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SCIENCE - TECHNOLOGY

PIEU KHIEN VEC TO DONG CO DONG BO NAM CHAM

VINH CUU cUC LOI

VECTOR CONTROL OF SURFACE PERMANENT MAGNET SYCHROUNOUS MOTOR

TOM TAT

Dong co dong bo nam chdm vinh clu dugc st dung rong rai trong cong
nghiép, dac biét la trong linh vuc 6 to dién. Van dé nghién ciu diéu khién véc to
cho PMSM la mgt phan quan trong trong truyén dong dong co dong b. Bai béo
trinh bay mo hinh héa va mo phdng hé truyén dong bién tan - SPMSM véi
phuong phap diéu khién véc to. Phan mém Matlab/Simulink da dugc st dung dé
kiém chiing cac két qué nghién ciu.

Tir khéa: Déng co dng bd nam chdm vinh ctiu, dong co déng bd nam chdm
cuc 16i, diéu khién véc to.,

ABSTRACT

Permanent magnet synchronous motors are widely used in industry,
especially in the field of electric cars. Research problem on vector control for
PMSM is an important part of the synchronous motor drives. This paper presents
modeling and simulation of the SPMSM inverter drive system with vector control
method. Matlab/Simulink software was used to verify the research results.

Keywords: PMSM (Permanent Magnet Synchrounous Motor), SPMSM
(Surface Permanent Magnet Synchrounous Motor), vector control.
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DANH MUC KY HIEU

Ky hiéu Giai thich ky hiéu

Uqs, Ups Cac thanh phan dién ap stato trong khung
tham chiéu tinh gan vai stato (V)

Ugs, Ugs  Cac thanh phan dién 4p stato trong khung
tham chiéu quay gén véi tur trudng quay (V)

W, T6c d6 quay cla ré to (Rad/s)

p S6 doi cuc

We T6c do quay cua tur truong (Rad/s)

fas, igs Cac thanh phan dong dién stato trong

khung tham chiéu tinh gan vdi stato (A)
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Cac thanh phan dong dién stato trong

ids, iqs
khung tham chiéu quay gan véi tu truong
quay (A)

Te M6 men dién tu cdla ddng co (Nm)

T, M6 men tai (Nm)

Pr TU thong ro to (Wb)

R, bién tré stato

Ls bién cam stato

1. GIGI THIEU

Dong ca dong bé nam cham vinh clu - PMSM la mot
dang dac biét cia may dién dong bo. Bong co dong bd
thong thudng c6 cudn day quan phan tng va cudn day
quan kich tr & rd to dugc cdp dong dién moét chiéu qua
chéi than va vanh trugt. Diéu d6 gay t6n hao ré to, thudng
xuyén phai bdo dudng chéi than, lam gidm tudi tho may.
Nham khic phuc nhiing nhugc diém ctia may dién dong bo
théng thudng nhu da trinh bay & trén, ngudi ta thay cuén
kich tu, nguén kich tir mét chiéu, chéi than vanh truct bang
mot nam cham vinh clu, vi thé roéto ctia PMSM khéng co
tén hao, tén that toan phan gidm khodng 30% so véi déng
co khéng déng bé ba pha nén viéc nghién ctu va phat
trién né cé y nghia thuc tién rat 16n [1-3].

Doéng co dong bd nam cham vinh clu (PMSM) ¢6 rat
nhiéu uu diém so vdi cac loai ddng co khac cling cong suéat
dang st dung cho truyén dong dién xoay chiéu nhu: kich
thudc nhd, hiéu sudt va hé s6 cong suat cao nén dugc s
dung réng rai trong cdng nghiép, 6 té dién. Dua vao ciu
tao rd to, ngudi ta phan loai ddng co déng bd nam cham
vinh cliu thanh hai loai: ddong co déng bé nam cham bé
mat (SPMSM) va dong co déng bd nam cham chim
(IPMSM).

