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XAY DUNG MO HINH PIEU KHIEN VEC TG CHO PONG CO PONG BO
NAM CHAM VINH CUU 6 PHA TREN PHAN MEM MATLAB/SIMULINK

ThS. Vii Hivu Qudng, ThS. Tran Thanh Tuyén — Truong Pai hoc Cong nghiép Qudng Ninh

Tém tit: So vai dong co 3 pha, hé théng diéu khién toc do dong co nhiéu phaco nhiéu vu diém khién
ching c6 trién vong tét trong cac linh vuc, chang han nhu hé thong diéu khién thiét bi dién cua xe
dién. Trong cac hé théng diéu khién nay, dong co can c6 dai téc do rong hon. Bai bao nay gisi thidu
va phan tich két qua ciia mo6 hinh mé phong diéu khién véc to dua trén phép bién doi toa dd VSD va
phuong phép bién doi toa do d-q kép, gidi thiéu nguyén Iy co ban cua diéu khién vecto dong co dong
bd nam cham vinh ctru (PMSM) 6 pha trong hé toa do tinh va mé hinh hé dong co trén phan mém
Matlab/Simulink.

Tir khéa: Péng co dong bé nam cham vinh cieu 6 pha, dong co nhiéu pha, hé thong diéu khién toc

do dong co, mo hinh mo phong.
1 Pat van dé

Dbong co PMSM duogc sir dung rong rai trong
cac hé théng truyén dong didu khién téc do vi
hiéu suat 16n, hé s6 cong suét cao va dai toc do
lam viéc rong [1]. Vi su gia ting toc do cua
PMSM, suc dién dong phan ing (EMF) cua cudn
day stato dong co chic chén sé ting 1én. Khi EMF
phia sau dat dén dién ap dinh muc cia dong co
hodc dién ap phia DC cia bo bién d6i, dong dién
dau vao cua dong co s& khong thé khdng ché
dugc dong dién dau ra di cho cua bo diéu khién
va bd diéu chinh dong dién s€ ¢ trang thai bao
hoa. Tai thoi diém nay, can sir dung diéu khién
tir trudong yéu dé giam EMF caa PMSM nham
tang kha ning tao md men xoan ciia dong co &
toc do cao [2].

Nhiéu nha nghién ctru trong va ngoai nudc
da thyc hién nghién ctru vé cac phuong phap diéu
khién dong co. Khai niém md hinh héa dong co
nhiéu pha 1an dau duoc gi6i thiéu trong giai doan
phat trién ban dau cta truyén dong xoay chiéu
v&i ngudn b bién doi diéu chinh dién 4p va dong
dién [3]. Ké tir d6, nhiéu cong trinh nghién ciru
ung dung khac nhau da dugc thuc hi¢n trong cac
linh vuc nhu dong luc tau thily, may bay, tau dién
va xe dién [3-4]. Zhao va Lipo [5] d4 trinh dién
mot k¥ thuat mo hinh héa dong co cam ting 6 pha
trong ba khong gian con tryc giao hai chiéu (2D)
va goi la phan tach khong gian vecto (VSD).
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Trong ndi dung bai bao, nhom tac gia dya trén ly
thuyét dé xdy dyng mé hinh dong co PMSM 6
pha trén phan mém Matlab/Simulink.
2 Co s6 Iy thuyét
2.1 Céu tricc ciia dpng co PMSM 6 pha

Dong co PMSM 6 pha c6 hai cudn day stato
gia dinh giéng hét nhau, can bang, nbi hinh sao
(hinh 1) [6-7].

Hinh 1: Cdu tric cia stato va roto
dong co PMSM 6 pha 5 doi cuc

Thong thudng, cic b cudn day ndy cé thé
co6 sy léch pha 0, 30 va 60 do. Léch pha 0 do
twong tu nhu hé théng 3 pha. Léch pha 60 d6 tao
thanh su sap xép d6i xing va co thé rit gon thanh
hé 3 pha vi hai pha cua cac ngdi sao khac nhau
luén thrfmg hang. Léch pha 30 d0 tao thanh su sép
xép khong d6i ximg, khong thé don gian hoa hon
nita. B tri 1éch pha 30 d6 1a thuan loi nhat dbi
v6i méo hai dién ap va xung md men xoan. Do
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d6, su dich chuyén pha 30 d9 gitta cac két ndi sao
1a su sdp xép thich hop hon ca trong bai bao nay.
2.2 Piéu khién véc to dpng co nhiéu pha

Déi véi dong co n pha, phuong phap diéu
khién véc to twong ty nhu dong co 3 pha ciing ¢
thé duoc sir dung. Khi dong co n pha ap dung
phuong phap 1ap moé hinh VSD, chi dong dién
trong khong gian con a-p (hodc d-q sau khi bién
d6i xoay) lién quan dén chuyén dbi ning lugng
co dién duoc diéu khién theo vong kin va cach
trién khai cu thé duoc thé hién trong hinh 2 [8].
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Hinh 2: Khung diéu khién vector truyén thong
cho dong co n pha

