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Trwdng Bai hoc Quéc té Héng Bang
TOM TAT
Bai bdo nghién ciru viéc mé hinh héa va mé phdng hé truyén déng déng co khéng déng bd ba pha st dung
phuwong phdp diéu khién dinh huéng trwdng (Field-Oriented Control - FOC) dugc xdy dwng hoan toan tir
cdc khéi chire ndng co' bdn trong Simulink, khéng st dung cdc thu vién chuyén dung nhw SimPowerSystems.
Muc tiéu cda nghién ciru I phdt trién mé hinh & mirc thanh phén nhdm lam ré cdu tric va nguyén ly hoat
ddéng ctia FOC. Mé hinh dugc dp dung cho déng co' 50 HP, 460 V, 4 cure, 60 Hz, bao gém nghijch luu ngudn dp
ba pha, bd diéu ché vector khéng gian (SVPWM), cdc phép bién déi Clarke-Park va nghjch ddo, cling cdc bé
diéu khién dong va téc dé Pl. Két qud mé phdng thé hién ddp trng déng cla hé théng trong qud trinh khdi
déng, trang thdi xdc Iap va khi thay déi téc dé ddt hodic mb-men taéi. Cdc két qud thu dwoc xdc nhén tinh
dung ddn cda mé hinh va cho théy wu diém cia FOC vdi khé ndng diéu khién mé-men nhanh, déc lap va

hiéu sudt cao trong ddi téc dé réng.

Tirkhéa: FOC, déng co khéng déng bé, Simulink, diéu khién vector

1. DAT VAN BE

Hé truyén dong str dung dong co khéng déng b ba
pha (Induction Motor - IM) chiém vi tri quan trong
trong cdng nghiép nho dé tin cay cao va chi phibao
tri thdp. Phuwong phdp diéu khién dinh hudng
trudng (FOC) cho phép dat dwoc chat lwong diéu
khién twong dwong vai dong co mot chiéu, véi kha
nang diéu khién md-men nhanh va déc lap [1, 2].
Viéc st dung cac thu vién cé sdn (nhu Sim-
PowerSystems) giup mé phong nhanh chéng
nhuwng thuwong che khuat cac chi tiét trién khai
thuat toan, gay khoé khan cho ngudi hoc va ngudi
nghién ctru muén hiéu sdu ban chat.

Céc tailiéu huwdng din mo phong thuong tap trung
vao viéc str dung cac khdi cé san. Cé it tai liéu chi
tiét trinh bay cac budc xdy dung hoan chinh mét
moé hinh FOC tlr cdc khdi co ban nhat trong
Simulink, bao gébm cd mé hinh déng co dang
phuwongtrinh vi phan.

Nghién clru xay dwng mo hinh todn hoc va mé hinh
Simulink hoan chinh cho hé truyén déng FOC cla
doéng co khdng déng bé tir cac nguyén ly co ban,
doéng thoi kiém chirng hoat déng cla mé hinh
thdng qua mé phdng cac dac tinh déng hoc va tinh
hoc, cling nhu phan tich dédp (rng cla hé théng
dudi cackich ban thay d6i t6c d6 va mo-men tai.

Khac véi cac nghién ciru sir dung thu vién dyng san
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nhu SimPowerSystems, bai bdo nay dé xuat
phuong phap xay dwng hé théng FOC hoan chinh &
murc khéi co ban, bao gdbm mé hinh déng co, bién
doi toa do, bd diéu ché SVPWM va cau truc diéu
khién vong kép. Cach ti€p can nay gitp minh bach
ciu truc thuat todn, nang cao tinh su pham va tao
nén tang thuan loi cho nghién clru phat trién cac
chiénlwoc diéu khién nang cao.

