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TOM TAT

Bai bdo trinh bay gidi thudt gidm ton hao
méi trong mé hinh diéu khién thich nghi dinh
hieong truec tiép tir théng rotor (DRFOC) khong
ding cam bién toc do khi dién tré stator thay
d6i duea trén nguyén Iy lam viéc voi tir thong toi
wu. Bdi bdo ciing trinh bay cdch tiép cin méi
trong viéc xdy dung mé hinh tham chiéu thich
nghi voi nhiém vu woc lugng téc do va quan sat

sw thay doi ciia dién tré stator. Két qud mé

phong bang Matlab Simulink cho thdy kha ning
thich nghi tét ciia mé hinh diéu khién khi dién
tré ciia stator thay doi dén 200% dinh mirc.
Ngodi ra, véi viéc dp dung gidi thudt dé xudt
cho phép giam tén hao va ndng cao hiéu sudt so
véi phwong phdp diéu khién DRFOC truyén
thong trong ddi tdi tir 0-70% dinh mikc, trong dé
dé chénh léch vé hiéu sudt co thé dat dén 42%

va chénh léch vé tén hao dén 85%.

Tir khod — Giam ton hao, diéu khién dong co khong dong bé ba pha, wée lwong diing mé hinh tham

chiéu thich nghi.
Cac ki hiéu sir dung:

Rs, : dién tro stator.

A

RS : dién tr¢ stator wdc tinh.

R:: dién tro rotor.

Rm: dién tro twrong duong mach tir hoa.
Lm: hd cam stator va rotor.

Ls: dién cam stator.

L;: dién cam rotor.

isq: dong dién stator trén truc d hé truc dq.
isq: dong dién rotor trén truc q hé truc dq.

ira: dong dién rotor trén truc d hé truc dq.

irq : dong dién rotor trén truc q hé truc dq.
Im: dong dién tir hoa.

Np: $6 cap cuc dong co.

J: m6 men quan tinh dong co.

Te: m6 men dién tir dong co.

ooe : tbe dd ddng bod
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e: toe do dién

O : toe d0 rotor udc tinh.

®: goc léch tir thong stator va tir thong rotor.
Ts : hang s thoi gian stator.

T: : hiang s6 thoi gian stator.

G : hé sd tir tan tong.
\Psa : tir thong stator udc lugng trén truc alpha

v o tir thong stator uéc luong trén tryc beta

‘Pm : tu thong rotor uéc lugng trén truc alpha

A

b B tir thong rotor udc lugng trén truc beta

o
I, : dong dién stator wéc luong trén truc alpha

o

isﬁ : dong dién stator wde lugng trén truc alpha

I.  GIOI THIEU

DPong co khong dong bo chiém ty trong rat
16n trong cong nghi¢p (75%-80%) [1], dai cong
suét cac dong co cong nghiép dao dong tir 0.75-
75 kW, va vi vy co thé 4p dung diéu khién toc
do dong co theo nguyén ly diéu khién tan sb
bang cac bo bién tan chung hodc chuyén dung

[1].

Pong co khong déng bd ¢6 hiéu suét cuc dai
khi tai dat gan 75% dinh mirc va tir thong la
dinh muc. Tuy nhién, khi dong co non tai ma tir
thong 14 dinh murc thi hiéu sut s& rat thap [2].

Mit khéc, cac bd bién tan chu yéu duoc thiét ké
trén nguyén 1y diéu khién V/f hodc dinh hudng
tir thong rotor (FOC) véi tir thong dinh murc va
vi vy viéc nghién ciru cac giai phap giam ton
that dya trén nguyén 1y tir thong téi wu s& dem

lai nguon lgi 16m vé kinh té.

