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Tém tat. Pong co dong bd nam cham vinh ciru PMSM c6 hiéu suit cao vi thé dugc sir dung rong rai trong cong nghiép nhu
robot, gia cong ca khi. Vi thé, bo diéu khién tbc do dong co déng mot vai tro rat quan trong. Hién nay, rat nhiéu phuong
phap diéu khién da dugc nghién ctu. Cac bo diéu khién PI thuong dugc diing dé diéu khién toc do cho cac PMSM. Nhung
cac bg PI khong c6 kha nang thich nghi khi tai dong co thay ddi. Bai bio nay dé xuit mot phuong phap méi la Fuzzy PI, sir
dung b xtr Iy ma két hop véi bd diéu khién PI dé phat hién su thay ddi cta tai va dua ra tin hiéu diéu khién thich hgp gitp
on dinh téc dd dong co véi cac tai khac nhau. Dau tién, cu tric ciia b xir ly ma Mamdani sé dugc tim hiéu. Sau dé, bo xir
Iy mo nay sé dugc két hgp véi bo diéu khién PI dé tu diéu chinh cac hé sb K,, K; khi tai thay déi. Két qua diéu khién sé dugc
kiém chimg bang phuong phap mé phéng. Cubi cling, cac chi tiéu nhu téc do dap img, do vot 16, v.v. sé dugc so sanh véi
phuong phap PI. Bai béo sé gi6i thiéu cach két hgp bd xir ly ma véi b diéu khién PI, tir dé gitp cac ky su thiét ké dugc cac
bo diéu khién toc do cho dong co PMSM linh hoat hon.

Tir khod: Diéu Khién Thich Nghi; PMSM; M6 Phdng

Abstract. Given the extensive use of permanent magnet synchronous motors (PMSMs) in industry such as in robotics,
mechanical processing reflects the importance of engine speed control. Of 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 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 PI controller. The structure of Mamdani fuzzy processors is identified. The structure is then combined with a
PI controller to adjust the K;, K; coefficients when the load changes. Next, analysis results are verified a 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, significantly contributing to the efforts of
engineers in designing the speed controller for PMSM motors more flexibly.
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1. GIOI THIEU céc bai bio ny cling dat dugc két qua nhat dinh khi thay doi
X ) tai nhung chua duoc kiém tra trong truong hop tai thay doi khi
Dong co dong b nam chdm vinh ciru PMSM ¢6 hi€U  g4gno co dang hoat dong. Hon nita, thuat toan neuron kha phuc
suat cao vi thé dugc st dung réng rai trong céqg nghiép tap khong thich hop aé thuc hién trén chip.
nhu robot, gia cong co khi. Vi thé, b dieu khién toc do Trong bai bao niy, ching toi d& xuat mot phuong phap
df_‘)‘ng co'giéng mot Vgi tro rat quan trong. Chat luong cia bd  14i goi la Fuzzy Pl Phuong phap nay sit dung bd Xir 1y
dieu khién quyet dinh dg chinh xdc cua dong co, tir 46 my Mamdani két hop v6i bo diéu khién PI dé phat hign su
quyet dinh chat luong cua ca hé thong. " thay doi cuia tai va dua ra tin hi¢u diéu khién thich hop gitp
Hién nay, rat nhieu phuor_lg phap dieu khién da du@? on dinh tdc d6 dong co voi cac tai khac nhau. Piu tién, cau
nghién ciru. Cac bg dieu khién PI thuong dugc dung d€ ¢ cia bo xir 1y mo & duoc tim hiéu. Sau d6, b xir Iy mé
dieu khien toc d¢ cho cac PMSM. Nhung céc by PLkhong  nay g5 duoc két hop véi bo diéu khién PI dé tu didu chinh
c6 kha nang thich nghi khi tai dong co thay doi. Véi ca’gc_ céc hé sb Kp, Ki khi tai thay déi, ngay ca khi dong co van
thong s6 Kp, Ki xic dinh trude thi khi tai dong co thay dol dang hoat dong. Két qua diéu khién s& duoc kiem ching
s¢ lam tang do vot 16 hay thoi gian dap (ng. Neu van d¢  ping phuong phap mo phong trén simulink. Cubi cung, cac
nay khong dugc nghién ctru thi ket qua cua mot phuong  chj tigu nhu toc do dap tmg, do vot 18, v.v. s& duge so sanh
phéap dieu khien méi s& khong dugc kiém ching va khong g4 phuong phéap PIL.
thé nang cao hié}] qua diéu ﬂkhién t(t)c dd cho dong co V6i phuong phap ma chung toi aé nghi, céc k¥ su sé
PMSM. Vi thuc té la tai co thé thay doi, ngay ca khi dong thiét ké duoc cac bd didu khién dong co PMSM hiéu qua
co dang hoat dong. e hon. B&i vi, vi thuat toan don gian cia phuong phap, né
Jung [2] cling ¢6 gi6i thigu mot cach thiet ke khac cho b0 ¢ thé thuc hién duoc trén cac chip vi xir 1y, 1am ting kha
dieu khién mo. Chou [1] trinh bay bd diéu khién thich nghi ndng (ng dung trén cac bd didu khién trong thuc té.
dya trén mang neuron va xtr ly mo. Mac du, phuong phap cia
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Phin con lai cua bai bao dugc trinh bay nhu sau. Phan 2
gi¢i thiéu mé hinh toan cua déng co PMSM va hé thdng
diéu khién vector.

