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Tom tat

bong co ddng bo nam cham vinh ctru PMSM c6 hiéu
suat cao vi thé dugc str dung rong réi trong cong
nghiép nhu robot, gia cong co khi. Vi thé bo dicu
khién téc d6 dong co dong mot vai tro rat quan trong.
Hién nay rat nhiéu phuong phap diéu khién da dugc
nghién ctru. Cac bo didu khién PI thuong duoc dung
dé diéu khién toc do cho cac PMSM. Nhung céc bo PI
khong c6 kha nang thich nghi khi tai dong co thay
d6i. Bai bao nay dé xuat mot phuong phap mai la
Fuzzy PI, sir dung bo xir Iy mo két hop véi bo didu
khién PI dé phat hién su thay ddi ciia tai va dua ra tin
hiéu diéu khién thich hop gitp on dinh tdc do dong co
Vi cac tai khac nhau. Pau tién, cu trac cia by xir 1y
m& Mamdani s& duoc tim hiéu. Sau do, bo xir Iy mo
nay s& duoc két hop véi bo diéu khién PI dé ty dicu
chinh cac hé sb Kp, Ki khi tai thay d6i. Két qua diéu
khién s& dwoc kiém chung bing phuong phép md
phong. Cubi cing, cac chi tiéu nhu tde do dap ung, do
vot 16 ... s& duoc so sanh voi phuong phap PI. Bai béo
s& gidi thiéu cach két hop bo xtr Iy md vé6i b diéu
khién PI, tir d6 gitip cac k¥ su thiét ké dwoc cac bod
diéu khién téc d6 cho dong co PMSM linh hoat hon.
Tir khéa: Diéu khién thich nghi, PMSM, mé phong.

Abstract:

With the extensive use of permanent  magnet
synchronous motors (PMSMSs) in industry such as in
robotics, mechanical processing reflects the
importance of engine speed control. Among the many
control methods available, despite its ability to control
the speed of PMSM, the PI controller lacks the ability
to adapt to variations in the engine load. Therefore,
this work presents a robust Fuzzy Pl-based method,
capable of detecting the load variation and providing
appropriate control signals to adequately control the
speed of PMSM motors by using a fuzzy processor
combined with the Pl controller. Structure of
Mamdani fuzzy processors is identified. The structure
is then combined with PI controller to adjust the Kp,
Ki coefficients when the load changes. Next, analysis
results are verified by the simulation method.
Additionally, speed of response and the overshoot are
compared with those of the PI controller. Importantly,
the proposed method combines a fuzzy processor with
PI controllers, contributing to the efforts of engineers
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in designing the speed controller for PMSM motors

more flexibly.

Keywords: Adaptive fuzzy controller, PMSM,

Simulink.

Chir viet tat

PMSM Permanent Magnet Synchronous
Machine

1. Giéi thiéu

DPong co ddng bo nam cham vinh ctiru PMSM ¢ hiéu
suit cao vi thé duoc sir dung rong réi trong cong
nghiép nhu robot, gia cong co khi. Vi thé bo diéu
khién tc d6 dong co doéng mot vai trd rat quan trong.
Chit luong cua bo didu khién quyét dinh d6 chinh xac
cia dong co, tir d6 quyét dinh chat luong cua ca hé
théng.

Hién nay rat nhiéu phuong phap diéu khién da dugc
nghién ciru. Cac bo diéu khién PI thuong duoc ding
dé diéu khién toc do cho cac PMSM. Nhung cac bo Pl
khong co kha ndng thich nghi khi tai dong co thay
doi. Vi cac thong $6 Ky, Ki x4c dinh trudc thi khi tai
dong co thay dol s& lam tang do6 vot 15 hay thoi gian
dép tng. Néu vin dé nay khong duoc nghién cau thi
két qua cia mot phuong phap diéu khién mai s&
khong duoc kiém chung va khong thé nang cao hiéu
qua diéu khién tdc d6 cho dong co PMSM. Vi thyc té
1 tai c6 thé thay doi, ngay ca khi dong co dang hoat
dong.

Jung [2] ciing c6 gidi thiéu mot cach thiét ké khéac cho
bo diéu khién mo. Chou [1] trinh bay bo didu khién
thich nghi dua trén mang neuron va xti ly mo. Mac
du, phuong phap cia cac bai bao nay ciing dat dugc
két qua nhat dinh khi thay doi tai nhung chua dugc
kiém tra trong truong hop tai thay d6i khi dong co
dang hoat déng. Hon nita, thuat toan neuron kha phuc
tap khong thich hop dé thuc hién trén chip.

