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TOM TAT

Dong co ddng bd nam cham vinh ctiu (PMSM) duoc sit dung rdng rdi trong linh vuc diéu khién servo cong nghiép, dic biét Ia trong cac tng dung ¢6 dd chinh
xac cao. Do ggn song md-men xodn dinh ky géy ra bdi md-men xodn, gon tir thong va d6 léch dong dién, toc d dau ra cta hé thong déu c6 gon song dinh ky,
anh hudng dén do chinh xac diéu khién cta hé thdng servo. Day chinh la céc gon séng hai va séng hai trung gian cd thé gay ra cac van dé vé van hanh trong thiét
bi dién va dién tir. Trong bai bdo nay, nhém téc gid trinh bay thuat toan st dung dé triét tiéu song hai dau ra cia bo diéu khién dong co PMSM dua trén Iy thuyét
da khung tham chiéu (MRF) két hgp b loc thong thap (LPF) va dua ra két qua md phong trén Matlab/Simulink khi s&r dung thudt toan d6.

Tirkhod: Ding co dong bo nam chdm vinh ciiu (PMSM); séng hai; da khung tham chiéu (MRF); bé loc thong thdp (LPF).

ABSTRACT

Permanent magnet synchronous motors (PMSM) find extensive applications in industrial servo control, particularly in high-precision tasks. However,
they suffer from periodic torque ripples due to torque, flux, and current variations, leading to periodic speed ripples in the system output, thereby affecting
control accuracy. These ripples are attributed to harmonics and interharmonics, which may induce operational issues in electrical and electronic devices.
This paper introduces an algorithm designed to mitigate the output harmonics of the PMSM motor controller using the multi-reference frame (MRF) theory
in conjunction with a low-pass filter (LPF). Furthermore, simulation results conducted in Matlab/Simulink are presented to validate the effectiveness of the
proposed algorithm.

Keywords: Permanent magnet synchronous motors (PMSM), harmonics, multiple reference frame (MRF), low-pass filter (LPF).
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KY HIEU
hli(éyu Pon vi Y nghia
B. Ns/m Hé s6 giam chan nhét
Kg-m? M6 men quaén tinh

Lq mH Pién cdm doc truc

Lq mH Dién cdm ngang truc
iq A Dong dién doc truc

[ A Dong dién ngang truc
Ugc vDC Dién ap mot chiéu

Rs Q bién trd stato

fowm kHz Tan s6 cat PWM

p - S6 doi cuc

n - Bac séng hai

t s Thdi gian thuc

Te Nm M6 men dién tu

T Nm M6 men tai hay can
Ts us Chu ky trich mau

0 rad G6c pha dong dién
We rad/s Téc do goc dién roto
W rad/s Téc dd goc coréto

Ws Wb TU cdm cda nam cham vinh cltu
Q Vong/phat  Téc dé quay réto

CHU VIET TAT

FOC Field Oriented Control

(Diéu khién tur théng roto)

EMF Electromagnetic Fields (Suc tur déng)
LPF Low Pass Filter (Loc théng thap)
MRF Multi Reference Frame
(Ba khung tham chiéu)
NCVC  Nam cham vinh cttu
PI Proportional Integral (Ti 1é tich phan)
PMSM  Permanent magnet synchronous motors
(Bbng co dong boé nam cham vinh clu)
1. GIGI THIEU

Gan day, viéc iing dung dong cd PMSM dang gia tang
nhanh chéng trong khu vuc cong nghiép, vi du nhu may
bom, xe dién va may nén [1] nhd ¢6 uu diém la hiéu suat
va mat dé céng suat cao. Diéu khién tir thong réto (FOC)
la mét trong nhiing chién lugc diéu khién cé dién nhat
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clia déng co PMSM. Tuy nhién, khi diéu khién déng co
PMSM phai chiu dong dién hai do hiéu ting thoi gian chét
cla bo bién tan va song hai luc dién déng nguoc (EMF)
gay ra béi hiéu Ung cogging va hiéu ting bao hoa. Dong
dién hai sé tao thém t6n that va gon séng mé-men xodn
néu khong duoc kiém soat. Dong dién stato dugc diéu
khién bdi PI trén dq, cac truc trong diéu khién FOC cua
déng co PMSM. Bi han ché bai bang thong, Pl khé theo
déi dong dién hai tham chiéu theo dq, toa d6, dac biét la
& t6c d6 cao. Cac hién tugng d6 lam cho gidm dé 6n dinh
va do tin cay khi van hanh dong ca, khéng cé Igi cho viéc
Uing dung dong co PMSM trong céc tinh hudng c6 do
chinh xac va céng suat cao. Vi vay, viéc triét tiéu cac song
hai dong dién c6 y nghia rat I6n trong viéc cai thién hiéu
sudt hé théng.

