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TOM TAT

Trong linh vuc diéu khién dong co dién mot chiéu, su lia chon ciia cdac thiét bi ngoai vi
déng vai tro quan trong dé dat dwoc hiéu qua toi wu. Bai bdo trinh bay néi dung phdn tich so
sanh ddnh gid hiéu qua ngoai vi cia cdc bg diéu khién khdac nhau dwoc siv dung trong Iy thuyét
diéu khién trieot bdc cao trong iing dung kiém sodt toc do dong co dién. Nghién ciru tdp trung
vao danh gid anh hidng cia cdc bé ngoai vi dén kha nang diéu khién, tinh thoi gian thuce cia
cac bo diéu khién. Két qua thuc nghiém dwoc thuc hién trén mo hinh thdt, giai thudt diéu khién
dwoe xdy dung qua cong cu Matlab/simulink dé danh gia hiéu sudt va sw phit hop ciia tirng bé
diéu khién trong iing dung diéu khién dong co dién. Két qua nghién ciru chirng minh dwoc wu
khuyét diém ciia ting bo diéu khién, la co sé tin cdy cho viéc lya chon cac bo diéu khién thich
hop cho cdc hoat déng diéu khién trong tirong lai.

T khéa: Ngoai vi cua vi diéu khién, ding img thoi gian thwe, déng co dién,
Matlab/simulink, diéu khién truot bdc cao.

ABSTRACT

In the field of DC motor control, the choice of peripheral controllers plays an important
role in achieving optimal efficiency. This paper presents a comparative analysis of the
peripheral efficiency of different controllers used in Nonsingular Terminal Sliding control
theory in DC motor speed control applications. The study focuses on evaluating the influence
of peripheral controllers on the controllability and real-time performance of the controllers.
Experimental results are performed on real models, control algorithms are built through
Matlab/Simulink tools to evaluate the performance and suitability of each controller in DC
motor control applications. The research results demonstrate the advantages and disadvantages
of each controller, which is a reliable basis for selecting appropriate controllers for future
control activities.

Keywords:  Peripheral microcontrollers, real-time control, electric motors,
Matlab/Simulink, high-order sliding mode control.

1. GIOI THIEU

bong co dién mat chiéu (dong co DC) dugc str dung rong rai trong robot va thiét bi dién.
Do d6, viéc kiém soat téc do cua dong co DC rat quan trong va da dugc nghién ctru tir nhitng
thap ky trude. Nhin chung, sir dung bd diéu khién PID két hop bo diéu khién trang thai md
(FLC) cho cac hé théng co6 dong co DC tét hon boi b didu khién PID khéng phu hop v6i hé
thong khong chic chan va phi tuyén dan dén lam giam hiéu suét cua bo diéu khién [1]. C6 nhiéu
phuong phap diéu khién toc d6 dong co dién da dugc nghién ciru v6i cac ngoai vi caa cac bo
diéu khién nhu F28379D, Mega 2560, STM32F4xx, Raspberry pi,...thong qua tng dung thuat
toan diéu khién PID duoc st dung rong rai boi sy don gian, do tin cay. Tuy nhién, qué trinh xur
1y diéu chinh 13 khé khan cho viéc khong thé diéu chinh cac thong sé quy wéc thuat toan PID
[2]. Dé cai thién hiéu qua cac bo diéu khién PID, mot sé phuong phap dé xuit nhu bo didu khién
trang thai mo (FLC) [3], bd mang nhén tao lan truyén nguoc (RBF neutral network) [4], diéu
khién mé hinh du doan [5] ...
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Diéu khién truot (SMC) 1a phuong phap da duoc sir dung ngay cang nhiéu trong cac thuat
toan udc diéu khién hé thdng bat dinh [6]. SMC c6 nhiing uu diém noi bat so voi cac phuong
phap khac, chang han nhu d6 nhay thap d6i v6i cac bién thé tham sb hé thng va kha ning
chong nhiéu manh. Tuy nhién, hién tugng chattering va diém ky di han ché cac ung dung thuc
té cua diéu khién ché d6 truot théng thudng [7]. Co nhiéu nghién ctru khic phuc nhuoc diém
ctia diéu khién truot dugc dé xuat nhu: thay d6i ham Sign trong mit trurgt thanh ham Saturation,
thay thé mat truot tuyén tinh thanh mat truot phi tuyén két hop diéu khién trugt véi cac 1y
thuyét diéu khién tdi wu [8]. Trong d6, ndi bac nhét 1a phuong phap didu khién truot Vo1 mat
truot Nonsingular Terminal Sliding Mode (NTSM), y tudng thiét ké mit truot phi tuyén véi
ham mi cua bién trang thai, lam tranh dwoc diém ki di, giam dang ké hién tugng chattering va
rut ngan thoi gian hoi tu cuia bién trang thai [9]. Tuy nhién, do su phuc tap ciia méat truot, doi
hoi khéi lwong tinh toan dang ké trong mot chu ky thoi gian 1dy mau didu khién, do d6 viéc lya
chon bo diéu khién c6 1y thuyét diéu khién NSTM la mot thach thirc.

