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DESIGN FUZZY CONTROL COMBINED WITH OBSERVATIONS
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TOM TAT. Ngay nay, dong co dién déng bo duogc st dung nhiéu trong linh vuc diéu khién, trong cong nghiép vi nd co
nhitng didc diém vuot troi nhu hiéu suit cao, hé s6 cong suét cao, tbe do it phu thudc vao dién ap. Tuy nhién, viéc diéu khién
dong co ddng bod con tuong d6i kho khin, do dic tinh phi tuyén manh. Vi thé bo diéu khién téc do dong co dong mot vai tro
rat quan trong. Hién nay rat nhidu phwong phép diéu khién da dwoc nghién ctru nhu: Phuong phap diéu chinh thich nghi, diéu
khién truot, mang neuron nhén tao, hé m& (fuzzy)...Hién tai cac hé thong da phéan st dung cam bién, encoder quang dé do
téc d6 va hoi tiép vé bo diéu khién, diéu nay gop phan lam cho gia thanh cuia hé thong ting cao. Bai bao nay d& xuit mot
phuong phap méi khong sir dung cam bién tée d6 ma sir dung mot bo wdce lugng toe do ctia dong co dua trén bd quan sat ché
do truot (SMO), Bo xtr Iy md két hop véi bo didu khién PI phén tich tin hiéu SMO dé dua ra tin hiéu diéu khién thich hop
gitip 6n dinh téc d6 dong co. Két qua diéu khién s& duoc kiém chimg bing phuong phap mé phong. Dé tai thyc hién thanh
cong s& mé ra mot hudng diéu khién chinh xéc téc do dong co nhung khong sir dung cam bién, gitip lam giam gia thanh san
pham, giam kich thuéc, giam nhidu xAm nhap vao hé thdng gitp cho hé thdng dat dwoc tdi wu hon.

TU KHOA. SMO, FUZZY, PMSM, mé phong

ABSTRACT. Recently, synchronous electric motors are widely used in the field of control, in industry because it has
outstanding features such as high efficiency, high power factor, and speed is less dependent on voltage. However,
synchronous motor control is still relatively difficult, due to its strong nonlinear characteristics. Thus controller motor speed
plays a role very important. Currently, many control methods have been studied such as adaptive adjustment method, sliding
control, artificial neural network, fuzzy system. These systems mostly use sensors, optical encoders to measure speed and
feedback to the controller, which makes the cost of higher system. This study proposes a new method that does not use speed
sensors but uses a motor speed estimator based on the sliding mode observation (SMO). Fuzzy processor combined with PI
controller signal analysis SMO to provide appropriate control signals to help stabilize the motor speed. The research results
will control the motor speed accurately without using sensors, which helps to reduce product costs, reduce size, reduce noise
entering the system to help the system achieve more optimal.
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1. GIOI THIEU SMO dé dua ra tin higu diéu khién thich hop giup 6n dinh
tbc do dong co. Dac biét, sir dung ngdn ngir mo ta phan cimg
(VHDL) dé 1ap trinh nén rt thuén 1oi cho viéc thuc hién trén
cac chip xur ly .

Két qua diéu khién s& duoc kiém ching biang phuong phap
md phong trén simulink. V&i phwong phép ma chung t6i dé
nghi, cac k¥ su s€ thiét ké duoc céc bo didu khién dong co
PMSM hiéu qua hon. Boi vi, véi thudt toan don gian cia
phuong phap, n6 co thé thuc hién dugc trén cac chip vi xtr
ly, lam tang kha nang mg dung trén cac bo diéu khién trong
thue té. Phan con lai cta bai bao duoc trinh bay nhu sau.
Phan 2 gidi thiéu mo hinh toan cta dong co PMSM va hé
théng diéu khién vector. Phin3 mod ta phuong phap diéu
khién ma ching t6i d& nghi. Tiép theo, phin 4 trinh bay cac
két qua dwoc mé phong trén simulink. Cudi cting, mot sb
nhan xét va danh gia vé két qua dat duoc s& dugc trinh bay
trong phan 5.

Ngay nay, dong co din ddng b duoc sir dung nhidu trong
linh v diéu khién, trong cong nghlep vi nd co nhung dac
diém vuot troi nhu hidu suit cao, hé sb cong sudit cao, toc do
it phy thudc vao dién ap. Tuy nhién, viéc diéu khién dong co
ddng bo con tuong ddi kho khan, do dic tinh phi tuyén manh.
Vi thé bo diéu khién tdc do dong co dong mot vai tro rit quan
trong.