Cé hai loai phuong phap chinh diéu khién nang cao
cho déng cd PMSM c6 thé dugc st dung dé loai bd séng
hai trong dong dién: triét tiéu séng hai dinh ky va loc
thich ng. Phuong phép triét tiéu séng hai dinh ky loai bd
cac song hai khoi mét chu ky thay déi va dua ching vao
vong phan héi dong dién kin, chdng han nhu diéu khién
hoc lap [2] diéu khién I3p lai [3] va diéu khién cong hudng
ty 1& [4]. Diéu khién hoc lap la mot céach tiép can dé cai
thién hiéu suat ctia mét hé théng thuc thi lap di lap lai va
dinh ky trong moét khoang thaoi gian ¢6 dinh bang cach
hoc hoi tir cac 1an thuc thi trudc d6. Viéc két hgp bo diéu
khién cong hudng vai bé diéu khién tich hop ty 1& (PI) c6
thé lam gidm cac song hai dong dién gan tan s cong
hudng. B6 diéu khién Iap lai c6 thé dugc coi la nhiéu bod
diéu khién céng hudng dugc két néi song song, gilp
giam song hai dong dién & tan s6 nhiéu chu ky. Tuy nhién,
s6 d6 két hap bo diéu khién Pl va bd diéu khién hoc l3p bi
té liét bai mot déi tugng khong tuan hoan, nhay cam vai
do khéng dam bao ctia cac tham s6 hé thong va kha nang
chéng nhiéu loan yéu. Bé diéu khién I3p lai va bd cong
hudng ty lé khdng thé dugc sir dung dé loai bé nhiéu loan
dong dién mot chiéu. Bo diéu khién Iap lai thudng can
nhiéu thai gian tré, lam cham qua trinh phan héi déng. Va
V@i cac bo diéu khién gan nhu cdng hudng triét tiéu cac
so6ng hai hién tai, dong dién dau ra sé tao ra hién tugng
vugt muc trong vong ldp hién tai dua trén lap lai.

B6 loc Notch [5], bd loc tich phan bac hai téng quat [6]
va b loc dua trén mang naron tuyén tinh thich tng [7]la
nhiing phan chinh ctia phuang phép loc thich tng. Bé loc
thich ing dugc st dung dé loai bd cac séng hai 8 mot tan
s8 nhat dinh giup hé théng én dinh va dang tin cay hon.
Dé tach cac thanh phan hai can thiét, ngudi ta sttdung bd
loc Notch thich ting. Diéu nay lam gidam dao déng téc do
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G trang thai nhat thoi va s6 lugng phép toan can thuc
hién. Bé mang noron tuyén tinh thich iing da dugc ching
minh la mot cach hiéu qué dé tim séng hai. N6 c6 cau tric
don gian va hoat dong giéng nhu mot co ché hoc co gidm
sat nén dé thiét lap va cho d6 chinh xac cling nhu téc d6
hoi tu tot khi theo déi va bu cac nodi dung hai. Tuy nhién,
khi c6 d¢ léch tan s6 co ban va hai trung gian, két qua cé
thé khong chinh xéac va gidi phap nay chi phu hop véi cac
doéng co PMSM cé EMF khong hinh sin. B6 loc thich ting
yéu cau thong tin vé tan s6 hai vi méi séng hai dugc trich
xudt va loai bo riéng biét. Néu cé nhiéu tan s6 séng hai
hon thi cau trdc ctia mang loc sé phc tap hon.

