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BO QUAN SAT TOC PQ SU DUNG LOGIC MO CHO
HE TRUYEN PONG SPIM HIEU SUAT CAO

SPEED OBSERVER USING FUZZY LOGIC FOR
HIGH-PERFORMANCE SPIM DRIVES

Phgm Thiy Ngoc', Nguyén Hitu Khwong?, Pong Vin Hudng?
'Pai hoc Cong Nghiép Thanh pho Ho Chi Minh
Pai hoc Giao thong vdn tai Thanh phé Ho Chi Minh

TOm tdt: Bai bdo nay dé xudt mét co ché thich nghi siz dung logic mo thay thé bé diéu khién Pl
Co dién trong bg quan sat toc do sir dung phwong phdp thich nghi mé hinh mau dya theo tir thong
rotor cho diéu khién vector khong cam blen hé truyén dong dong co khong dong bg sau pha. Bg diéu
khién logic mo durge d@é xudt nhwe mét bé téi weu phi tuyén nham cyec tiéu tin hiéu diéu chinh tée dé cho
bg quan sat. Hiéu suat giira bé quan sat toc do MRAS thong thirong sir dung bé diéu khién Pl va bg
quan sat toc dg s dung logic mo dé xuat dwoc khdo sat, danh gid trong cdc ché dg lam vigc khac 14
nhau. Cac két qua mo phong da chimg minh rang hiéu suat cua bg quan sat dé xudt va cua hé truyen
dong cai thién dang ké dac biét ¢ ddi toc do thap va téc do bang khéng. Bg quan sat dé xudt co dap
ung dong tot, dé chinh xac cao trong ca qud trinh qua dé va xac ldp.

~ Tirkhoa: Truyén dong dong co khong dong bg siu pha, diéu khién khong cam bién, bg quan sét
toc dé MRAS, logic mo.
Chi sé phan loai: 2.2

Abstract: In this paper, an adaptation mechanism using fuzzy logic (FL) is proposed that
replaces the classical Pl controller used inthe Rotor Flux based on MRAS speed observer for
sensorless control of six phase induction motor drives. FL is proposed as a nonlinear optimization

to minimize the speed turning signal for the observer. The performance of the MRAS observer using
the conventional PI controller and the proposed FL controller have been verified and evaluated

in the different working modes, especially at the low and near zero speed range. Simulation
results have demonstrated that the performance of the proposed MRAS observer is
significantly improved especially at low and near zero speed range. FL_MRAS observer has good

dynamic response, high precision in both the transient and steady modes.

Keywords: Six phase induction motor drives, sensorless control, MRAS speed observer, fuzzy

logic.
Classification number: 2.2

1. Gioi thiéu

Trén thé gioi, truyén dong cua dong co
nhiéu pha da dugc tap trung nghlen ciu va
phat trién trong mot vai thap ky gan day. So
véi hé truyen dong su dung dong co ba pha
truyen thong hé truyén dong nhiéu pha co
nhiéu uu diém nhu: Giam dong va Cong Suat
trén mdi pha, giam bién do va ting tan sb
xung dong md men, giam ton hao trén rotor,
ti trong mé men trén dong dién cao. Hé
truyén dong nay ciing dugc danh gia lam viéc
an toan, tin cdy, kha ning chiu su ¢ cao hon
s0 vé6i hé ba pha truyén théng. Do nhiing uu
diém cua hé truyén dong nhiéu pha ma ngay
nay n6 dugc xem xét va ap dung cho céc tng
dung cong suat 16n hoic nhiing hé truyén
dong doi hoi lam viéc tin cay, an toan cao

nhu 6 t6 dién, hang khéng, tau bién, trong
linh vuc quan su va hat nhan. C6 rat nhiéu
loai dong co nhiéu pha, dong co khong dong
bo sau pha (SPIM) la mot trong nhirng loai
dong co duoc ung dung phd bién nhat.