Trong nhirng nam gén day, cung v6i su phat trién khoa hoc cong ngh¢, dac biét 1a cong
nghé ban din, 1am cho téc do xir Iy, tinh toan cua cac bo diéu kh1en ngay cang dugc cai thién,
xtr Iy dugc nhitng cau 1énh tinh todn phirc tap hon, dong thoi s lugng ngoai vi tich hop ngay
cang phong phu, 1am cho kha ning xir Iy cua cac ddi tugng ngdy cang mang tinh thoi gian thuc
[10]. Trong cac bd diéu khién nhing hién nay, nbi bac nhat 1a bo diéu khién Mega 2560,
STM32F4 va TMS320F duoc lua chon nhiéu nhat trong cac hoat dong nghién curu, vi chi phi
thép va kha nang lap trinh linh hoat, twong thich v&i nhidu tmg dung diéu khién, d& dang thiét
ké, tich hop [11], [12]. Bai bao trinh bay nghién ctru so sanh muc d6 dap tng cua cac bo diéu
khién trong 1y thuyét diéu khién cap cao, can thoi gian tinh toan 16n trong thoi gian ngan, do d6
mat trugt Nonsingular Terminal Sliding Mode (NSTM) duogc lya chon, mat truot NTSM duoc
g dung nhiéu trong diéu khién téc do dong co, va cac mé hinh chuyén dong khac, két qua
nghién ctru 14 co s dé xac minh tinh kha dung cta thiét bj diéu khién nhiing trong cac Iy thuyét
diéu khién phc tap.

2.NOI DUNG
2.1. M0 hinh dfng co dién

Mach dién ctia phin tng va so dd chuyén dong quay tu do cua dong co DC dugc trinh
bay nhu hinh sau:

T trrdong
cd dinh

™ Mach dién
v Cf phan tmg e
i
Phin chuyén déng

Hinh 1. So do mach dién phan img va phan quay déng co DC [2].
Ap dung dinh luat Kirchhoff cho phﬁn dién va dinh luat II Newton cho phﬁn co, chung ta
xay dung phuong tinh toan hoc cua dong co DC:
{Li’ + Ri +te=v (0
) T — bo =Jo
Trong do, hé so back-emf K, = K, = K ; L: d0 tu cam, R: di¢n tr¢ stator; v: dién ap cung
cép cho stator; e = K,.i : dién ap back-emf; 7= K,.i : Momen dién; b: h¢ s6 ma sat nhot; J:
momen quan tinh truc rotor; w = 6: tdc do rotor.
Bién d6i Laplace (1) ta dwoc ham truyén:
o(s) K (2)
v(s) JLs?+(JR+bL)s+K’




2.2. Thiét ké bd diéu khién

Ttr ham truyén (2), bién doi sang mién thoi gian ta dugc:

2
_ (R+bL) PR SO o 3)
JL JL i
Sai sb giira gia tri tham chiéu va gia tri thuc té duoc xac dinh
O O €= Wy — @ 4)
Phuong trinh sai s6 dugc viét lai:
)'C[ =¢é= X2
o (JR+bL) | N K’ K (5)
BT Oyt Y T Y
Phuong trinh (5) duoc viét lai:
{).C] =e= X (6)
).C2= e+ 51)C2 + 52X] + 53\/
Trong do:
(JR+BL) . K2 (JR+bL) K K
&= a)ref+ L ref'+J_Lwr¢f';5]:_ L ;52:_J_L;53:_z
Mait truot NTSM duogc chon nhu [9]:
§=x1Fyxz a (7

Trong d6: v 1a hang s6 duong thiét ké bo diéu khién, p va q 1 nhitng sé duong 1¢ thoa

diéu kién p > q va 1< p/q < 2.

