc
xem nhu 12 mdt phuong phap diéu khién kinh dién
ctia ky thuat diéu khién ty dong. PID c6 nhiéu uu
di€m nhu c6 kha ning diéu chinh sai s& thap nhat
c6 thé, ting toc dd ddp tng, gidm dd vot 16, han
ch€ sy dao dong. Tuy nhién, bo diéu khién PID
gin nhu chi 4p dung dudc véi d6i tugng tuyén tinh
va ¢6 md hinh todn & dang ham truyén rd rang,
ddi v6i nhitng d6i tugng c6 tinh phi tuyén cao thi
khong thé diéu khi€n dugc chi bing phuong phip
PID don 18. P& khic phuc nhugc diém nay ctia bo
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diéu khién PID, cic tic gid & cong trinh nghién
citu [1] da dé xuat gidi phap k&t hgp PID véi bo
“diéu  khién cudn chi€u” (Backstepping
Controller) d€ diéu khién robot hai banh tu can
bing bam quy dao cho trudc. K&t qua nghién citu
da cho thiy, bo diéu khién két hgp PID va “diéu
khién cudn chi€u” c6 thé diéu khién robot bam
quy dao cyc ky tot véi géc nghiéng nhd hon 300.
Tuy nhién, nhugc di€m clia phuong phdp nay la
khong thé 8n dinh dudc hé thong khi géc nghiéng
cla robot I twong doi 16n.

Bén canh gidi phdp k&t hgp PID vdi cdc
phuong phép diéu khién phi tuyén dé diéu khién
céc doi tugng phic tap, v6i su phat trién manh mé
va nhanh chdng ctia khoa hoc ky thuat da cho ra
doi nhiéu phuong phdp diéu khién thong minh,
diéu khién md dudc xem 1a mot trong nhitng
phuong phap dé6. Piéu khién md cé dic di€m la
phdng theo qud trinh x{t 1y thong tin va ra quyét
dinh diéu khién giong nhu con ngudi. Phudng
phdp nay rat thich hgp d€ diéu khién cic doi
tugng phic tap, khong xdc dinh dugc md hinh
toan. Tuy nhién, bo diéu khién md truc ti€p
thudng dugc thi€t k& dua vao kinh nghiém chuyén
gia vd mang tinh “tht sai”, do d6 khi gip cdc doi
tugng phic tap, ngudi thi€t k€ sé mat rit nhiéu
thdi gian ma k&t qui c6 dudce lai khong t8i uu. DE
khic phuc nhugc di€m nay cda bd diéu khién mo
truc ti€p, da c6 nhiéu cdng trinh nghién citu két
hgp bo diéu khién md vdi cac bo diéu khién khic
nhiim t6i wu héa chat lugng diéu khién nhu: diéu
khién 6n dinh t6c @6 dong co DC vé6i bod diéu
khién PID md lai [2-4]; k&t hdp bo diéu khién md
va thuit todn tdi uu bay dan (PSO) dé tu chinh
dinh va t6i wu héa cdc thong s6 cia bo diéu khién
PID, gidp robot bAm quy dao cho trudc [5]; hay
két hop 3 bd diéu khién 1a trugt - md - PID dé
khic phuc hién tugng dao dong tin sd cao clia bo
diéu khién trugt [6].

3. Phuong phap nghién ciu

3.1. M6 hinh todn hoc dong co dién DC

Gia thuy&t kich tir dong co dugc giit khong d6i,
ta ¢c6 md hinh dong co DC kich tir ddc 1ap dugc mo
td trén Hinh 1. Ngoai ra, cling gid thuyé&t mach tr
dong co1a tuyén tinh. (Bdngl)
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Hinh 1: M6 hinh déng co DC kich & déc Idp

La

e fo (000 A

Va =ar=
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Bdng 1. Céc tham sé cla déng caDC
kich ti déc lap