Véi céc ky thuat diéu khién khdng
cam bién duoc tap tru.ng nghién ctru va phat
trién cho cac hé truyén dong SPIM trong céc
tng dung cbng nghiép cé hiéu suit cao,
MRAS Ia chién luoc duoc sir dung phé bién
do thyc hién don gian va khdi lugng tinh
toan it hon cac phuong phap khac. Mot sé
nghién ctru da chi ra rang so véi bo quan sat
téc do dung Kalman Fiter, d6 phiic tap tinh
toan cua bd quan sat toc do dung MRAS it
hon vai ty 1€ 1:20 [1], [2]. Su quan tam dac
biét da dwoc danh cho MRAS tu théng
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(RF_MRAS) khi &p dung cho cac hé truyén
dong SPIM khdng cam bién [2 - 5]. Tuy
nhién, phuong phap nay bi anh hudng boi:
D6 nhay tham s cua dong co, cac van dé
tich phan thuan tay, diéu kién ban dau [6],
anh huong tr sai s6 do va tinh phi tuyen cua
bién tan [2,3], [7], [8]. Nhing van dé trén
lam giam hiéu suat cua bo quan sat, dac biét
& dai téc do thap va lan can khong [4]. Ap
dung cho mét hé truyén dong diéu khién
vecto ba pha, toc do dao chiéu qua khdng
dugc chiing minh ¢6 thé dap qua do tét [2],
[8]. Tuy nhién, hoat dong ¢ téc do thap dudi
2Hz trong thoi gian dai cd hiéu suat rat thip
khong dap tmg duoc yéu cau cua hé truyén
dong [6,7]. Cai tién bo quan sat tbc do
RF_MRAS véi mo hinh thich nghi st dung
md hinh du béo [9], két qua khao sat & tbc do
10 vong/phut dugc khao sat tuy nhién khi co6
tai sai s6 ugc luong téc do 16n. M6 hinh bo
quan sat toc d6 RF_MRAS duoc thay bang
bo quan sat MRAS mé men [10], téc do dudi
15rad/s duoc khao sat, hiéu suat uéc luong
khé tét khi khéng tai nhung khi lam viéc voi
25% tai dinh mac hiéu suat ¢ ving téc do
thip giam dang keé, sai s6 udc lugng lon. Toc
d6 duéi 2.5 rad/s khong dugc khao sat.

Céac phuong phap cai tién hiéu suat cua
bo quan sét toc d6 RF_MRAS di duoc cong
bé phan 16n sir dung bo diéu khién PI tuyén
tinh véi cac hé sé ¢b dinh. Trong bai bao nay,
mot co ché thich nghi st dung FL thay thé bo
diéu khién PI c6 dién. FL duoc xem nhu mot
bo tdi wu phi tuyén nham cyc tiéu tin hiéu
diéu chinh tdc do cho b quan sat. Hiéu suat
gitra bo quan sét tbc 6 MRAS thong thuong
sir dung bo diéu khién PI va bo quan sét st
dung FL duoc khao séat, danh gia chi tiét o
cac ché do lam viéc khac nhau dic biét tai
ving toc do thap va lan can khong. Cac két
qua md phong da chiing minh hiéu suit caa
bo quan sat duoc cai thién dang ké, nhat 12 ¢
dai toc do thap. Bo quan sat dé xuat cd do
chinh xé&c cao trong ca qua trinh qua d6 va
xac lap.

2. M6 hinh hé thong

2.1. M@ hinh hé¢ truyén dong SP1M

Pé mo hinh hoa SPIM c6 thé biéu dién
bang céc trang thai khong gian, dua trén cach

tiép can vée to khdng gian va hé tham chiéu
dong. M6 hinh nay dugc biéu dién nhu sau:
[ulep=[G]d/dt [X]ep+[F] [X]es (1)

Trong do:

[u]ap= [Uas ups O O]": Pai dién cho cac
véc to dau vao; [X]ap = [ias ips far ipe]: Biéu
thi cac véc to trang thai, cac ma tran [F] va
[G] duoc xac dinh:

R, 0 0 0
F] = 0 R, 0 0 (2)
- 0 o Lo R, oLy
— iy L 0 — ity Ly R,
L, 0 L, O
6]=|0 % 0 In (€))
m 0 L 0
0 Lp, 0O L
Trong do:

or: Van toc goc cua rotor; Rs, Ls= Lis +
Lm, Rr, Ly = Lir + Lm va Lm 1 cac théng sé
cua SPIM.

