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TOM TAT. Bai bao nay dé xuat mot phuong phap méi la xay dung bo diéu khién PI dya trén mé hinh mau MRAC dé phat
hién sy thay ddi cua tai va dua ra tin hiéu diéu khién thich hop gilp 6n dinh téc do dong co & nhitng dong co co toc do cao
Va C4c tai thay d6i khac nhau. Dau tién, cau tric, md hinh ton hoc caa mé hinh mau s& duoc tim hiéu. Sau dé, cac luat thich
nghi s& dugc két hop vai bo diéu khién tich phan ti 18 PI dé tu diéu chinh cac hé sé Kp, K; khi tai thay ddi. Két qua diéu khién
s& dugc kiém ching bang phwong phap mé phong trén phan mém Matlab/Simulink véi cac chi tiéu nhu toc do dép tmg, do
vot 16... s& dugc so sanh véi phuong phap PI. Bai bao gidi thiéu cach diéu chinh do lgi ciia bo diéu khién PI ciia mé hinh
mau, tir d6 gitp cac ky su thiét ké duoc cac bo diéu khién téc do cho dong co PMSM mot cach linh hoat hon.

TU KHOA: Piéu khién Pl, PMSM, md phong, MRAC.

ABSTRACT. This paper presents a robust Model Reference Adaptive Control (MRAC), capable of detecting the load
variation and providing appropriate control signals to adequately control the high speed of permanent magnet synchronous
motor (PMSM) motors and variable load variations by using a referance model combined with the P1 controller. Structure of
adaptive law is identified. The structure is then combined with PI controller to adjust the gain when the load changes. Next,
analysis results are verified by the using Matlab/Simulink method. Additionally, speed of response and the overshoot... are
compared with those of the Pl controller. Importantly, the proposed method combines a MRAC with PI controllers,

contributing to the efforts of engineers in designing the speed controller for PMSM motors more flexibly.

KEYWORDS: Pl, PMSM, Simulink.

1. GIOI THIEU

Pong co ddng bo nam cham vinh ciru PMSM c¢6 hiéu suat
cao va dugc sir dung rong réi trong cong nghiép nhu robot,
gia cong co khi. Vi thé bo diéu khién téc do dong co déng
mot vai tro rat quan trong. Chét luong cua bo diéu khién
quyét dinh do chinh xé&c cua dong co, tir d6 quyét dinh chat
luong cua ca hé théng [1].

Hién nay rat nhidu phuong phép diéu khién da duoc
nghién ctru. CAc bo didu khién PI thuong duge dung dé diéu
khién tdc d6 cho cac PMSM. Nhung cac bd Pl khong c6 kha
nang thich nghi khi tai dong co thay ddi. Véi cac thong sé
Kp, Ki x4c dinh trudce thi khi tai dong co thay ddi s& lam ting
do6 vot 16 hay thoi gian dap Gng. Néu van dé nay khong duoc
nghién curu thi két qua cua mot phuong phép diéu khién moi
s& khong dugc kiém chimg va khong thé nang cao higu qua
diéu khién toc do cho dong co PMSM. Vi thyc té 14 tai c6 thé
thay doi, ngay ca khi dong co dang hoat dong.

Nguyén Hoang Huy [1] va Jung [3] ciing c6 gidi thiéu
mot cach thiét ké khac bang bo didu khién mo. Chou [2] trinh
bay bo diéu khién thich nghi duya trén mang neuron va xir ly
mo. Lai [6] trinh bay bo didu khién véc to dong dién va
Alsayed [7] st dung bo didu khién thoi gian thuc DSP. Mic
du phuong phép cua cac bai bao nay ciing dat duoc két qua
nhat dinh khi thay ddi tai nhung chua dugc kiém tra trong
truong hop tai thay d6i khi dong co dang hoat dong o toc do
dong co thay ddi lén. Hon nita, thuat toan Neuron va Fuzzy,
DSP... khé phirc tap khéng thich hop dé thuc hién trén chip.