Ngoai ddng cc PMSM ¢6 cau tao nhu trén con c6 mot
loai déng co déng bd thudc nhém dong co mét chiéu
khéng ¢ ¢ gép (BLDC). Su khéc biét gitta dong cd PMSM
va dong ca BLDC & ché: dang cla suc dién déng cam Uing
trong cudén day stato clla BLDC cé dang hinh thang con cla
PMSM cé dang hinh sin [1-6]. Do vay PMSM c6 mo6 men it
dap mach hon so véi BLDC, rat thich hgp trong cac tng
dung can 6n dinh mé men nhu trong linh vuc 6 t6 dién.
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Véi su phat trién cla cac thiét bi dién tl cdng suat va
cac thuat toan diéu khién nghién ctu diéu khién véc to
PMSM théng qua bé nghich luu 1a mét van dé cap thiét va
6 thoi sy cao.

Bai bao trinh bay vé diéu khién véc ta déng co déng bo
nam cham vinh ctiu cuc 16i (SPMSM). C4u tric cta bai bao
nay gébm 4 phan: Phan 1 trinh bay uu diém cta PMSM, ly do
nghién ctu diéu khién véc to PMSM. Phan 2 trinh bay mé
hinh hoa SPMSM. Trong phan 3 chi rd viéc xay dung mé
hinh diéu khién véc to cho SPMSM. Phan con lai sé trinh
bay cac két qua mdé phong hé truyén déng bién tan -
SPMSM véi phucng phap diéu khién véc to bang phan
mém Matlab/simulink.

2. MO HINH HOA SPMSM

Mé hinh déng luc hoc tdng quat cia SPMSM gém céc 4
mo hinh nhu sau:

- M6 hinh chuyén déi dién ap ba pha thanh hai pha;

- Mo hinh tinh todn dong dién;

- M6 hinh tinh todn mé men dién tu;

- Mé hinh tinh toan t6c d6 dong co.
2.1. Mé hinh chuyén déi dién ap

Qua trinh chuyén d6i dién 4p nguén cap ba pha sang
dién &p & hé toa do gan vdéi stato - hé toa dé tinh (ap) duoc
thuc hién bang phuong trinh ma tran (2) dugi day (goi la
bién d6i Clark thuan):

2n 4mn
i Hllu
u, _Z cos0 cos( 3 ) cos( 3 ) || Yas o
41 bs

Ug,

cs

2n
sin0 sin(—) sin(—
(3) (3) u

Chuyén déi dién ap & hé toa dé tinh a sang hé toa do
quay dq dugc thuc hién bang phuong trinh (3) nhu sau (goi

13 bién d6i Park):
Ugs cosO sin® || Uy
=l . ()
Ugs —-sin@  cosB || ug,
2.2. M6 hinh tinh toan dong dién abc

Phuong trinh tinh dong dién stato & hé toa dé quay dq
nhu sau [3]:

1
iy = I(uds ~Ruigy +WeLsigs )L—dt

S

iqs = J.(uqs _Rsiqs _(lpr +Lsids )we)let

S
Véi: we la t6c d6 quay clia tur trudng (Rad/s).

Chuyén déi dong dién & hé toa d6 quay dq sang hé toa
dé tinh a (goi la bién d6i Park ngugc) nhu sau:

[ 3 cosB —sin® || igs
igs | sin® cosB || igs @

Chuyén d&i dong dién & hé toa do tinh sang hé toa do
abc (goi la bién ddi Clark ngugc) nhu sau:
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) 1 0
lag .
. 1 \/§ las
s |=|—Z — || . (5)
i 2 2 Igs
R B}
L 2 2 ]

2.3. Mo hinh tinh toan moé men

M& men dién tU cia ddng co SPMSM dugc tinh nhu sau
[31:

Te= %pl-priqs (6)
VGi p la s6 ddi cuc cta dong ca; P, la tir théng theo
hudng doc truc cta rd to.
2.4. T8¢ d6 déng co
Tu phuong trinh can bang mé men:
J%-i—fdwr =T, -T, (7)

G day J 1a momen quan tinh ca rd to; f, 1a hé s6 ma sat
nhdt (viscous friction) va T, la mémen tai.

