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So v6i déng co ba pha, hé théng diéu khién téc d6 dong co nhiéu pha cé nhiéu wu diém, khién
chiing cé trién vong tét trong nhiéu linh vure, chdng han nhw hé théng diéu khién thiét bj dién ctua xe
dién. Trong céc hé thdng diéu khién nay, dong co cén cé dai téc do rong hon. Trong bai bao chu yéu
gi6i thiéu mé hinh héa mé phéng thuong duoc sir dung clia céng nghé bién déi PWM sau pha. Thiy
nhét, nguyén ly lam viéc co ban va phuong phap thuc hién cda thuét toan SVPWM séau pha truyén
théng va thuéat todn SVPWM bén vecto, mé hinh mé phdng xay dung trén phan mém MATLAB/Simulink
va duwa ra két qué mé phéng déng thoi phén tich két qua.

T khéa: Bong co nhiéu pha; Péng co ddng bé nam chdm vinh ciu séu pha, Mé hinh mé phdng,

Hé théng diéu khién téc d6 déng co.

1. DAT VAN DE

bong co PMSM da dwoc st dung rong rai
trong cac hé théng truyén déng diéu khién tbc do
vi hiéu suét 1&6n, hé sb cong suét cao va dai toc
doé lam viéc rong [1]. Vi sy gia tang tbc do cua
PMSM, strc dién dong phan &ng (EMF) ctia cudn
day stato dong co chac chan sé tang lén. Khi
EMF phia sau dat dén dién ap dinh mirc cla dong
co hoac dién ap phia DC ctia b6 nghich Iwu, dong
dién diu vao cla dong co sé& khong thé khdng
ché duwoc dong dién dau ra da cho cla bd diéu
khién va bd diéu chinh dong dién sé & trang thai
b&o hoa. Tai thoi diém nay, can st dung diéu
khién twr trworng yéu dé gidm EMF phan (ng cla
PMSM, nham tang kha nang tao mé-men xoan
ctia PMSM & téc d6 cao [2].

Hién nay, co rét nhiéu nha nghién ctru trong
va ngoai nwéc da thwe hién rat nhiéu nghién cliru
vé cac phuwong phap diéu khién dong co. Khai
niém mé hinh héa déng co’ nhiéu pha lan dau tién
dwoc gidi thiéu trong giai doan phat trién ban dau
clia truyén déng xoay chiéu véi ngudn bd bién dbi
didu chinh dién ap va dong dién [3]. K& tw do,
nhiéu cdng trinh nghién ctu (rng dung khac nhau
da dwoc thye hién trong cac linh viec nhw dong
lwc tau thuy, ('ng dung may bay, tau dién va xe

dién [3,4]. Zhao va Lipo [5] da trinh dién mét ky
thuat mé hinh héa dong co cdm rng sau pha
trong ba khéng gian con truc giao hai chiéu (2-D)
va goi né la phan tach khong gian vecto (VSD).
Trong ndi dung bai bao, nhém tac gia dwya trén ly
thuyét dé xay duwng mé hinh bo diéu khién PWM
6 pha voi tdi R — L trén phan mém
Matlab/Simulink.

2. CO' SO NGHIEN cUU

So v@i thuat toan PWM déng co ba pha théng
thwong [3-4], ddng co' nhiéu pha cé mic d6 tw do
cao trong thuat toan PWM. Hién nay, thuat toan
PWM thuwong duwoc st dung cho bd bién dbi
ngudn dién ap hai cip nhiéu pha dwoc chia dai
khai thanh thuat toan PWM loai sbng mang, thuat
toan SVPWM va thuat toan PWM dong dién tré.
Tuy nhién, thuat toan PWM dong dién tré rat kho
ap dung cho cao cac (rng dung nang lwvong, thuat
toan PWM loai sobng mang va thuat toan SVPWM
ap dung cho hé théng truyén dong déng co nhiéu
pha trong nhitng ndm gan day da dwoc nghién
ctru rong rai [5].

