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TOM TAT

Bai bo nay trinh bay k¥ thuat diéu khién tua tir thong (FOC) cho dong co dong bo
nam cham vinh ciru (PMSM) sir dung ngudn nudi 1a bd nghich luu ba bac: (1) Ung dung
k¥ thuat diéu khién tua tir thong vao diéu khién dong co PMSM mang lai chat luong diéu
khién tot, dap (mg nhanh; (2) Str dung nghich luu ba bac diode kep lam ngu6n nudi mang
lai vu diém dang ké nhu hiéu suit cao hon, sir dung di¢n &p cao hon, va tan sb dong ct
& muc tbi thiéu. M6 hinh toan dong co déng bd nam cham vinh ctru, k¥ thuat diéu khién
tua tur thong, b nghich luu ba bac dugc trinh bay cu thé trén bai bao. Mo phong va khao
sat két qua bang phan mém Matlab/Simulink.

Tir khéa: Diéu khién tya tir thong (FOC); Pong co ddng bd nam cham vinh ctu
(PMSM); Diéu ché d6 rong xung vector khong gian (SVPWM).

ABSTRACT

This paper presents the field oriented control (FOC) technique for the permanent
magnet synchronous motor (PMSM) using NPC 3-level inverter: (1) Application of
the technique of field oriented control into PMSM motor control delivers good control
quality, quick response; (2) Using NPC 3-level diode-clamped inverter as a source of
culture offers significant advantages such as higher performance, higher voltage usage,
and minimal switching frequency. Permanent magnet synchronous motor math model,
field oriented control technique, NPC 3-level inverter are specifically presented in the
article. Simulation and survey results are performed using Matlab/Simulink software.

Keywords: Field Oriented Control (FOC), Permament Magnet Synchronous Motor
(PMSM), Space Vector Pulse Width Modulation (SVPWM).

1. GIOI THIEU mdi linh vuc cong nghiép c6 nhiing yéu
Truyén dong dién dong vai tro quan cau va diéu kién hoat dong khac nhau [1].

trong trong moi nganh cong nghiép. Trong Nguoi thiét ké hé thong truyén dong phai
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lya chon loai dong co va chién luoc diéu
khién mot cach thich hop sao cho thoa man
tat ca cac yéu cau, dong thoi phai giir chi
phi thap nhat [1][2]. Mot trong s6 cac dong
co dugc céc ky su uu tién su dung hi¢n hay
la dong co dong bd nam cham vinh ciru.
Véi muc dich khic phuc nhiéu nhuge diém
ctia dong co DC thong thuong do ban chat
tu nhién cua loai dong co nay tao ra [3][4]
[5]. Cu thé nhu khong c6 gon song moé-men
x0dn, hiéu sut hoat dong cao, hi€u qua
hon, tao ra tiéng on thép, tao mo-men 16n,
quan tinh thap, dap tng diéu khién nhanh
hon. Pong co sir dung k§ thuat diéu khién
tya tr thong (FOC), thong thuong FOC
duoc dung dé diéu khién tdc do dong co
xoay chiéu déng bd va khong d("ing b hiéu
sut cao, yéu cau hoat dong tron tru véi tdc
do tbi da, tao ra mo-men quay cuc dai va
¢6 hiéu suat dong ning cao, ting va giam
tbc nhanh [6]. Bo nghich luu ba bac NPC
dugc st dung lam ngudn nudi cho dong co
PMSM mang lai vu diém dang ké nhu higu
suét cao hon, st dung dién ap cao hon, va
tan s6 dong cit & mic toi thiéu. Bién tan
ba bac NPC duoc diéu ché bang giai thuat
vector khong gian (SVPWM) véi ciu triic
nay mang lai cac uu diém 1a séng hai thap
va cong suat cao.

Trong bai bao nay, dong co d@)ng bd
nam cham vinh ctru duge diéu khién bang
k¥ thuat diéu khién tua tir thong, stir dung bo
nghich luu ba bac NPC mo phong va khao
sat két qua dya trén phan mém Matlab/
Simulink.

