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Tém tit

Trong bai bdo nay, trinh by co so 1y thuyét vé
phirong phép diéu ché vector khéng gian SVPWM
cho hé truyén dong dién bién tan gidn tiép - dong
co dong bé nam cham vinh ciru PMSM véi vong
diéu khién toc dp dong co. Tir d6, xdy dung mé
phong chi tiét cac thanh phan ciia hé thong bang
cong cu Matlab - Simulink. Két qua mé phéng, cdc
ddc tinh mé phong cia hé truyén dong sir dung
phicong phdp SVPWM ddi chi ré hé thong hoat
déng on dinh, dam bdo téc dé va mé-men quay
ciia dong co dwoc on dinh trong sudt qud trinh
diéu khién. Ngodi ra, ngi dung nghién ciru ciia bdi
bdo ciing cho thdy wu diém tuyét doi khi ap dung
hé bién tan - dong co d‘&ng bo rotor la nam cham
vinh cuu PMSM trong cong nghiép.

Tl‘l" khéq: Piéu cﬁé vector khong gian (SVPWM),
diéu khién dai tré dong dién (HCC), dong co dong
bo nam cham vinh cieu (PMSM).

Abstract

This paper, the theoretical basis of the spatial
vector modulation method SVPWM for indirect
inverter electric drive system - PMSM permanent
magnet synchronous motor with motor speed
control loop is presented. From there, build a
detailed simulation of the system's components
using Matlab - Simulink tools. The simulation
results and simulation characteristics of the
transmission system using the SVPWM method
clearly show that the system operates stably,
ensuring that the speed and torque of the engine
are stable throughout the control process. In
addition, the research content of the article also
shows the absolute advantages of applying an
electrodynamic drive system with a PMSM

permanent magnet synchronous motor in industry.

Keywords: Space vector pulse width modulation
(SVPWM), Hysteresis current controller (HCC),
permanent magnet synchronous motor (PMSM).

1. Pit van dé

Ngay nay, didu khién ty dong truyén dong dién
dong co déng bo PMSM hién dai da c6 nhiing tién
b vuot bac. Trong do, phai ké dén cac bd DSP cho
phép thuc hién thuat toan phuc tap cia phuong
phép diéu khién didu khién twa theo tir thong Rotor
(Field Oriented Control - FOC) theo thoi gian thyc
va di tré thanh tiéu chuan diéu khién trong cong
nghiép. Co6 rat nhiéu coéng trinh nghién ciu vé
truyén dong dién cho bién tan dong co PMSM [5 -
10], tuy nhién viéc mo phong chi tiét hé didu khién
FOC SVPWM cho dong co PMSM trong cac
nghién ctru d6 chua dugce rd rang. Bai bao nay, trinh
bay vé mo phong chi tiét bién tan gian tiép - dong
co PMSM sir dung phwong phap diéu khién
SVPWM bing cong cu Matlab - Simulink.

2. Co s6' 1y thuyét hé truyén dong bién tin -
dong co PMSM

2.1. Ciu triic hé diéu khién twa theo tir thong
FOC dong co dong bp ba pha PMSM

Trong diéu khién dong co dién PMSM véi phuong
phap diéu khién vector tya tir thong - FOC (Field
Oriented Control) cho chat luong diéu khién cao
trong truyén dong dién. Do do, hé truyén dong dién
nay di dan thay thé hé truyén dong dién mot chiéu hé
T-B trong nhiing tmg dung doi hoi chat lwong cho diéu
khién téc d phai cao, phai tron trong pham vi rong
[2], [10]. Ciu tric bd diéu khién FOC dugc thé hién
trong Hinh 1.

V6i cdu tric didu khién vector ty theo tir thong
FOC nhu trong Hinh 1, bao gdm: Mot b PI cho diéu
khién tir théng y va mot bo PI cho diéu khién mo-men
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PMSM

Hinh 1. Céu triic diéu khién tw theo tir théng FOC cho dpng co PMSM
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Hinh 2. Phwong phdp diéu khién SVPWM cung cip cho dpng co PMSM

M. va céc bd bién ddi vector dong dién Clark thuan/
nghich, Park thudn/ nghich,...

Trong c4u triic Hinh 1, khi SVM diéu khién déng
cit 6 van dién t cong suét IGBT cua bo bién tan dua
trén thuat toan didu ché do vector khong gian
SVPWM, diéu khién cac van cong suit.