Hién nay dé diéu khién dong co khong ddng bo
ba pha theo nguyén tic dinh huéng tir thong
nguoi ta st dung hai phuong phap: Piéu khién
gian tiép tir thong rotor (IRFOC) va diéu khién
truc tiép tir thong rotor (DRFOC) [3]. M6 hinh
diéu khién IRFOC cé nhuoc diém 1a phai st
dung cam bién tdc d6 va phu thudc rat nhiéu vao
thoi hiang cua rotor (dién tré rotor). Mit khac,
do dién tr¢ rotor thay doi nhiéu trong thoi gian
van hanh va phu thudc vao nhiét d¢ cua cudn
day rotor va vi vay lam anh huong dén tinh ting
dung cua phuong phap nay [4]. Hién nay, md
hinh DRFOC dang duoc tap trung nghién ciru dé
thiét ké hé théng didu khién dong co khong
ddng bo khong cam bién dwoc xdy dung véi
viéc két hop quan sat sy thay ddi cua dién tro

stator va toc do ctia dong co [4],[5].

Trong linh vyc diéu khién giam ton that nhiéu
nghién ctru nhu trinh bay trong [1] da ing dung
phuong phap IRFCO két hop giai thuat tbi wu tir
thong da dat dwoc nhitng két qua kha quan, tuy
nhién cac nghién ciru nay déu sir dung cam bién
tbc d6. Mot sb cong trinh nghién ctru khac da dé
cap tng dung diéu khién giam t6n hao dong co
ddng thoi khong ding cam bién téc do. Trong
tat ca cac nghién ciru déu khong tinh dén sy thay
d6i cua thong sb dong co trong qua trinh lam
viée, trong khi d6 dién tr stator ting dang ké so
v6i dinh muc trong thoi gian van hanh.

Bai bao nay dé xuat cach tiép can moi trong giai
thuat xac dinh tir thong t6i wu nhim gidam ton
hao sat tir trong dong co. Pong thoi ap dung giai
thuat nay trong moé hinh didu khién dong co
khong dong bd ba pha theo phuong phap
DRFOC khéng ding cam bién tbc do két hop
udc lugng dién tré stator. Trong d6, mé hinh
udc lugng tu thong, tbc do va dién tré stator
dua trén co s Luenberge Luenberger Observer

va nguyén Iy mo hinh tham chiéu thich nghi
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(MRAS - Model reference adaptive system
MRAS). Trong bai bao, phan 2 trinh bay vé
cach tiép can méi trong phan tich mé hinh dong
co khong dong bg, phan 3 d¢ xuat giai thuat diéu
khién giam ton hao mé&i v6i md hinh diéu khién
thich nghi dugc trinh bay trong chuong 4. Mo
hinh héa mé hinh diéu khién dé xudt bang
Matlab/Simulink va két qua mo phong duoc
trinh bay trong chuong 4 va 5. Két qua cho thy
viéc st dung giai thuat dé xuét co thé giam tdn
hao dén ....% so v&i giai thuat diéu khién truyén
thdng, dic biét khi dong co hoat dong & ché do
non tai.

Il. PONG CO KHONG PONG BQ BA PHA

Dé phan tich ché d6 1am viéc va kha ning giam
t6n hao trong dong co khong dong bo ba pha ta

xem xét so dd thay thé voi thong sé vé stator,
rotor va mach tir hoa (hinh 1) [2],[6]:

. < ir
_'S> Rs Ls Rr Lr

Us Zm H l im Rr(1-s)/s

Hinh 1. So db thay thé timg pha dong co khong

ddng bo ba pha

Trong d6: Is, Iy, Im lan luot 1a vector dong dién
stator, rotor va mach tir hoa. Tt hinh 1 ta c6 thé
xac dinh vector dong dién tir hoa Iy theo

phuong trinh
T =T +T.Q

Trong cac hé théng diéu khién hién dai dong co
khong dong bd 3 pha thudng duoc mé ta trong
hé truc toa d9 a-fB, hoac d-q. M6 hinh cta dong
khong ddng bo 3 pha theo hé truc quay dq véi
tdc d6 ddng bo woe dwoc md ta bang cac phuong
trinh sau [1],[10]:

. d
usd = Rslsd +%_w0e‘//sq (2)

. dy,
Usq = Rslsq +Tq+a)oel//ds (3)

0=Ri,+ d("j’tfd — (@~ 0, (4)

. dy,

0= errq +Tq+ (a)Oe _a)e)Wrd (5)
3 L ,. .