2.D0I TUONG VA PHU'O'NG PHAP NGHIEN CU'U
2.1. B6i twong nghién ctru

Doi tugng nghién ciru 1a hé truyén dong dong co
khoéng déng bd ba pha rotor 16ng séc, duoc diéu
khién bang phuong phap diéu khién dinh huéng
truong (Field-Oriented Control - FOC) theo hé toa
dd quay dg. Hé truyén doéng bao gébm cac thanh
phan chinh: Nguén dién mot chiéu, nghich Ivu
ngudn ap ba pha (Voltage Source Inverter - VSI), bd
diéu ché vector khdng gian (SVPWM), bd diéu
khién dong va téc d6 dang PI, cdc khéi bién d6i toa
dd Clarke-Park va nghich dao, cung v&i mé hinh
toan hoc déng co khong déng bd ba pha.

2.2. Phuong phap nghién ciru

2.2.1. Co’ sé ly thuyét

Nguyén ly hoat ddng chinh cta hé théng FOC: Po
luwdng: Do dong dién thuc té chay trong dong co (it
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nhat 2 pha) va vi tri géc cla rotor (bang encoder,
resolver hoac udc lwong trong cdc hé "Sensorless
FOC"). Bién d6i Clark (3 pha = 2 pha): Chuyén déi
dong dién 3 pha (I, Iy, Ic) tlr hé toa dd c6 dinh (ABC)
sang hé toa dd cd dinh 2 pha vuéng goc (I, Ig). Bién
déi Park (2 pha c6 dinh - 2 pha quay): Chuyén doi
(la, 1g) sang hé toa d6 quay dong bd vdi tir thong
rotor (d, g). Hé toa dé nay quay cung téc dd vai
vector tir thong rotor. Dau ra cla phép bién d6i nay
chinh 13 hai thanh phan dong dién l4 (tao tir thdng)
va lq (tao mé-men) yéu cau diéu khién. Viéc bién déi
nay doi héi biét chinh xac géc 0 cla vector tir thdng
rotor so vdi stator. Diéu khién Pl (B diéu chinh dong
dién): So sanh iy ¢ (thuwong dét c6 dinh dé gilr tir
thong dinh mirc) va iy .5 (tlr bo diéu téc bén ngoai,
ty 1& véi mé-men yéu cau) védi iy va i, thuc té. BO
diéu chinh PI sé tinh todn ra dién ap diéu khién can
thiét trong hé toa d6 quay: Vy e va Vy 1. Bién doi
Park nguoc (2 pha quay > 2 pha c8 dinh): Chuyén
NEUOC Vy rer Va Vg rer V& hé toa d6 c6 dinh V, ,of
va Vg ,.or. Diéu ché PWM (SVPWM - Space Vector
PWM): TU Ve, e Va Vg 1o, bO diéu ché SVPWM s&
tinh todn va tao ra 6 xung PWM dé déng cat cac
khéa ban dan trong bo nghich lwu (Inverter) mot
cach tdi wu, tao ra dién ap 3 pha hinh sin mong
muén dat 1én dong co.

2.2.2. M6 hinh todn

Mb hinh ddng co’ trong hé toa dd quay dong bo (dq)
Phuwong trinh dién ap:

Trong hé toa dé dq quay véi toc do w,:

Stator:

Usq = Rglgq + d;p;d — Welgq (1)
Ugqg = Rsigq + d¥sq _ wed (2)
Rotor (I6ng sdc):

0 = Ryiyg + 2 — (w, — w,)hrq 3)
0=Ryirg + d;ptrq — (We — W )Prq (4)

Phuong trinh tlr thong méc vong:

Ysa = Lsisa + Linirq (5)
Ysq = Lsisqg + Linirg (6)
Yra = Lylrg + Linisq (7)
Yrq = Lylpg + Linisq (8)

Véi: Lg = Lig + Ly, (dién camstotor), L, =L+ L,
(dién cam rotor), L,, (dién cam tir hod).
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M& hinh trang thai rat gon (dUng ¥4, Py lam
bién trang thai):