Phan co cta hé truyén dong duoc biéu
dién boi cac phuong trinh sau:

T, = SP(lpﬁrim‘ - Lpariﬁr) (4)
JiSw, + Buw, = P(T,— T,) (5)
Trong do:

TL, Te: MO men tai, m6 men dién tir,
Ji, Bi: Hé s6 quan tinh, hé sé ma sét,
P: Sb cap cuc, yapr: Tir thdng rotor.

_ He truyén dong dwoc nghién cau bao
gom SPIM duoc cap nguon thong qua mot
bién tan nguon &p sdu pha ( Hinh 1). Ap dung
ky thuat véc to khong gian, khong gian sau
chi€u ban dau cua may duoc chuyéen thanh ba
khong gian hai chieu trong khong gian con (o

- B, (x-Y) va (z1 - z2). Su chuyen ddi nay
dat duoc bang ma tran chuyén ddi 6 x 6 nhu
sau:

r NE] 1 e 1 h
L5 2 2 2 0
1 L
0 2 2 2 2 1
1 _¥ 1 B 1
Te = 3|1 2 2 2 2 0 (6)
o 1 ¥ 1 G
2 2 2 2
1 0 1 0 1 0
L0 1 0 1 0 1

Ma tran chuyén doi dugc su dung dai
dién cho hé tham chiéu cb dinh (o-B) trong
hé tham chiéu dong (d - g). Ma tran nay duoc
cho boi:

T, - [cos(ﬁr) —sin(ﬁr)]
a sin(6,) cos(8,)
Trong d6: &r la vi tri géc quay rotor.

(7)
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Hinh 1. So d6 tong quét hé turyén dong SPIM.
2.2. B quan sat téc dp FL_MRAS

2.2.1. Bd quan sat toc 46 PI_MRAS

Bo quan sat téc do PI_MRAS thong
thuong duoc chi ra trén hinh 2. Trong d6 m6
hinh tham chiéu thuong st dung md hinh
dién ap (VM). Tir thong rotor dugc cho bai:

pP¥.p = (Vsp — Rslsp — OLspisp) i_n: (8)

. . Lm
qui"Q = (vSQ - REIEQ - ULsp[sQ) L
r

Mé hinh thich nghi si dung md hinh
dong (CM), Céc thanh phan tur théng rotor
duoc xac dinh:

L -

1 —~
p¥.p = ? ]

— 3 Wep— B, Wyg

(9)

L - 1 -
= ELSQ — T‘_T-qJTQ + l‘..l),_l-]Jr.D

M hinh tham chi€u ¥

(=) .

- o
Is
M6 hinh thich nghi @, T
(9)

Pl

Hinh 2. Bg quan sat MRAS si dung bg diéu khién P
Dua trén ly thuyét on dinh ciia Popov, co
ché thich nghi c6 thé duoc thiét ké dé tao ra
gia tri cua toc do udc luong dugc thuc hién
bang cach cuc tiéu sai s6 gitra tir thdng tham
chiéu va tir théng wéc lugng st dung bo diéu
khién PI [6]. Tin hiéu diéu chinh téc do va

téc do woc luong duoc biéu dién:
8y = q"‘rQ‘ lTer - quD q}rQ (10)
~ ki

o, = (kp + r ) €y (11)