Ly thuyét MRF dugc ap dung réng rdi vi tinh nguyén ly
don gidn va kha nang mé réng linh hoat. Trong tai liéu [8],
phuong phap bu tién dugc st dung dé bu cac thanh phan
hai trén truc d-q thu dugc bang céch st dung bo loc
thong dai thich (ng. Thanh phan séng hai dong dién &
bat ky tan s& nao co thé dugc phat hién va diéu khién déc
lap bang cach quay khung tham chiéu & cung toc dé.
Trong phan ndi dung bai bdo, nhém tac gia mé phong va
déanh gia mé hinh diéu khién khéng stt dung mé hinh khr
song hai vai bo triét tiéu song hai dua trén ly thuyét MRF
két hgp b loc LPF. St dung ly thuyét MRF két hgp vai bod
loc LPF vong kin 1a hé théng khit song hai don gian hon
50 vGi cac hé khir song hai khac ma van dat dugc hiéu qua
nang cao chat lugng dau ra cho hé théng.

2. MO HINH TOAN HOC CUA PONG CG PMSM VA MO
HINH KHU SONG HAI DUA TREN LY THUYET MRF

2.1. Phan tich séng hai trong dong co PMSM réto c6
nam cham vinh cltu gan bé mit

Céc hé phuong trinh dién dp va m6 men cla déng co
PMSM c6 thé dugc biéu thi trong hé quy chiéu quay déng
bo [9] nhu sau:

di, 1 ) .
Ed =L—d(ud —Rii, +weLq|q) (1)
di, 1 . .
d_::E(uq —Rslq —w,Li, —wetpf) )
dw_ 1
m —~(T, -Bw,_—T
dt J( - Bun-T) ®)
3 . ..
T =Ep[q}f|q +(L —Lq)ldlq] (4)

Trong d¢, iq va iq tuong Ung la gia tri dong dién doc
truc va ngang truc trén hé truc toa dé dq (A); Rs la dién tr&
day quan stato (Q); Ly, Lq tuong tng la gia tri dién cam
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déng bo cuia day quan stato doc va ngang truc (H); we, Wm
la téc d6 gbc roto dién va co clia dong ca (rad/s); Y la tur
théng do nam cham vinh ctu (NCVC) sinh ra (Wb); J1a mé
men quan tinh cla réto (kg.m?); B la hé s6 giam chan; T,
la gia tri m6 men tai hay can (Nm); Te la mdé men dién tu
(Nm); p la s6 déi cyc ctia dong co. Ngoai ra, nhém tac gia
st dung mo hinh véi dong co PMSM véi phan quay co
NCVC gan bé mat, vi vay dé tu cdm doc va ngang truc
trong hé truc toa d6 dq bang nhau, hay Ly = Lq = L. Nhu
vay, thanh phan mo6 men tir tré trong phuaong trinh (4)
khong tén tai. Khi d6 mé men dién tu Te dong co ti lé
thuan véi dong dién ngang truciq.

Trong thuc té, dong dién ba pha ctia hé théng diéu
khién déng co PMSM chuiia cac thanh phan hai do cac yéu
t6 khong ly tudng, chdng han nhu hiéu (ing thai gian chét
cla bd bién tan va bién dang trudng khe ha khong khi
[10]. Do d6, cac thanh phan séng hai dong dién trudc tién
dugc phan tich. Duya trén phan tich bién déi Fourier, cac
thanh phan séng hai dong dién trén truc a-b-c c6 thé
dugc biéu thi nhu sau:

i, =1,cos(wt+6, ) +1,cos( 2wt +8, ) +1,cos( 3wt +6;,)

+1,cos( 4wt +8, ) +1,cos( 5wt +6; ) +--- ©)

i, =1cos(wt—2m1/3+8,) +1,cos| 2( wt—2m1/3)+6, |
;0| 3(wt—2m1/3)+6, |+],cos| 4(wt—211/3)+6, | (6)
H,cos| 5(wt—2r1/3)+6, |+

i =I1cos(wt+2n/3+61)+I2cos[2(wt+2n/3)+62]
H,cos| 3(wt+2m/3)+6, |+,cos| 4(wt+211/3)+8, | (7)
Hycos| 5(wt+2m/3)+6, [+

Trong do: I, I, 13, 1, 1s,... va 91, 62, 93, 94, 65,... tUO'ng
ung la bién do dong dién séng hai bac 1, 2, 3,4, 5,... va
goc pha dong dién séng hai bac 1, 2, 3,4,5,....

