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TOM TAT

Dong co khong dong bé ba pha dwoc sir dyng rong rai trong cong nghiép vi cdc uu diém
nhu cdu tqo don gian, chdc chdn, vdn hanh tin cdy, it bao tri swa chira, gia thanh thap, hiéu
sudt cao. Bai bdo trinh bay nghién cieu so sanh diéu khién toc dé dinh huong tir thong (FOC)
va diéu khién truc tiép mé-men xodn (DTC) cua dong co khong dong bé siv dung bo quan sat
tir thong co kha nang thich nghi. Cac ddc diém chinh cia diéu khién FOC va diéu khién DTC
dwoc nghién citu bang mé phong, tap trung vao nhitng nhitng thudn loi va bt lpi cua chiing.
Hiéu sudt ciia hai phwong phdp diéu khién nay dwoc danh gid dwa trén mé-men xodn, dong
dién gon song, dap ung nhdt thoi doi véi sw thay doi mé-men tai. Tuy nhién, ching ta c6 thé
quan sat sw chuyen bién nhe ciia diéu khién DTC so véi diéu khién FOC lién quan dén hiéu
sudt diéu khién tir thong dong va sw phirc tap cua viéc thuc hién. Vi vy, su lua chon diéu
khién DTC hodc FOC sé phy thugc chii yéu vao cdc yéu cau cu thé ciia vmg dung.

Tir khéa: diéu khién phl‘tuyen; diéu khién truc tiép momen; dieu khién vector; dinh hiéng
truong; dong co khong dong bo.

ABSTRACT

Three-phase induction motors are widely used in industry because of their advantages
such as simple structure, solid, reliable operation, low maintenance and repairs, low-cost and
high efficiency. This paper presents a comparative study of field-oriented control (FOC) and
direct torque control (DTC) of induction motors using an adaptive flux observer. The main
characteristics of field-oriented control and direct torque control schemes are studied by
simulation, emphasizing their advantages and disadvantages. The performances of the two
control schemes are evaluated in terms of torque, current ripples and transient responses to
load toque variations. We can nevertheless observe a slight advance of the DTC scheme
compared to FOC scheme regarding the dynamic flux control performance and the
implementation complexity. Consequently, the choice of one or the other scheme will depend
mainly on specific requirements of the application.

Keywords: Nonlinear control; Direct torque control; Vector control; Field orientation;
Asynchronous motor.

1 PAT VAN PE (1] ngénh diéu khién tu dong, yéu cAu chat luong
: . doi véi céac loai may moc ngay cang cao: co

Cung v6i sy phat trien ngay cang 16n  cdu may moc doi hoi phai dat d6 nhanh,
manh cuta cac nganh cong nghi€p, dic biét 1a nhay, chinh xac cao, nang lugong phai duogc
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sir dung c6 hiéu qua. Pong co khong dong bd
chinh thuc dugc cong nhan tr nhiing nam
1970 tuy nhién ching khong dugc su dung
rong rai bdi vi c6 nhitng khé khan ma chung
mang lai: kho diéu khién va chit lugng thap.
Tuy nhién, cing v6i sy phat trién manh mé&
ctia cong nghé ché tao cac linh kién ban dan
cong sudt va cac bo vi xir Iy ¢6 kha nang xu
Iy manh mé&, nhitng khé khan do da duoc
khic phuc. Véi nhitng wu diém cua minh,
dong co khong dong b dang duoc xem la
mot trong nhitng giai phap cho nhiing van dé
dd néu & trén. Mot sé vu diém ndi bat cua
dong co tuyén tinh: tdc do cao, do chinh xéac
cao, dap tng nhanh, d6 bén co hoc cao.

Ngay nay, cung vdi su phat trién cua ly
thuyet diéu khién tu dong, ky thuat diéu
khién dong co khong dong bé ciing thay doi
nhanh chong. Trong 1y thuyét diéu khién hién
dai, dong co khong déng bd ba pha duoc
xem 1a mot d6i tuong phi tuyén (vi mo hinh
toan hoc cua dong co khong dong bd duoc
mo ta bang cic phuong trinh vi phan bac
cao). Dé diéu khién dong co mot cach chinh
xac, ta phai ap dung cac phuong phap diéu
khién phi tuyén nhu: didu khién truc tiép mo-
men (direct torque control - DTC), diéu
khién truot (sliding mode control - SMC),
diéu khién thu dong (passive control), diéu
khién thich nghi (adaptive control)... dé tac
dong 1én mo hinh todn hoc ctia dong co.