2.2.2. B quan sat MRAS sir dung FL
Trong b quan sat dé xuat, FL thay thé
cho co cau thich nghi & MRAS thong thuong
va str dyng moé hinh Mamdani, trong d6 dau
vao la tin hiéu diéu chinh téc d6 (10) va vi
phan tin hiéu diéu chinh tbc d6. Hai dau vao
nay duoc nhan véi hai hé s6 K1 va Kz tuong
tmg. Pau ra cua bd diéu khién dugc nhan voi
hé s6 Ks dé tao ra gia tri thuc té cua toc do

quan sat. Cudi cung, khau tich phan duoc
thuc hién dé tao ra gid tri cua tbc do wac tinh.
Ky thuat thir sai duoc sir dung dé diéu chinh
nhitng hé s6 nay nham dam bao hiéu suét téi
wu cua bo diéu khién. Mai bién cua FL co
bay ham thanh vién. Cac tap mo sau day
duogc s dung: NB = NEGATIVE BIG, NS =
NEGATIVE SMALL, NM = NEGATIVE
MEDIUM, ZE = ZERO, PB = POSITIVE
NEGATIVE BIG, PS = POSITIVE SMALL,
PM =POSITIVE MEDIUM. B6 quan sat tdc
d6 MRAS Vvéi co ché udc luong toe d6 FL
dugc trinh bay trong hinh 3, cdc ham thanh
vién cua FL duoc thé hién trong hinh 4. Bang
1 cho thiy co s luat md véi 49 quy tic.

Mb hinh tham chiéu

io
i (8)

[ES *
M& hinh thich nghi |- B3]
(9)

Tﬁ [z ] * Céc qui

téc mo

B6 diéu khién mo

Hinh 3. B¢ quan sat MRAS si dung FL
ke

Hinh 4. @) So d6 ciia FLC, b) Ham chic néng dau vao
va dau ra bg diéu khién mo, ¢) Mat dieu khién.

Bdng 1. Co s¢ ludgt mo.

de~_e | NB NM NS ZE PS PM PB
NB NB NM NM NS NS NS ZE
NM NM NM NS NS NS ZE PS
NS NM NM NS NS ZE PS PM
ZE NB NM NS ZE PS PM PM
PS NS NS ZE PS PS PM PM
PM NS ZE PS PS PM PM PM
PB ZE PS PS PM PM PB PB

3. M6 phéng va thao luan

Pé kiém chimg va danh gia hiéu suét cua
bo quan sat tbc do dé xuat, mot hé truyén
dong diéu khién véc to khdng cam bién
SPIM nhu hinh 5 duwgc mé phong khao sat
hoat dong ¢ cac ché do khac nhau dic biét ¢
dai toc do thap va téc do gan khong thong
qua phan mém mé phong Matlab - Simulink.
Cac théng s6 cua SPIM: 1HP, 6 Phases,
220V, 50 Hz, 4 poles, 1450 rpm, Rs = 10.1Q,
Rr =9.8546Q), Ls = 0.833457 H, Lr = 0.8308
H, Lm = 0.783106H, J = 0.0088 kg.m?.
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Rectifier lindge
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Hinh 5. Biéu khién khong cam bién cho truyén dong
SPIM sir dung bg quan sat FL_MRAS.

3.1. Hiéu suét dong cia b quan sat:

Trong phan mé phong nay, hiéu suit
dong cua bo quan sat sir dung FL_MRAS va
PI_MRAS truyén théng duoc khao sat & ché
d6 dao chiéu quay tir -30 dén 30 (rad/s),12%
tai dinh muc dugc dong vao tai 2(s). Hinh 6
cho thay qua trinh dao chiéu dién ra trong
thoi gian nho hon 1s, dap tng mé men la tic
thoi d6i voi bo quan sat s dung FL_MRAS.
Véi cung diéu kién khao sat, bo quan sat téc
d6 str dung FL_MRAS c6 sai s6 khong vuot
qua 0.2 rad/s trong khi bd quan sat PI_ MRAS
c6 sai sb 16n hon (~ 1rad/s).

Pl - MRAS Observer
T T T

FL - MRAS Observer
T T T T
g T /

T
Roforonco spood 20|
 spoed
4 20
[
s o

Time ()

Hinh 6. Ddp ing téc dé ciia hé, sai sé gida tée do wde lwong Va tée dé do cia hé truyén dong SPIM khong cam

bién si dung bg quan sat FL_MRAS va PI_MRAS.