Diéu khién vector cho dong co PMSM rét gidng
v6i viée diéu khién dong co khong ddng bo IM chi
khac & mot s6 diém sau:

- Tan s trugt s = 0 vi PMSM chay d(‘Sng bo tde do
- Dong dién Rotor 14 iy = 0 vi tir théng roto dugc ciu
tao boi cac nam cham vinh ctru;

- Tur truong trén Rotor trong dong co PMSM la
khéng ddi, chi thay déi vé& hudng. Do dé goc tir thong
Rotor 14 6, do truc tiép bang cam bién vi tri.
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2.2. Cic phép bién doi co bin
Céu trac mot hé théng diéu khién tua theo tir thong
FOC cho dong co dong bd nam cham vinh ciru PMSM
nhu trong Hinh 1, bao gém cac thanh phan [2], [5]:
Bién dbi Clark thuan/ nghich, Park thuan/ nghich,
khau udc lugng tir thong w, duoc mo ta trong cac cong
thue (1)-(6):
Bién doi Clark-thudn:
2
} 3 1)
0
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Bién doi Clark-nghich:

1 0
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Vietz | =| &~ 7 v
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Viet __1 _\/§
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Bién do6i Park-thudn:
[ig | [ coso, sing, i, 3)
lig | |-sing, cosé, | ig

Bién doi Park-nghich:

[v,] [cos6, —sin6, ][ vy
_|« @)
Vs sing, cosd, || Vq
Ub6c luwong cho tir thong va mé_men:
~ 3p .
M, = — Veu Iy (6))

Trong d6: w®° =y, =wpy tu trudng nam cham.

Dong dién trén stator:  i°

=g (6)
2.3. Bg bién tan sir dung phwong phdp diéu ché
vector khong gian SVPWM

Phuong phap didu ché vector khong gian: La
phuong phap phd bién img dung trong viéc dong/ngét
cac van dién t& nhu IGBT hoac Mosfet. Trang thai
dong ngit cua 6 van (S1~S) theo thuat toan SVPWM
tao thanh tir tim vector dién ap cép cho dong co
PMSM trong d6, Up =0 va U; =0.

Yéu t6 quan trong nhit trong diéu ché do rong
xung PWM 12 chi s6 diéu ché dugc cho boi:

k _ |L_Jref
2
—U DC
Vs

)

Chi s6 k duoc didu bién thay doi trong khoang 0-1
va dugc chia thanh hai ving: Ving tuyén tinh
(0<k<0,907), ving phi tuyén (0,097<k<1).

Céc vector dién ap U, U,, Us, Us, Us, Ug dugc st
dung dé didu ché va thay d6i vi tri vector dién ap
chuén, cac vector dién ap Uy, U7 duoc su dung dé thay
dbi bién do cua vector dién ap chuén. Pién ap chuin
Urer xAp xi bang thoi gian duy tri cac vector dién ap
thanh phan. Nhu thé hién trong Hinh 2, ta c6 ty so:

Y| _ Ui _ Y
sin120° Sin(GOO_aref) SiN oty
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Tir (11) va (12) ta c6 thé viét thanh:
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T

t, = X2 ksin (13)
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Thoi gian cho cac vector dién ap Uy, Uz:

Vi phuong phap SVPWM thoi gian to va t7 dugc
xac dinh:

t t
to:ﬂ t7:t07_to:ﬂ
2 2 (16)
t t t
2, 2,7 2

Viéc diéu ché vector dién ap tai cac sector theo cac
vector dién ap thanh phan (Bang 1), ciing nhu thoi
gian dong cit cia PWM trong cung 1/6 dau tién dugc
chi ra trén Hinh 3.

3. Mé phéng bién tin - dong co PMSM sir
dung phuong phap diéu chée SVPWM

Thyc hién md phong bién tin dong co PMSM, ta
khao sat dong co dién ddng b ba pha nam cham vinh
ctru c6 thong sé nhu Bang 2. Dya trén co s& cac phép
bién ddi trong muc 2.2, va phuong phap diéu ché
khong gian vector SVPWM, bang cong cu Matlab -
Simulink ta xay dung so d6 mé phong cho hé bién tin
- dong co dong bd PMSM bang phuong phap
SVPWM nhu thé hién trong Hinh 4 va Hinh 5.
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Bing 1. Diéu ché vector thanh phén trong 6 Sector ‘ T _
T./2
Ciac Sector Cac Module di¢n ap 3 pha h t t -
> PPN LT
1 Up.U1,Uz.U7.U5, U U,
o| 1 1 1 1 1 1 0
2 Uo.U3.Uy,U7,U,,Ug U
o o | 1 1 1 1 0 0
3 Up.U3,U,,U7,U, Uz, U,
4 Uo.Us.Uy,U7,U U5 U, o/ o o |1 |1 fo o 0
5 Uo.Us,Ug,U7,Ug,Us, U, o df_]l SN Go e
<z - >
6 Uo,U;,Ug,U7,Ug,Up,Ug d.

Hinh 3. Thoi gian déng cit ciia PWM trong cung 1/6

dau tién
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Hinh 4. B bién tin - dpng co PMSM siv dung diéu ché khong gian vector SVPWM

pulse

<Stator current is_a (A)>

<Stator current is_b (A)>
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is_dq
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Te,is q

Hinh 5. H¢ théng chinh lwu va cdc van cong suit nghich leu cho dpng co dong b PMSM
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Bing 2. Bing thong sé dpng co PMSM

Théng s6 Ky hi¢u Pon vi Gia tri
Cong suit Pam KW 21
Tbc dd dinh mire Nam v/p 3000
Tde d6 toi da Nimax v/p 5500
Dong dién dinh muc Tam A 44
Dong dién cuc dai Tmax A 150
Mo-men quén tinh J Kgm?2 0,0742
Dién cam phan tmg Lsi=Lsq H 0,00395
Dién tré phan ing Rs Q 4,47
Sb doi cuc 2p 2
Mo-men dinh muc Mam Nm 65

