P-ISSN 1859-3585 | E-ISSN 2615-9619

SCIENCE - TECHNOLOGY

NGHIEN CU'U MO HINH VA MO PHONG DAC TINH DONG CO
DONG BO NAM CHAM VINH CUU KHO1 DONG TRUC TIEP

MODELING AND SIMULATING OF LINE START PERMANENT MAGNET SYNCHRONQOUS MOTORS

TOM TAT

Ngay nay, dong co dién dong bo nam cham vinh clu khéi dong truc tiép
duoc nghién clu va tng dung ngay cang phd bién dé thay thé déng co khong
dbng bo roto long soc do co hiéu suat cao, van hanh 6n dinh khi ¢ dao dong vé
dién ap, phu tai va khdi lvgng nhd hon dong co khdng dong bo réto [ong sc
cling cOng sudt va tac do. Tuy nhién dé tng dung vao thuc té con gap mot s6 han
ché nhy md men khéi dong thép, chat lvong va gia thanh vét liéu nam cham
vinh ctu bién d6i,... Vi viy nghién ciiu md hinh toan va md phdng dac tinh dong
0o s& 4 tién dé dé giai quyét cac khd khdn nham phd bién dong co trong diéu
kién hién nay.

Tir khéa: Bong co dong bo nam cham vinh ctu khi dong tryc tiép; nam cham
vinh clru; dong co dong bd; md hinh todn; md phong.

ABSTRACT

Line Start Permanent Magnet Synchronous Mators are now developed and
become more and more popular in order to replace Squirrel Cage Induction
Motors (SCIM) due to high efficiency, small size, weight and stable operation in
conditions of the fluctuation of voltage or load. However, there are still some
disadvantages of Line Start Permanent Magnet Synchronous Motors, such as low
start moment, permanent magnet materials, ... Therefore, study of modeling
and simulating of Line Start Permanent Magnet Synchronous Mators plays an
important role in enhancing the motors in order to popularize Line Start
Permanent Magnet Synchronous Motors.

Keywords: Line-Start Permanent Magnet Synchronous Motors; Permanent
Magnet; Synchronous Motors; modeling; simulating.
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I I Q Dién trg stator va rotor quy doi
bién khang dong bd doc truc va
Loas Lng  H
ngang truc stator
, bién khang tan stator va rotor
L L', H o
quy doi
Tl théng doc truc va ngang truc
Vas Vo WD stator
, , Tl théng doc truc va ngang truc
Vo Vo WD rotor quy d6i
CHU VIET TAT
LSPMSM  Line-Start Permanent Magnet

Synchronous Motor
(ddng co dién dong bd nam cham vinh
ctru khéi dong truc ti€p)

NCVC Nam cham vinh cru

1.GIOI THIEU

Trong thap ky gan day, rat nhiéu tac gia nghién cru (rng
dung cta LSPMSM nhu la sy thay thé cho dong co khong
dong bd. LSPMSM la sy cai tién dong co dong bd nam
cham vinh clru, néi cach khac né la sy lai gitta dong co
khong dong bd va dong co dong bd bang cach dit cac
thanh nam cham vao roéto 16ng séc clia dong co khong
dong bo. Vao nam 1978, Binns [1] 1an dau dwa ra khai niém
vé dong déng co méi, dong co déng bd nam cham vinh
clru khdi dong truc ti€p. T¢ dé dén nay, nhiéu hwéng
nghién ctru va (rng dung vé déng co nay da duoc duara.