Neu mat trugt NTSM duoc chon nhu (7), tin hiéu diéu khién duogc tinh toan nhu (8) thi

sai b toc do (4) co thé dat duoc e = 0 & thoi gian hiru han, va duy tri & mat trugt s = 0, tin hi¢u
diéu khién duogc chon:

\%

= Vy TV VOI v, = — — (ksign(s)+us); v, = — —| & + 6;x,+0,x,+=x, (8)
q 3 4 93 q
Chung minh:
Xét ham Lyapunov V= 0. 557, Ta duoc:
., Bq £-p) 2-L£
= SS=S< ,+@xgq )x2> = s%y1 <x2+ 4.5 )
q q Py 9)
py G0 py /Z 7
=5— . x,  (—ksign(s) —us) = e (=kllsll = us?)
Khi cac thong s6 hiéu chinh dugc chon sao cho: k]|s|| > 0 va ps> > 0
Khi do6: —klls]| —us? <0

Vi thé ta duoc: 77 < — kl|s|| — us’<0 Khi ||s|[#0
biéu nay co6 nghia la sai s0 toc do (4) dat duoc mat trugt s = 0 ¢ thoi gian hitu han,

va ca hai bién trang thai x;,x, —0 hay e, é — 0 & thoi gian hiru han.
2.3. M0 hinh thi nghi¢m

Mo hinh thi nghiém dugc xdy dung trén 3 bd didu khién khac nhau (Mega2560,

STM32F407, TMS320F28379), ding chung mdt hé diéu khién dong co bao gom: board cong
suat IRE3205-36V/30A, ngudén mot chiéu DC cé thé hi€u chinh dugc 30V-15A, dong co cod
thong s6 nhu bang 2.
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Hinh 2. Mé hinh thwc nghiém twong irng véi cdc b diéu khién

Chuong trinh diéu khién duogc chia lam hai phan:

- Phan 1 (hinh 3a): 1a phan bién dich nap vao vi diéu khién, trong phan nay ngoai cac
khéi co ban tinh toan s sin trong Matlab/Simulink dé thiét ké 1y thuyét diéu khién truot dwa
trén mat trugt NTSM, phﬁn nay con bao g6m khéc khoi ngoai vi dugc tich hop cai dat thém
trong moi truong Simulink, cu thé ddi v6i timg board diéu khién duogc liét ké trong bang 1.

Bdng 1. Céc khéi trong géi hé tro dwoc cai dat trong Simulink siv dung mé hinh thi nghiém

Board Support Package Khdi sir dung Chirc ning
1. PWM bicu ché d6 rong xung
Simulink support 2. Seqal Trasmit | Truyen di ki€u ndi tiép
3. Serial

Mega2560 package for Nhan dit lidu ndi tiép

. Receive
Arduino Hardware

4. External
interrupt

1. PWM output | Ngd ra diéu ché do rong xung

Embedded Coder 2. USART Read | Poc dit lidu giao tiép ndi tiép bat dong bo
support package for | 3. USART

Ngit ngoai

STM32F407 STMicroclectronics | Write Ghi dir li¢u giao tiep noi tiép bat dong bo
Discovery Board ft.External Negét ngodi
interrupt
Supporcd Texas "6 it G i i gl p by i
TMS320F28379 | Instrument C2000 - - T £l .;p 7 .;p
Processor 3. SCI receive Poc dit liéu giao ti€p nai tiep

4.C28x eQEP | Khbi xung mi hoa xé4c dinh vi tri va tbe do

- Phan 2 (hinh 3b): phan dung dé diéu khién phan cimg tir may tinh khi sir dung phan
mém Matlab/Simulink, khoi chuong trinh nay lam nhiém vu truyén gia tri toc d¢ tham chiéu,
tin hiéu khoi1 dong h¢ thong di€u khién, dong thoi nhan tin hi¢u gia tri toc d0 dong co do duoc
tur vi dieu khién thong qua chuén truyén UART (baudrate 38400).

1
HW_INT Motor Control Panel
ADC_UART Interrupt Vector - stop (D Start
A 4
UART Receive_interrupl() ADC Intemrupt() Ref Speed Motor
H
- Desired Speed Input Data  Desired Speed Speed_ref gerim Real_Speed [:]
etup M :I >

Global Veriable Serial Receive Convert Data Nonsingular_Terminal_Sliding Mode Host Serial Setup Serial Communication seope
a) Phan bién dich nhung vao vi diéu khién b) Phan diéu khién
Hinh 3. So do khoi phan chwong trinh thuc nghiém

2.4. Két qua thi nghi¢m
Pong co mot chidu co cac thong sb nhu bang 2.
Bang 2. Thong so cua dong co thuc nghiém

Théng s6 Ki Gia | Ponvi Théng sb Ki Gia Pon vi
hi¢u tri hi¢u tri
bién tro dong co R 1.6 Q Dién &p dinh muc U 24 A%
Do ty cam dong co L 5.2 mH Hé s6 back emf K 0.011 V/rpm
Momen quan tinh J 4.3e-4 | Kgm? | Encoder 200 | Xung/vong
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| Téc d6 dinh mirc | ® | 3200 | rpm || | | | |

Dé ching minh dugc phuong phap truot dya trén mat trugt NTSM c6 kha nang loai bo
chagtering SO vOi phu:ong’phép truot co (jién. MO hinh thuc nghiém duoc :[hl.IC hjén trén bo dieu
khién TMS320F28379, toc d§ tham chiéu 260 (rad/s), V('Tiq th(”)pg sO bo diéu khién truot NTSM:
p=35,q =3,y=0.001, k=120, u=0.6, thong so bo truot co dién k = 54.