Hién nay rat nhidu phwong phap diéu khién da duoc
nghién ctru. Céc bé diéu khién PI [1] thuong duoc ding dé
didu khién téc do cho cac PMSM. Nhung cac bo PI khong
¢6 kha ning thich nghi khi tai dong co thay ddi. Véi cac
théng sé Kp, Ki xac dinh trude thi khi tai dong co thay ddi
s& lam tang do vot 16 hay thoi gian dap Gmg. Cac b didu
khién [2] st dung tin hidu phan hdi tir Encoder dé didu chinh
tbc d6 dong co. Tuy nhién, viée str dung Encoder 1am phirc
tap hé thong va tang thém chi phi. Chou [1] trinh bay b diéu
khién thich nghi dya trén mang neuron va xir Iy mo. Mac di, 2. MO TA HE THONG DIEU KHIEN VECTOR
phuong phap cta cac bai bao nay ciing dat dugc ket qua nhat . . A
dinh, song thuat toan neuron kha phurc tap khong thich hop 2.1 M4 hinh todn cua dgng co PMSM
dé thyc hién trén chip.
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MO0 hinh toan hoc cua dong co PMSM duoc biéu dién ba°mg
hai phuong trinh sau: [3]

Trong do: Ly, Lqg 1a cac dién cam trén cac truc q va d; R
la dién tré cua cudn stator; iq , ig 1a cadc dong di¢n trén cac
truc qvad; vq, ve lacac diénap trén cactrucqvad; A 1a

di 1 R L A PR i A~ , Ao
—L=—n,- —i,+Lpw,i, M thong moc vong ciia nam cham vinh ctru; p 1a so cép cuc;
L, L, L, o, 12 toc dd quay cua rotor.
i, 1 X ﬁpw}jd_ Ipw, (2
dt L, L, L, L,
2.2 H¢ thong diéu khién vector
bC
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Hinh 1. So d6 khéi hé thong diéu khién vector

Bo diéu khién vector duoc thiét ké theo cach moment Yfi
cac thanh phan tir hoa cua tur thong stator duge dieu khién
doc 1ap. Dong diér} ba pha stator duo’g bién do6i thanh vector
dong dién cung cap cho bd dicu khién (H. 1). Mt khi cac
3. THIET KE BQ PIEU KHIEN

3.1 Thiét ké phan diéu khién dong dién

thong s& bo didu khién duoc chon lya tdt dong dién diéu
khiénid = 0 , gitip cho viéc diéu khién dong co PMSM tuwong
tu v6i viee diéu khién dong co mot chiéu. Moment cta dong
co duge didu khién théng qua dong dién trén truc q (iq).

PI PWMI-6
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Hinh 2. So d6 ciia khéi diéu khién dong dién

Phén diéu khién dong di¢n gom céc khdi bién doi Phan
diéu khién dong dién gém cac khoi bien doi Clark, Park,
Park’!, Clark™!, SVPWM va bd dieu khién P1. [1,10]

. Dong ’diéq 3 pha (ig, iy, ic) do dugc tir dong co phan hoi
vé bd bién doi Clark.

Ngd ra ciia phép bién dbi Clark (l'q ) iB ) va tin hiéu EMF
(g6c address nhan duogc tur khéi SMO) duogce két ndi dén ngd
vao cua phép bién doi Park.

Tin hiéu ngd ra cua phép bién ddi Park duoc ndi dén bo
diéu khien PI dé diéu khién, gitt cho dong id = 0, lac nay
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moment trén truc dong co chi phu t}luéc vao dong diéu khién
ig. Sau khi thém tin hiél} diéu khiép vao cho dbng id va iq,
tin hi¢u nay duoc bien doi nguge vé dong 3 pha dé cung cap
cho dong co. Dong 3 pha luc nay goi la dong 3 pha dieu khién

Cac budc thiét ké bo diéu khién dong dién bang ngon ngir
1ap trinh VHDL nhu Hinh 3.