DEé danh gia qua trinh khai dong clia LSPMSM doi hoi
can ¢c6 mot md hinh todn mo ta qua trinh clia déng co voi
cac tham s6 dau vao phu thudc cac théng s6 dong co (thiét
ké 16ng s6c réto, vi tri cac thanh nam cham, cac tdm can
tlr,...). Nam 1984, T.J.Miler [2] md t& qua trinh khéi déng
clia LSPMSM trong dé nhan manh anh hwéng cla cac
thong s6 chinh dén qua trinh khéi déng. Khi khéi dong,
dong co s& nhuy mot dong co khdng dong bo, lic do
momen khdi dong la sv t6 hop clia thanh phan mémen
khong doéng bd va thanh phan mé men do nam cham vinh
clru sinh ra. Tuy nhién, thanh phan md men do NCVC sinh
ra lam cho qué trinh déng bd héa clia déng co kho khan
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hon. Nam 1980, Honsinger [3] la nguti dau tién dé xuat mo
hinh todn ddng co LSPMSM théng qua cac hé phuong trinh
vi phan véi cac tham s6 dau vao: dién ap, dién cam, dién tré
stato va réto, tlr thdng do NCVC sinh ra. Tuy nhién, do céng
nghé tinh toan thoi diém d6 chwa phat trién nén trong
nghién cru Honsinger khdéng truc ti€p gidi gan ding céac
bai toan vi phan nay. Nhiéu nghién cru sau nay r‘ng dung
mo hinh toan LSPMSM do Honsinger dé xuét c6 thé thay
trong céc tai liéu [4, 5, 6]. Nam 1997, M. A. Rahman, A. M.
Osheiba vaT. S. Radwan [7] d& xudt phuong trinh tinh toan
hai ddc tinh trong quéa trinh khéi dong cua dong co la
momen va dd trugt. BEn canh do, cac tac gia cling nghién
clru tac dong cla dién ap ngudn cép, tan sé ngudn, ti sd
cuc 16i, ti s6 dién ap khodng tai dén cac thong sb trén. Voi
mo hinh dé xuédt nay, viéc tinh toan va danh gia qua trinh
khéi dong ctia LSPMSM don gian hon so véi viéc gidi cac hé
phurong trinh vi phan tai md hinh ma Honsinger dé xuat
cho LSPMSM. Nam 2000, Juliette Soulard, Hans-Peter Nee
[8] nghién cttu qua trinh déng bo héa ctia LSMPSM dé xuat
phuong trinh tinh todn mémen khdng déng bd va mémen
can clia NCVC trong qua trinh khéi dong ctia dong co. Qua
nghién ctru nay, so bd c6 thé danh gia truong hop xau nhat
cla qué trinh dong bo hoda khi cé tai déng thoi xét dén anh
hudng cla cac tham sé dén qua trinh khéi dong. Cac
nghién clru sau nay r‘ng dung phuwong trinh tinh toan cta
Soulard va Nee c6 thé thady trong cac tai liéu [9, 10, 11]. Tuy
dwa ra mé hinh hé phuwong trinh vi phan mé phéng qua
trinh hoat déng & ca ché dd khéi dong va van hanh tinh
nhuvng Honsinger, M. A. Rahman, Juliette Soulard khéng
tric ti€p giai bai toan vi phan ma dya vao mo hinh dé dé
xuét phwong trinh tinh toan théng s6 clia dong co. Nguyén
nhan chd yéu la do khé khan trong viéc gidi va tim nghiém
cac bai toan vi phan.

Ngay nay voi s phat trién ctia cong nghé nhat la cong
nghé may tinh viéc gidi va tim nghiém gan dung cula cac
phuong trinh vi phan ngay cang don gian vé dé dang.
Trong ndi dung nghién ctu nay, bai bdo nghién ctru md
hinh todn LSPMSM do Honsinger dé xuat dong thoi (ng
dung MATLAB/Simulink dé m6 phdng cac dac tinh lam viéc
clia LSPMSM. Qua cac két qua md phdng, cac déc tinh lam
viéc s& duoc phan tich dé danh gia kha nang hoat déng cta
LSPMSM. Céc dac tinh chinh dwgc quan tam trong ndi dung
nghién ctru la: Téc do khai ddong, mémen khéi dong, dong
dién khéi dong clia dong co... Viéc nghién cttu md hinh
toan va 'ng dung phan mém MATLAB/Simulink mé phéng
dac tinh lam viéc LSPMSM la buéc co ban va la tien dé dé
gidi quyét cac van dé chuyén sau khac trong qua trinh
nghién ctru LSPMSM sau nay. Trong nghién cttu, nhém tac
gia sé thic nghiém mo phéng d6i véi mot LSPMSM 3 pha, 4
cuc, 380V, 2,2kW, tdc dd 1.500 vong/phuat duoc hiéu chinh
tir mot dong co khdng dong bo.
2.NOI DUNG NGHIEN CUU
2.1. Mot s6 cau hinh r6to LSMPSM

Dén thoi diém hién tai, vé co ban réto LSPMSM ¢6 ciu
tao giéng dong co khéng dong bg, tuy nhién trong 16i thép
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roto c6 dit cac thanh NCVC. M6t s6 cau hinh réto dién hinh
ctia LSPMSM pha bién hién nay nhu hinh 1.

Hinh 1. Mgt s6 cau tao réto LSPMSM
2.2. M6 hinh toan LSPMSM

Trong khi nghién ctru LSPMSM, cac tac gia Takahashi,
Aliabad, Kwang Hee Kim... [12, 13, 14] &tng dung mé hinh
toan LSPMSM do Honsinger da dé xuat dé nghién cliru déc
tinh lam viéc clia dong co. Ung dung dinh luat Kirchoff 2,
mo hinh toan ctia LSPMSM bao gém céac hé phuwong trinh vi
phan dién ap stato, roto; tir trwedng stato, roto dwoc biéu
dién dudi dang bién d6i theo truc toa dé dg. Téng hop lai,
mo hinh toan ctia LSPMSM duoc thé hién duwdi dang cac hé
phuong trinh vi phan nhu sau:

Phuong trinh dién ap:
Dién 4p stato

. d
Vs = lodgs + \ths —On-Ws
g ®
_ - \Vqs
Vqs = r5.|q5 +?+ (’Om'\llds
bién 4proto
. C.dy
Vy, =T dy + ;thf =0
. @)
vy
Vo = Tyl + ke
Phuong trinh tlr théng:
T théng stato

\Vds = (Lls +Lmd )‘ids +Lmd‘i;ir +\Vm
Ve = (L +Lg Dige +|-mq‘i;,

T théng réto

{\V;r = L/Ir’i/dr +Lmd’(ids +i/dr )+\V;n
v, =Lpdy +lg-(igg+1 )

Tir mé hinh, mach dién thay thé ctia LSPMSM duoc thé
hién nhv hinh 2, 3.

4)
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Hinh 2. So d6 mach dién thay thé doc truc
s Or-Was Lls I-Ir'

Hinh 3. So d6 mach dién thay thé ngang truc
2.3. M6 phéng LSPMSM str dung MATLAB/Simulink

Bynchronous Torque

Reluctance
Torque

Hinh 4. Khdi tinh todn mdmen

> »[vas
Vvds
1 as
P r las » 1 )
&
P iar
sar
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Wr
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o 1ar
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— >
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Hinh 5. Khai tinh toan dong dién truc d-q

T
u(2)
u@)
u@@)

Vds Transform

Hinh 6. Khoi bién d6i V.., sang V,,
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Idr

Gain 1

Hinh 7. Khai tinh toan dong dién |,

Ung dung Mathlab/Simulink dé mé phéng céac dic tinh
lam viéc clia LSPMSM tir m6 hinh toan cdia dong co tai muc
2.1 trén. Tong hop mot s6 module duoc st dung trong qua
trinh mé phdéng nhuv hinh 4 + 7.

2.4. 'ng dung md hinh toan véi LSPMSM thir nghiém

Trong bai bao nay, sé khéng lam giam di tinh tdng quat
khi lva chon mé phéng mot dong co thir nghiém 2,2kW, 3
pha, 4 cuyc. Trong dé, phan roto sé dugc cai tao tir dong co
khong dong b6 2,2kW-3K11254 clia Cong ty C6 phan ché
tao dién co Ha Ndi (hinh 8).

Céac thong s6 clia LSPMSM 2,2kW thir nghiém (dién cam
tan stato, dién cam tan réto quy doi, diém cam déng bo tir
hda ngang truc, doc truc,...) dugc tinh todn dva trén céc
cau hinh stato, roto, kich thwédc va vi tri dat cac thanh NCVC.
Tong két lai, cac thong s6 LSPMSM 2,2kW thir nghiém duwoc
xac dinh tai bang 1.

Hinh 8. C&u tao roto LSPMSM thir nghiém
Béng 1. Cac thong s0 clia LSPMSM thir nghiém

Tham s0 Kyhiéu | Giatri | Donvi
Budng kich trong stato D,, 104 mm
56 rénh stato 36
56 rénh rdto 28
Chiéu dai khe hd khong khi 5 0,5 Mm
Tan s0 nguon F 50 Hz
Pién tro stato R 3,6 Q
Pién trd roto R 3 Q
Dién cdm tan stato L 13 mH
Dién cam tan [6ng séc roto quy doi L, 132 mH
Dién cam tir hoa dong bo doc truc Lo 28,4 mH
Dién cam tlr hda dong bo ngang truc L 131 mH
Mat d6 tir thong du NCVC Br 11 T
Mdmen quan tinh rbto ddng co J 0,03 Kg.m?
M6men tai dinh mitc My 14 N.m
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2.5. M6 phéng LSPMSM véi MATLAB/Simulink
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Hinh 9. Céc dac tinh md phdng LSPMSM thi nghiém
Nhém tac gid tng dung MATLAB/Simulink véi cac so do
khoi duwoc Iap trinh tr muc 2.2 d€ mé phdng LSPMSM
2,2kW thir nghiém. Céc thong so clia LSPMSM thir nghiém
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dugc xac dinh & bang 1. Thong qua két qua la cac déc tinh
lam viéc, qua trinh mé phoéng sé cho phép danh gia kha
nang lam viéc clia dong co. Cu thé la nguoi st dung co6 thé
nghién ctru va danh gia cac qué trinh bién doi nang lvong,
cac dac tinh lam viéc (t6c d6, dong dién, mémen,...). D6i voi
LSPMSM da xac dinh la khé khan trong viéc khéi dong. Nhw
vay, tlr dac tinh toc d6 md phang thu duoc co6 thé danh gia
duoc qué trinh khéi dong déng co: kha nang, chat lwvgng
khdi dong, thoi gian dé déng co di vao van hanh 6n dinh.
Sau khi mé phéng LSPMSM th{* nghiém, cac dac tinh lam
viéc két qua dugc thé hién & hinh 9.