Trong bai bao nay chung toi dé xuit mot phwong phap
ma&i goi 1a Fuzzy PI. Phuong phap nay st dung bo xu
ly mo Mamdani két hop vai bo diéu khién PI dé phat
hién sy thay ddi cua tai va dwa ra tin hiéu diéu khién
thich hop gidp on dinh téc do dong co véi cac tai khac
nhau. Dau tién, ciu tric cia bo xir ly mo s& duoc tim
hiéu. Sau d6, bo xir ly mo nay s& dugc két hop véi bo
diéu khién PI dé tu diéu chinh Cac hé sé Ko, K khi tai
thay doi, ngay ca khi dong co van dang hoat dong.
Két qua didu khién s& dugc kiém ching bang phuong
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phap md phong trén simulink. Cudi cuing, céc chi tiéu
nhu tdc d6 dap tmg, d6 vot 16 ... s& dwoc so séanh véi
phuong phép PIL.

V6i phuong phap ma ching t6i dé nghi, cac ky su s&
thiét ké duoc cac bo diéu khién dong co PMSM hiéu
qua hon. Bai vi, véi thuat toan don gian cia phuong
phép, n6 cé thé thyuc hién duoc trén cac chip vi xi Iy,
lam ting kha niang ung dung trén cac bo diéu khién
trong thyc té.

Phan con lai cua bai bao dugc trinh bay nhu sau. Phan
2 gidi thiéu moé hinh toan cua déng co PMSM va hé
thong diéu khién vector. Phan 3 mé ta phuong phap
diéu khién ma chung t6i d& nghi. Tiép theo, phan 4
trinh bay céc két qua dugc md phong trén simulink.
Cudi cuing, mot sé nhan xét va danh gia vé két qua dat
dugc s& dugc trinh bay trong phan 5.

2. Mo ta h¢ thong dieu khién vector
2.1 M6 hinh toan ciia dong co PMSM
M hinh toan hoc cua dong co PMSM duoc biéu dién
bang hai phuong trinh sau [3]

di, 1 R. L .

—=—V,——Ily +— pa)l 1
dt dedeLdp'q W
di

S Dy R pa, - 2P &)
a L, L, L, L,

Trong d6: L, L, la cac dién cdm trén céc truc q va

d; R la dién tré cta cudn stator; iy, iy 1a cac dong
dién trén céc truc q va d; v,, Vv, la cac dién ap trén
cac truc q va d; A la tir thong moc vong cua nam
cham vinh ctru; p la $6 cép cuc; o, 1a tdc do quay cua
rotor.

2.2 H¢ thong diéu khién vector

Bo diéu khién vector dugc thiét ké theo cach moment
va cac thanh phin tir héa cua tir thong stator duoc
diéu khién doc lap. Dong dién ba pha stator dugc bién
dbi thanh vector dong dién cung cdp cho bo diéu

khién (H. 1). Mt khi cac thong s6 bo dicu khién dugc
chon Iya t6t dong dién diéu khién iy = 0 , gilp cho
viéc diéu khién dong co PMSM tuong tu véi viée
diéu khién dong co mot chiéu. Moment cua dong co
dugc diéu khién thong qua dong dién trén truc q (ig)-

3. Thiét ké bd diéu khién Fuzzy PI
3.1 So do khoi cia b di¢u khién Fuzzy PI
So d6 khoi cua bo diéu khién Fuzzy PI dugce trinh bay
trong hinh 2. Trong do e la sai léch gitra téc do hién
tai cia dong co va gia tri dat mong muon.
@)
Do t6c d6 cua dong co dap ung theo mét duong cong
gan giong véi ham:
o (1) =) (1-e) (4)
Nén ham nay duoc ding dé so sanh véi toc do dong
co cho ra sai 1éch er lam ngd vao cua hai bd xir Iy mo
Mamdani Fuzzy processor 1 va 2.

e =W — o,

e=w —o

®)
B Fuzzy processor 1 ¢6 nhiém vu giup dong co khoi
dong va nhanh chong dat duge téc d6 mong muon voi
cac tai khac nhau, bing céach tich liy cac sai sb vao
céc hé s6 K, va K cia bo diéu khién PI, thong qua hai
khdi Integrator 1 va 2. Sau khi dong co dat khoang
90% toc do dat (1-e™* =0.9), cac switch SW1 va
SW2 s& chuyén quyén xir 1y cho bo Fuzzy processor
2. B6 nay c6 nhiém vu phét hién sy thay ddi cua tai
néu c6 khi dong co dang hoat dong, gilp dong co
nhanh 6 on dinh tr¢ lai véi tai méi, bang cach thay doi
céc hé sb Kp, Ki cua bg PI cho thich hop hon.