Trong bai b4o nay, phuong phap dicu
khién truc tiép md-men duoc s dung md
hinh todn hoc ctia dong co. Muc dich chinh
cua phuong phap nay la tlen hanh doi bién
diéu khién sao cho ngd ra tuyén tinh véi bién
diéu khién méi.

2. PONG CO KHONG PONG BQ BA
PHA [2]

Pong co khong dong bd dugec mo ta boi
mot hé phuong trinh vi phan bac cao. Voi
ciu triic phan bd cac cudn diy phirc tap vé
mat khong gian va cdc mach tr méc vong ta
phai chap nhan mét s6 cac diéu kién sau day
khi mé hinh héa dong co. Bé qua cac tén
hao trong 15i sat tir, khong xét t6i anh huong
cta tan sb va thay dbi cta nhiét do d6i voi
dién tro, dién cam t6i cac cudn day. Bé qua

bdo hoa mach tur, tw cam va hd cam ctia moi
cudn day dugc coi la tuyén tinh. Dong tur
hoa va tur truong dugc phan bo hinh sin trén
bé mat khe tir.
2.1. X4y dung mé hinh dong co khong
dong bo ba pha

Mot s6 qui ude cac ky hiéu cho cac dai
luong va cac thong s6 cua dong co.

Cugn déiy
pha B

Truc chuan

Cudn ddy
pha A

. stator
Cugn dév

pha C
Hinh 1. M6 hinh don gidan cua dong co
khong dong bo ba pha

Céc thong s6 cia dong co khong dong
bo ba pha:

Rs: dién tré cudn day stator

Rr: dién trd rotor qui doi vé stator

Lm: hd cam giita stator va rotor

L, : dién khang tan cudn day stator

L., : dién khang tan cudn day rotor qui doi
vé stator

p: s6 doi cuc cua dong co

J: moment quén tinh co (kg.m?)

Céc thong sé dinh nghia thém:

Ls=Lm+ L, dién cam stator

Lr=Lm+ L, dién cam rotor

T = L hang s thoi gian stator
S RS

T L hang sb thoi gian rotor
r Rr

o —1__Ln hé s tir tan tong

L.L,
Tsamp chu ky ldy mau
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Tir hé qui chiéu rotor quy vé hé qui
chiéu stator theo cac phuong trinh:
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i =ile’? (1)

wl =yie "’ )
Tu hai phuong trinh trén ta co:

O:Rrif+%—ja)y/f )

Vay tr cac phuong trinh trén ta c6 hé
phuong trinh:
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Dé xé4c dinh dong dién stator va tir thong
rotor, tur (4c) va (4d) co:
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Thay (5), (6) vao (4a, b),
Phuong trinh (4a, b) tré thanh:

Ue=R_.Tet ol Ie Lo v (7)
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Thay tir thong tir (9) vao (7) ta duogc:

dii_ 1 10 ij+1_0 1—jco y/f+iu§ (10)
at \oT. o ) o (T oL,
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Chuyén sang dang cic thanh phan cua
vector trén hai truc toa do:

di, 1 10'i +1—0 +1_—O—a) Ly
e e Vie g VT e

r=m m

1
wV/ra O'L usﬁ (12)

S
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d dy, Ly 1
+ow
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r

Thay cac thanh phan cta vector tir thong
rotor va dong stator ta duoc:

3 L
Te (l//ra sp l//rﬂ Szx) (13)

3. BIEp KHIEN DPINH HUONG TU
THONG ROTOR [3], [4], [5]

3.1. Piéu khién dinh hwéng tir thong rotor
dong co khong dong b

Phuong phép diéu khién gian tiép: trong
phuong phép diéu khién gian tiép thi goc @
duoc tinh toan dua trén téc do trugt va thong
tin vé tdc do dong co. Ta théy dac tinh cua
phuong phép nay phu thudc rat nhiu vao
viéc xac dinh chinh xac cac thong ) dong
co. Phuong phap FOC don gian hon phuong
phap truc tiép DTC. Piéu khién dinh huéng
tir treong dat duoc viée thay ddi mo-men va
tir théng dan dén viéc didu khién duoc tir

(4d)
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théng va mé-men twong ty nhu déng co DC
kich tor doc 1ap. Pinh hudéng duogc tu thong
toi uu dugc mo-men. Picu khién vong kin
md-men dugc di¢u khién gian tiép.