Phan 3 mo ta phuong phap diéu khién ma ching toi dé
nghi. Tiép theo, phan 4 trinh bay cic két qua dugc mo
phong trén simulink. Cudi cung, mot s6 nhan xét va danh
gi4 vé két qua dat duoc s& duoc trinh bay trong phan 5.

2. MO TA HE THONG PIEU KHIEN VECTOR

a.Mé hinh toan ctia dong co PMSM
MG hinh toan hoc cua dong co PMSM dugc bicu dién
bang hai phuong trinh sau [3]

di:ivd—iidJri pa, i, )
dt L oLt L
di
_q:ivq_iiq_ipwrid_ﬂpa)r (2)
dL L L .

Trong do: L,, Ly la cdc di¢n cam trén céc truc q va d;

R 1a di¢n tro cua cudn stator; i, i, la cac dong dién trén
céc truc q va d; v, v, la cac dién &p trén cdc truc q va d; 2
la tir thong méc vong cua nam cham vinh ctu; p 1a sé cap

cuc; o, latée dd quay cua rotor.

b.Hé théng diéu khién vector

B diéu khién vector duoc thiét ké theo cach moment va
cac thanh phan tir hoa cua tir thong stator duge didu khién
doc 1ap. Dong dién ba pha stator duoc bién d6i thanh vector
dong dién cung cip cho bo diéu khién (Hinh 1). Mot khi
cac thong sb bo diéu khién duoc chon lya tét, dong dién
diéu khién ig = 0, gitip cho viéc diéu khién dong co PMSM
tuong tu VGi viée diéu khién dong co mot chiéu. Moment
ctia dong co duge diéu khién thong qua dong dién trén truc

q (iq).
3. THIET KE BO PIEU KHIEN FUZZY_PI
a.So d6 khéi ctia bd diéu khién Fuzzy_PI

So d6 khdi ciia b diéu khién Fuzzy PI dugc trinh bay
trong Hinh 2. Trong d6, e 1a sai léph gitra toc do hién tai
cua dong co va gia tri dat mong muon.

€= a): — @, (3)

Do téc do cua dong co dap ung theo mot dudng cong gan

giéng voi ham:
o () = (1—e’a‘) 4)

Nén ham nay duoc dung dé so sanh véi toe do dong co
cho ra sai léch er lam ngd vao cua hai by xir ly mo
Mamdani Fuzzy processor 1 va 2.

e = —w, ®)
Current controller and
coodinate transformation DC
""""" Current T modify ! Power
* controller  pgrk-1 -1 !
@, Fuzzy Pl ar Clark™ Ve PWML | [
—Q*{controller v 1da /vleB/ FIM2 | 1GBT-
- q™’ o ref 21 PWM3
v Vv ISVPW PWM4 °| base
o, o BL7g| Ab,c|Vrers, iy Tnverter
—1 0
1 I [
9 |dg o, B /T4 i
i i b
d | /o, B2 Abdg e
Park Clark 1 0 ABC
sinfcos of | | e Flux angle
Flux angle i Transform. |~ | PMSM
"""""""""""""""""" @,