Két qua thé hién phuong phap di‘éu khién truot st dung mat truot NTSM loai bo dang ké
hién tugng chattering cua 1y thuyét di€u khién trugt c6 dién, dong thoi rat ngan thoi gian dap
ung (khoang 0.7s) so voi phuong phap truot c6 dién la 1s.
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a) Toc dé dong co b) Sai s toc do dong co
Hinh 4. Dap vung téc dé dong co khi diéu khién véi hai mdt truot khéc nhau
Dé chimg minh duoc kha nang diéu khién cac bo vi diég kh@én, phuong phap thuc nghi¢m
duoc thl;IC hién béng céchq cho toc d¢ dong co chay vdi ba gép téc‘dé lghéc nhau véi cung mot
thong s6 cua bd di€u khién, trén cung mot board cong suat, ngudén cap va dong co. Voi cac
thong so0 diéu khién board Mega2560 (p= 7, g =35, y=0.03, k=530, u=1.4), STM32F407
(=15, g =3, y=0.005, k=78, u=3.2), TMS320F28379 (p= 5, g =3, y=0.001, k=120, u=0.6).
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Hinh 5. Bdp vng téc dé déng co 6 toc do thdp (98 rad/s)

Khi gi4 trj tbc do dat 98(rad/s) ta thy ca ba bo diéu khién déu dap ung tét, trong d6 bod
diéu khién str dung Mega2560 (mau cam) co sai s6 x4c 1ap 16n nhét (khoang Srad/s), nhung dat
dugc thoi gian xac 1ap twong ddi nhanh, bd diéu khién STM32F407 (mau vang) c6 sai sd xac
lap nho hon va thoi gian xac lap giéng voi bo diéu khién Arduino, bd diéu khlen
TMS320F28379 (mau xanh) c6 sai s6 xdc 14p nho nhét va gia tri diéu khién bam sat gia tri tc

d6 mong mudn.

‘Arduino

STM32F4.

‘Arduino
105 | TMS320F

100 |

a
8

Speed(rad/s)
a
B

Speed Error(radls)

I
0 1 2 3 4 5
Time(s)

a) Toc dé dong co b) Sai s6 toc dg dong co
Hinh 6. Pdp ig toc dp dong co & toc do thap (130 rad/s)

Khi gid trj toc do dat 130 (rad/s) ta thdy bo diéu khién STM32F407 (mau vang) va
TMS320F28379 (mau xanh) déu dap Gmg tot, voi thoi gian xac 1ap nhanh va sai s6 xac 1ap nho,
trong khi bd diéu khién arduino (mau cam) c6 thoi gian xac 1ap tuong doi 16n va ton tai mot gia
tri xac 1ap 16n (3 rad/s).
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Hinh 7. Pdp ing téc dg dong co & toc do thap (260 rad/s)

Khi gia tri tbc d6 dat 260 (rad/s) thi chi con bd didu khién STM32F407 va
TMS320F28379 con kha ning diéu khién, vi tin hiéu xung tra vé véi toc do cao 1am cho con
tro duy tri trong chwong trinh external interrupt nén bg diéu khién Mega 2560 khong con diéu
khién duoc, STM32F407 st dung chic ning DMA (Data Memory Access) va
TMS320F28379 c6 module Quadencoder cho phép doc xung tdc d6 cao, do d6 con kha ning
diéu khién dép tng tot. Két qua cho thay ca hai c6 kha ning diéu khién téc do dat dap tmg &
thoi gian 0.6 (s), dong thoi sai s6 xac 1ap rat nho (khoang 2rad/s), hién twong chattering gan
nhu bi triét tiéu.

3.KET LUAN

Trong bai bao nay trinh bay két qua so sanh ciia ba b diéu khién Mega 2560,
STM32F407, TMS320F28379 trong tng dung diéu khién toc d6 dong co dién, sir dung 1y thuyét
diéu khién truot dua trén mit truot phi tuyén NTSM, két qua nghién ctru chirng minh cé ba b
diéu khién déu dap umg tot voi mit truot mdi, loai bé duoc hién twong chattering khi diéu khién
dong co véi toe do thép (<130 rad/s), v6i téc d6 cao thi board TMS320F28379 to ra vuot trdi
hon do tich hop nhiéu ngoai vi chuyén xtr Iy cho chirc nang dac thu (eQEP), ngoai ra viéc st
dung tinh ning DMA ciing 1a giai phap dé t6i wu thoi gian xir Iy ctia vi diéu khién.
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