Vi diéu kién giai thiét dong co PMSM ly tudng nhu da
cho thi cac thanh phan dong dién song hai c6 bac n
(n=3,9, 15,...) va cac séng hai cé bac chan trong day
quan stato déu bang khéng. Khi ddng co PMSM c¢é stato
3 pha dau hinh sao thi thanh phan séng hai lic nay ngoai
song cd ban thi tap trung trén cac song hai tan s6 bac (6n
+ 1) va vé chiéu quay cta thanh phan séng hai tan s6 bac
1 va bac (6n + 1) cung chiéu trong khi dé chiéu quay cua
song hai tan s6 bac (6n - 1) thi ngugc chiéu vaéi chiéu quay
clia thanh phan séng hai tan sé ca ban va séng tan so bac
(6n + 1) [11]. Do thanh phan séng hai turbac 11 tré di anh
hudng rat nhé dén dong dién co ban nén dong dién luc
nay bao gom thanh phan dong dién bac 1,5 va 7. Ta ¢
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dugc phuong trinh ctia thanh phan dong dién trén truc a-
b-c trg thanh:

i, =l,cos(wt+6, ) +I,cos(—5wt +8;)
8
+1,cos(7wt+0, )+ ®

i, =l,cos(wt—2r1/3+6),) +1,cos[-5wt+2rm/3+6;]

9
+1,cos[ 7wt —21m/3+6, |+ ©

i. =I,cos(wt+2r1/3+6, ) +l;cos[—5wt—2mm/ 3+

10
+1,cos| 7wt +2r1/3+6, | +--- 1o

Nhu vay, ¢ thé thdy dugc, trong mé hinh déng co
PMSM thi thanh phan song hai anh hudng I6n nhat cta
dong dién la cac séng hai bac 5 va bac 7 [12] nén khi dua
ra mo hinh triét tiéu séng hai, ching ta sé nghién ctu tap
trung vao triét tiéu cac séng hai bac 5 va bac 7.

Théng qua phuong phép bién déi truc toa dé Clark va
Park, ta dugc dong dién g va I hé truc toa d6 dg nhu sau:

(1
(12)

iy =1,cos6, +I;cos(—6wt +8; ) +1,cos(6wt+8,)
iy =1,5inB, +1;sin(—6wt +6; ) +1,sin(6wt +8,)
TU phuong trinh (11) va (12) ¢6 thé thdy dugc tan s
clia s6ng hai dong dién bac 5 va bac 7 qua phép bién déi
tuang ung la -6w va 6w.
Thay phuang trinh (11) va (12) vao phuaong trinh (1) va
(2), ta co:
uy =R, [ l,cosB, +l;cos(—6wt +6; ) +1,cos(6wt +8, ) |
—wl, [I1 sinG, +Issin(—6wt+65)+I7sin(6wt+67):| (13)
+6uwly[ I;sin(—6wt +8; )~ sin(6wt+8,) |

u, =Wy, +R, [I1 sinG, +1;sin(—6wt +6; ) +1,sin( 6wt +6, )]

—wly[ LcosB, +1,cos(—6wt +6, ) +1,cos(6wt+8,) | (14)

+6wl, | ;cos(—6wt +6; ) +1,cos(6wt+8,) |

Vi d6 tu cdm Lq = Lg, phuong trinh mémen dién tu (4)
c6 thé dugc viét thanh:

T. :%pq)f[h sinG, +1;sin(—6wt +8; ) +1,sin(6wt +8, )] (15)

Théng qua phan tich séng hai, ta c6 thé thdy cac hé
phuong trinh dién ap va mé men cla stato dong co
PMSM trong hé quy chiéu quay dong bd dg bao gom
thanh phan so6ng hai la phuong trinh (3), (13), (14) va (15).
Ta c6 thé thdy dugc trong cac phuong trinh trén, ngoai
thanh phan co ban ra thi thanh phan hai ch yéu la thanh
phan hai bac 6. Nhu vady, nhém tac gid sé dua trén ly
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thuyét MRF bién doi cac thanh phan séng hai bac 5 va bac
7 vé hé toa d6 quay co tan sé quay tuong Uing la +6w. Qua
cac phép bién déi nay, nhom tac gia sé két hop bo loc LPF
dé tach thanh phan xoay chiéu ra khéi hé théng.

2.2. M6 hinh triét tiéu song hai dua trén MRF

Nguyén ly cia moé hinh triét tiéu séong hai dua trén ly
thuyét MRF la tach thanh phan séng hai bac 5 va 7 ra khoi
thanh phan dong dién dq bang phuong phap MRF sang
hé truc toa d6 quy chiéu dq va st dung thuat toan thich
nghi dé x(t ly thanh phan hai nay sau d6 dung qua trinh
bién d6i ngugc tirtruc toa dd dq vé hé truc toa d6 ap hodc
abc phan héi vé hé théng la tin hiéu diéu khién triét tiéu
song hai dau ra.

Trong phuong trinh (11) va (12) ta c6 thé thdy khi
thanh phan co ban cta dong dién khi qua bién déi MRF
thi bién d6i thanh dong mét chiéu trén hé truc toa dé dq,
tU d6 co thé thdy rang cac thanh phan séng hai nay khi
bién ddi vé hé toa d6 dg thanh thanh phan mét chiéu véi
hé truc toa d6 quay cung bac vai séng hai d6. Phép bién
déi tir hé toa do dg sang hé toa dé dong bd dq quay séng
hai bac 5 [9] Ia:

as | Cos(—6wt)  sin(-6wt)

- (16)
da —sin(-6wt) cos(—6wt)

Két hgp phuaong trinh (16) va phuong trinh (8,9, 10) ta
c6 dugc phuang trinh clia dong dién séng hai trén hé truc
toa do quy chiéu quay t6c do -6w.

igs =lcos(6wt +0,)+l;cos6, +,cos(12wt+6,) (17)

ios =lsin(6wt+8,)—1sin6, +1,sin(12wt+86,)  (18)

Tuong tu dp dung vdi hé toa d6 quy chiéu quay séng
hai bac 7 véi téc do quay 6w ta cd ma tran bién dai la:
T _ cos(6wt)  sin(6wt) (19)
® | -sin(6wt) cos(6wt)
Phuong trinh clia séng hai dong dién trén hé toa do
quy chiéu quay téc dé 6w:

iy, =Lcos(6wt—6,)+l,cos(12wt—6; ) +1,cos8,  (20)

iy =—Lsin(6wt—6,)—lsin(12wt -6, ) +1,sin@,  (21)

Céc phuaong trinh séng hai dong dién (17), (18), (20) va
(21) la phuong trinh & trén hé toa d6 quy chiéu quay khi
da thuc hién phép bién déi. T day co6 thé thay song hai
bac 5 va bac 7 déu qua phép bién déi thanh thanh phan
mét chiéu. Day 1a ca s dé€ ap dung bo loc LPF xut ly cac
thanh phan xoay chiéu trong hé quy chiéu. Ngoai ra sau
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khi triét tiéu song hai théng dua trén ly thuyét MRF, sé
dung phép bién d6i ngugc dé bién ddi vé hé truc toa dé
déng bé dq va phan hai tin hiéu nay vé vong diéu khién
clia dong co PMSM.
2.3. SU dung bé loc théng thap trong hé théng khir
song hai