T phuong trinh tlr thong, giai ra dong rotor:
. 1 .
lra = L_r (lprd - Lmlsd) (9)

, 1 .
lrqg = Z (l/jrq - Lmlsq) (10)

Thévao phuong trinh dién ap rotor (v&iu,4 =Upq=0):

AdYrg  Lm . 1
Td = T_r lsg — T_Tl/jrd + (we — (‘)r)l/jrq (11)

dPrq _ Lm

. 1
I T_rlsq - T_rlprq + (we - wr)lrbrd (12)

Vi T. = 2 (hing s6 thoi gian)
T R

Phuwong trinh dong stator:

. o LA N2 s 12
Pinh nghfahésétantir:o =1 — —=
LsLy
digg 1 ) .
—dst =L [usd — Rsisq + w,0Lsig, (13)

+ LL_T:L i_:wrd - (we - wr)l/)rq)]

disg _ 1 . .
- = G—LS[ sq — Rslisqg — WeOLglsq (14)

+l;_1: IZ_:l/)rq - ((‘)e - wr)lprd)]

Phuwong trinh co hoc:
M6 men dién tu:

T, = 3 P72 (Praisg = Yrglsa) (15)
Phuwong trinh chuyén déng:

JSE =T, —T, - Bw, (16)
Goc rotor: dd_Gtr = w, (17)

V&i: P: S6 ddi cuwe, J: M6-men quén tinh, B: Hé s6
ma sat, T,: MO-men tai.

M6 hinh déng co trong hé toa do dq xay dwng dua
trén ly thuyét kinh dién vé mdy dién va diéu khién
vector, phu hgp véi cdc md hinh duoc trinh bay
trong [1, 2].

Nguyén ly diéu khién dinh hwéng trudrng (FOC)
Diéu kién dinh huwdng trudng:

Pat hé toa d6 dq trung véi vector tlr thong rotor,
sao cho:

1/)rq =0,V =Yy (18)
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Khi d6 tir thong rotor chi ¢ thanh phand: .=,
Tan so dién tir (diéu kién truot):

d ’l)rq
dt

Tuw phuong trinh
Lin Isq.

(19)

M&-men dién tlr don gidn hda:
V&i: g = 0

3 Lm .
T, = Epz(lprdlsq)

TU thong rotor:

(20)

d

N N 1/er _
Tl phuong trinh pr Yrg =0

A¥ra _ Lm; _llp
dt T, sd T, rd

(21)

Ché d6 xac 13p: Y,q = Linisa

Diéu kién dinh huéng trudng vdi truc d trung véi
vector tir thong rotor Ia gia thiét chuan trong diéu
khién FOC, cho phép tach r&i diéu khién tir thong
va mo-men dién tlr, nhu d3 dugc trinh bay chi tiét
trong [1].

Cac phép bién ddi toa d6: Bién déi Clarke (3 pha
> ap), bién déi Park (ap > dq), bién déi Park
nguoc (dg = ap).

Bo diéu khién PI

B diéu khién dong dién:

Usg = ki (isg = isa) + ki [(i5q — isq)dt  (22)
— we0Lglgq

u;q = kp,i(i;q - isq) -Ilj ki,i f(i;q - isq)dt (23)
+ We (GLsisd + L_r:lprq)

B diéu khién tir thdng, t&c do:

T thong iy = kp,lp Wy = ¥ra) (24)

+ ki [ — Prg)dt
T6c d0 i5q = kyy(w) — ;) (25)
+kiy [ (0 — w,)dt

Bd diéu ché& vector khéng gian (SVPWM)

Vector dién &p tham chiéu:

TU Ugg, Usq

Uy = UgqCOSH, — UgySinb, (26)

Up = UgySinG, + ug,cosb, (27)

Xac dinh Sector:

0, = arctan, (ug, ug)

Sector =[ by ]vé’i 1 < Sector <6 (28)

/3
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= 0, (ché d6 xac 1ap), ta co:

Thoi gian déng cét co ban:

V3T A3, 1,
To=— (G ua = 3up) (29)
_ V3T .
TZ = Une Uﬁ (30)
Ty=T,-Th— T, (31)

Th&i gian dong cho tirng pha:
To="2,Ty=Ty+2, T, =Ty +=

Thuéat todn diéu ché vector khéng gian (SVPWM)
dwoc st dung nham t6i wu bién do dién ap daura
va giam séng hai so vdi PWM hinh sin truyén
théng, nhu dugc phan tich trong [3, 9, 10, 11].