Khac véi hé théng truyén déng déng co ba
pha, muc dich chinh cta thuat toan PWM nhiéu
pha la loai bd cang nhiéu cang tét cac thanh phan
séng hai bac thap, diéu nay sé& gay ra mot sb
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lwgng I&n song hai stato trong khéng gian con x-
y thanh phan hién tai, do d6 lam tang ton that cia
dong co. Dé cai thién tdc dd sir dung dién ap DC,
noé twong ty nhw thuat toan PWM loai séng mang
dwa trén viéc dwa séng hai thr ba va phuwong
phap dwa tin hiéu thi tw khéng vao bo bién dbi
ba pha, diéu nay yéu cau hé thdng phai cé nhiéu
cubn day ba pha. Do do6 thuat toan PWM loai
séng mang nhiéu pha cé kha nang dwoc mé rong
cho cac bd bién ddi nhiéu pha [6]. Phuong phap
nay chi yéu dwoc s dung cho cac hé théng
déng co nhiéu pha bao gdm moét s cudn day ba
pha. Dac biét, dbi voi dbéng co sau pha, vecto
dién ap tham chiéu c6 thé dwoc phan tach thanh
hai bd bién dbi dién ap ba pha v&i dién ap bus
DC chung, sau dé thuat toan PWM loai séng
mang dwa trén phwong phap tiém chudi khéng
kép c6 thé dwoc dung [6]. Ngoai ra, do thuat toan
SVPWM ba pha vé& co ban twong duwong voi
thuat toan PWM kiéu séng mang dwa trén
phwong phap dwa séng hai bac ba nén két qua
nghién ctru thuat toan SVPWM ba pha cling cé
thé ap dung cho phuwong phap diéu khién nay.
Mac du phwong phéap nay cé wu diém Ia thuan
tién cho viéc thuwc hién ky thuat s, nhung né
khéng phai la thuat toan PWM tbi wu cho déng co
nhiéu pha vi dong stato chira mét sé lwong 16n
cac thanh phan hai bac 5 va bac 7 va phai duwoc
ap dung & dién ap DC chung trong bd nghich lwu
nhiéu pha.

V6&i dong co xoay chiéu nhiéu pha, thuat toan
PWM cua bd nghich Iwu cling phai dwgc mé rong
tr thuat toan PWM ba pha sang thuat toan PWM
nhiéu pha. M& rong thuat toan SVPWM ba pha
truyén thdng sang bo bién ddi dién ap nhiéu pha,
thuat toan SVPWM nhiéu pha dwa trén hai vecto
cwc dai lién k& chi ddm bao rang dién ap cla
khéng gian con a-/3 la hinh sin va khdng xem xét
dién ap cla khoéng gian con x-y. Mac du dau ra
ctia né chira nhiéu dién ap hai hon, nhwng né cé
thé c6 hé sb didu ché dién ap co ban I&n hon.

Khi s lwong céc giai doan tang lén, dd phic
tap cla thuat toan SVPWM tinh toan truc tiép nay
sé& tang lén rat nhiéu va do phtrc tap clia cac van
dé nhw phan doan khu v, tinh toan thoi lwong
véc to, chudi hanh ddng véc to va thdi lvong véc

to' thanh thdi gian hanh déng chuyén dbéi Va kho
khan ciing sé la tang |&n rat nhidu, va cac yéu cau
vé hiéu suét cho bo diéu khién chac chan sé
duwoc cai thién rat nhiéu. Dé giai quyét bai toan
hién thwc hoa thuat toan nay, tai liéu [7] da phén
tich chi tiét phwong phap tinh toan thdi gian tac
dong va chubi tac déng clia tirng vecto. Ngoai ra,
tai liéu [8] da ap dung phwong phéap tbng hop
trwdc cac vecto dé théng nhat quy trinh tinh toan
thoi gian hoat dong clia vecto cla tirng khu vire,
dé tao diéu kién thuan lgi cho viéc thuc hién kj
thuat sé sau nay.
2.1. Vecto dién ap cta bo bién déi sau pha
DPéi v&i bo nghich lwu sau pha dwoc hién thi
trong hinh 1, do céac thiét bi chuy&n mach trén va
dwéi clia mbéi nhanh ciu hoat déng & trang thai
dan bb sung, mdi nhanh cau cé hai trang thai
chuyén mach va toan bd bién ddi c6 26 cong tac
trong téng cong, nghia la cé 64 trang thai chuyén
mach.
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Hinh 1. S¢ do bé nghich luu 6 pha