Khi triét tiéu cac song hai, van dé mau chot la trich xuat
cac song hai da dugc thuc hién & phan trén sau dé thong
qua thuat toan khtr thanh phan séng hai nay. Bé loc LPF
la mét trong nhing phuang phap gitp giai quyét van dé
nay. Néu tan s6 cat thap thibo loc LPF c6 do chinh xac cao
hon cac bé loc khac. Ham truyén ctia bo loc LPF dugc xac
dinh nhu sau:

(,02

Grl5) =

= 22
s +1414s+w, 22

Trong d6 wc la tan s6 cét ctia bd loc LPF. Nhu vay, ti
phuong trinh (17) va (18) gia tri cia thanh phan séng hai
bac 5 khi qua b6 loc LPF la:

igs_1p =15€OSO; (23)

s e =—,sin6,

(24)

Tuong tu qua phuong trinh (20) va (21) gia tri cda
thanh phan séng hai bac 7 khi qua b6 loc LPF la:

iy pr =1,COS0, (25)

[ =1,sin6, (26)

q7 _LPF

Giup cai thién cac tin hiéu dau ra, ta dung bé loc ca
thanh phan loc s6ng hai dong dién trén hé toa d6 déng
b6 dq va hé toa dé quy chiéu quay séng hai bac 5 va bac
7.VGi mo hinh két néi bo loc LPF ta sir dung sc d6 két noi
nhu hinh 1. Ta c6 ham bién d6i ctia béd Pl nhu sau:

Go(s) =K, +
S

(27)

Theo nhu hinh 1 va két hgp phuong trinh (22) va (27),
ham truyén rat gon la:

Ki wi
KP +— ﬁ
Gy(s)= G, G _ S Js”+42wW s+ wy;
R PRI
P
S

s? +y2w s+w? (28)

(Kps+K, w2

& 20,8 +(KID +1)w§s+Klwf
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hinh 2.
Ug 1pp ﬁﬂﬁ
*$~Biéndai+ SVEWM P

> »
5 nehi Ding co
| »/B0 nghich hru » *< ong

4
;

o nguge L) -
g N 3 Pha PMSM
O + Park "
Twr T :
l‘l
Uy tpp P
M‘ iy |inflc
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1 4
P B M S Bydo
Bien doi ILoc LPF /LBICnﬂOI Bién doi o
g 1 i dong dign

< ngue MRF|¢—{ving kjn\l’ MRF Pl Park

Hinh 2. So d6 diéu khién dong co PMSM vdi chién lugc triét tiéu song hai
3. PHAN TiCH VA DANH GIA KET QUA MO PHONG
3.1. Thiét 1dp mé hinh mé phéng

Mé hinh mé phdng cac thuat toan diéu khién, thuat
toan khar séng hai va dong co PMSM dugc xay dung trén
phan Matlab/Simulink. Trong d6, cac thong s6 dong co
PMSM dugc thiét 1ap nhu bang 1.

Bang 1. Thdng s6 md phong hé théng diéu khién va dong co PMSM

: Gia | Dol - Gia | Do
Thong so I? .n Thong so I? .n
tri | vi tri | vi
Dién trd stato 2,875| Q |Diéndpmotchiéu | 311 | VDC
Rs Ud(
Dién cdm doc truc 85 | mH |Tans6 cat PWM 10 | kHz
I.d fpwm
Dién cdmngangtruc | 85 | mH |M&men quantinh| 0,003 | Kg.m?
Ly J
S0 doi cucp 4 Hé s6 gidm chan B | 0,008 | Ns/m
Tir cdm clia NCVC 0175| Wb |Chukytrichmdu | 10 | s
lpf Ts
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3.2.Panh gia két qua mé phéng

3.2.1. Truéng hop déng co PMSM thay déi téi véi téc
dé6 800 vong/phut

Tai m6 hinh nay, ta c6 thé sé danh gia qua trinh thay
déi tai cta hé théng tir 4Nm sang 5Nm va vé 4Nm khi
déng cd PMSM lam viéc & ché dé 6n dinh c6 téc do 800
vong/phut.