2.3. Bai todn

2.3.1. Phén tich bai todn va thiét Idp mé phéng
Poéng co cam rng (induction motor) duoc cap
ngudn bdi mot bé bién tan PWM diéu khién dong
dién (current-controlled PWM inverter), bd bién
tan nay hoat ddng nhw moét nguén dong dién xoay
chiéu ba pha hinh sin. Té¢c d6 déng co w duoc so
sanh vdi tdc do tham chiéu w* va sai s6 duwoc xir
ly bdi bd diéu khién tdc dd (speed controller) dé
tao ralénh mé-men T,

Nhu dwoc hién thi bén dudi, tir théng rotor (rotor
flux) va mé-men (torque) cé thé dugc diéu khién
riéng biét bdi dong dién tryc tryc stator iy va
dong dién truc ngang stator i, twong ing.

Dong dién tham chiéu truc ngang stator isq duoc
tinh gid tri tham chi€u mé-men T, nhu sau:

lqs \ \me
Ay

d Rotor flux axis

Rotor axis

I,
Hinh 1. Nguyén ly diéu khién huéng tir tredong

ok _22Ly Te
95 3D L [rlest
Trong d6 L, la dién cam rotor, L,, la dién cam
twong ho, va |, |.s 1a gid tri wdc lvgng lién két
tlr thong rotor duoc tinh baoi:

— Limigs
hbrlest - 1+7,s

(32)

(33)

, Ly« » ,« ..
Trong dé 7, = R—r la hang s6 th&i gian rotor.
T

ISSN: 2615 - 9686




Tap chi Khoa hoc Trwwérng Pai hoc Quéc té Hong Bang - S 40 - 3/2026: 187-194

7

Iq 1 34.7e-3*u[1)/(u[2]'0.1557+1e-3) |—>

Teta= Electrical angle= integ ( wr + wm)

wr = Rotor frequency (rad/s) = Lm *lg / ( Tr * Phir)

wm= Rotor mechanical speed (rad/s)

Lm =347 mH

Lr = LI'r +Lm = 0.8 +34.7= 35.5 mH
Rr= 0.228 ohms

Tr=Lr/Rr=0.1557 s

Hinh 2. Khéi wdc lugng tir théng rotor theo mé hinh dong stator

Dong dién tham chiéu truc tryc stator i dugc ldy
tir dau vao tham chiéu tir thong rotor [,.|*:

o el
ds L

(34)

Vi tri tlr théng rotor 6, can thiét cho viéc bién
ddi toa d6 duoc tao ra tir téc dé rotor w,, va tan
s6 truot:

Wig: ee = f(wm + wls)dt (35)

Tan sd trwot dugc tinh tir dong dién tham chiéu
stator iy va cac thong s6 cla déng co (motor
parameters):
Lm Ry ..

Ot = e 1y 05
Céc gid tri tham chiéu dong dién igs va iz duoc
chuyén d6i thanh cac gia tri tham chiéu dong dién
ba pha i, i}, i% d€ phuc vu cho cac bd diéu chinh
dong dién (current regulators). Cac bd diéu chinh
nay xtt ly dong dién do duoc va dong dién tham
chiéu dé tao ra cac tin hiéu diéu khién céng
(gating signals) cho bd bién tan.