Trong bai bdo ndy, chung toi dé xuit mot phuong phap
méi goi 1a MRAC_PI. Phuong phéap nay st dung mo hinh
mau két hop vai bo diéu khién PI dé phét hién sy thay doi
cua tai va dua ra tin hiéu diéu khién thich hop gilp 6n dinh
tbc do dong co véi cac tai khac nhau, thoi gian dap tng
nhanh, ciu tric cua bd diéu khién Pl dya trén mé hinh
MRAC khé don gian nén c6 thé thuc hién dwoc trén cac chip
Vi xtr ly s0 v6i cac phuong phap khac. DAu tién, cau tric cua
mo hinh mau s& dwoc tim hiéu. Sau do, luat thich nghi s&
duogc két hop véi bo diéu khién PI dé tu diéu chinh do loi cua
bo didu khién khi tai thay d6i, ngay ca khi dong co van dang
hoat dong véi tbe do dong co thay dbi lon. Két qua diéu khién
s& dugc kiém ching bang phuong phap mo phong trén
Matlab/Simulink véi céc chi tiéu nhu toc d6 dap tmg, do vot
15... s& dugc so sanh véi phuong phap PI.

Vi phuong phap ma chung t6i dé nghi, cac k¥ su sé thiét
ké dugc cac bo diéu khién dong co PMSM higu qua hon. Boi
Vi, V6i thuat toan don gian cia phuong phap, n6 c6 thé thyuc
hién dugc trén céc chip vi xt 1y, lam tang kha nang ung dung
trén cac bo diéu khién trong thuc té [3].

Phan con lai cia bai bio dwogc trinh bay nhu sau. Phan 2
gi6i thisu md hinh toan ciia dong co PMSM va hé théng didu
khién vector. Phan 3 trinh bay cac két qua dugc md phong
trén simulink. Cudi ciing, mot s6 nhan xét va danh gia vé két
qua dat duoc s& dugc trinh bay trong phan 4 [4].
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1.NOQI DUNG
2.1 M6 hinh toan caa dong co PMSM

M hinh toan hoc ciia dong co PMSM dugc biéu dién bang
hai phuong trinh sau [4].

di, 1 R. . L

=y, -+ pw,i 1
d L e P @
di

_q:i q_ﬁiq__d pwrid_ipwr (2)
d Lo L L L,

Moment dién tir [5] duoc tao ra trong dong co boi sy tac
dong giita dong di¢n chay trong cuon day stator va thong
lugng dién tir cua nam cham vinh ciru thé hién trong (3).

T = 1.5p[Ai, (L, - L, )igiy ] ©)

Phuong trinh c4n bing mé men dién tir dwoc thé hién trong
(4).

dow,

T, =T, +Fo, +J
dt

(4)

Bién doi (4) ta dugc cong thirc tinh toan van téc rotor dong

co duoc thé hién qua (5).

do, _ 1
—=—(T,-Fo, - T, 5

it J( e ) ()
Trong d6: L, L, lacdc dién camtrén cac trucqvad; R 1a
s g
qvad; v, Vy lacac dién ap trén cac tryc q vad; 2 lat

dién tr¢ cua cudn stator iy 1a cac dong dién trén céc truc

théng moc vong ciia nam cham vinh ctu; p 13 86 cap cuc; o,
1a toc do quay cua rotor; J Quan tinh két tao bai rotor va phu
tai; F Ma sat dugc tao béi rotor va tai; T, MO men xoan co.

2.2 H¢ thong diéu khién vector

Bo diéu khién vector duoc thiét ké theo cach moment va
cac thanh phan tir héa cua tir thong stator dwoc diéu khién
doc 1ap. Dong dién ba pha stator duoc bién d6i thanh vector
dong dién cung cip cho bo didu khién (H.1). Mot khi cac
thong sé bo diéu khién dugc chon lvya tét dong dién diéu
khién ig = 0, gitp cho viéc diéu khién dong co PMSM tuong
tu vai viéc diéu khién dong co mot chiéu. Moment cua dong
co dugc diéu khién thong qua dong dién trén truc q (ig) [5].

2.3 So d6 khoi caa b diéu khién MRAC_PI

So d6 khoi cua bo diéu khien MRAC_ PI dugc trinh bay
trong hinh 2. Co cau ‘Chinh dinh cd chirc nang cap nhat thong
so bo dieu khién nham ddm bao dap tmg cua mo hinh bam
theo md hinh chuan khi tham so6 cua doi twong dieu khien
thay doi [6]. Sai so quan sat:
€= @, -y, (6)

Trong d6: @, toc d9 rotor dong co; w,, ngd ra mo hinh
chuan. '

Ham gia tri tham chiéu:

(=2 ™
Vi 0 1a vector ham thich nghi cua bo diéu khién.