STT | Ki hiéu Y nghia Don v

1 R, | Diéntréphaning| Ohms (U)

o | , |Dencam H
phén Ung

3 V, Dién ap phan Ung Volt (V)
Slc phan

4 E dién dong Volt (V)

5 N, T6c do vong Vong/phat (RPM)

6 N T6c do dong co Rad/s

7 M Mﬂomen cua Nm
dong co

8 M, Mnomen t?u quy doi Nm
vé truc dong co

9 B Hé s6 ma sat Nms

10 J Momen quan tinh Kg-m?

11 @ Tu thdng danh Vs
dinh

12 K Hang s& dong co

Phuong trinh mach vong dién 4p cho phan tng
dong ca:

V

a

Trong d6: £ = K®w, 3.2)
Phuong trinh ciAn bing mdé men trén truc
dong ca:

di,

= e+R,,+L, (3.1)

M = M, +Bao,+] Zf’a (3.3)

Trong d6: M = K®i, 3.4)
Ap dung bi€n d6i Laplace, cic phuong trinh
(3.1),(3.2),(3.3) va (3.4) trG thanh:

Vu(s) =E(s) +R,1,(s) + L,sI(s) 3.5)
E(s)= KDaw,(s) (3.6)
M(s) =M_.(s) + Bos(s) +Jsw,(s) (3.7)
M(s) = KDL, (s) (3.8)
Tu (3.5) suy ra:

(Vo(s)— E(s))R; (3.9)

1,(s) =
als) I+ 1,8

Trong d6: r, = L /R, 1a thSi hiing phan tng
(thdi hiing dién tir) cia dong co.
Tir biéu thic (3.7) suy ra:
(M(s)—M(s))B"
1 +7,s

Trong d6: r,, = J/B la thdi hing cd cha hé
thong.

Thyc hién ti€p tuc mot vai phép todn don gidn,
ta thu dudc ham truyén ctia dong co DC nhu biéu
thic (3.11) nhu sau:

0,4(s)

V,(s)

(3.10)

w,(s) =

(3.11)

Ko
LJs*+ (R,J+L,B)s+R,B+ (KD)

3.2. Gidi phdp dé xudt

Mb hinh hé thong diéu khién &n dinh téc do
dong co DC vé6i bd diéu khién thong minh dugc
thi€t k& dua trén nguyén ly dugc bi€u dién nhu
Hinh 2. Ap dung mé hinh m& Mamdani gém c6 2
ngd vao va 1 ngd ra. Trong d6, dau vao thd nhat
clia bd md 1a sai léch giita t6c do dit va t6c dod
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Hinh 2: So dé diéu khién téc dé déng cd DC bdng bé diéu khién théng minh

Integrator
pon ET
s\ »
toc do dat (Wref) )
Fuzzy Logic
Controller

ﬂc > Va Wa » l |

Wal(rad/s)
J—b Mc la

DC MOTOR

thuc “e(t)”, ddu vao thd hai clia bd mdJ 1a tdc do
bi&n thién theo thdi gian [de(t)/dt] clia sai léch tdc
d6. PAu ra ctia b md 12 hé sd chinh dinh dién 4p
“du”. Cin ctt vio k&t qua md phdng diéu khién
toc d6 v6i bo diéu khién PID kinh dién ng véi
céc gid tri toc do va tai khdc nhau, ta c6 thé xdc
dinh dugc mién gigi han ddi clia cdc bién vio va
ra trong hé thong.

3.2.1. Binh nghia cdc bién vao/ra by mo

- Piu vao: gdm c6 2 bién 1a sai léch va dao
ham sai léch tdc do.

+ Sai léch: ET = (t6¢c do dit) - (tdc dd do) ; (chu
ky 1dy mau T = 1s)

+ Pao ham cilia sai léch (hay 1a tdc do clia sy
thay ddi)
ET(i)— ET(I- 1)

DET =
T
- Piu ra: mot bi€n Du, 12 hé s sai léch
dién ap.

- SO lugng bi€n ngdn ngit dude chon 1a 5, cu
thé: Am 16n (NB); Am nhd (NS); Zero (Z); Duong
nhé (PS); Duong 16n (PB).