TU phuong trinh can bang mé men (8) va boé qua ma sat
nhdt, téc do roto dugc tinh nhu sau:

o = TeJ dt (8)

3. PIEU KHIEN VEC TO SPMSM

So d6 khai diéu khién 6n dinh mé men dién ti va téc d6
SPMSM dugc chira & hinh 1.

i ' U,
T | Ha _:
. |svpw = Nghich
iy vewM L] Im ép
| el N ——
iy ) L o I
le i; i e iy 4 \ ‘
le—t2 i Clarke | & | .
[ N R 5 X

Khau tinh toan
goc tir toc dé

/ \
{ SPMSM |
\ /
\ /

.-/

Hinh 1. So d6 khi diéu khién 6n dinh md men va toc do SPMSM

i.,, =0; vi kich tUr sé dugc 18y ti rd to (nam cham vinh
ctu).

Poéng co PMSM thudng yéu cau diéu khién n dinh mo
men va toc d6 dong co (yéu cau cta 6 t6 dién: du tai thay
déi nhanh, nhung t6c 6 va mé men ctia déng co 6n dinh).

Vi mot moé men doéng cao dat trudc, t phuong trinh (6)

ta c6 dugc:

- T,

g =3 9)
Epl'pr

*

K& thlia [7] ta c6 dugc:
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Kpg = Ls *Wee; Kig= Rs *w

Kpg = Ls *Wce; K

cc’ cc’

10
iq = Rs*w,; (10)

V&i we 1a dai t6c d6 c6 thé diéu khién; L, R la dién cam
va dién trd stator cia dong co.

Céc bién déi Clark va Park thuan ctia dong dién tuong tu
nhu dién 4p, da dugc trinh bay & phuong trinh (1) va (2).
Bién dé&i Park ngugc cla dién ap tuong tu nhu dong dién,
da dugc trinh bay ¢ phuaong trinh (4).

B6 nghich luu 4p dugc st dung trong hinh 1 la nghich
luu ap hai mic. So d6 clia bé nghich luu ap hai muic cap
dién cho dong co dugc chira & hinh 2.

s, g} 8, HT} 8. E}L SPMSM
ael bel cel
L R, 2
| Vet M ——
VL b ha %\——W\—é— v

1 e
Aol bol ol }
5, Ss 1} 5 H'

Hinh 2. Sa d6 nghich luu ap hai mdc cap dién cho SPMSM

Trong dé: S1, S3, S5: la cdc nhdm transistor nhom trén;
S2, 54, S6: la cac nhém transistor nhém dudi;

- Khéu phdt xung PWM diéu khién nghich luu dp hai muc:
Hinh 3 da chi ra tdm véc to dién 4p cda bé nghich luu:
V, +V, goi la cac véc to tich cuc; V,, V; la cac véc ta khong.

VL) g~

'// Lo

,”‘ - Href "\\

J’ \\l
i’ ll
{ V(01,1 !
{ Vo, :
{ == Hu.mﬁ -
P =
" /
4 Vl-,-,-) {
| o,

A Vo) |
"\ b ’!
N /!

A
% o
b= e
o -
V6(0.0,1) -~ Ni(1.0.1)

Hinh 3. Cc véc to khong gian dién ap stato

Tinh todn thdi gian phat xung clia 2 véc to tich cuc va
hai véc to khéng nhu sau:

u,; dugc tao ra bang cach két hgp hai véc to tich cuc va

hai véc to khong.
) T—°+Tk

T 2 2
ju,_efdtzjﬁdw j v dt
0 0 To

2

(11)
T70+Tk +T T,
+ j V., dt+ I V,dt
?°+Tk 7°+Tk T
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Véi: Ty +T +T =T, 5 Uy

T =V T+ Ve, T,

k41 *

Chiéu phuong trinh (11) Ién hai truc af, ta cé:

cos(k_mT cosk—71
u
¢ Ts:zudc Tk 3 +Tk+1 3
Ug 3 . (k=")m .
smT sin—
(12)
(k=1m km
cos s—IrT
U 3 3 k
- dc
(k=T km || T,
sin sin—
3
Tu phuong trinh (12) suy ra:
Sink11 coskn
Tk \/>T ? B ? Ua
=3 1
{TJ Ue| . k=t (k=1 |y, (13)
—sin cos 3

To la thoi gian phat xung cho véc ta khong (1/2*T, cho
vécto V,, 1/2*To cho vécta V, ):

To :Ts _(Tk+Tk+1) (14)

G day k |a viung séc to, dugc xac dinh qua géc cla véc ta
khong gian Uy :
0°<a<60°:k=1
60° <a<120°: k=2
120° <a<180°:k=3
-180° <a<-120°:k=4
-120° <a<-60°:k=5
-60° <a<0°:k=6
4. CACKET QUA MO PHONG

Phan mém Matlab 2016a dugc sit dung dé mé phdng
diéu khién véc to cho SPMSM. Cac théong s6 dong co dugc
st dung cho qud trinh mé phéong nhu bang 1.