Téc 6§ (radigidy)

Momen (Nm)

Dién &p (V)

DAC TINH TOC DO CUA BONG CO DONG BQ NAM CHAM VINH CUU PMSM

N
N

(= =Téc a5 dat
—— Téc 45 dng oy PMSM|

T T

DAC TINH MOMEN CUA DONG CO DONG BQ NAM CHAM VINH CUU PMSM

T

—— Vomendorg oo Tel
= = =Momen dat Te*

DAG TINH DIEN AP TREN DONG CO DONG BQ NAM CHAM VINH CUU PMSM

Thev gian (gidy)

Hinh 6. Két qui mé phéng b bién tan - dpng co dong bp ba pha PMSM
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thdng 13y tin hiéu phan hdi téc d6 cia dong co dong
bo PMSM. Khi do, ta c6 thé cho dong co déng bo
PMSM bam theo téc do dat truée nhu Hinh 4, 5. Khi
dong dién céac pha do duogce tir dong co PMSM va cac
tin hiéu toc d9, tir thong, md-men, duoc phan hdi vé
céc khéi Clark va Park [2], dé do duoc dong dién iq va
i,. Céc tin hi¢u dong dién iy va iq nay dé so sanh véi
chc gia tri dat truée khi dwa vao bo didu khién PI dong
dién. Tin hi¢u tir PI dong dién dugc tinh toan bing bd
Park_nguoc s& dugc dua dén bo diéu ché SVPWM dé
diéu khién cac van cong suat. So d6 mo phong cac
khdi trén bang Simulink dwgc thé hién trong Hinh 4
va Hinh 5.

4. Két qua va thio luin

Dit liéu ctia dong co PMSM (Bang 2) dugc thay
vao khéi dong co PMSM, mé-men can dat cho dong
co tai cc thoi diém nhu thé hién trong Hinh 6. So dd
mo phdong Hinh 4, Hinh 5 dugc chay trong moéi truong
Simulink khi tai thoi thoi diém 13 1s v6i cac gid tri tbe
d6 dat luc dau 1a -20rad/s, tai thoi diém 2s cho dong
co tang tdc do 1én 14,8rad/s va 6n dinh & téc do do
trong 2s, roi giam xudng Orad/s c6 két qua mé phong
trong Hinh 6.

Nhan xét: Két qua mé phong trong Hinh 6 (véi
dién ap pha 1 220V) cho thdy, Ca mo-men va van tdc
cua dong co PMSM bam chinh xac theo gia tri dat
trude ciia mo-men va toe dd. Véi toe do dat 1a -20rad/s,
14,8rad/s, 1an luot tai cac thoi diém 1 -3 (s) va tir 4 -
6 (s), trong khi téc d6 dong co PMSM 6n dinh thi sai
léch cua toc d6 1a 8% = 0, toc do khong bi dao dong,
do qua diéu chinh cua toc d6 6% = 0, tc d6 cua dong
co PMSM 6n dinh ¢ toc d6 yéu cau. Trong ving o la
hing s6 cac thanh phan dong I, va I, rit nho.

Céac dac tinh mo-men, dién ap, dong dién trén
dong co phan anh rd rang va chinh xac trong qua trinh
qué d6 khi thay ddi toe do cua dong co PMSM, tai cac
thoi diém tang tdc va giam tdc. Cu thé khi gia toc cang
16n thi dong dién cang lon.

Két qua mo phong cung tin hi€u dat cia tdc do va
mo-men can nhu trén Hinh 6, nhung dién ap pha giam
50% thi ta nhan duoc két qua diéu khién bam chinh
Xac ctia ca mo-men va tdc do. DO giam dién ap pha
cho phép (dé c¢6 két qua diéu khién bam chinh xac)
phu thude vao do 16n va gia tdc cua cac tin hiéu mo-
men va toc do dat.

5. Két luan

Hé bién tan - dong co déng bd PMSM 4ap dung
phuong phap SVPWM duoc md phong hoan chinh.
Trong két qua mo phong hé bién tan - dong co PMSM
cho thiy uu diém ciia phuong phap FOC_SVPWM da

dugc trinh bay rd rang trong cac do thi dic tinh (Hinh
6). Trong céac dic tinh cho phép danh gia hé bién tan -
dong co PMSM bing phuong phap FOC_SVPWM, la
phuong phap diéu khién cho bién tan hién dai va chinh
xé4c cho ddi tuong 1a dong co PMSM dugc sir dung
nhiéu trong cong nghiép. Van dé nghién ctru hé bién
tan - dong PMSM béng phuong phép didu ché vector
khong gian SVPWM la hudng nghién cliru quan trong
trong cac hé truyén dong dién trong cong nghiép nhu:
Cén thép, dét soi, bao bi, giéy,... v6i muyc ti€u nang
cao tinh hi¢u qua trong hé truyén dong dién va tiét
kiém dién nang.
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