3.2.2. Xdc dinh tdp mo cho cdc bién vao/ra

- Mién gid tri cdc bi€n vao:

+Sailéch ET € [-300 300]

+Tdc d6 clia sy thay ddi DET € [-0.5 0.5]

- Mién gid tri bi€n ra:

+HésoDuDU e [-1 1]

- Tap md cdc bi€n vao:

+ Sailéch ET= {NB, NS, Z, PS, PB}

Biéu dién ham lién thudc tip md cta bi€n ET
nhu Hinh 3.
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>

-300 -150 0 150 300

+ T6c do cha sy thay ddi DET = {NB, NS, Z,
PS, PB}

Biéu dién ham lién thudc tip mg ctia bi€n DET
nhu Hinh 4.

Hinh 4: Ham lién thuéc ngo vao DET

-0.5 -0.25 0 0.25 0.5

- Tap m& cdc bién ddura:
+ Ap diéu khién ngd ra
DU = {NB, NS, Z, PS, PB}
Biéu dién ham lién thudc tip md clia bi€n DU
nhu Hinh 5.

Hinh 5: Ham lién thuéc ngé ra Du

Hpy
NB NS zZ PS PB

1 -0.5 0 0.5 1

3.2.3. Xay dung ludt diéu khién
Co tf;ng cong 5x5 = 25 ludt IF.. Then, cdc luat
hgp thanh m& dudc thé hién nhu Bang 2.
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Bdng 2. Cdc quy téic mé cla
bé diéu khién théng minh

Toc dd clia su thay déi error (DET)
NB NS Z PS PG
NB NB NB NS NS Z
NS NB NS NS Z PS

Du(output)

Error

z N N P P P
(ET) S S S S S

PS NS z PS PS PB

PB z PS PS PB PB

- Ludt hgp thanh md: Chon ludit MAX - MIN

- Gidi m3: Theo phuong phdp trong tim.

4. K&t qua nghién ciu

Trong phan nay, tic gid thuc hién md phdng
Matlab d€ ddnh gid chd't lugng clia bo diéu khién
thong minh so v6i by diéu khi€n PID kinh dién,
véi gid tri Kp = 0.33, Ki = 1.46 va Kd = 0.0185
dudc tinh todn theo phuong phdp Ziegler -
Nichols. Céc thong s6 clia dong cd DC va gid tri
bd diéu khién PID st dung trong md phéng dudgc
trinh bay nhu Béang 3.

- K&t qua md phdng & ché dd khong tai

(M.= O0Nm)

K&t qua md phdng khi dong co khdng tdi dudc

thé hién nhu Hinh 6 va Hinh 7.

Bdng 3. Céc thdong s6 déng ca DC

K&t qud md phdng toc dd va dong dién khdi
dong ctia dong co & ché do hoat dong khong cé tai
dugc thé hién nhu Hinh 6, Hinh 7. D& dang thiy
dugc ring, ca 2 b diéu khién déu dat cha't lugng
diéu khién rat tot, v6i 6 vot 16 va sai s6 xdc lap
bing 0, thdi gian ddp tng va thdi gian xdc 1ap cla
2 bo diéu khién c6 d6 chénh léch 13 khong ddng
ké. Tuy nhién, bo diéu khién thong minh cé dong
khdi dong rat thdp (gdn 7A) va bing 1/6 dong
khdi dong ctia bo diéu khién PID. Piéu nay chitng
té bo diéu khién thong minh cdi thién dugc dong
dién khéi dong, gitip cho hé thong hoat dong an
toan va ti€t kiém ning lugng hon.

- K&t qua mo6 phdng & ché dd c6 tdi

(M, =0.2 Nm)

K&t qua mo6 phdng khi dong co c6 tai dugc thé
hién nhu Hinh 8 va Hinh 9.

K&t qui mo phéng & ché& do c6 tai thé hién nhu
Hinh 8 va Hinh 9 cho thdy riing: tai thdi diém
déng tdi, toc do dong cd bi gidm xudng, dong khdi
dong ting 1én. Piéu ndy la hoan toan ding véi
thuc t€ hoat dong ctia hé thdng. Tuy nhién, chi
trong mot thdi gian ngdn khodng 0.5 gidy, hé
thong di trd lai dn dinh. Piéu nay ching té ring
cdc bo diéu khién di hoat dong tot.