Téng cong 24 budc dé thuc hién hoan tAt phé}n diéu khién
dong dién, xung clock ngd vao cung cap cho phan di¢u khién
dong dién la 40ns




Thiét ké b quan sat truot két hop voi bo diéu khién mo diéu khién téc dé dong co PMSM
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Hinh 3. Cdc budc thiét ké bé diéu khién dong dién
3.2 Thiét ke by quan sat truwgt SMO b
0 0 di, R - N 1. %
A - A A A . 5. \ — =——1 —V, ——€
bé thiet ke dugc bd quan sat truot, ta phai dua vao phuong dt L* b ®

trinh toan hoc ctia dong co PMSM, phuong trinh toan hoc
ctia dong co PMSM mo ta trén truc d-q nhu sau:
di, 1 R di, 1 R, L, . ipw,
@ oL, @ LT 3)
Trong d6 : Ld,Lq 1an Iuot 1a thanh phin cam khang duoc
bién ddi trén truc d va q; R 1a dién tro day quén stator; id, iq
lan luot 1a dong dién duoc bién ddi trén truc d va q; Vg,vd
1an luot 1a dién ap dugc bién ddi trén truc q va d; A 1a tir thong
lién két cua cuc tur; pla sb cap cuc tu; o la tdc do quay cua
rotor.
Tir phuong trinh (3) ta bién déi qua truc ¢é dinh a-p va
viét lai vé6i bién trang thai dong dién nhu sau:

i+i i
T Pl s

‘d

v, =

di R . 1 4)
—t=——i +t—Vv, ——e
AR A A
PR A A A ©

Trong do: L = Lg=Lg; Ve, Vp, 1o, Ip lan luogt 1a dién ap va
dong dién trén tryc cb dinh ;0, 1 vi tri goc quay cua tir thong
va e =e; =—pw,A sin@, la luc dién dong ctia dong co.

Vi thé khéi w6c lwong dong dién duoc thiét ké bai phuong
trinh sau:

A A

Trong d6: Lol

dinh ; ZOl , Z[3 1a ngd ra cua khéi didu khién bang — bang:

la dong dién udc lugng trén truc )

Zq = kslide * Slgn(lq - lq)

(®)

ZB =kslide *Sig}’l(iB _iB) (9)

Néu ta chon I}é sb truot cua khéi diéu khién bang — bang

du 16n thi hé thong s€ di’véo ché do truot Iuc dg’) gia tri clia

va trong phuong trinh so (8) va (9) s€ tien sat dén gia tri clia
luc dién dong ctia dong co.

(10)
2, =€ = P L.cos), an

Dé loai bo tan sb chuyén mach gy ra boi khdi bang —
bang, hai b loc thong thap dugc thém vao h¢ thong:

z, =e, =—pw,ASING,

6= -, 4=z (12)
S+, S+,
) . 5 _ o
e ; =—e€e , € il d_—e (13)
o _ filtered S+Q)C o B _ filtere +(1)C B

Trong d6 @, la tan b cét cta bo loc. Cudi cung goc rotor

di R - . 1 1. ©) ¢6 thé duogc tinh toan bang cdng thtrc sau:

==k, TV, € A e .
dt L* L* L* 9, = tan ! (=1l (14)

e ~
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Hinh 4. So dé khéi ciia bo quan sat truot
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Ngd vao cua bd quan st ché do trugt 1a xung (clk,  cép cho ham tinh sine va cosin trong khéi diéu khién dong
clk_40n) va 4 dong di¢n, dién ap trén tryc co dinh (ialfa,  dién va goc theta dung d€ tinh toc do quay cua dong co.
ibeta, Valfa, Vbeta). Ngo ra la goc quay cua rotor dé cung
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Hinh 5. Thuec thi by quan sdt triweot bang VHDL
3.3 Thiét ke khoi diéu che do rong xung khéng gian
Clk Generation of
. Symmetric
Triangular wave
@ *12
CMPRA PWMEA_1 [ ]
Sl
Vrefl g [Comparata |[ e 3
12 1 -y L, PWMI1
CMPR2 PWMEB_1 e PUWM2
vref2 4o || Comparator Dead-band| | oivs
- T 3 PWMEB_2 unit e
Vret3 cmPRs | PWMEC_1 — Pwms
e = =
12 7 comey PWMEC_2 T Pwme
Clk_120n Clk_40n ox 2000
—{> SVPWM algorithm - 5 — S,

Hinh 6. So do khdi ciia bg diéu ché dg réng xung vector khdng gian

Khéi SVPWM algorithm thyc hién 5 budc thuat toan ¢ trén e
bing mid VHDL. Khéi generation of symmetric triangular
wave tao ra dang song tam giac déu dé cung cip cho bo so 1
sanh. Khéi so sanh (comparator) c6 chirc ning so sanh tin Hag(©)71- 1ag(©)
hiéu tir ngd ra cia SVPWM algorithm va xung tam giac déu Haz(e)
dé xuit tin hiéu diéu khién PWM, tin hiéu diéu khién PWM
nay trude khi duoc dua ra cung cip cho sau khoa dién tir
cong suét IGBT, tin hiéu nay dugc dua vao mét bo tao tin