Hinh 1. So do khéi hé thong diéu khién vector

vall

Fuzey

Integrator
!

processor > l}'ﬁ
' N
SW1
Fuzzy ’—>
processor

2 val2

—>

>

Integrator

>

Integrator

Hinh 2. So d@6 khéi bg diéu khién Fuzzy PI
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Thiét ké va mé phong bé diéu khién toc do thich nghi ding fuzzy cho déng co PMSM

Bo Fuzzy processor 1 ¢6 nhiém vu giup dong co khdi dong IF er = D1 THEN val2 = KH
va nhanh chéng dat duoc tec d6 mong mudn voi cac tai IF er = A1 THEN val2 = KH
IF er = A2 THEN val2 = GV

khéc nhau, bang cach tich liiy cac sai s6 vao cac hé s K, va
IFer=A3 THHEN val2 = GN

Ki cua bd diéu khién PI, thong qua hai khdi Integrator 1 va
2. Sau khi dong co dat khoang 90% toc do dat (1 — e~ =

; , . X A N A3 A2 Al [ D1 D2 D3
0.9), cac switch SW1 va SW2 s& chuyén quyén xir ly cho
bo Fuzzy processor 2. B nay c6 nhiém vy phat hién su
thay ddi cua tai néu co khi dong co dang hoat dong, gitup
dong co nhanh 6n dinh tro lai voi tai méi, bang cach thay N
dbi cac hé sb K, Ki cua bo PI cho thich hop hon. 20 10 -4 ;) 4 10 20 o
.
Hinh 5. Ham lién thuéc ngé vao Fuzzy processor 2
b.Fuzzy processor 1 H
Co6 mét ngd vao la sai 1éch er va mot ngd ra la vall. Ngd 1
ra vall s& duoc nhan véi cac hé s Ky va Kis rdi 1an luot GN GV KH IS ™
tich lily vao cdc hé s6 K va Ki nho cac b6 tich phan.
Céc bién ngbén ngit
er = {N2, N1, ZE, P1, P2}
vall = {DE2, DE1, ZE, I}l}ll, IN2} 10 5 o 5 20 valz
A Hinh 6. Ham lién thudéc ngo ra Fuzzy processor 2
N2 N1 Z|e P1 ) e Chon lut va gidi mo
+ Di’én dich quy luat két hgp: luat PRO
+ Két hop cac quy luat: luat MAX
+ Giai mo: phuong phap trung binh
> val2 =—10u,, (eF )_ 21ty (eF )+ 611, (eF )+ 20454 (eF ) (7
-200 -150 0 150 200 € Nhu vy, cac hé s6 K, va Ki s& duogc tich lity theo cong
thurc:
Hinh 3. Ham lién z‘hu,oLc1 ngo vao Fuzzy processor 1 Néu 1—e® <0.9 thi:
1 K =K_,+K_ |valldt 8
DE2 DE1 Z|E IN1 IN2 P m'[ ®)
K; = Ko +Kj, [ valldt ©)
Néu 1-e* >0.9 thi:
> K, =Ko +K,, [val2dt (10)
-10 11001 10 vant
Hinh 4. Ham lién thudc ngo ra Fuzzy processor 1 K, =K, + Kiz_[vaIZdt (12)

e Luit hgp thanh
IF er = P2 THEN vall = IN2
IF er = P1 THEN vall = IN1
IF e = N2 THEN vall = DE2 4. KéT QUA MO PHONG
IF e = N1 THEN vall = DE1
IFer=ZE THEN vall = ZE

Gi4 tri ngd ra ctia bo diéu khién Fuzzy PI:
Ugye = K e(1) + K [e(t)dt (12)

So dd khdi cua bo didu khién déng ¢o PMSM dugec trinh
bay trong hinh 1 va hinh 7 1a so d0 Simulink. Trong do,

e Chon lujt va gidi mo khéi Fuzzy_PI c6 so dd nhu Hinh 2. Céc thng sé caa dong
+ Dlrén dich quy luat két hop: luat PRO co PMSM duoc sir dung dé mo phong: pole pair 14 4, stator
+ Keét hop cac quy luat: luat MAX phase resistance 13 1.3, stator inductance 1a 6.3 mH, inertia
+ Giai mo: phuong phéap trung binh 1a J =0.000108 kgm? va friction factor la F = 0.0013 Nms.