5. K&t luan va khuyé&n nghi

Bai bdo di nghién citu va dé xua't gidi phap cdi
thién chat lugng bo diéu khién PID kinh dién

bing bd diéu khién thong
minh. Piém ndi bic cda

STT Thong s& Kihieu | Giatn Ponv, nghién ctfu la da thietke va
— — md phong thanh cdng bo

1| Biénapngudn Va 24 Volt (V) didu khién thong minh trén
2 | Congsuat P 30 Watt (W) ¢ s& k€t hgp phuong phap
1 | Diéntrd phan tng R, 05 ohms diéu khién m3 va PID. K&t
2 | biéncam phén lng L, 0.015 H qua n%hlen c:ru da cho thay
3 H3 5 1uc dien do KD 0.05 Nm/A bd diéu khién thong minh
ang so e dicn dong ' m c6 thé diéu khién &n dinh

4 | Mémen quan tinh clia roto 0.00025 Kgm?/s2 toc do dong cd DC véi sai
5 | Hés6 ma sat clia hé théng co B 0.0001 Nms s6 xdc 1ap gan nhu bing 0.
6 | Diénap phan tng v, 30 Volt (V) Hon nifa, b0 difu khién
7 | T6c do gocti da o, 314 Rad/s thong minh cai thién ding
—— . - ké vé dong khdi dong cua

8 | Téc dd quay maximum Ny 3000 Vong/ph (RPM) dong c6 DC so v6i b diéu
9 | Laygiatn pi p 3.14 khién PID thong thudng.
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Hinh é: Pap ling té¢c dé gbéc khéng tdi Hinh 7: Pdp dng dong dién khéng tdi
cla bé diéu khién PID véi bé diéu khién cla bé diéu khién PID so véi b diéu khién
théng minh théng minh
- il o
l’ or/e Speed Ref * (%
250 1 o Fuzzy [ — .
1 / - = =PD \
200 ! < 25
£l Al
N 5.l
. : 10 \L
1 51— 1=~ <
OCJO1 0.2 03 04 05 0.6 07 0.8 09 1 08’ ““ =
. . ' V Time [.sec] . . . . ) A » » Time [;ec] » » » »
Hinh 8: Bap Uing té¢c dé ché dé cé tdi Hinh 9: Bép Gng déng dién cé tdi ctia bd
cla bé diéu khién PID va Théng minh diéu khién PID va Théng minh

45
Load =0.2 Nm
350 - = = lfuzzy
40 {—o— I-PID

35

®
®
®
®

300 = o O- = -o—@
=
1
250 |4 f SpeedRef | | 30
I —e—rumy
1 / = == == PID E 25
g Dong Tai 5
[ 3 2
=1 = < ,
g 150 g Dong Tai

100

— |
3 )

50

[

0 0.2 04 06 0.8 1 12 14 16 18 2 Time [sec]

Time [sec]

Diéu nay chitng té ring sy k&t hgp bo diéu khi€n  dugc nhuge di€m ciia PID va bo diéu khién md
PID véi bo diéu khién md s& dat dugc chat lugng  truc ti€p, gitip cho hé thong hoat dong an toan va
diéu khién tuyét vdi, ciing nhu c6 thé khic phuc ti€t kiém ning lugng m
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Thong tin tdc gid:
TRIEU QUOC HUY
Truong Pai hoc Tra Vinh

USING THE INTELLIGENT CONTROLLER
TO CONTROL DC MOTORS SPEED:
AN APPLICATION IN THE INDUSTRIAL FIELD

® TRIEU QUOC HUY
Tra Vinh University

ABSTRACT:

This study is to design and use an intelligent controller for stable speed control of a DC
motor and compare this intelligent controller with the conventional PID controller. Based on
Nichol's PID controller design approach, this study performs model analysis and calculates the
parameters Kp, Ki, Kd. Then, the study proposes a solution to combine the PID controller with
the fuzzy controller to form an intelligent controller. The study process is implemented by
Matlab simulation method. The study’s results show that the intelligent controller ar better than
the conventional PID controller in controlling speed of a DC motor. Especially, the starting
current of DC motor when using the intelligent controller is only 1/6 of that of PID controller.

Keywords: DC motor modleing, automation control, PID controller, fuzzy control,
intelligent control, Hybrid Fuzzy,
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