Te ZEnp rm(lsql//rd _Isdl//rq) (6)

Trong d6 tir thong rotor dugc xac dinh:
l//rd = Lrird + I-misd (7)
Vig = L + Lyl (8)

Trong phuong phéap dinh hudng tir trudong rotor,
thanh phﬁn isa s€ dugc dinh hudng doc theo
vector tir thong rotor, con thanh phan isg ¢
hudng vudng goc véi vector trong hé quy chiéu
d-q sao cho tir thong rotor nim hoan toan trén
truc d nhu trong hinh 2, khi d6 thanh phén tir
thong rotor trén truc d, yr=\yr va thanh phan tir
thong rotor trén truc q, yr=0. Theo phuong
trinh (4), tai trang thai xac lap y=y=const nén
dyra/dt = 0 va vi vay i,¢=0. Tt phuong trinh (8)
va diéu kién =0 ta suy ra biéu thirc tinh dong

dién rotor trén hé truc q:
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Hinh 2. Gian db vector dong dién trén hé truc d-q

Tir hinh 2 ¢6 thé x4c dinh dugc thanh phan dong

dién stator trén truc d-q nhu sau

iy = 1,008 (Ay); i, =1gsin(Ay) (10)

Trong d6 Is — bién do dong dién stator va Ay la

goc 1éch gifra vector dong dién stator so voi tir

thong rotor W,

Két hop biéu thirc (9) suy ra dong dién rotor:

L L .
ir =lrg =—L—m Issin(Ay) (11)

r

Ttr biéu thirc (1), (10), (11)

- L
Iy = Iscos(Ay)ﬂlssm(Ay)(l—L—m) (12)
T
I11. GIAI THUAT PIEU KHIEN GIAM TON
HAO

Trong cac nghién ctru trude, mo hinh tén hao
ctia dong co thuong don gian héa bang cach bo
qua hodc st dung dong dién ro dé xac dinh ton
that trong 15i thép stator, diéu nay rat kho thuc
hién nhu trong [10]. Viéc xac dinh thanh phin
t6n hao nay c6 thé thuc hién dé dang hon bang
cong thirc tong quat, nhu duoc trinh bay dudi

day.

Téng ton hao trong déng co APy bao gdm ton
hao trong trong cudn diy stator APs , ton hao
trong trong cuén day rotor AP; , tén hao trong
trong 15i thép AP , ton hao co khi. Tuy nhién
do ton hao co khi chi phy thudc vao toe d6 quay
nén khéng thé t6i wu hoa [10].. Vi vay dé giam
ton hao ctia dong co ta tap trung tim cuc tiéu ciia
tong ba thanh phan con lai:

AP; = AP + AP, + AP, (13)

Trong d6, Tén hao trong cudn day stator va
rotor dugc xac dinh boi dong dién chay trong
chang. Tén hao trong stator dugc tinh theo cong

thirc sau:
3
APy =~ IZR, (14)

Tén hao trong cudn ddy rotor xac dinh theo

dong dién rotor tir biéu thire (11):

AP, —3L$“I2R in?(A
r =52 sResin (Ay) (15)
r
Theo [2],[5] ta ¢6 thé x4c dinh tén hao trong
thép bang cach tinh gin dung theo cong thic sau

AP, =3Ry [ 1|

2
:3I§{0052(Ay) +(1—LL—m] sinz(Ay)} Ry (16)

.
Rm — dién tro tac dung ctia mach tir hoa trong so
dd thay thé dong co. Pién trd Ry dic trung cho
ton that tré tir va bio hoa tir trong mach tir hoa
va dugc tinh tir [6]:
AP
R — —_mdm (17)

m 2
3|mdm

Trong d6, APmam, Imdm 1an luot 13 ton that trong

mach tir hoa & ché do dinh mirc.
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Bién dbi (13) két hop (14) ,(15), (16) ta tinh
dugc tong ton thét :

(Rs +Rpy) +

3.2
AP =21 2
£=50 +{LL—?(Rr+Rm)_2LL_mRmJSin2(AY)

T T

(18)
Tir biéu thirc (6) két hop (7) va (10) ta co thé
tinh dugc momen dién tir cia dong co khong
ddng bo 3 pha:

3n L 3n L
T =—LTi =—L"1%cos(Ay)sin(Ay) (19

e 2Lr sql//rd 2L s ( }/) ( 7/)( )

Rat I2 va dua vao biéu thirc (18) ta dugc ham

T

ton hao cong suit trong dong co theo momen
dién tur:
2(R,+RL, T,

APZ = N
Ny L2 sin(2ay)

L 2T,

r p=m

bé xéac dinh diéu kién sao cho téng tdn that APy
1a nho nhat ta l1ay dao ham biéu thic (20) va cho
bang 0.
dAP,
dAy

0 (21)

Thay biéu thirc (20) vao (21) ta dugc diéu kién

can dé dat cuc tri ta duoc:

((Ry+ Rn)L% + (R + Rpy) L = 2Ry Ly Jsin® ()
~(Rs +Ry)L2cos?(Ay) =0 (22)

Giai phuong trinh (22) ta tim dugc gia tri cla

goc léch vector dong dién stator va truc d trong

hé truc dq dé téng ton thit APy cuc tiéu:

(23)

2
AYOpt — arctg I (Rs + Rm)l-r
V(Rs + Rm)'—% +(Rr + Rm)'—rzn 72RmLer

Tt phuong trinh mé men ddng co ta suy ra gia

tri tir thong t6i wu:

2Lr||e| opt
———ctg(A . (T <T
\V(r)pt \/ Snp ctg(Ay™) | e| max @

Vrdm |Te| > Trnax
4)

Trong dd, Widm — tir thong dinh mirc dong co va
Tmax 1a md men cyc dai ciia dong co va dugc xac
dinh bang biéu thic :

3n
Tinax = f‘l’?dm tg(AYOpt) (25)

r
Nhu vay dé téng ton hao trong dong co dat gia
tri nho nhat phai diéu khién sao cho goc léch
gitta vector dong dién stator va truc d cua hé
truc dq c¢b dinh va bang gia tri cia biéu thirc
(23) hay tir thong dat gia tri t6i wu nhu trong
biéu thirc (24).

IV. MO HINH PIEU KHIEN GIAM TON
HAO

Hinh 3 trinh bay mé hinh diéu khién dong
co khong dong bd 3 pha giam tén hao theo
phuong phap DRFOC khéng st dung cam bién
téc d0. So voi md hinh diéu khién DFOC truyén
thdng c6 su khac biét chinh 1a khdi udc lugng
tde do, wdc lugong dién trd stator va dac biét 1a
bd phan xac dinh tir thong t6i wu theo giai thuat
giam ton ton hao dé xuét tir biéu thuc (24) —
Optimal Flux.

Trong mé hinh diéu khién d& xuat st dung
hai by quan sat tbc d6 va dién tro stator
(MRAS). Ca hai mo hinh déu sir dung bd quan
sat tir thong dé 1am mo hinh tham chiéu, ciing
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nhu md hinh hi¢u chinh. Trong d6, mé hinh Luenberger trén co sé di¢n ap, nhim giam sai )
tham chiéu MRAS téc d0 1a bd quan sat tir tir thong rotor.

thong vong kin xdy dyng theo mo hinh Phuong trinh md hinh tham chiéu

DC Link

prapn]

>—
P

* S4F— SGF— st_
suip [flre v HHH

—>i
-

v
“ “- Inverse
W,U,Lb—m_l:gimlsd’ Park VSE SVPWM
A A
Optimal A
Flux
0
Isd .
Wr/Lm s - )
peed & Rs