(36)

Vai trd cla bd diéu khién t&c do (speed controller)
13 gitr cho t&c dd déng co (motor speed) bang vdi
gid tri tham chiéu téc dd & trang thai én dinh va
cung cap déap rng dong t6t trong cac qua trinh qua

dd. BO diéu khién nay co thé 13 loai tich phan ti 1&
(proportional-integral type) [13].

+ PWM [ 7 Y
Ve ] [

inverter i | maotor ;l

Rotor flux
reference

Iwd*

ige®
s -
5 d
g Il a,
A - - o,
caleulation caleulation ®

e T®

Torque
reference

Hinh 3. Hé thong truyén déng déng co cdm &ng
bién tan tan s6 diéu khién hudng tir trudng

2.3.2. Xdy dung mé hinh va cai ddt théng s6

Khéng st dung thu vién cé san, chi dung cac khoi
chirc nang thuc hién mo hinh héa va mé phong hé
truyén déng cho dong co AC 3 pha theo phuong
phap diéu khién dinh huwéng trudng (FOC). Hién thi
dang sdng dong dién, téc d6, moment trong qud trinh
khai dong. Hién thi dang séng dién ap, dong dién &
trang thai xac 1ap. Hién thj ddp (ng khi thay déi téc
do, thay d6i mé-men. Hién thj dang song dong dién.

Caonstant
ranque

o r_,/"'._El

~e—{T]

Torque Torgue

Reference siop

spead sebaction
salection {N.m}

© " {rads)

17

:]_ S— Vb (V)

1 Iabi (A}
,/ =Anior spoed (wmje
Mo

e L1

Hinh 4. So d6 m6 phéng hé truyén dong déng co khdng dong bé diéu khién vector (FOC)
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Flux
Calculation

Phir Id
»/ prir \ﬁ>—b labc 1 f—
Speed wm Teta P Teta Iq——
P g ABC to dg
conversion
Teta
Calculation
1 e
)
Phir*  1d*
Phir id* lab labo
i abec
] Tet I_>_’
Calculation e Pulses
Id*  labe® i labc® pulses
P Phir s
= Ig* ™ g Current
I: Te* > Te* Regulator
.—> wh — dq to ABC
speed — k;qls . conversion
Speed calculation
controller

Hinh 5. So d6 khéi b diéu khién dinh hudng tir thdng (FOC) déng co khéng dong bd

2.3.3. Kién tric mé hinh Simulink

M&é hinh dwoc xdy dung bao gdbm cac module chinh
sau: Module déng co: Duoc trién khai tir mé hinh
phuong trinh trang thai trong hé toa do dq quay
dong bé, sir dung 6 khéi tich phan cho cac bién
trang thai: i, i, ¥, ¥, w, B,. Bd chuyén ddi toa do:
G6m céc khai Clarke (3 pha = ap), Park (ap > dq)
va Park nguoc (dg = aB), duoclap trinh tryc tiép tir
cac cdng thirc lwong gidc. Bd diéu khién FOC: Bao
gdm hai vong diéu khién Pl: Vong ngoai diéu khién
t&c do va tir thdng, vong trong diéu khién dong dién
trén hai truc d va g, cé tich hop khau bu khép ndi
chéo (decoupling). B diéu ché SVPWM: Ty xay
dung thuat todn diéu ché vector khéng gian dé tinh
toan thoi gian déng cat cho bd nghich lvu dp ba pha
(2-level VSI). Khéi tao tai: Cho phép dat cac budc
thay d6i md-men tai tai cac thoi diém xac dinh.