3.2. Két qua md phéng FOC

3.2.1. Tw thong cua dong co

Hinh 2. Tu thong cua dong co
Hinh 2 so sanh tir thong dat trude va tir
thong do dugc truc tiép tor dong co. Ket qua
md phéng cho thay, dap ung cia tir thong
thuce té ¢6 d0 vot 10 30 % .
3.2.2. Téc d cta dong co

180

e T 00 Gt
s —Toc do dap ung

5 B
T

Wref W(rad/s)
3 k-
—

7

3

time (s)
Hinh 3. Toc do cua dong co
Hinh 3 so sanh tdc do dat trudce va tbe do
do dugc truc ti€p tor dong co. Két qua mod
phong cho thay, dap ung cua toc do thuc té
khong c6 dd vot 10.

3.2.3. Mo-men cua dong co

MLref ML (Nm)

[ [
0 05 1 15 2 25 3 35

time (s)

Hinh 4. M6-men cua dong co

Hinh 4 so sanh m&-men dat trude va mo-
men do dugc truc tiép tir dong co. Két qua
mé phong cho thay, dap ung ctia moé-men
thue té c6 d6 vot 16 0.3 % (tai 2s 1a luc dao
chiéu quay dong co).

3.2.4. Dong dién ba pha cua dong co

ﬂﬂt | l”t ”H

nv've

pl A AR

|
0

Hinh 5. Dong dién ba pha cua dong co

Hinh 5 so sanh dong dién dat trudc va
dong dién do duoc truc tiép tir dong co.
Dong dién khoi dong bang 4 1an dong xac lap
(O-1giay: qua trinh khoi dong 40A; 1-1,5
gidy: qud trinh dinh mac 10A).

4. PHUONG, PHAP DIEU KHIEN
TRUC TIEP MO-MEN (DTC) [6], [7],

[8], [€]
4.1. Piéu khién truee tiép moé-men dong co
khong dong b

DTC la phuong phap diéu khién tryc tiép
tr thong va mdé-men. Hai dai lugng duogc do
la dién ap va dong di¢n stator. Bién ap do la
dién 4p mot chiéu sau chinh lwu. Tin hiéu
dién 4ap va dong dién 1a dau vao mé hinh
dong co, dé tir d6 tinh ra gia tri cta tir thong
va md-men. Hai bd so sanh cac gia tri nay
v6i cac gia tri dAu ra cua hai bo diéu khién.
Dya vao cac gia tri dau ra nay, logic dong
m¢& xac dinh vi tri van dong md t61 wu. Vi tri
van dong md lam thay do6i dién ap va dong
dién, no lai 4nh hudng téi moé-men va tir
thong. Do d6, mdi dién 4p xung duoc xac
dinh riéng ré. Hé thong khong sir dung cam
bién toc d¢. Diéu khién mo-men va d¢ 16n tir
thong ¢o thé thuc hién bé’mg cach tac dong
trén thanh tiép tuyén va huéng tdm twong
g cla véc to khong gian do lién két tur
thong stator trong quy dao cua nd. Hai thanh
phan d6 ti 1& truc tiép v6i cac thanh phan ciia
cung véc to khong gian dién 4p trong cung
hudng. Cac véc to dién ap duoc chon lya dya
trén sai léch cua tur thong va moé-men dién tur
voi cac gia tri dat. Tuy thudc vao trang thai
sai I¢ch cua tur thong va moé-men dién tur, mot
véc to dién ap t6i vu da dinh trude dugc chon
dé diéu chinh dai luong vé dang voi luong
dat. Pap tng nhanh moé-men, it phu thudc
vao tham sé dong co.
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4.2. Két qua md phong DTC
4.2.1.Tw thong cua dong co:

Firef Fi (Webe)
°

Hinh 6. Tu théng cua déng co

Hinh 6 so sanh tir thong dat trude va tir
thong do dugc truc ti€p tur dong co. Két qua
md phdéng cho thay, dap ung cua tir thong
thue t€ ¢6 do vot 16 10 % .

4.2.2. Toc dp caa dong co:
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Hinh 7. Toc do ciia déng co

Hinh 7 so sanh tdc d6 dat trude va toc do
do duoc truc tiép tor dong co. Két qua mo
phong cho thdy, dap tng cua téc do thuc té
khong co do vot 16 (tai 0.6s 1a lic c6 tai nén
tbc do thay d6i dot ngot).