Te Observer |@———2 |
Isa P —
Qr - isc

Hinh 3. M6 hinh diéu khién giam t6n hao dong co trén co s6 DRFOC

\ij g IA B quan sat tir thong vong kin Luenberger dugc
b, = L ——"" trinh bay trong [3], [41,[5].
o 26 i
\ij —GLiA ( ) d\ll_m:i _\ilsa—'_i\i}ra-'_usa _k(lsa_i;a)
“ sp s'sp dt oT, L
lIIrB — Lr L R s r
d\Ps 1 ~ Lm ~ . a
m Tﬁzﬁ[—‘lfsﬁ+r\lfrﬁ+usﬁj—k(lsﬁ—lsﬁ)
B hiéu chinh xay dung theo mé hinh quan sat (28)
tir thong theo dong dién.
Trong do: k 14 d6 1oi bd quan sat c6 dugc khi
% L : giai phwong trinh tuyén tinh hoa hé théng .
as
‘I’ i Sau khi bién d6i va kiém tra 6n dinh hé théng
Br }/ Ios o
T theo ti€u chuan 6n dinh ctia Popov ta thu dugc
(27) phuong trinh wéc lwong téc d6 va dién tro stator

Sau:
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b= (pr +IK,m)(aT.J.‘i’§, )
(29)

\i,s

_\ijs i| _lP[Sirl
prv pri \i’fm

R = (Ko, + [ Kpe )(e005)

A
S
arv. \Parl

:[\i's

(30)
= [@er - lijs

arl

A ~ |
Wy =i | .

Bs
M0 hinh uéc lugng tde do duoge xay dung tr cac
phuong trinh (27), (28), (29) vdi ngd vao la tin
hiéu dién ap va dong dién stator trén hé truc aff
va trinh bay trén hinh 4.

» yro* o
| Reference yrB* | Adaption wr*
~| Model ~| Law o P p—
gl Eq.28 Eq.29
g
Eq
»| Adaptive
Model
— »| Eq27

Hinh 4. M6 hinh uéc lugng tde do

M0 hinh quan sat dién tré dugc xay dung tir cac
phuong trinh (27), (28), (30) v&i ngd vao la tin
hiéu dién ap va dong dién stator trén hé truc aff
va trinh bay trén hinh 5.

»

V. MO PHONG MATLAB/SIMULINK

DPé ching minh tinh hiu qua cua giai thuat
giam ton hao dé xuét va do chinh xac cta cac bd
quan sat, ta thuc hién phéng mo hinh trong hinh
3 bang phin mém Matlab/Simulink. Trong mo
hinh s dung dong co khong dong bd 3 pha
cong suat 4kW véi cac thong s dugce trinh bay
trong Bang 1. Cac truong hop khao sat dugce tién
hanh cho mé hinh DRFOC truyén théng, mo
hinh DRFOC c¢6 sir dung bo quan sét su thay ddi
clia dién trg stator va mo hinh diéu khién giam
ton hao dé xuat.

Biang 1. Thong sé dong co

Théng sb ki hié}l Gi.é
(don vi) tri
bién tro cudn day pha stator | Rs (Q) 1.15
bién tro cudn day pha rotor R: (Q) 1.44
Pién tréd mach tir hoa Rm 8.7
bién cam mach tir hoa Lm(mH) [0.143
bién cam cudn stator Los (mH) | 0.156
bién cam cuon rotor Lo (MH) | 0.156
Sé cap cuc dong co Np 2
Mo men quén tinh co J (kg.m2) | 0.024
M6 men dinh mrc Tam(N.mM) | 26.5
Téc do dinh mirc ogm | 1395
Hiéu suét dinh muc % 85

o yrox
Isp | Reference | wrgs Rs
dsa > l\égdze; Adaption > P
UsB > . Law
Eq.30
8
—- Ad
» aptive
Model
Eq.28

Hinh 5. M6 hinh uéc lugng dién trd stator

-~

1. Khdo sdt dp chinh xdc ciia cdc by quan

sat.

bé danh gia chét lugng cua cac bo quan sat,
ta ting gia tri cua dién tro stator theo thoi gian
tr gia tri dinh muc cta Rs dén 2 1an dinh mirc
v6i d6 chia 0.1. Pdng thoi thay d6i tbe do dat
v6i 3 gia tri khac nhau lan luot 13 36.5 (rad/s),
73 (rad/s) va 146 ( rad/s). Két qua moé phong
dugc trinh bay trén hinh 6 cho thdy bo quan sat
cho gia tri u6c luong rat chinh xac.
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FealtE stimated R [0hm]