Chi tiét vé cac thong s moment quén tinh J va hé sb ma sat
vall=—10s,, (e )— sty; (€ )+ i, (€ ) +1014, (€ 6 . g 4 -

Hno ( F) ,uNl( F) ,um( r:) ;upz( F ) ©) F két hop cua rotor va tai xem thém ¢ [6].

3.3 Fuzzy processor 2 Dé danh gia hiéu qua cua phuong phap didu khién, cac

o C6 mot ngd vao 1a sai 16ch e va mot ngd ra la val2, Ngo ~ 1ONg s0 cua dong co s& duoc thay doi nhu sau:

ra val2 s& dugc nhan véi cac hé s6 Kpz va Kip roi lan luot = Trudng hop 1: x1
tich lity vao cac hé sé K va Ki nho cac b tich phan. J=0.000108, F =0.0013
Céc bién ngodn ngit = Truong hop 2: x2
er = {A3, A2, A1, D1, D2, D3} J=0.000108x2, F =0.0013x2
val2 = {GN, GV, KH, TV, TN} »  Truong hgp 3: x3
e Luat hgp thanh J=0.000108x3, F =0.0013x3
IFee=D3THENval2=TN = Truong hop 4: x4
IFer=D2 THEN val2 = TV J=0.000108x4, F =0.0013x4
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Rotor speed

Corsmmnd m

S Control signal [——{ Command PWMt L—p{in1  Connt
Speed command Control signal 3

Rotor speed (rpm)
<Robor speed wm (rad/g)>
<Rofor angle hetam (130>

Fuzzy Pl PWM2 ——p{in2  Conn2

Pig Al DC Vottage Source s
D WMz I3 Connd n_|_-1f A
0 #| Command A
va
I&-Const Sontml somt 7 PWM4 In4  Connd |§|
SR

<Stawr current_d (A)>

<Stabor current 5_q (A)>

Stator cumrent dg

nts_a (A)>

Pid s o s SPermanent Magnet ntis_b(A)>
ynchronous Machine sc@p
= Pwve In8  Connd
Delay2
SVPWM \ecies

" o)

Tivee phase current

Hinh 7. So d6 Simulink ciia hé théng mé phéng

Céc thong sb cua b Fuzzy Pl s& thay ddi theo tai véi gia tri  bo diéu khién Fuzzy PI cho két qua khong c6 vot 16 va thoi
khoi dau duoc chon 1a Ko = 10 va Kjg = 1. Cac hé s6 tich  gian dap tng 1 0.01s thi b PI c6 do vot 16 1én t6i 15% va
liiy cua bo diéu khién Fuzzy PI 1a Kp1 = 1, Kip = 0.00003,  thoi gian dép tng 1a 0.075s khi tai 1 x4.
Kp2 = 0.6 va Kiz = 0.000015. Cac két qua md phong duoc Hinh 12 dugc mo phong khi tai 1a x1 trong 0.3s dau, sau
trinh bay trong cic Hinh 8-13 dugc thuc hién véi bo diéu  dé tang 1én x2 tir 0.3s dén 0.6s, cudi cung giam vé x1 trong
khién PI va véi bo didu khién Fuzzy PI. Cac thong s6 dugc  khoang thoi gian con lai. Khi tai ting dot ngot tir x1 1én x2
chon cuia bo diéu khién PI 1a K, = 2000 va K; 1a 1.5. téc d6 dong co s& sut giam khoang 10 rpm ddi vai P1 trong

Céc Hinh 8 dén Hinh 11 trinh bay két qua khi tai lan lugt ~ khi Fuzzy PI 12 6 rpm va khong c¢6 vot 16 sau d6. Twong tu,
1a x1, x2, X3, va x4. Puong mau xanh 14 chi gia tri dat, gia  hinh 13 c¢6 tai x3 trong khoang thoi gian tir 0.3s dén 0.6s.
tri nay thay do6i tr 400 > 600 - 800 - 600 - 400. Khi tai ting tir x1 1én x3 thi téc do s& giam xudng 18 rpm
Puong mau dé 1a dap tng tdc do cua rotor (rpm). Trong khi  ddi vai PI va 12 rpm déi véi Fuzzy PI.