Theo luat thich nghi MIT ta dugc:

do_ oJ Oe

=& % 8
it a0 ‘oo ®

oe .
Vi 29 la d6 nhay cua hé thong chinh dinh, n6 bi anh

huéng boi sy thay d6i cua vector ham thich nghi 0; y 1a hé

s thich nghi.

2.4 M6 hinh chuan
M6 hinh chuan c6 dang:

B(Z)

G,(2)=——= 9
m(Z) AQ) ©)
Bang viéc thay doi giatri y ta co thé thay doi d¢ nhay cua

co cau chinh dinh ciing anh huéng chat luong dau ra toan md

hinh [7]. o
Ng0 ra bo diéu khién PI c6 dang nhu sau:

Upy = Kp & +K, J'ekdt (10)
Vi sai s md hinh e, la:

Ham thich nghi duoc xac dinh:
0= ya)mj.edt (11)

Tur (10) va (11) ta c6 gia tri ngd ra cua bo didu khién
MRAC_PI la:

u=up,0 (12)
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Hinh 2. So' dé khdi bg diéu khién MRAC_PI.

3. KET QUA MO PHONG

So dd khdi cua bo diéu khién dong co PMSM duoc trinh
bay trong hinh 1 va hinh 3 13 so d6 simulink cua nd. Trong
d6, khdi bo diéu khién MRAC_PI ¢6 so d6 nhu hinh 2. Céac
thong s6 cua dong co PMSM duoc sir dung dé méd phong
dugc cho trong bang 1.

Bdng 1. Cac thong sé ciia dgng co PMSM.

Pole Stator Stator Inertia  Friction
pair phase inductance  (kgm? factor
resistance (mH) (Nms)
©
4 1.3 6.3 0.0027  0.000492

Céc thong s moment quan tinh J va hé sé ma sat F két
hop cuta rotor va tai dic trung cho kha nang kéo tai cia dong
co [8], [9]. Khi J va F 16n twong tng Vai tai caa dong co 1on
va nguoc lai. Dé danh gia hiéu qua cta phuong phap diéu
khién, cac théng s ciia dong co s& duge thay doi nhur sau:
Truong hop 1: x1

J=0.0027, F =0.000492
Trudng hop 2: Tang gap hai lan (x2)
J=0.0027x2, F =0.000492x2
Trudng hop 3: Tang gap ba lan (x3)
J=0.0027x3, F =0.000492x3
Trudng hop 4: Tang gip bdn lan (x4)
J=0.0027x4, F =0.000492x4

Céc két qua md phong dugc trinh bay trong cac hinh 4 dén
hinh 7 duoc thuc hién véi bo diéu khién PI va véi bo diéu
khién MRAC_PI. Céc thong sé duoc chon cua bo didu khién
Pl 1a K, = 0.154574 va K; 1a 0.0714. Céc thdng s6 cia bo bo
diéu khién MRAC_PI 1a K, = 0.154574 va K; = 0.0817 va
7 =0.000121. Bang 2 tom tat cac thong s cuia cac bo diéu
khién.

Bdng 2. Cac thong sé cua bg diéu khién Pl va MRAC_PI.

B diéu khién PI Bé diéu khién MRAC_PI
Kp Ki Kp Ki 4
0.154574 0.0714 0.154574 0.0817 0.000121

Céc hinh 4 dén hinh 7 trinh bay két qua khi tai lan luot 13
x1, x2, x3, va x4. Buong mau xanh chi gia tri dat, gia tri nay
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thay ddi tr 400 > 1000 - 1500 - 2200 -> 2800
-2200->1000->400->-800->-1500->-2800->-800->400.
Puong mau do 1a dap ung tée do cua rotor (rpm) twong Gng
bo diéu khien MRAC_PI va duong mau den tuong tng bo
diéu khién PI. Trong khi bo diéu khién MRAC_PI cho két
qua khong c6 vot 16 va thoi gian dap ting khoang 0.02s, & cac
cap tc trén 2000rpm dap tng cua dong co kha t6t 0.005s,
con bo Pl thoi gian dap tng 12 0.067s khi tai 1a x4. O cac cap
tbc do trén 2000rpm thi dap ng cua dong co do bo diéu
khién PI kh& cham 0.07s ¢ tai x4 va ¢ cip toc do -2800 la
0.09s.