Time offset: 0

Hinh 6. So sanh dién tr¢ stator, tbc do thue va ude

luong
a0 !MUI'HEI"] [M.m) !
20
10
0 1 1 1 1 1 1 1 1
200 Sneet?l[lpm]
o ; ) ;
i P::zzzfd
15 Flux[‘\l\f’h]
1L
0§
T IiIIF|lIIIIIIfIl||IIIIIII||1|III|||||\1||||||||W||||||IIHIII!IWIIIIIII\IIIIIIIIIIIIIIﬁII\IIIIIII |
UL G
LUMIJHLH‘

a f
1} 05 1 15 2 25 3 35 4 45 5

Tine offset. 0

Hinh 7. Dap tmg ciia hé théng (mé men dit, tdc

d0, tir thong va hiéu suat) khi va Rs tang 200%
2. Khdo sat khd nang dap rng ciia mé hinh
khi dién tré stator thay doi: ting dién tré
stator tang lén 200 % gid tri dinh mirc.

Khi ting dién tré mach stator cia dong co
lén 200% so voi gia tri dinh muc, hé théng
DRFOC truyén théng bi mat 6n dinh va khong
con kha ning diéu khién, trong khi mé hinh dé
xuit vin dap mg va hi'éu suit van dam bao dat
78 %. Két qua md phong dugc trinh bay trén
hinh 7. Diéu nay chtng t6 vu diém vai trd quan
trong khong thé thiéu cta bd ude luong dién tro
stator trong mo hinh diéu khién.

3. Khdo sdt khd ning giam ton hao ciia cdc

mo hinh.

Tién hanh so sanh kha ning giam tén hao trong
mdé hinh DRFOC truyén théng, mé hinh
DRFOC c¢6 sir dung bd quan sat su thay di cua
dién tro stator md hinh diéu khién giam ton hao

dé xuit cho 3 truong hop:

a. Khi dién tré stator bing 150% dinh

mirc va toc d dong co la dinh mirc.

Két qua md phong trong hinh 8 cho thay khi tai
nho hon 30% dinh mirc, hiéu suit cia mo hinh
DRFOC truyén thong khong 6n dinh, trong khi
mo hinh DRFOC c6 str dung bg quan sat sy thay
dbi cua dién tr stator cho thay sy 6n dinh trong
ca dai diéu khién. Khi tai nhé hon 70% dinh
murc hiéu suit ciia md hinh dé xuét co hiéu suét
cao hon nhiéu so véi ca hai md hinh DFOC dic
biét trong ving non tai va hau nhu khong dbi
trong toan dai cua tai. Két qua nay di cho thiy
chét luong ctia by quan sat dién trd Rs va kha

ning giam t6n hao cia mé hinh dé xuét.

TorguelM.m]

[Torqueof ML) oo g ]

;i i i ;
et

100 N : DERFOC& : iPmposéd
solf L DREOC | R estimatian | ..C.-z"."f?'.M?#e.'.'.. ;
0 i L i i |

DRFOC&

15 DRFOC || Rs Estimation Flusiw/b)

J / }/ : : ;

: 3 H : : i+ Proposed :
f H i B H iControl Model |
Proposed
Control Model

Efficiency(%]

-

d : DRFOCE:
DRFOC || RsEstimation
i I i

Power loss[w)
T

 Proposed |
y - : :| Control Model
iy i H L i

1] 05 1 15 2 25 3 35 4 45

DRFOC&
Rs Estimation

Hinh 8. Dap tng ciia hé théng (md men dong co, toe
do, tir thong va hiéu sudt, tdn hao) khi Rs=1.5Rsim va
tc do 1a dinh murc

Time offset: O
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b. Khi dién tro stator bing dinh mirc
va téc do dong co 1a dinh miic.