3.2 Fuzzy processor 1

e CO6 mot ngd vao la sai léch e va mot ngd ra la
vall. Ngo ra vall s& duoc nhan vai cac hé sb Ko va
Ki, roi lan luot tich lily vao cac hé sd K, va K; nho
cac bo tich phan.

Céc bién ngon ngit

er ={N2, N1, ZE, P1, P2}

vall = {DE2, DE1, ZE, IN1, IN2}
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Sor dé khéi hé thong diéu khién vector
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e Luét hgp thanh H.6  Ham lién thudc ngé ra Fuzzy processor 2

IF er = P2 THEN vall = IN2
IF er = P1 THEN vall = IN1
IF er = N2 THEN vall = DE2
IF er = N1 THEN vall = DE1
IF er = ZE THEN vall = ZE
e Chon luat va giai mo
+ Dién dich quy luat két hop: luat PRO
+ Két hop cac quy luat: luat MAX
+ Giai mo: phuong phap trung binh

vall=—-10z,, (eF )_/'lNl (eF )+ Hpy (eF )+10/up2 (eF )

3.3 Fuzzy processor 2
e CO6 mot ngd vao la sai léch ex va mot ngd

(6)

ra la

val2. Ng@ ra val2 s& dugc nhan véi cac hé sé Ky, va

Ki, rdi lan lugt tich lily vao cac hé sb K, va K;
cac bo tich phan.

Céc bién ngon ngit

er = {A3, A2, A1, D1, D2, D3}

val2 = {GN, GV, KH, TV, TN}
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nho

e Luit hgp thanh

IFer =D3THEN val2 =TN
IFer=D2THEN val2 =TV
IF e = D1 THEN val2 = KH
IF e = AL THEN val2 = KH
IF e = A2 THEN val2 = GV
IF er = A3 THEN val2 = GN

e Chon luat va giai mo

+ Dién dich quy luat két hop: luat PRO

+ Két hop cac quy luat: luat MAX

+ Giai mo: phuong phap trung binh
val2 =—10,; (€ ) — 2440, (& )+ 6115, (€ )

+20 11, (eF ) (7)

Nhu vy, cac hé sb K, va K; s& duoc tich lily theo

cong thirc:

Néu 1-e™ <0.9 thi:

K, =K + K,y [valldt

K; = Ko + K, [ valldt
Néu 1-e* >0.9 thi:

®)
©)
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K, =Ko + K, [val2dt

K, =K+ Kiz.[val 2dt
Gia tri ngd ra ctia bo diéu khién Fuzzy PI:

Uy = Ke®) + K, [e(t)dt

(10)
(1)

(12)

4. Két qua md phéng

So dd khdi cua bo didu khién dong co PMSM duoc
trinh bay trong H. 1 va H. 7 1a so d6 simulink cia né.
Trong d6, khdi Fuzzy PI c¢6 so dd nhu H. 2. Céc
thong sb ciia dong co PMSM dugc sir dung dé mo

cua bd dleu khién PI 1a K, = 2000 va K; la 1.5. Cac
thong s ciia bo Fuzzy PI s& thay doi theo tai voi gia
tr1 khoi dau dugc chon la Kpo =10 va Kjp = 1. Cac hé
s tich lity ciia bo diéu khién Fuzzy Pl la Ko =1, Kix
= 0.00003, sz = 0.6 va Kj; = 0.000015. Bang 2 tom
tat cac thong s cuia cac bo diéu khién.