Phuong phép thyc hién nay gidng nhu diéu
khién véc to ctia dong co 3 pha va két hop voi hai
bd diéu chinh dong dién, thuén tién cho viéc cai
dat cac thong sd cia bo diéu khién & giai doan
sau [9]. Tuy nhién, ddi voi dong co n pha, do su
khac biét khong thé tranh khoi gitra cac cudn day
ctia mdi pha hoac khi nguén dién mot chiéu doc
1ap duoc st dung dé cung cép dién cho cac cudn
day khac nhau, viéc st dung didu khién véc to
nhu trong hinh 2 s& din dén mat cin bang dong
dién cudn day stato. Khi d6, st dung thuat toan
PWM khéng phi hop, bd bién ddi s& tao ra mot
s6 lugng 16n cac thanh phan hai dién ap bac thap.
Lay dong co 6 pha lam vi du, so v6i dong co 3
pha truyén théng, dong co 6 pha co nhiéu kha
nang tao ra mot s6 lugng 10n cac thanh phan song
hai dudi dong dién va cac thanh phan song hai
nay chi phu thudc vao di€n cam tan ctia dong co.
Trén thuc té, dién cam tan cua dong co 6 pha
thuong tuong d6i nho. Tuy nhién, ngay ca mot

dién ap song hai nho ciing c6 thé tao ra mot lugng
16n dong dién hai, do d6 1am tang ton thét cia
dong co. Pac biét, ddi v6i PMSM 6 pha, no tao
ra mét luong lom 6kl (k =1, 3, 5...) cac thanh
phan song hai dong dién phy. Mot nguyén nhan
quan trong khac 1a than dong co PMSM bi anh
hudng bai mot s6 yéu té khong 1y tudng, chang
han nhu tir trudng khéng hinh sin sy phan bd
duogc tao ra boi chinh nam cham vinh ctru, cling
nhu hiéu ung dn mon va hi€u tng bao hoa cuc
tir v.v... Nhitng yéu t6 khong 1y tudng nay sé tao
ra mot s6 lwong 16n cac thanh phan song hai dong
dién [10].

Dé loai bo hién twong mat can bang dong
dién stato ciia dong co, tac gia liy dong co 6 pha
cach ly diém trung tinh nghién ciru va tién hanh
phan tich chi tiét, chi yéu bao gom hai phuong
phap: Cong nghé diéu khién véc to dua trén toa
d6 d-q kép chuyén doi [11]; va cong nghé didu
khién véc to chuyén ddi toa do VSD [10]. i véi
cong nghé diéu khién véc to dya trén phép bién
ddi toa do d-q kép, nguyén tic co ban 1a coi timg
bd cudn day 3 pha 1a mdt don vi co ban, sau do
st dung thuat toan diéu khién véc to tuong ty nhu
ddng co 3 pha cho timg bd cudn day, do d6 thiét
1ap mot hé diéu khién véc to sir dung 4 bo didu
chinh dong dién, so d6 khéi trién khai cu thé
duoc thé hién trong hinh 3.
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Hinh 3: So do khéi diéu khién véc to VSD

cho dong co 6 pha
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2.3 Diéu khién dpng co PMSM 6 pha

Gidng nhu diéu khién vecto PMSM 3 pha,
cong nghé diéu khién vecto PMSM 6 pha ciing
6 thé ap dung thuat toan diéu khién tuong tu va
so d0 khdi diéu khién ctia n6 duoc thé hién trong
hinh 4. Dudi phép bién ddi toa do VSD, chi co
khong gian con d-q tham gia chuyén doi ning
luong va khong gian con x-y khong tham gia
chuyén d6i nang luong co dién. Ngoai ra, no
ciing c6 thé dugc nhin thay tir so d6 khéi thuc
hién diéu khién véc to VSD ctia dong co 6 pha
duoc thé hién trong hinh 3, mién la dién ap cho
trude vx = vy = 0, khong gian con x-y s€ khong
tao ra dong dién. Vi vay, dong dién trong khong
gian con x-y c6 thé duge diéu khién hoan toan
trong mot vong lap ha, mién la dién ap da cho
ctia n6 dugc dit thanh 0, do d6 chi ¢6 hai bo diéu
chinh vong lap dong dién trong hé théng, gitip
don gian héa ciu trac cua hé théng diéu khién.
C6 thé thay tir hinh 4 ring, hé thong diéu khién
ctia n6 chu yéu bao gdm bo diéu chinh vong lap
tdc do, bo diéu chinh vong lap dong dién va thuat
toan SVPWM...
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Hinh 4: So do khoi diéu khién véc to
dong co PMSM 6 pha