Bai béo duoc té chirc gdm 3 phan: Phin
1 1a gidi thiéu; Phan 2 1a ndi dung chinh
gém c6 mo hinh toan dong co PMSM, bo
nghich luu ba bac NPC, m6 hinh héa m6
phong k¥ thuat FOC dong co PMSM va két
qua md phong; Phan 3 1a két lun.
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2. NOI DUNG
2.1. Mo hinh toan cia PMSM

Phuong trinh dién co cua dong co
PMSM trong hé qui chiéu dq rotor [3] nhu
sau:

deRsid+Ld%—L1a) (1)

q9 9 ¢

di
Vo= Ri,+ L=t 0.4~ L1, 2)

Bing cach sip xép lai cac toan hang
trong (1), (2) va rat gon ching, c6 thé thu
dugc cac phuong trinh cho dong dién trén
hé truc dq nhu sau:

i :Lij(Vd +L1,0,~Ri,)dt  (3)
d

o1 . .

i = L—j(Vq ~L1,0,-Ri,~0A,-Ri, )t (4)
q

Phuong trinh déc tinh co dugc viét nhu

sau [7]:
3
T, = Ep{/laflq-i_(l‘d _Lq )(Idlq )} (5)

2B
o =L -1, ©
2J p
Trong do:

I,: Dong dién toa do d (A)

Iq: Dong dién toa do q (A)

R: Dién tr¢ stator (Q)

L,: Dién khang toa d6 d (H)
Lq: bién khang toa do q (H)
J: M6-men qua tinh Kgm?

B: Hé s6 ma sat (Nm/rab/sec)
P: S6 cuc

A Hing s tir thong rotor (V/rad/sec)
©; Téc do goc rotor

TL: M6-men tai (Nm?)

Te: Mo-men di¢n (Nm)
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2.2. B9 nghich luu ba bac NPC

Céu triic b nghich lru

Sal Sbl Scl

Sa2 Sb2 Sc2
Vd2

e

vd

Sa3 Sb3 Sc3

Sad Sbé Sc4

Hinh 1. Bé nghich luu ba pha ba béc diode kep (NPC)

B nghich Iuu &p da bac diode kep cai
tién dang song dién 4p tai va ting tudi tho
trén linh kién Vi b nghich luu ba bac,
tan so dong cat glam di mot nua. Tuy nhién
v6i s6 ngudn mic ndi tiép 16n hon 3, mic
dd chiu gai dién ap trén cac diode s€ khac
nhau. Ngoai ra, can bang dién 4p giita cac
ngudn DC (4p trén tu) trd nén kho khin,
dic biét khi s6 bac 16n.

Giai thuit diéu ché

Trén co sé nén tang diéu ché vector
khong gian (SVPWM) cho bién tin ba pha
hai bac, cac k¥ su, nha khoa hoc da phat
trién thém mot loat cac bién tan véi ciu trac
va giai thuat didu ché SVPWM da bac (s6
béc > 2) ¢6 song hai thap va cong sut 16n.

Hinh 2. So dé vector khéng gian trén bé nghich luu
NPC 3 bac

B nghich luu tao ra dién ap ba bac dau
ra mdi pha, do d6 dién ap day nim bac. Tat
ca 27 trang thai chuyén mach va 19 vector
dién &p va dién ap dau ra duoc tao ra duoc
thé hién trong hinh 2.
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2.3. M6 hinh hoia m6 phéng k¥ thuat
FOC dong co PMSM

Mo hinh mé phong k¥ thuat diéu khién
FOC diéu chinh téc d6 dong co PMSM
xay dyng trén phin mém Matlab/Simulink
2021 dugc thé hién nhu hinh 3:

Knéi Park

Hinh 3. So dé mé phéng FOC déng co PMSM

Chue ning cac khdi duge mé ta nhu
sau: Khoi Toe do dat co chire nang dat tde
d6 cho hé didu khién, thuong sir dung don
vi rad/s. Khi PI 1a khdi tich phan ti 1¢. Khoi
Clarke chuyén dong dién tir toa do abc sang
toa do ap. Khdi Park chuyén dong dién
tor h¢ truc toa do aff va theta sang toa do
dq. Khdi Park nguoc chuyén dién ap diéu
khién tir hé truc dq va Theta sang toa do
op. Khéi SVPWM thyc hién k¥ thuat diéu
ché vector khong gian tao xung kich cho b
nghich luu. Khéi nghich luu 3 bac 1a khéi
cong suét voi cau hinh nghich luu NPC 3
bac. Khbéi PMSM la dong co PMSM. Khéi
Scope dung dé hién thi cac tin hiéu do dugc
$0 v6i cac tin hiéu tham chiéu.