Céc hinh 8 dén hinh 11 trinh bay két qua khi tai lan
luot 13 x1, x2, x3, va x4. Pudng mau xanh 14 chi gia
tri dat, gia tri nay thay doi tir 400 > 600 = 800 >
600 > 400. Pudng mau do 1a dap tng tdc do cua
rotor (rpm). Trong khi b diéu khién Fuzzy PI cho két
quéa khong ¢ vot 16 va thoi gian dap tmg 1a 0.01s thi
b PI co do vot 16 1én t6i 15% va thoi gian dap tmg 1a

phong duoc cho trong bang 1. Céac théng s moment
quan tinh J va hé s ma séat F két hop cua rotor va tai
dac trung cho kha ning kéo tai cua déng co. Khi J va
F 16n twong (rng Vai tai cua dong co 16n va nguoc lai
[6].

Dé danh gia hiéu qua cua phuong phap diéu khién,
cac théng s6 cua dong co s& duogc thay d6i nhu sau:
Truong hop 1: x1

J=0.000108, F =0.0013

0.075s khi tai 1a x4.
Bang 1
Pole Stator Stator Inertia | Friction
pair phase inductance | (kgm? factor
resistance (mH) (Nms)
(L)
4 1.3 6.3 0.000108 | 0.0013

Truong hop 2: X2
J=0.000108x2, F =0.0013x2
Truong hop 3: x3
J=0.000108x3, F =0.0013x3
Truong hop 4: x4

J=0.000108x4, F =0.0013x4
Cac két qua m6 phong duogc trinh bay trong cac hinh 8
dén hinh 13 duogc thuc hién véi bo diéu khién PI va

Hinh 12 dugc m6 phong khi tai 1a x1 trong 0.3s dau
sau d6 tang 1én x2 tir 0.3s dén 0.6s, cudi cung giam vé
x1 trong khoang thoi gian con lai. Khi tai tang dot
ngot tur x1 1én x2 tbe do dong co s€ syt giam khoang
10 rpm ddi véi PI trong khi Fuzzy Pl la 6 rpm va
khong c6 vot 16 sau d6. Twong tw, hinh 13 ¢6 tai x3
trong khoang thoi gian tir 0.3s dén 0.6s. Khi tai ting
tir x1 1én x3 thi toc do s& giam xubng 18 rpm dbi voi

v6i bo diéu khién Fuzzy PI. Cac thong sb duoc chon

PI va 12 rpm ddi véi Fuzzy PI.
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(b)

Két qua mé phong voi trieong hop tdi la x1: (a) Phieong phdp PI (b) Phirong phdp Fuzzy P

Time (s)



900 Speed command

%00 Speed command
800 800
0 Rotor spaed 100 Rotor speed
~ 800 — 600
400 3 400
g 300 3 300
200 200
100 100
0 0o
-100- -100
0 005 01 015 02 025 03 035 04 045 05 [] 005 01 015 02 025 03 035 04 045 05
(a) Tieme (s) (b) Time (s)
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H. 10 Két qud mé phéng véi trieong hop tdi la x3: (a) Phuong phép PI (b) Phwong phdp Fuzzy Pl
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H. 11 Két qud mé phéng véi trieong hop tdi la x4: (a) Phuong phép PI (b) Phwong phdp Fuzzy Pl
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H. 12 Két qua mé phong véi truong hop tdi la X1 %2 Dx1: (a) Phwong phdp PI (b) Phuong phdp Fuzzy Pl
Rotor speed Speed command e Rotor spoed Speed command

-

Spead (rpm)
g~g8888828¢8
s
1

—
-
Spead (rpm)
gogg888ggs8
2
—

0 01 0z o3 04 0s 0s o7 os e o 01 0.2 03 04 05 0.6 07 08 09
(a) Time (s) ) Time (s)

H. 13 Két qud mé phong véi trieong hop tdi la X1 >x3 Dx1: (a) Phwong phdp PI (b) Phuwong phdp Fuzzy Pl

5. Két luan d6 vot 16 giam xubng. Cau tric cua b diéu khién mo
Két qua nghién ciru dugc mo phong bang simulink da  tuy phic tap, nhung cac phép toan kha don gian nén
ching minh kha nang thich nghi véi tai thay déi caa €0 thé thuc hién dugc trén cac chip vi xir 1y. Két qua
phuong phap dé nghi. Thoi gian dap tng nhanh [&n va
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nghién ctru s& gidp viéc thiét ké cac bo didu khién toc

d6 cho dong co PMSM linh hoat hon.

Bang 2
Kp Ki KpO KiO
2000 15 10 1
Kp1 Kil sz Ki2
1 0.00003 0.6 0.000015
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