Trong hinh 3, déng co PMSM khéi déng tirban dau [én
t6c dd 800 vong/phut vdi tai ban dau la 4Nm sau d6 tai
thai gian 100ms thi d8i tai sang 5Nm va tai thoi diém
200ms thi gidm tai vé 4Nm. Ta c6 thé thay thdi gian khai
dong khi str dung bé loc LPF va khong st dung nhu nhau
nhung khi c6 b6 loc thi dao déng ctia téc dé khi én dinh
sé it hon khi khong st dung bo loc LPF qua ca ba trudng
hop.

Hinh 4 1a két qua mé phdong mé men cla dong co, ta
6 thé thdy, m6 men khéi déong ctia dong cad PMSM trong
hai trudng hop khong thay déi dang ké, tuy nhién khi c6

b6 loc cling gitp dao dong clla mo men lam viéc gidm so
vé&i khong c6 bé loc LPF.

) . .
~— PI_LPF 4 Nm; 800 rpm 5NNm; 800 rpm 4Num; 800 rp
i
g
&
<
iﬂ
| ||]| |I | ||]| || I ||| I I|||||| |I|I. |||||
THD(P)=10,30% THD(PLLPF)=9,57% | THD(P)=9,72% THD(PLLPF)=0,44% | THD(P)=9,78% THD(ILPF)=
Thoi gian (s)

Hinh 5. Két qua md phdng dong dién pha A clia ddng co PMSM khi ti thay
dai va toc do khong doi

Hinh 5 cho thay két qua mé phong dong dién pha A
clia dong co PMSM khi cé bd loc va khong cé bo loc véi
md men thay ddi va téc d6 khong ddi, ta cé thé thay dugc
dd méo séng hai cta tung trudng hop khi c6 bo loc gidm
mot chut so vai khi khong c6 bé loc, dung theo ly thuyét
g trén.

900 T T T — |
PI_LPF
800 =
700~ ’ Al
o T T T
f% 600 5 | Quser =787 1pm A, =0, 8 rpm | |
3 500 [ Qo =782 rpm 4O, = 4,6 rpm | _
on ‘ ¥
=
<« L |
"3 400 \ A AATER AR .
=y 1 2 | A2y =4, 2 rpm
= ¥ O = 781 rpm
2 300 -
et
200H .
100 d .
0 1 1 1 1 1
) 0.05 0.1 0.15 0.2 025 0.3
Thoi gian (s)
Hinh 3. Két qua md phdng téc do dong co chay cd tai thay ddi vi toc do khdng doi
T T T
PI
351 PI_LPF |
, W l Tprwa =34, 17 Nm
30 -
'y 1T'7 =11 T T T
2slt | T Tioria =34, 07Nm | T Ptmax = 6, 64 Nm T - | |
— AT pr; = 1,09 Nm ATp; = 0,73 Nm
£ 20(f — e e —
= i
N—
= is- FHE 02 ¥ .. ___ ___ | sl e FZERXN ¥ W - ITITEF¥H | VFIVFEI X INYr ¥ WV —
5} AT g, = 0, 75 Npr]
= : .
< 1o} : o5 mas |
E 1 ‘rl
sk AT 1 pr 1 == 0, 64 NI AN AP INPAINNAPPIIIP AP PN SIE,
(o] -
1 1 1 1 1
o 0.05 0.1 0.15 0.2 025 0.3

Thoi gian (s)