Bing 1. Bing tham sé mé phong

Tham s6 Gia tri
Dién cam phan tng (L) 0.00395 (H)
bién tro Stato (Rs) 4.47 (Q)
Mo-men quan tinh (J) 0.07 (kg.m"2)
S cuc (p) 8
Moé-men khong doi 2.56 (N.m/A_peak)
Pién ap ngudén DC (Vd) 300 (V)
Tén s6 chuyén mach (f) 5000 (Hz)
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2.4. Két qua mé phéng

Thyc hién md phong diéu khién dong
co PMSM bang k¥ thuat diéu khién FOC
trén phan mém Matlab/Simulink trong mét
gidy voi1 cac véi cac tham so duoc ligt ké
trong bang 3:

Truwong hop khong dao chidu dong co

Véi toe d6 dat thay doi trong khoang
(0-30) rad/s, moé-men dat trong khoang
(0-15) N.m:

006

A
0 0.1 02

Déng Dién iabc (A)
o
:

Téc db (rad/s)

Mb men (N.m)
N

is, (&)

Dong dién s,

M h T T
0.6 0.7 08 0.9 1

f 1 n
o 0.1 0.2 03 04 0.5
Thei gian (t)

Hinh 4. Két qua mé phéng FOC déng co PMSM khéng
ddo chiéu

Trong thoi gian qué do tr (0 - 0.1)
gidy: Toc d6 dong co tang tir 0 1én 29.53
(rad/s), do vot 16 0%. Mo-men dién Te cao
hon mé-men dit Tm cu thé 1a thay d6i tir 0
1én 20.76 (N.m) gia tdc cho dong co, do vot
16 12 18.45%. Bién do dinh-dinh cta dong
dién 1a 14.56 (A).

Trong thoi gian (0.1 - 0.2) gidy: Toc do
dong co xac l1ap 29.73 (rad/s). Mo-men Te
bam theo mo-men dit vé 0 (N.m), do vot 16
11.13%. bién do dinh — dinh cta dong dién
0.65 (A).

Trong thoi gian (0.2 - 0.6) giay: Mo6-
men dat thay ddi tr 0-15 (N.m), Te 14.23
(N.m) d6 vot 16 1a 34.09%. Téc d6 dong co
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giam tir 29.74 — 29.55 (rad/s) va 6n dinh
& toc d6 29.75 (rad/s) sau 0.02 gidy. Dong
dién 6n dinh voi bién d6 4.87 (A), tan s6 1a
19 (Hz).

Trong thoi gian (0.6 - 0.7) giay: Mo-
men dit Tm khong d6i, mo-men Te giam tir
14.23-4.66 (N.m), d6 vot 16 dudi 14 39.66%.
Téc @6 dat w* giam 30-15 (rad/s), toc do
dong co bam theo tdc d6 dat. Bién do dong
dién 1 1.34 (A) v6i tan s giam dan.

Trong thoi gian (0.7 - 0.8) giay: Mo6-
men Tm khong doi, Te ting 4.66-15.02
(N.m), d6 vot 16 30.59%. Toc do dat 1a 15
(rad/s), téc d6 dong co 15.02 (rad/s). Dong
dién co6 bién do 5.3 (A), tan s 10 (Hz).

Trong thoi gian (0.8 - 1) gidy: Mé-men
dat giam 15-10 (N.m), mdé-men dong co
giam 15.02-10.06 (N.m), d6 vot 16 duéi
la 34.37% trong khoang thoi gian (0.8-
0.81). Tbe do dong co 6n dinh & muc 15.02
(rad/s). Bién d6 dong dién 14 3.46 (A), tan
s6 10 (Hz).