64 loai vecto dién ap twong (rng v&i cong tac
c6 thé dwoc xac dinh theo cong thire (1) va cong
thire (2) twong ng:

1 4 8 5 9
Vap :gUdC (sA +5,a +S.a +S,a+s,a +S.a ) (1)
1 4 8 5 9
v, —EUM s,+8za +s.a +sp,a+s,a +s.a (2)

Trong d6: a = e3%; s biéu thj trang thai
chuyén ddi cta tirng nhanh cau, si= 1 (A, B, C,
D, E, F) cho thy thiét bi chuyén mach cGia nhanh
cau trén dwoc bat va thiét bi chuyén mach cla
nhanh cau duéi bi ngét két néi, si=0 (A, B, C, D,
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E, F) cho thay thiét bi chuyén mach ctia nhanh
cau trén bj tat va thiét bj chuyén mach ctia nhanh
cau duwdi dwoc bat. Theo cach nay, cé thé thu
dwoc gian dd vecto dién ap khoéng gian cda
khdng gian con o— va x-y, nhw trong hinh 2 va
hinh 3.

Hinh 2. Sa dé vecto dién ap khéng gian bo bién ddi
sau pha — hé khéng gian con a-8

2.2. Thuat toan SVPWM boén véc to

Thuat toan SVPWM bdn vecto 1a thém hai
vecto dién ap co ban trén co s& cla thuat toan
SVPWM sau pha hai vecto va bu hiéu (rng dién
ap hinh thanh trén khoéng gian con x-y bang cac
vecto dién ap dwoc thém vao.

Dé cai thién viéc st dung dién ap cang nhiéu
cang tét, thweng chon 12 véc to ¢ bién do I1én
nhét trong khoéng gian con a-B va cac véc to' nay
twong &ng v&i véc to ¢ bién dd nhd nhat trong
khéng gian x-y. Khi d6 khéng gian a- va khdng
gian x-y dwoc chia lam 12 khu vic nhw hinh 2 va
hinh 3. Qua trinh tinh toan théng sb la giai mot hé
phwong trinh tuyén tinh n&m bién [5], cu thé la:

o 1 2 3 4 5 N
t 1 Va va Voz va va A% .
y 1 2 3 4 5 .
) Vg Vs Vg Vs Vg vy
fol=1 2 3 4 5 T (3)
3 vo vooov. v, v || 0|4
t 1 2 3 4 5 0
4
p LT Y SR SR
ol 11 1 o1 1Lty

Trong do, tk la thdi gian tdc dung cla véc to
dién ap thir k, k =1, 2, 3, 4; t, la thoi gian hoat

doéng cla véc to' thir 0; vaX, vk 1a hinh chiéu twong
(rng cla véc to dién ap trén cac truc a va truc B
twong ng, k =1, 2, 3, 4, 5; v4, v la véc to dién
ap tham chiéu trén céc truc a va truc B twong tng,
*=1, 2, 3, 4, 5; Ts 1a khoang thoi gian lay mau.

Hinh 3. Sa dé vectd dién ap khang gian bo bién ddi
sau pha — hé khdng gian con x-y

Khi bo bién dbi 6 pha hoat dong trong ving
tuyén tinh, t, > 0; 14y 1 khu virc lam vi du tinh toan,
ta c6 tdng thoi gian clia 4 véc to khac khong sé
la:

v*
L+t +t+t,=—=T, (4)
Udc

Tai thoi diém t, = 0, thi:
T,

T =t +t,+t,+t, =23 mcos6 (5)
pa

Theo cong thire (5), ti 1é diéu khién co6 thé xac
dinh nhw sau:

T
23 cosd

L4y dao ham theo 6, ta co:

dm _ Ln@z _0 7)
d0  23cos’ O

Phuong trinh (7) cé nghiém 8 = 0, khi 8 =0
bang 0 thi m ¢6 gia tri I&n nhét.
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70,907 (8)

m=——=
23

Ta c6 thé téng hop tdng cong 12 vecto dién
ap va sy phan bd cla cac vecto nay gibng nhw
phan bb clha thuat toan SVPWM sau pha hai
vecto, nhwng bién d6 thi khac. Gia st 4 vecto co
s& V1, Vg, V3, V4 Va véc to khdng vai thoi gian hoat
déng twong &ng la T1, Ta, T3, T4 va To, khi d6 biéu
thire tinh toan la:

T, _%Z;l) y ﬂ[sin«9+\/§sin(%—9ﬂ
T =%ch){ Y;[x/gsin0+sin(%—«9ﬂ

*

\%

V3(v3-1)

=/
) 2\/5Udc
T [sin«9+sin(%—9ﬂ

Néu nhw Ty + T2 + T3 + T4 > T, thi thoi gian
twong (rng nhw sau:

T, sin@

I, =T -

3443 ‘v*
2\/5Udc

T,

' __ 1 T
| s
L+T,+T,+,

\ T

TLALAT AT,
T.

' 3
T+T,+T,+7,
T,

" 4
L+T+T+T, °

2

3

4

Theo cac cung noi dat vecto dién ap tham
chiéu v* thi T4, T2, Tz va T4 twong ng véi cac
vecto dién ap co ban khac nhau. Théi gian twong
rng v&i vecto dién ap co ban trong cac cung
khac nhau duworc liét ké trong bang 1.

Bang 1. Thai gian hoat dong cla véc to dién ap

Y SRt Sec1|Sec2 |Sec3|Sec4 |Sec5 |Sec6
Thoi gian
T 55 45 44 64 66 26
T2 45 44 64 66 26 22
T3 44 64 66 26 22 32
T4 64 66 26 22 32 33
o~ Vungvitri| 500 7 | Sec 8 | Sec 9 Isec 10[sec 11(sec 12
Thoi gian
T 22 32 33 13 11 51
T2 32 33 13 1 51 55
T3 33 13 1" 51 55 45
T4 13 " 51 55 45 44

3. MO PHONG VA KET QUA
3.1. M6 hinh mé phoéng

Trong phan thyc nghiém, nhém tac gia sé xay
dwng mé hinh mdé phdéng thuat toan SVPWM 4
véc to' dién ap nhw hinh 4 véi théng sé mé phdng
nhw bang sau:

Bang 2. Thong so md phong ctia bd ngudn va tai

Thoéng so Giatri |Ponvij
Bién d6 dién ap 6 pha Vm 200 \Y
Tan sb cat fowm 5 kHz
Dién ap 1 chiédu Ugc 300 VDC
Dién cam cua tai L 5 mH
Dién tré cua tai R 5 Q
Valha! f——b{Vaphat
purm(abe)
Voets! f—| Vieta!
reference
vokage
generalor
Valpha2 f—{Vapha2
Ngnich 114 3 phafab)
Vheta2 i) Vouial
Ngudn phat dién ap tham chiéu 85 by L VPN :
Confinuaus

powargui

Nahich Iuu 3 pha(uvw)

Hinh 4. Md hinh mé phéng b diéu khién SVPWM 6 pha
Trong hinh 4 chia lam 4 phan mé phéng chinh
do 1a phan 1: nguén phat dién tham chiéu v&i Vi
= 200VAC cap nguon dién 6 pha bién déi sang 4
véc to dién ap (hinh 5); tiép theo bd diéu ché
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SVPWM 6 pha vé&i thuat toan st dung dau vao 4
véc to dién ap cap tin hiéu diéu khién PWM cho
bd nghich lwu 6 pha (hinh 5); phan bd nghich lvu
6 pha dwoc mé phéng don gidn hoa bang cach
str dung 2 bd nghich Iwu 3 pha; déng co 6 pha
duwoc mo ta dwéi dang tai R-L.

cos(u(1)2*pi*50)*Vm

Varef
cos(u()*2"pi*50-2*pil3)Vim
Vbref
4B cos(u(1)'2'pi*50+2'pi/3)'Vm vaiphat —y—————»(1)
Valphat
@_4 Veref > In1
cos(u(1)*2*pi*50-pif6)'Vm » Voetat ¢
r— Vbetat
bl 65125
cos(u(1)*2°pi*50-5pi/6)'Vm
P Vaiphat Valpha2
Vvref Valpha2
cos(u(1)2'pi*50+pi/2)*Vm —p{Voetat Vbelaz—@
Vbeta2

Vwirel exp('pil6)