4.2.3. M6-men cua dong co:

MLref ML (Nm)
°
E

: : : : : :
05 1 15 2 25 3
time (s)

Hinh 8. M6-men cua dong co

Hinh 8 so s&nh m6-men dat trudc va mo-
men do duoc truc tiép tir dong co. Két qua
mo phong cho thiy, dip tng cia mo-men
thuc t& co do vot 16 0.2 % (tai 0.6s 1a luc c6
tai nén mo-men thay doi dot ngot).

4.2.4. Dong dién ba pha cua dong co
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I

labc (A)

T S SR S -]
T T 1 1

Wbl

1 1 1 | |
o5 1 1 ] 5 5

: Time (s}
Hinh 9. Dong dién ba pha cua dong co
Hinh 9 so sanh dong dién khoi dong va
dong dién do duoc truc tiep tu dong co.
Dong dién khoi dong bang 2 lan dong xac 1ap
(0-0.2giay: qua trinh khoi dong 12A; 0.2-3
gidy: qua trinh dinh muc 6A).
5. SO SANH KET QUA MO PHONG
5.1. So sanh

Bdng 1. So sanh dap vng DTC va FOC

FOC DTC
bap img | Thei Dy vot| Thoi |P vot
gian (s) [10 (%) | gian (s) |10 (%)
T théng | 0,3 30 0,1 10
Téc d6 1,2 0 0,1 0
Mé-men | 001 | 03 | 01 | 0,2
Dong dién 1 300 0,2 100

5.2. Nhan xét

Bdng 2. Nhan xét hai phuong phap DTC va
FOC

FOC

DTC

+ Tu thong vot 16 30%
(khoang 0,3 gidy). Nhu
vay dap ung tur thong
dat yéu cau.

+ Tbc @6 khong vot 16.
Nhu viy dap ung cua
tbc do dat yéu cau,
khong co sai sd tinh.

+ Tu thong vot 15 10%
(khoang 0,1 gidy). Nhu
vay dap ung tur thong
dat yéu cau.

+ Tbc @6 khong vot 16.
Nhu viy dap ung cua
tbc d6 dat yéu cau,
khong co sai so tinh.
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+ Mé-men vot 16 0,3%
khoang thoi gian 0,01
gidy. Md-men cua
dong co tang theo mo-
men tai dén gia tri dat
(3,5 N.m) véi do vot 16
cho phép.

+ Dong dién ba pha
cua dong co tang dén
40 (A) trong qua trinh
khoi  dong  trong
khoang thoi gian 0,1
gidy. Sau do, dong dién
xac lap tai gia tri 10
(A). Nhu vay, dong
khoi dong bang 4 lan
dong xac lap.

+ Mé-men vot 16 0,2%
khoang thoi gian 0,1
gidly. Mod-men cua
dong co tang theo mo-
men tai dén gia tri dat
(3,5 N.m) véi do vot 16
cho phép.

+ Dong dién ba pha
cua dong co tang dén
12 (A) trong qua trinh
khoi  dong  trong
khoang thoi gian 0,1
gidy. Sau d6, dong dién
xac 1ap tai gia tri 6 (A).
Nhu vay, dong khoi
dong bang 2 lan dong
xac 1ap.

6. KET LUAN

Qua két qua md phong trén
Simulink/Matlab cho thdy phwong phap DTC
dat yéu ciu. Dong dién va tir thong ciia dong
co dap tng nhanh, khong vot 16, khong dao
dong. Mo-men, tbc do dong co bam kha sat
gia trj dat. Dong dién khoi dong bang hai 1an
dong xdc lap. Bai bao nay thanh cong gop
phan kiém chimng va phét trién phuong phap
DTC va FOC, mét phuong phap diéu khién
linh hoat, toan di¢n trong khong gian trang
thai vao d6i tuong diéu khién dang duogc sir
dung rong rdi hién nay 13 dong co khong dong
bd ba pha rotor 16ng soc. Pay sé& 1a co so dé
xdy dung cac hé théng diéu khién cé chét
luong cao vé do chinh xac, 6n dinh va thoa
man ddi véi hé théng truyén dong c6 yéu cau
nghiém ngat vé mat dong hoc. Hudng phat
trién cta dé tai: thyc hién trén hé thyc.
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