2.3.4. Théng sé hé théng

Md hinh dwoc mé phdng cho déng co khéng déng
b6 rotor 16ng sc cd cac thong s6 dinh mirc va ndi tai
nhu sau: Céng suat: 50 HP (37.3 kW), Dién ap day:
460V, Tan sé dinh murc: 60 Hz, S6 ddi cuc: 2 (4 cuc
tlr). Thédng s& mach (quy déi vé stator): Dién trd
stator, Rs = 0.087 Q, Dién trd rotor, Rr = 0.228 Q,
Pién cam tan stator, Lls = 0.8 mH, Pién cam tan
rotor, LIr = 0.8 mH, Dién cam tr hda, Lm =34.7 mH.
Théng s6 co: M-men quan tinh J = 0.4 kg.m?, hé s6
masat B=0.01 N.m. s/rad. Théng s diéu khién: Cac
tham s6 bd diéu khién Pl dwoc hiéu chinh theo
phuong phép Ziegler-Nichols va t8i wu hoa lap dé
dat dap &rng nhanh véi dé vot 16 thap.

Théng s bd diéu khién Pl va cdu hinh mé phdng: Kp
vong téc do (Kp_speed): 2.5, Ki vong téc do

Hong Bang International University Journal of Science

(Ki_speed): 120, Kp vong dong d-q (Kp_current): 3.2,
Ki vong dong d-q (Ki_current): 450, Kp vong tlr thong
(Kp_flux): 1.8, Ki vong tir thdng (Ki_flux): 80, Tan s6
déng cat nghich lwu: 10 kHz, Budre thoi gian vong diéu
khién: 1x10™ s, Budc thdi gian nghich lvu (PWM):
1x1075 s, Solver Simulink: ode23tb (stiff solver).

Céc tham sé Pl dugc hiéu chinh theo phuong phap
Ziegler-Nichols k&t hop tinh chinh thwc nghiém
théng qua mé phdng dé dat ddp (rng nhanh, do vot
16 thap va dam bao 6n dinh hé théng.

2.3.5. Kich bdn mé phong

M6 phong duoc thye hién véi ba kich ban chinh dé
danh gid toan dién chat lvgng hé théng: Khéi dong
khong tai: Pong co khai dong tir trang thai dirng dén
t6c dd dinh murc (188.5 rad/s) véi tai bing 0. On dinh
tdc do: Phan tich dang song dién 4p va dong dién &
trang thai xac 1ap. Danh gid d6 bén virng: Kiém tra
ddp tng khi c6 su thay déi budc vé t6c do dat (tir
dinh murc xubng 50%) va khi cé sy thay ddi dot ngot
clia mé-men tai (tir 0 1én 100% mo-men dinh mirc).

3. KET QUA NGHIEN CU’'U VA BAN LUAN

3.1. Qua trinh khé'i dong dong co

K&t qua mé phdng tai Hinh 6 minh hoa rang (thoi
gian 0.05s): Giai doan qud dé dau tién khi khai
déng: Dong dién stator (i, i,, i.) dat gid tri dinh cao
(khoang 2 - 3 1an dong dinh mirc) dé tao ra mé-men
ma& may ldn, day la ddc tinh phu hop véi ly thuyét.
T6c d6 rotor (w,) bat dau tang véi d6 ddc 1n, chirng
td mo-men dién tlr (T,) sinh ra vuot tréi so véi mo-
men can (lGc nay bang 0). Dang séng mé-men T, ¢6
dao déng nhd trong vai mili gidy dau do qua trinh
xay dung tir thdng rotor, sau dé nhanh chéng én
dinh & gid tri can thiét cho gia téc.
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Time(s) @ (77 Trace Sebection b
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Hinh 6. Dang song t = 0.05s

3.2.Dap irng & trang thai xaclap

K&t qua mo phdng tai Hinh 7 minh hoa rang (thoi
gian 0.5s): Hé théng da vao trang thai xac 1ap: Téc
dé (w,): BAm chinh xac va én dinh tai gia tri dat
(188.5 rad/s), v&i sai s6 tinh bang 0 nho khau tich
phan trong bd diéu khién Pl tdc do. Dong dién:
Dong dién pha (i,) c6 dang hinh sin thuan khiét, tan
s6 dung 60 Hz, bién dd én dinh. Diéu nay ching
minh hiéu qud cta ciu tric FOC trong viéc diéu
khién dong hinh sin va tinh chinh xac cda bé diéu
ché& SVPWM tu xdy dwng. M6-men (T,): Dao dong