Hinh 5. Mo hinh mo phdng tinh toan vecto dién ap
tham chiéu

b Ua
Vbetal
P
UB pwm(abc)
Valphai

B& diéu ché SVPWM 3 pha thir nhét

(2-Level)
o
Vbeta2

P
UB pwm(uvw)
Valpha2
Bo diéu ché SVPWM 3 pha thir 2
(2-Level)1
Hinh 6. M6 hinh mé phong thuat toan bo diéu ché
PWM 6 pha

3.2. Po thj dic tinh dau ra caa bo diéu khién
SVPWM 6 pha

Bién ap pha A tai R-L

—Dién ap pha U tai R-L

Dién ap pha dau ra PWM
\ L - N
3 o 3 3

~
2
S

-300
o

| | | I I | | I |
0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 01

Hinh 7. Két qua dién ap pha dau ra trén tai Uan va Uy,

Fundamental (50Hz) = 86.17 , THD= 124.85%
T T T T T T T

Mag (% of Fundamental)
(=] (=] o o
I, o ¥ I w o S
(5] N (52 w (& - o
T T T T I T T

=
T

=

o

5]
T

900 1000

0||| |||..I|

0 100 200 300 400 500 600 700 800
Frequency (Hz)

Hinh 8. Phan tich dang song FFT ctia dién ap dau ra

Dién ap dau ra cac pha phu hop hop vai ly
thuyét d&t ra (hinh 7). Cac dién ap dau ra déu
léch pha twong (ng véi nhau lan lwot la 30°. Géc
dién luén dwoc sir dung dé& xac minh tinh dung
d&n ctia mé hinh md phdng bién tdn ngudn dién
ap sau pha. Ngoai ra qua hinh 8 ta c6 thé thay
thanh phan séng hai trong dién ap dau ra. C6 thé
thay khi s dung bo didu khién trén thi thanh
phan séng hai khi théng qua phan tich FFT 14
hién van rat cao dbi voi dién ap thi THD =
124.85% (hinh 8).

5 D4 thi déc tinh clia dong dién da

Dong dién dau ra trén tai R-L

Dong dién dau ra (A)
3 & o o 3 @&

o
T

1 1 Il 1 1 1 Il 1 1
002 004 006 008 0.1 012 014 016 018 0.2
Time

Hinh 9. Két qua dong dién pha dau ra trén tai

IS
S

Dong dién dau ra cta bd ngudn trén cho ra
d&c tinh phu hop véi ly thuyét da dwa ra (hinh 10).
DPoéng thoi twong tw nhw dién &p thi géc dién cua
céac pha ciing léch nhau 1 géc la 30°. Chét lwong
d4u ra khi phan tich FFT dong dién thi cé thé thay
rang nam trong khoang cho phép (THD = 2,48%),
nhw vay dau ra séng hai dong dién nam trong gi&i
han cho phép (hinh 10).
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vor |+ Fundamental(soun=tesz.To=24e% 4 KET LUAN VA KIEN NGHI

Hién nay, khi cac déng co PMSM nhiéu pha

o
o

st dung réng rai nhat 1a déng co PMSM 6 pha thi

o
>

viéc nghién ctru cac bd nguén diéu ché nhiéu pha

o
w

Mag (% of Fundamental)

cang trd 1én cap bach. Viéc xay dwng duwoc mo

o
N

hinh bo diéu ché 6 pha sé giup nhém tac gia tién

o

t&i xay dwng mé hinh diéu khién dong co PMSM
o (o] 100 200 300 400 500 600 700 800 900 1000

Frequency (Hz) . 6 pha VO bé dléu Ché PWM 6 pha trén.
Hinh 10. Phan tich dang song FFT ctia dong dién dau ra
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ABSTRACT:

Compared with three-phase motors, multi-phase motor speed control systems have many
advantages, which make them good prospects in many fields, such as electric vehicle electrical
equipment control systems. In these control systems, the motor requires a wider speed range. In
this paper, we mainly introduce commonly used simulation modeling of six-phase inverter PWM
technology: the basic working principle and implementation method of the traditional six-phase
SVPWM algorithm and the four-vector SVPWM algorithm are described. The simulation model is
built on MATLAB/Simulink software and gives simulations and analyzes the results.

Keywords: Multi-phase motor, Six-phase permanent magnet synchronous motors, Simulation,
Motor speed control system.
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