Ug .
a=actg| — |, cu thé:
u

a

Bang 1. Cac thdng s6 dong co st dung cho qua trinh md phong

Ll Théng sé Gia tri
1 | Cong sudt dinh mic 11kW

2 | Dién ép dinh mic 180V

3 Dong dién dinh mc 58,6A

3 | Tanso dinh mic 50Hz

4 | S6 doi cuc 4

5 | Tocdd dinh miic 1500 vong/phut
6 | Diéntrdstato 0,0217Q

7 | Tucam stato (L) 0,00049H

8 | Diéncdm stato (L) 0,0007H

9 Tl thong rd to 0,1483Wh

10 | Momen quan tinh 0,0281kgm?

Poéng co PMSM thuong Uing dung cho 6 t6 dién, véi yéu
cau diéu khién 6n dinh mé men va téc dé dong ca (yéu cau
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clia 6 t6 dién: du tai thay d6i nhanh, nhung t6c d6 va mo
men clia dong cc 6n dinh), do dé trong mé phéng nay, mé
men dién tUr dat 1a: T.'= 40Nm; t6c dé tai yéu cau la: 1500
vong/phut. Sau moét s6 phép thir véi cac gia tri khac nhau
cUa khoang thai gian 18y mau, gid tri cudi cing dugc chon la
0,0001 gidy. Cdc m6 phdng sé quan sat bién dé cua dién ap
cap cho dong co, bién d6 ctia dong dién stato, mdé men dién
tur va toc do dong ca. Két qua mo phdng moé men dién ti va
t8c dd dong co dugc thé hién tuong ting trong hinh 4 va 5.

50 -

J"'_'MD mien dien w dat
{= = Mo men dien tu

T(Nm)
i

05 1 15 2 25 3 35
(Giay)

Hinh 4. Md men dién tit bao gom: M6 men dat va md men thuc cta dong o

1600

1400

1200

1000

800

Vong/phut)

200

05 1 15 2 25 a 35 4
(Giay)

Hinh 5. T6c do bao gom: Toc do ddt va toc do do luong cta dong co

Hinh 4 va 5 da chi ra: Mé men va t6c do6 thuc cla dong
co bam véi cac gia tri dat, véi sai so rat bé.

V{Volt)

3 3002 3004 3006 3008 301 3012 3074 3016 3018 302
giay

Hinh 6. Dién ap cdp cho dong co khi toc do da 6n dinh
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= Bien do dong dien stato(A)

05 1 15 2 25 3 35 4
(Giay)

Hinh 7. Bién dd clia dong dién stato

Dién ap cap cho déng co khi téc d6 da én dinh dugc chi
ra & hinh 6; bién do dong dién stato dugc chira & hinh 7.

Tu hinh 6 va 7 thay dugc: Khi téc d6 va md men da én
dinh, dién ap va dong dién c6 gia tri khong déi.

5. KET LUAN

Bai bao nay da trinh bay mé hinh diéu khién vong kin
t6c d6 va m6 men cho SPMSM véi phuong phép diéu khién
véc to. Cadc mo phdng bang phan mém Matlab/Simulink da
kiém ching cho thuat toan diéu khién da dugc dé xuat, téc
dé va mé men clia SPMSM 6n dinh, vdi sai s6 rat bé.

Hudng nghién cudu ti€ép theo clia nhém tac gia la danh
gia chat lugng clia hé truyén déng bién tan - SPMSM vGi
phuong phap diéu khién véc tc khi cac tham s6 (dién trg
stato, hé cam,...) clia dong co thay déi.
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