PMSM

3 M6 phéng va két qua
3.1 Mo6 hinh mé phong

Mo hinh mé phéong hé théng diéu khién dong
co PMSM 6 pha trén phin mém Matlab/Simulink
dua trén hinh 4 véi thong s6 thuc nghiém cho nhu
trong bang 1. Dua vao so do khdi diéu khién
(hinh 4) ta xay dung dugc mo hinh moé phong hé
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thdng diéu khién véc to cho dong co nhur hinh 5.
Bang 1: Thong s6 méd phong ciia dong co

PMSM
Théng s6 Gié tri Pon vi
Thoi gian liy mau T 50 ps
Tan s6 cit fwm 10 kHz
Dién ap 1 chiéu Ug 300 VDC
R T
S B
S& d6i cuc Pn 2 -
Pién tro stato R 2 Q
Tir thong hd cam iy 0,68 Wb
Mo men quan tinh J 0,015 Kg.m?
The @6 dat N 1.000 v/ph
£

Hinh 5: M6 hinh mé phéng bé diéu khién
dong co SVPWM 6 pha

Trong hinh 5 dugc chia lam 5 phan mé
phong chinh, d6 1a: Bo diéu chinh PI (hinh 6); bo
bién d6i Park va Clarke nguoc (hinh 7); bo diéu
ché SVPWM 6 (hinh 8); bo nghich luu 6 pha
(hinh 9) dwgc mé phong don gian hoa bang cach
su dung 2 bd nghich luu 3 pha; va dong co
PMSM 6 pha (hinh 10).

Phuong phap tinh toan cic tham sd cia bo
diéu khién dé cap dén phuong phap cai dit tham
s6 bo diéu chinh PI cua hé théng diéu khién véc
to PMSM 3 pha. Trong d6, tan sb cit cia bo loc
thong thap dong dién pha dau ra dugc dat thanh
160 Hz; tham s6 ciia bd diéu chinh PI vong lap
tde do Kpw = 1, Kjw = 80; tham sb cua truc d bd
diéu chinh PI vong lap dong dién Kpa = Lax1200,
Kiqa = Rx1200; cac tham sb cua bo diéu chinh PI
vong lap dong dién truc q la K,q = Lax1200,
Kig=Rx1200.
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Hinh 6: Vong ldp toc do va b diéu chinh PI
vong lap dong dién
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Bién déi Clarke nguoc

Hinh 7: Bé bién doi Park va Clarke nguoc

Uref Pulses

Uref Pulses

pwm(abc)

pwm(uvw)

Hinh 8: Bg diéu ché PWM 6 pha

Hinh 9: Bj diéu ché PWM 6 pha
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Hinh 10: Khéi mé phéng dong co PMSM

3.2 Két qua mé phéng va phan tich
Dé danh gia tinh chinh xac va t6i vu cia cac
tham s6 bo diéu khién PI da tinh toan, nhom tac
gia dit cac didu kién mo phong cho bai toan nhu
sau: Toc do dat 1.000 v/ph, m6 men tai thay doi
theo bang sau:
Biang 2: Bang thay ddi tai theo thoi gian

khi mé phong
Thoi gian dat t (s) Mo men tai Ty (Nm)
0,0 0
0,2 40
0,4 80

Duéi ddy 1a cac két qua mo phong trén phan
mém Matlab/Simulink véi sy thay d6i phu tai
theo thoi gian (hinh 11-16).

D4 thi dién ap stato ctia dong co PMSM =

Bién &p (V)
=

’ Time
Hinh 11: Dién dp Uup
ciia dong co PMSM 6 pha khi tai thay doi

Dién ap dau ra cac pha phu hop hop vai 1y
thuyét dat ra (hinh 11). Khi tai thay ddi thi dién
ap va dong dién cua dong co 6n dinh hon, nhit 1a
khi tai 80 Nm.
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Hinh 12: Dong dién pha A va U
ciia dong co PMSM khi tdi thay doi

D4 thi dong dign idq theo theri gian
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Hinh 13: Do thi dong dién ia, theo thoi gian
ciia dong co PMSM 6 pha khi tai thay doi

D8 thi dong dién ixy ciia d6ng co PMSM =
T T T T r T

Dong dign (A)

Hinh 14: Dong dién pha A va U
ciia déng co PMSM khi tdi thay déi

T T
Téc 85 8ong o

Tée 66 quay (vong/phit)

|
) 005 [ 015 02 025 03 035 04 045 05
Time

Hinh 15: Toc dé dau ra
ciia dong co PMSM 6 pha khi tdi thay déi
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Tée dg cua déng o khi ti thay ddi ]
T T T T

Dong dién dau ra cia dong co PMSM cho ra
dic tinh phu hop véi 1y thuyét (hinh 12-14).
Dong thoi co thé thay trong hinh 13, khi tai thip
thi d6 dao dong cua dong dién 16n, nhung cang
vé sau khi tang tai lén thi dong dién i4q dan 6n
dinh hon, pht hop voi két qua dién ap (hinh 11)
va két qua dong dién (hinh 12).