Két qua mo phong dugc trinh bay trong

hinh 9 cho thay chat lugng diéu khién cua

cua mo hinh

Toigue[N.m]
30 T T T T
20t | Torque of 1M
10 : : : :
0 e R S S
Reference torque Speedfiad/s)
150 z L : - ! L
100 : I —7..|...0RFOC&:.. | [.. :Proposéd...J. ... 4
5 BRFOC Rs Estimation Control Model
0 L i . i L L i 1
DRFOC&
15 DRFOC || Rs Estimation |  Flus{wb]
1 : \/:/ ....... r

A Control Model
100 T

Pn;posed
Efficiency(%)
[~ e ot n - - v - v
50 N BREGER | b
DRFOC | Rs Estimation

] i i | I | i

Power loss|
1000 [\!’V]

DREOC | | DRFOC&
Rs Estimation

soof ... ................
= Proposed
Control:Model

1] 05 1 15 2 25 3 a5 4 45

0

Time offset. 0
Hinh 9. Pap tmg ctia hé thong (m6 men dong
co, toc d, tir thong, hiéu sudt, ton hao) khi

Rs=Rsam va toc do 1a dinh muc

DRFOC va DRFOC c6 st dung by quan sat su
thay d6i cua dién tré stator nhu nhau. Khi tai
nhé hon 70% dinh muc hiéu sudt cia mé hinh
dé xuét co hiéu suit cao hon nhiéu so véi ca hai
mod hinh DFOC dac biét trong vung non tai va

hau nhu khéng ddi trong toan dai cua tai.

c. Khi dién tré stator bang dinh mirc va tdc
do dong co thay ddi va tai bang 15% dinh

mirc.

Tai cua dong co duogc gitr khong dbi bang 15%
dinh muc va toc do diéu khién 1an luot 3 gia tri
khac nhau lan lugt 1a 36.5 (rad/s), 73 (rad/s) va
146 (rad/s). Két qua duoc trinh bay trén hinh 10

cho thdy v6i moi tbe d6, diéu khién d& xuit co
hiéu sudt cao hon so voi ca hai md hinh
DRFOC. Véi cung mot tai, tbe do cang lon do
chénh 1éch vé ton hao gitta cac md hinh ngay
cang cao.

Reference torque Speedfiadss)

200 : T . T : .
3 . DRFOC& H
1o | LOBFOC | ;. | Rs Estimation |
] i | | | | |
Fluswb]
" DRFOC& ! ! i

Rs Estimation:

n

Proposed
Control Model

Efficiency(%]

T T

i e
DRFOC

0 Rs Estipation |
Power I\jss
400 T T T W) T
00k e b KR
0 iy

0 05 1 15 2 25 3 35 4 45
Proposed
Control Model

Hinh 10. Dap mg cua hé thong (mé men dong

Time offset: 0

co, toc d, tir thong, hiéu sudt, ton hao) khi
Rs=Rsam va toc do thay dbi va tai bang 15%
dinh mirc

4. So sdnh hiéu qud kinh té

Dé so sanh hiéu qua kinh té ciia mé hinh dé xuét
v6i mo hinh DFOC truyén thdng, tién hanh mo
phong véi tée d6 1a dinh murc va tai ting dan tir
0 dén dinh mirc. Két qua dugc trinh bay ¢ bang
2
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Bang 2. So sanh hiéu qué kinh té

Stt | Ty1¢ | Ton that cong | Hiéu suat
(%) | sudtAPg(W) (%)

i | pro | Giai | DFO | Giai
dinh | ¢ | thuat | C | thuat

e e aé
xuat xuat
1 5 303 | 32.5| 38.68 | 85.58
2 10 318 | 65.12 | 54.83 | 85.58
3 15 | 329.9 | 97.66 | 63.81 | 85.58
4 20 | 341.1| 130.1 | 69.41 | 85.58
5 25 351 | 162.7 | 73.36 | 85.58
6 30 358 | 195.2 | 76.42 | 85.58
7 35 367 | 227.7 | 78.67 | 85.58
8 40 378 | 260 | 80.37 | 85.58
9 45 390 | 292.8 | 81.68 | 85.58
10 | 50 405 | 325.3 | 82.64 | 85.58
11 | 55 421 | 357 | 83.48 | 85.58
12 | 60 | 439.2 | 390.2 | 84.09 | 85.58
13| 70 450 | 455 | 84.93 | 85.58
14 | 80 528 | 520 | 85.4 | 8558
15 | 90 583 | 584 | 855 | 85.58
16 | 100 644 | 644 | 85.68 | 85.58

Tir bang 2 ta v& do thi so sanh ton hao cong suét
giita cdc mo hinh diéu khién (hinh 11).