3.2. Hiéu suit cia bd quan sat trong
dai tde dd trung binh va thap:

Hé truyén dong duoc khao st voi cac
muc tham chiéu tc do giam tir 100 rad/s vé
0, 50% tai dinh mic. Quan sat hinh 7 ta thiy
hiéu suit cua bo quan sat FL_MRAS kha tét.
Sai s6 wdc lugng tic thoi ludn rat nho, ngoai
trir tai mot s6 thoi diém dién ra su thay doi
toc do, tuy nhién, khi d6 sai s6 nay khéng

Speed (rad)
3 5 8 8 §
—T

vuot qua 1rad/s. B6 quan sat su dung
PI_MRAS c6 hiéu suit kém hon, téc do wéc
lwong c6 bién d6 dao dong 16n, tang dan khi
lam viéc ¢ ving toc do thap. Cac gia tri tir
thong duoc nhan dang tir CM va VM dé cung
cap cho co cdu thich nghi caa PI_MRAS c6
hién tugng troi DC so vai tir thbng may. Tuy
nhién, véi FL_MRAS tuir théng do CM va
VM tao ra bang tir thdng may.

Speed (radls)

Rotorfux (W)

a

Time ()

b

Hinh 7. Tée dg dat, toc dé wée heong, toc dé do; Sai sé toc dg wde heong; Tir thdng thuec ciia dong co va tir thong

rotor duwoc nhdn dang bang CM, VM 6 ddi téc d6 trung binh va thap sie dung: a. FL_MRAS; b. PI_MRAS.

3.3, Hiéu suat cia by quan sat ¢ dai
toc d9 rat thap va khéng:
Khao sat hiéu suat ciia bo quan sat toc do

FL _MRAS véi toc do yéu cu ting tir khong
den 5 rad/s, 20% tai dinh muc. Hinh 8.b cho
thay toc d6 wdc luwgng cua bo quan sat
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PI MRAS c6 bién d6 dao dong lén, sai sb
trong diéu kién lam viéc xac lap cao. Trong
khi d6, hiéu suat cua bo quan sat sir dung FL
_MRAS hinh 8.a dugc cai thién tbt, tbc do
udc luong co6 bién d6 dao dong nho, hoi tu
nhanh vé téc do thuc cua dong co. Hinh 9.a,b

‘Speed(ads)

khao sat bo quan sat dé xuat trong trudng
hop dong co khong tai va 12% tai dinh muac
& dai tbc do rat thap. Ta thdy dang song toc
d6 khao sat ¢ ca hai truong hop la tuong tu,
téc d wdc lugng bam kha tét toc do thuc. Bo
quan sat va hé truyén dong lam viéc 6n dinh.

Speed (ads)

Time )

a

Time (5)

b

Hinh 8. Téc dg dat, téc dg wée lwong, toc dé do va sai s6 toc dg wde lwong cua bg quan sat ¢ ddi toc do thap sie

dung bg quan sat: a. FL_MRAS; b. PI_MRAS.

‘Speed (radls)

Speed (radls)

Hinh 9. Téc dg dat, téc do woe heong, toc dé do cua bé quan sét siz dung FL_MRAS lam viéc véi tée dg rat thap
vatoc do khong a. Truong hop khéng tdi; b. Trirong hop mang 12% tai dinh mic

4. Két luan

Bai béo trinh bay bd nhan dang téc do su
dung FL_MRAS cho diéu khién khong cam
bién hé SPIM. Hiéu suat cua bo quan sat
duoc kiém chtng thong qua cac két qua mo
phong trong phan 3, téc do dudi 2rad/s di
duoc khao sat, bo quan séat co hiéu suat cao
hon so véi nhitng nghién ciru duoc cong b
gan day [9-11]. Cac két qua mé phong da
chang minh rang bo quan sat co dap ung
dong tét, do chinh xac cao trong ca qua trinh
qua d6 va xac lap dic biét trong dai téc do
thap va toc do 1an can khong. Hé truyén dong
SPIM lam viéc 6n dinh, tin cayQ
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