Hinh 4. K&t qua md phong md men dong co chay cd tai thay doi vi tc do khong doi
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Hinh 6. Két qua md phdng téc do dong co chay cd tai khdng ddi véi toc do thay doi
a0~ T,,:,:ff 95 Nm ‘ T pionas = 30, 5 " ‘ PI
T Tes = 34, 06Nm - L L__,_I d ! i PLLPF
30 | | T p = 30,5 Nm i |
20 AL pey =0t N o AT py, =1. 12 N o
ATy, = 0.81 Ny 4
* AT e 1. OF Nome
10 1 | L 1 -
5 = /IT,,,:OSI Nn,
= o i ) -
2 _TAI,,,,.—(} 80 Nm 1]
=1
= 10 il |
— — 26,7 Nm 1
20 B
_,,,,: = — 26, 7I N
,30 — —
o 01’35 0.“1 0,115 0.‘2 O.‘25 0.3
Thei gian (s)
Hinh 7. K&t qua md phong md men dong co chay cd tai khong doi véi toc do thay doi
3.2.2. Truéng hop déng co PMSM thay déi téc dé véi T - N 800 pm N 600 pm
tai khéng doi .
Tai m6 hinh nay, ta c6 thé sé danh gia qua trinh thay <
déi téc dd cha hé théng tir 600 vong/phut sang 800 £
vong/phut sau dé gidm vé 600 vong/phut khi déng co g
lam viéc & ché do én dinh c6 moé men tai la 5Nm. || ‘I |"[ Ihi " ”| ‘ |
Trong hinh 6, c6 thé thay téc do gida khong cé bo loc "Ill" |I Ifn Il \I | ||I||. |I-|
LPF Vé Cé bé IOC LPF kért qUé khéng Cé Su thay dé,l 6 t6C THD(PI)=26,04% THD(PILPF)=24,50% THD(PI)=10,57% THD(PILPF)=9,21% | THD(PI)=28,43% THD(PILPF)=25,04%)
L y Thoi gian (s)

dd 600Nm mo men tai 5Nm, tuy nhién khi t6c 6 800Nm
thi c6 thé thay do dao déng téc dé khi cd bd loc LPF sé 6n
dinh hon so véi khéng cé bé loc.

Trong hinh 7, ¢4 thé thay khi c6 loc LPF va khéng cé
bo loc thi xung luc xay ra khi thay d6i téc nhu nhau, nhu
vay c6 thém bo loc LPF cling khong anh hudng dén cac
xung xay ra khi thay déi trang thai.

130 | Tap chiKhoa hoc va Cong nghé Trugng Dai hoc Cong nghiép Ha Noi

Hinh 8. Két qua md phdng dong dién pha A ciia dong co PMSM khi tai
khéng ddi va téc do thay dbi

Trong hinh 8, cho thay két qua mé phong dong dién
pha A clla dong ca PMSM khi c6 b loc LPF va khong cé
b6 loc véi mé men khéng déi va téc dé thay déi, ta c6 thé
thay dugc dé méo séng hai cta tiing trudng hop khi co
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b6 loc giam mot chat so véi khi khong ¢6 bo loc, dung
theo ly thuyét & trén. Trong ca hai trudng hgp thay déi
mé men va thay déi téc do thi déng co PMSM lam viéc téi
uu tai 8 mé men 5Nm va téc d6 800 vong/phut c6 d6 méo
s6ng hai la nho nhat.

4. KET LUAN VA KHUYEN NGHI

No6i dung bai bao trinh bay phuong phép triét tiéu
song hai cho dé6ng co PMSM bang phuong phap s dung
b6 loc LPF dya trén ly thuyét da khung tham chiéu. Bai
bdo da dua dugc moét s6 két qua sau:

- M6 hinh toan hoc ctia déng co PMSM bao gém mo
hinh c6 thanh phan s6ng hai bac 5 va bac 7, 1a ca s& dé st
dung ly thuyét da khung tham chi€u MRF dé triét tiéu
thanh phan séng hai.

- Pua ra cac ma tran bién déi va phép dich chuyén hé
quy chiéu dua trén ly thuyét da khung tham chiéu MRF
dé bién déi cac thanh phan song hai tir dai lugng xoay
chiéu sang dai lugng 1 chiéu la ca s& dé dung bé loc LPF.

- Pua ra sa d6 diéu khién stirdung bo loc LPF vong kin.
Khi c6 st dung bo loc séng hai LPF vong kin thi két qua
chay mé men khéng tai va khi c6 tai, thay déi téc do va tai
thi cho thay d6 6n dinh cao hon.

Két qua mo phong cho thay phuong phap dugc dé
xudat c6 thé triét tiéu séng hai va gidm tén that mot cach
hiéu qua. Viéc st dung cac bo loc séng hai giup tin hiéu
dau ra cda hé théng diéu khién dap (ng tét hon loai bd
phan 16n cac dao déng & trang thai 6n dinh.
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