900

Epeed comhand
Speed command N
/ 800
700
Rotor speed Rotor speed
- . N
g g 500
< & % 400 \
g 8
;7.{ f (% 300
200
100
o o
0 0.05 0.1 0.15 0.2 0.25 03 0.35 04 0.45 05 b 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5
@ Time (s) ®) Time (s)
Hinh 8. Két qud mé phong voi truong hop tai la x1: (a) Phwong phdp PI (b) Phuong phdp Fuzzy PI
900 900 peed command
Speed commands 800
800 r
700 0 Rotor speel \
Rotor speed k 600
600
_ E 500
£ 500 = \
E g
g 400 \ g o
& 00 / & 300
200 I 200
100 I 100
[ 0
0 0.05 0.1 0.15 0.2 0.25 03 0.35 0.4 0.45 05 - 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 05
@ Time (s) (b) Time (s)
Hinh 9. Keét qua mé phong véi trieong hop tai la x2: (a) Phwong phap PI (b) Phwong phap Fuzzy Pl
900 900 Speed comrand
w00 Speed comman d 800
\ 700 ( \
700 Rotor speef \ Rotor speed \
600 600
T s00 £ =00
< 100 AN 5 wo J N
L I/ & o ,f
200 200
ol el
o o
o} 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 05 B s} 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 05

@ Time (s) (b) Time (s)

Hinh 10. Két qua mé phong véi trieong hop tdi la x3: (a) Phiong phép PI (b) Phuong phdp Fuzzy PI
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Thiét ké va mé phong bg diéu khién téc dé thich nghi ding fuzzy cho déng co PMSM

900 900
Speed d
Speed command peed comiman
800 / \ 800 (
700 700
Rotor spee \ Rotor speed \

600 \/ 600 T
£ E [ \
3 500 ~ \ g 500
g 400 g 400
& g
& 300 I & 300 ,

200 I 200 ’

100 100
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-100 B
0 0.05 0.1 0.15 0.2 0.25 03 0.35 0.4 0.45 05 0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 05

(@ Time (s)

Hinh 11. Két qud mé phong Véi truong hop tdi la x4: (a) Phuong phdp PI (b) Phwong phdp Fuzzy PI

(b) Time (s)

Rotor speed Speed command 200 Rotor speed Speed comand
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800 r r
700 200
600 600
E s00 B
g 3 500
g 400 3 400
2 4 i
@ 300 @ 300
200 200
100 100
o 0
-100 g
o 0.1 02 03 04 05 06 07 08 0.9 o 01 0.2 03 0.4 05 06 07 0.8 0.9
(@ Time (s) (b) Time (s)

Hinh 12. Két qua mé phong véi truong hop tai la x1 Dx2 Sx1:

(a) Phuwong phap PI (b) Phuong phdp Fuzzy Pl

900
0 Speed confmand Rotor speed Speed comrhiand
Rotor speed
800 800
700 J 700
600 600
E 500 \ E 500
< 400 Lo 5 400
] \>d § -
& 300 & 300
200 200
100 100
o 0
o 01 02 03 04 05 06 07 08 09 o 01 02 03 04 05 06 07 08 0.9

(a) Time (s)

Hinh 13. Két qua mé phong Véi trieong hop tdi la x1 >x3 2x1:

5. KET LUAN

Két qua nghién ctru duoc md phong bang Simulink da [3
ching minh kha nang thich nghi véi tai thay déi cua
phuong phap d& nghi. Thoi gian dap ung tang 1én va do
vot 16 giam xudng. Két qua nghién ctru s& giup viéc thiét
ké cac bo diéu khién toc do cho dong co PMSM linh 4]
hoat hon.
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