Truwong hop dio chiéu dong co

Véi toe d6 dat thay doi trong khoang
(-30 dén 30) rad/s, mdé-men dat trong
khoang (0-15) N.m:

1

o/ A\ A ‘s‘w‘\\“

Déng Dién iabc (A)

i
s RAAAAAMAAMAA A A A A A A 04
L I ' L I

Téc d6 (rad/s)

.
o 3 8
——

M6 men (N.m)
oA

5q (A)

Dong dign i,

. I I . I h . I I
0 0.1 0.2 03 0.4 0.5 0.6 0.7 0.8 0.9 1
Thoi gian (t)

Hinh 5. Két qué mé phéng FOC déng co PMSM
¢6 ddo chiéu
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Trong thoi gian qué do tir (0-0.1) gidy:
Téc do dong co tang tir 0 1én 29.53 (rad/s),
do vot 16 0%. Mo-men dién Te cao hon
mo-men dit Tm cu thé 1a thay d6i tir 0 1én
20.76 (N.m) gia tbc cho dong co, do vot
16 1a 18.45%. Bién do dinh-dinh cta dong
dién 1a 14.56 (A).

Trong thoi gian (0.1 - 0.2) gidy: Tc do
dong co xac lap 29.73 (rad/s). Mo-men Te
bam theo md-men dit vé 0 (N.m), do vot 16
11.13%. bién do dinh — dinh cta dong dién
0.65 (A).

Trong thoi gian (0.2 - 0.6) giay: Mo-
men dit thay d6i tir 0-15 (N.m), Te 15.23
(N.m) d6 vot 15 13 34.09%. Téc d6 dong co
giam tir 29.74 — 29.55 (rad/s) va 6n dinh
& toe d6 29.75 (rad/s) sau 0.02 gidy. Dong
dién 6n dinh véi bién d6 4.87 (A), tan sd 1a
19 (Hz).

Trong thoi gian (0.6 - 0.7) gidy: Mo6-
men dit Tm khong doi, mo-men Te giam
tr 15.23-(-16.1) (N.m) trong khoang 0.01s,
do vot 16 dudi 1a 15.432%. Toc do dat w*
giam 30-(-15) (rad/s), tbc d6 dong co bam
theo toc do dat -14.71 (rad/s), vot 16 0%.
Dong dién thay dbi th ty pha.

Trong thoi gian (0.7 - 1) giay: Mo-men
dit khong doi 15 (N.m), mo-men dong co
tang (-16.1 — 15.01) (N.m), do vot 16 1a
11.58% trong khoang thoi gian 0.01s. Toc
do dong co 6n dinh & muc -14.81 (rad/s).
Bién d6 dong dién 1a 5.95 (A), tan sb
10 (Hz).

Két qua dugc mo ta & trén dugc lay
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tir khdi scope trong phan mém mé phong
Matlab/Simulink. Trong ca hai truong hop
¢ dao chiéu va khong cé dao chiéu dong
co, toc do dong co luon bam sat tde do dat,
khi mé-men va téc d6 bién thién thi dong
dién va dién 4p cling bién thién dap ung
yéu cau diéu khién.

3. KET LUAN

Bai bao da trinh bay cu thé k¥ thuat diéu
khién tua tir thong cho dong co dong bo nam
cham vinh ctru. Ngudn nudi 1a nghich luu 3
bac nén tan s6 dong cat duoc giam dang ké,
dan dén ton hao nhiét trén linh kién giam,
gitp tudi tho linh kién ting. Giai thuat diéu
ché SVPWM cho bién tan 3 bac c6 thé giam
song hai, nang cao cong suit.

Str dung phan mém Matlab/Simulink
dé mo phong véi cac diéu kién thay doi
tbc do khac nhau bao gdm thay doi toc do
va dao chiéu dong co. Két qua mo phong
cho thiy tbc d6 dong co dap tmg tdc theo
tdc do dat, dong dién c6 bién dang sin, dap
g bién do va tan so tot theo toc do, do
vot 16 thap.

Nghién ctru cho thiy véi ki thuat diéu
khién FOC dic tinh dap Gmg tot do nhanh,
bam sat gia tri dat trude, dong dién co6 do
vot 16 thap. Tuy nhién d& tai cling c6 mot
s6 han ché nhu can béng dién ap DC (dién
ap tu) trén cAu hinh nghich luu NPC 3 bac,
giai thuat diéu ché vecto khong gian phuc
tap. Két qua trén bai bdo nay co thé lam
tién d& cho cac thuc nghiém diéu khién
dong co PMSM vé sau.
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