Tbc dd dau ra cua dong co PMSM cho ra dac
tinh phu hop véi 1y thuyét da dua ra (hinh 15).
Pong thoi, co thé thay trong hinh 15, khi khai
dong thi d6 dao dong 16n, nhung sau do 6n dinh
ngay. Khi tai thay doi thi toc d6 ciing dao dong
nhe, nhung sau d6 vé toc do 6n dinh. Piéu nay
cho théy su On dinh cua tde do dong co PMSM 6
pha khong phu thudc vao su thay doi tai.

D6 thi ma men dién tir cla déng co PMSM theo théi gian
T T T T T

T T
M6 men dong co Te

M& men (Nmj)

Lk )

0.05 01 015 0z 025 03 035 04 045 05
Time.

Hinh 16. D6 thi mé men dién tir

ciia dong co PMSM 6 pha khi tai thay doi

M6 men dau ra cia dong co PMSM cho ra
dic tinh phu hop véi 1y thuyét (hinh 16). Khi
dong co co6 tai tang dan, d6 dao dong ciia m6 men
giam cho thdy dong co PMSM 6 pha c6 thé lam
viéc 6n dinh trong trudng hop tai niang. Khi thay
dbi tai thi m6é men dong co c6 sy dao dong nhe
va sau d6 trd vé vi tri 6n dinh ban dau.
4 Két luan

Hién nay, khi cac dong co PMSM nhiéu pha
duogc st dung rong rai, nhét 1a dong co PMSM 6
pha thi viéc nghién ctru cac bo ngudn didu ché
nhiéu pha cang tr& 1én cip bach. Viée xdy dung
mo hinh diéu khién dong co PMSM 6 pha véi bo
diéu ché PWM 6 pha gitp nhom tac gia co thé
nghién ciru sau hon vé dong co PMSM 6 pha va
khic phuc nhitng nhugce diém cua dong co nay
trong thyc té.



DIEN - TU BONG HOA

10.

11.

TAI LIEU THAM KHAO
Ma Y., Li Y. Active Disturbance Compensation Based Robust Control for Speed Regulation
System of Permanent Magnet Synchronous Motor. Appl. Sci, 2020 (10): 709.
Xu W,, Ismail M.M., Liu Y. Parameter Optimization of Adaptive Flux-Weakening Strategy for
Permanent-Magnet Synchronous Motor Drives Based on Particle Swarm Algorithm. /EEE
Transactions on Power Electronics, 2019, vol. 34, PP. 12128-12140).
Levi E., Bojoi R., Profumo F., Toliyat H.A., Williamson S. Multiphase Induction Motor
Drives — A Technology Status review. IEEE Trans. Ind. Electron., vol. 1, no. 4, Dec. 2007,
PP. 489-516.
Levi E. Multiphase Electric Machines for Variable Speed Applications. /IEEE Trans. Ind.
Electron., vol. 55, no. 5, May 2008, PP. 1893-1909.
Zhao Y., Lipo T.A. Space Vector PWM Control of Dual Three-Phase Induction Machine Using
Vector Space Decomposition. I[EEE Trans. Ind. Appl., vol. 31, no. 5, Sep./Oct. 1995, PP. 1100-
1109.
Jin Fuli, et al. Analysis of a Six-Phase Direct-Drive Permanent Magnet Synchronous Motor with
Novel Toroidal Windings. /IEEE Vehicle Power and Propulsion Conference (VPPC), 2019.
Kuang Xiaolin, et al. Research on a Six-Phase Permanent Magnet Synchronous Motor System
at Dual-Redundant and Fault Tolerant Modes in Aviation Application. Chinese Journal of
Aeronautics 30.4 (2017), PP. 1548-1560.
Hatua K., Ranganathan V.T. Direct Torque Control Schemes for Split-Phase Induction
Machine. Conference Record of the 2004 IEEE Industry Applications Conference, 39th IAS
Annual Meeting, vol. 1.
Igbal A., et al. Generalised Sinusoidal PWM with Harmonic Injection for Multi-Phase VSIs.
37th IEEE Power Electronics Specialists Conference, 2006.
Siala S., Guette E., Pouliquen J. L. Multi-inverter PWM Control: A New Generation Drives
for Cruise Ship Electric Propulsion. Proc. of EPE 2003, Toulouse (France).
Prieto J., et al. A Modified Continuous PWM Technique for Asymmetrical Six-Phase Induction
Machines. IEEE International Conference on Industrial Technology, 2010.

BAN TIN CO KHi NANG LUONG - MO S8 3/2023 (S5 38)| 29