Hinh 8 dugc md phong khi téi la x1 trong 0.5s dau sau do
tang 1én x3 tir 0.5s dén 1s, cudi cing giam vé x1 trong
khoang thoi gian con lai. Khi tai taing dot ngot tue x1 1én x3

toc d6 dong co vot 16 khoang 27 rpm d6i vai PI, trong khi
MRAC_PI |4 6 rpm va thoi gian dap (g cua dong co ddi véi
phuong phap PI kha cham khoang 0.07s, MRAC_PI Ila
khoang 0.018s.

Céc két qua thu duoc tir hinh 4 dén hinh 8 cho thdy kha
nang thich nghi v6i tai thay doi clia phuong phap MRAC_PI
c6 dot vot thap va thoi gian dap wng tot hon phuong phéap PI.

Rotor speed (rpm)

30/pi

IHJJ e Rotor speed (rgm)
out . PID(s) Y
Speed command1 »| Rt
MRAC-PID id* iabe ¥ vabe 9 <Rotor speed wm (rad's)>
g PID(s) kElectromagnetic torque Te (N°'m)> |
<Stator current is_d (A)
id* —b|teta
<Stator current is_q (&) N
P PWM1 <Rotor angle thetalm (r2dP>  Syator current dg
<Stator currentfis_p (A}
<Stator currpritfis_p (AP
<Stator dur c ()
M m
Discrete N
1e-06 5. A ﬂ—l P < N
A I
ABC-DQ Three phase current
A m
» 8 B
g dela 5
’—n c
©
Lig iabc
INVERTER
Hinh 3. Sor d@o simulink cza hé thong mé phong
T T T T
MRAC,1
Pl
2000 |— ]
E
e
i [ |
’ L

-1000

2000

3000 ! ! !
o 0.2 0.4 0.6

0.8 1 1.2

Time(s)

Hinh 4. Két qua mo phéng véi tai la x1.

Két qua m6 phong & hinh 4 véi tai x1 cho thiy dudng mau xanh chi gid tri dat, gia tri nay thay di tir 400 > 1000 >
1500 > 2200 -> 2800 -2200->1000->400->-800->-1500->-2800->-800->400. Pudng mau do 1a dap tng tdc do cua
rotor (rpm) twong wng b diéu khién MRAC_PI va dudng mau den twong wng bo diéu khién P1. Trong khi b diéu khién
MRAC_PI cho két qua khong c6 vot 16 va thoi gian dap tmg khoang 0.02s, & cac cap tde trén 2000rpm dap wng cua dong

co kha t6t 0.005s.

JSLHU, Issue 13, December 2021



Xay Dung Bé Piéu Khién Pl Dyra Trén M6 Hinh MRAC Véi Tdi Thay Péi Cho Péng Co PMSM
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Hinh 5. Két qua mo phéng véi tdi x2.
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Hinh 6. Két qua mo phéng véi tdi x3

cMD
MRAC, |
Pl
| 1 1 | | 1
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Time(s)

Hinh 7. Két qua md phong véi tai x4
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Hinh 8. Két qua mo phdng véi tai la x1 = x3 x1

4. KET LUAN

Bai bao trinh bay phuong phap diéu khién PI dwa trén mo
hinh MRAC véi tai thay dbi cho dong co PMSM dugc md
phong bang simulink. Céc két qua thu dugc di chang minh
kha ning thich nghi véi tai thay ddi cia phuong phap dé
nghi, thoi gian dap tng nhanh. Duya trén phén tich duoc trinh
bay trong bai b4o nay, chiing ta nhan thiy rang phuwong phéap
diéu khién PI dya trén mé hinh MRAC c6 thé duoc st dung
nhu mot giai phap thay thé tét hon cho phuong phép PI,
fuzzy,... Cau tric cua bo diéu khién PI dya trén md hinh
MRAC khé don gian nén c6 thé thuc hién duoc trén cac chip
vi xir ly, viéc kiém chimng bang thuc nghiém trén chip vi xir
ly dé danh gia hiéu qua cia phuong phap mé phong la diéu
hét sirc can thiét. Két qua nghién ctu s& gitp viéc thiét ké
cac bo diéu khién téc do cho dong co PMSM linh hoat hon.
5. CAM ON

Cam on Trudng Pai hoc Lac Hong di tai tro kinh phi cho
nghién ctru nay.
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