700
b
600 3
< 500 /[ Drroca ]
E [ =iy
§ 400 / MVG
[%2]
‘q_-o') 300ﬂ Proposed
100 (‘/r/"
0
° 20 40 60 80 100

Motor load(%)
Hinh 11. Ton hao cong suat ctia hai mo hinh khi
toc d6 1a dinh muc

Dé thay rd hiéu qua kinh té cua cac hé théng véi
giai thuat d& xuat voi phuong phap DRFOC, ta
c6 thé sir dung cach danh gia theo cong thirc:

AP — AP
E=—FC — 9%100% (31)

A FOC

Trong do:

AProc — Téng ton hao ciia dong co khi

diéu khién theo phuong phap FOC.

APopt - Tong t6n hao cua dong co khi
diéu khién theo phuong phap dé xuat.

Két qua ty 18 ton thit gitra hé thdng véi
giai thuat dé xudt voi phuong phiap DRFOC
duogc trinh bay trong hinh 12.

100
80 \

60 \~
o\

N

20

0 AN

-20
0

Power losses Comparision(%)

20 40 60 80 100
Motor load(%)

Hinh 12. Két qué so sanh ton that hai mo hinh.
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Ttr hinh 11-12 cho thiy mé hinh didu khién dé
xuit cho phép giam ton hao coéng sudt so véi
DFOC truyén théng dén 85% va ting hiéu xuit

dén 42% tmg véi gia tri tai tir 5% dinh mirc.
VI. KET LUAN

Bai bao da trinh bay h¢ théng didu khién dong
co khong dong bo ba pha tich hop giai thuat
giam ton that cong suat dua trén co so phuong
phap diéu khién DRFOC sir dung bo udc lugng
toc do va ude lugng. Két qua mod phong biang
Matlab/Simulink cho thdy su khac biét vé hiéu
suat cia md hinh dé xuat so véi DRFOC truyén
thong 16n nhat dat 42% khi non tai (nhé hon
70%) nhd viée diéu khién tim tir thong toi wu.
Tir thong t6i wu thay doi theo tai va khac véi tir

thong trong DRFOC khong d6i va bang dinh
muc. Ngoai ra, nho sy chinh xdc cia cac bo
quan sat toe do, hé théng dé xuét co dap ung tbt
va van dam bao dat hiéu suat cao tt ngay ca khi
dién trg stator thay doi dén 200% dinh mirc ing
v6i moi gia tri toc do va tai trong vung dinh
mirc. Két qua md phong bang Matlab Simulink
cho thay tinh wu viét va kha thi ciia cac giai
thuat d& xuit va phu hop véi ly thuyét dugc
trinh bay .

LOI CAM ON

Xin chan thanh cam on Phong thi nghiém “Nghién
ciru Pién tir cong sudt” — B mén Cung Cap Dién —
Khoa Dién-Dién twr - Truong DHBK TPHCM da hé
tro va tao diéu kién t6t nhdt cho nhém téc gid thuc

hién bai bao khoa hoc nay.

Adaptive-Loss minimization control for speed
sensorless induction machines

e Lé Minh Phwong
e Nguyén Hoai Phong
e DPiang Ngoc Hung

University of Technology, VNU-HCM
ABSTRACT:

This paper presents a new online loss-
minimization algorithm in the adaptive control
model for speed sensorless based on the Direct
Rotor Flux Oriented Control (DRFOC) with
optimum flux in the condition of do variable stator
resistance. The paper also presents a new
approach to develop a reference and adaptive
models to estimate the speed and to observe stator
resistance change. Simulation results in Matlab

Simulink showed good adaptability of the
presented model controls even when the stator
resistance changes to up 200% of rated. In
addition, using the proposed algorithm allows
reducing losses and improving efficiency of
proposed control model in comparison with
DRFOC traditional model for load range 0-70%
of the rated. Where the difference of efficient can
reach 42%, and the difference in loss to 85%.

Keywords: loss-minimization, a reference and adaptive models
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