Tir két qua mo phdng, c6 thé nhan thdy rang LSPMSM
2,2kW thtr nghiém cé kha nang khéi dong véi momen tai
dat bang gia tri dinh mirc. Thoi gian khdi dong ctia dong co
mat 0,6s sau dé di vao 6n dinh. Dong dién cuc dai i,
khoang 40A, bdi s6 dong dién khéi dong gdp 10 lan dong
dién dinh mc. T duong ddc tinh téc d6 md phéng ciing
cho thay LSPMSM khé&i dong kho khan, trong qua trinh khoi
ddng xudt hién nhiéu doan gidm tdc (10 doan).

¥

AlWb/m]

. 3.5041e-002

2.9650e-002
2.4258e-002
1.3866e-002
1.3474e-002
8.0826e-003

2.6908e-003
! ~-2.7010e-003
-8.8927e-003

-1.3484e-002
-1.8876e-002

-2.4268e-002
-2.9660e-002
-3.5052e-002

Hinh 10. Chia lu6i va md phdng dudng di cla ti thong LSPMSM voi
ANSYS/Maxwell 2D

Bén canh md phoéong LSPMSM thuc nghiém vo6i
MATLAB/Simulink, nhédm tac gia ciing tién hanh moé phéng
LSPMSM thuc nghiém véi phan mém st dung phuwong
phéap phan ti hiru han ANSYS/Maxwell 2D. Mot s6 hinh anh
khi md phéng LSPMSM 2,2kW thuc nghiém nhuw hinh 10.

Déc tinh toc do khéi dong thu duoc tlr hai phvong phap
mo phdng sé so sanh v&i nhau tai hinh 11,
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Hinh 11. Béc tinh toc do LSPMSM duge md phdng véi ANSYS/Maxwell 2D va
MATLAB/Simulink

Két qud tr hinh 11 cho thady duwong dac tinh téc do
LSPMSM 2,2kW thu dwgc tir hai phrong phap: mé phoéng tlr
mo hinh toan véi MATLAB/Simulink va md phéng béng
phan mém ANSYS/Maxwell 2D la twong dong. Ca hai
phuong phap déu cé duong dac tinh téc do voi tai dinh
mic My = 14N.m sau 0,5s sé vao dong bd, bén canh dé dé
dat dén t6c dd dong bo (1.500 vg/ph) lan dau LSPMSM trai
qua 5 lan gidm tdc. Tuy nhién, mdé phoéng voi
MATLAB/Simulink cé wu diém la thoi gian mé phong nhanh
hon so véi phuong phap moé phong véi  ANSYS/Maxwell
2D. Theo thdng k&, MATLAB/Simulink mé phéng dac tinh
téc do trong khoang thoi gian 1s s& mat 30s dé tinh toan,
trong khi dé véi ANSYS/Maxwell 2D sé& mat khoang 45
phut. Nhu vay, thoi gian mé phdng véi MATLAB/Simulink
trong trvong hop nay nhanh hon rat nhiéu so véi phuvong
phap md phéng véi ANSYS/Maxwell 2D.
3.KETLUAN

Nghién ctu dad dwa ra mé hinh toan va mé phéng
LSPMSM véi MATLAB/Simulink. Cac két qua mé phong thu
duoc la cac dac tinh cta LSPMSM trong qua trinh lam viéc
nhu: téc do, dong dién, mémen, dd truot,.... Bén canh do,
bai béo cling trinh bay so sanh két qua thu dwgc véi phan
mém ng dung phuong phap phan ti hitu han dé moé
phang dong co. Két qua cho thay si twong déng. Tuy nhién
mo6 phong LSPMSM véi MATLAB/Simulink sé cho t6c do
tinh toan nhanh hon.

Tl két qua co thé nhan thdy mo hinh toan va mo phdong
LSPMSM bang Matlab/Simulink 1a mét trong nhitng cong
cu hiru hiéu khi nghién ctu va ttng dung ddng co trong
thuwc té. V6i mo hinh nay, cac nha thiét ké c6 thé danh gia
s0 bo kha nang lam viéc clia may dién tlr d6 c¢6 nhirng diéu
chinh can thiét cho phu hop. Béi véi cac nha nghién ctiu,
cbng cu nay sé la tién dé dé di sau phan tich cac dac tinh,
thong s6 clia LSPMSM can quan tam. Ngoai ra, md hinh
toan nay sé la mét nén tang dé tich hop trong cac so do
diéu khién qua trinh khi déng co (tng dung trong cac khoi
diéu khién.
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