Timis)

quanh gid tri 0 (do dang chay khong tai), véi do dap
mach rat thap. D6 dap mach nay chld yéu dén tir
séng hai bac cao trong dién ap nghich lwu va da
dugcbd diéu khién dong dién han ché dang ké [12].
Céc chi sb hiéu ndng déng hoc cha hé théng FOC:
Do vot 16 tc dd (Overshoot): 3.1%, Thoi gian xac
lap (+2%): 0.18 s, Sai s6 xac lap t6c d6: = 0 rad/s,
THD dong stator (i,): 2.9%, Thoi gian dap ng khi
ddi téc do (t1): 0.15 s, Thoi gian phuc hoi khi d3t tai
(t,):0.21s.

x
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Hinh 7. Dang séng t = 0.5s

3.3. Danh gia dap trng dong khi thay déi téc do va tai
K&t qua md phdng tai Hinh 8 minh hoa ring (thoi
gian 2s): Phan (rng cha hé théng trudc hai su kién:
(1) Gidm t6c d6 dat xuéng 50% tai thoi diém t,, va
(2) dattai dinh mrc tai thoi diém t, khitdc d6 da 6n
dinh & gid tri m&i. Phan &ng véi thay d6i téc do: Khi
tdc d6 dat giam dot ngét, bd diéu khién ngay lap
tirc dao chiéu thanh phan dong i, (ty & véi mé-
men) dé tao m6é-men him. T6c dd gidm nhanh
chéng vé gid tri dat mai véi thoi gian qua dd ngdn
va khéng co vot 16 dang ké. Dong dién pha diéu
chinh tan s& va bién d6 phu hop vdi téc d6 mai.
Phan (rng vai thay d6i tai: Khi mo-men tai dwoc dot
ngot ap dung, tdc dd cd xu hwdng sut giam nhe. B
diéu khién t6c d6 phan rng bang cach ting gia tri
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dat cho dong i, dan dén mé-men dién tir T, ting
|én dé can bang vdi tai madi. Toc d6 dugc phuc hoi
vé gia tri dat sau mot khodng thoi gian qua do
ngan. Bién do dong dién stator ting 1én ty 1& vdi
md-men tai, trong khi dang séng sin van duoc gilt
nguyén. K& qua nay khang dinh tinh doc 1ap diéu
khién gitta tir thong (qua i) va mé-men (qua i,,),
nguyén ly cot 18i cia FOC. Pdng gbp chinh cua bai
bao 13 cung cdp mét phuong phdp luan rd rang dé
mo hinh hdéa hé théng FOC tir dau, bao gdbm mé
hinh dong co trong hé toa do dq, bo nghich lwu
SVPWM va ciu tric diéu khién kép vong kin. Cac
k&t qua md phong toan dién déng vai trd nhu mot
tai liéu tham khdo dang tin cdy cho muc dich giang
dayvanghién ctru phattrién[4-8, 14].
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4. KET LUAN, KIEN NGHI

4.1.Kétluan

Nghién cru nay da thanh cong trong viéc xay dung
va mo phdng hé truyén déng déng co khdng déng
bd ba pha diéu khién theo phuong phap Dinh
hudng Trwong (FOC) hoan toan tlr cac nguyén ly co
ban, s dung cdc khéi chirc ndng co ban cla
Simulink. Md hinh tu xdy dwng bao gdbm déng co
dang phuong trinh trang thai trong hé toa do dq,
cac bd bién doi toa dd Clarke/Park, bd diéu ché
vector khéng gian (SVPWM) va bd diéu khién PI
kép, da dugc kiém chirng vdi thdng sé dong co 50
HP thuc té. K&t qua md phdng cho céc kich ban khai
dong, lam viéc xac 1ap va dap (ng vdi thay déi téc
d6/tai da khang dinh cac wu diém cla FOC: biéu
khién mé-men nhanh va ddc 1ap, dong dién hinh
sin, va kha ndng bam t6c dod bén virng.