Input of e (for i=3)
A Ay Az |A4 As

1- g (de)

y(de)
Hp, (de)

A ~ ~ . ; Lo . A E 3
higu chénh l¢ch thoi gian dong ngat gitia hai khoa dién tv =~ 3 _ — , apn] Ao | A | A2 | As [ Aa ] As | As
cong suét cung 1 pha (deadband unlt) nhdm tranh xay ra X S o Bo | <ol or | on | o3 | s | <os | <os

treong hgp ngan mach cho hé thong Ngd vao cua khéi
SVPWM ngoai xung clock ra 1a 3 dién ap chuan ldy tir ngd
ra cia khéi didu khién dong dién (Vrefl, Vref2, Vref3). Ngd
rala xung PWM dugc thuc hién theo thuat toan vector khong
gian cung cap cho 6 khoa dién tir cong sudt cung cap nguon
cho dong co.

B

Bi | cio| cip| cra| €3 | €a| €15 €16

B>

2, 4
de
—r

Bz | €20 | €21 | €22 | €23 | €24 | €25 | €26

< B3 | C30| €31 | €32 | €33 | 34| €35 | €36

a By | Ca0| Cq1| Ca2| Ca3 | Caa| Ca5| 46

By

Input of de (for j=1)
B3

<+ Bs | €50 | €51 | Cs2 | €53 | 54| C55| C56

Bs

3.4 Thiét ké b diéu khién mo

© Bs | 60| €61 | €62 | €63 | €64 | 65 | €66

Ngb vao cta b didu khién md gdm 2 bién ngdn ngir, mot o
1a tin hiéu sai 1&ch gifra tbc d6 ctiia dong co va dudng dic tinh
chudn ma ta mong mudn tdc d6 dong co s& dat dugc, hai la
tdc do bién ddi theo thoi gian cua tin hi€u sai 1éch nay.

A
2 Fuzzy Rule Table

Hinh 7. Cdu triic b diéu khién mo
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4. KET QUA MO PHONG

Tir viée thiét ké cac bo phan ciia hé théng diéu khién & Chuong 3, ta c6 so d6 hé thong didu khién hoan chinh nhur sau:

Model5im, e

T
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Trong hé théng diéu khién gém c6 3 khédi chinh 1a
FUZZY, SVPWM va SMO da dugc thiet ke bang ngdn ngir
VHDL sau d6 nhung vao Modelsim/Matlab dé¢ mo phong.

Khédi SMO: Dong dién va dign 4p bién déi trén tryc ¢
dinh dugc cung cap t6i ngd vao cua khoi SMO, ngd ra cua
khoi SMO la goc quay cua rotor va theta dugc st dung dé
tinh toc do.

Khéi Fuzzy: Khbi diéu khién dong dién dwoc thuc hién
theo giai thuat mo.

Khbi SVPWM: 1a khéi diéu ché vector khong gian, ngd
ra la xung PWM dugc ’thuc hién theo thuit toan vector
khong gian nham cung cap cho 6 khoa dién tur cong suat dé
cung cap nguon cho dong co.

Hinh 9. Bip img toc dé ciia dong co

Ly T T i T i T T

L | L | I L L L
an [ e EL [ e i ] [ a1

Hinh 10. Gdc quay ciia rotor uwéc lwong va goc quay thuc 1é ciia
dong co o toc do 500 rpm

Hinh 11. Géc quay cua rotor udc hiwong va géc quay thuc 1é ciia
dong co o toc do 1000 rpm

z L L L L L 1 |
bz &2 02 a5 2 ] 0z iz 03 0z 03

Hinh 12. Géc quay cua rotor wdc hrong va géc quay thirc té ciia
dong co o toc do 1500 rpm

_—
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Hinh 13. Moment trén truc dong co

A5 |'.‘.‘t'.‘-J

Hinh 14. Dong dién 3 pha img véi cdc téc @ khdc nhau
5. NHAN XET

Tbc d6 thuc té cua rotor bam rét tdt so véi tde do cai dat,
sai s0 gitra toc do dat va toc do thuc t€ khoang 1%.

Goc quay rotor thuc té va goc quay ude legng & mbi tde
d6 khac nhau gan nhu trung khép.

Mai lan thay déi tbc d6 moment thay ddi theo dé rotor
quay dung theo toc do yéu cau.
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