Cong trinh nay cé hai déng gép chinh: Cung cdp mot
mo& hinh minh bach, cé tinh su pham cao, gitup
ngudi hoc hidu sdu ciu tric va ludng tin hiéu cua
FOC. Tao ra mét nén tang mém déo cho viéc nghién
clru phat trién cac thuat todn diéu khién nang cao
(nhw diéu khién du bdo, diéu khién thich nghi)
trong tuong lai. Han ché& hién taila mé hinh gid dinh
diéu kién ly twdng va tham s6 Pl dugc hiéu chinh
th( cong. Hwdng phat trién ti€p theo bao gbém tich
hop cac hiéu rng phi tuyén thuc té, ty ddng tdi wu
tham sd& bo diéu khién, va dac biét Ia trién khai
thuat todn lén phan clirng thyc nghiém dé kiém

chirng két qua mo phéng.

Nghién ctru d3 chirng minh tinh kha thi va hiéu qua
cta phuong phap md hinh hda tir géc, mé ra mot
cdng cu dac lwc cho cd muc dich dao tao va nghién
clru chuyén sdu trong linh vuc truyén dong dién
bién tan - bién tan.

Trong m6 hinh hién tai, cac hiéu &ng phi tuyén nhu
b3o hda mach tir va su thay déi dién trd rotor theo
nhiét dé chua dugc xét dén. Trong thuc té, sai s6
tham s8, dic biét la R, c6 thé gy léch gdéc dinh
hudng tir thdng va lam suy giam kha ndng tach
k&nh md-men - tir thdng. Tuy nhién, ciu truc diéu
khién FOC v&i vong dong bén trong van duy tri duoc
tinh &n dinh. Py la hudng m& dé tich hgp cac bd
quan sat thich nghi hodac MRAS trong cac nghién
clru tiép theo.

4.2.Kién nghi

T nhitng két qua va han ché clda nghién ctu, cac
hudng phat trién chinh dwoc dé xuat nhw sau: Nang
cao tinh thuc t& ctia mé hinh bang cach tich hop cac
hiéu (rng phi tuyén (b3o hoa tir, tdn hao sat) va anh
huwédng cta nhiét d6 |én tham s6 ddng co. Ty ddng
hda qué trinh t8i wu tham sé bo diéu khién Pl thong
qua cac thuat toan tién tién (GA, PSO) nham nang
cao hiéu ndng va rut ngdn thoi gian hiéu chinh. Trién
khai thuc nghiém thuit todn |én phan cing
DSP/FPGA dé kiém chirng, d&i sanh k&t quad mé
phdng v&i thyc té va dénh gid tinh kha thi.
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Modeling and simulation of Field-Oriented Control for
three-phaseinduction motors using Simulink

ABSTRACT

Dao Tang Tin

This paper investigates the modeling and simulation of a three-phase induction motor drive system using
Field-Oriented Control (FOC), developed entirely from fundamental functional blocks in Simulink without
relying on specialized libraries such as SimPowerSystems. The objective of this study is to construct a
component-level model to clearly illustrate the structure and operating principles of the FOC scheme. The
proposed model is implemented for a 50 HP, 460 V, four-pole, 60 Hz induction motor and incorporates a
three-phase voltage-source inverter, space vector pulse-width modulation (SYPWM), Clarke-Park and
inverse transformations, as well as Pl-based current and speed controllers. Simulation results demonstrate
the dynamic performance of the system during startup, steady-state operation, and under variations in
speed reference and load torque. The obtained results validate the accuracy of the developed model and
highlight the advantages of FOC in terms of fast and decoupled torque control, as well as high efficiency
overa wide speedrange.

Keywords: Field-oriented control, induction motor, Simulink, vector control
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