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Tom tit - bong co dong bd nam cham vinh cuu khoi dong truc
tiép vai hiéu suat va hé s6 cong sudt cao 1a mot giai phap thay thé
ting phan cho dong co khong dong bd long soc (SCIM). Trong
thiét k& cAu hinh réto anh huong rat nhidu téi thong so dong co.
Dbi vai dac tinh dong dién 1am viée, viée thiét ké va lya chon cdu
hinh nam chdm vinh ctru khéng dam bao sinh ra séng hai dong
dién 1on. Cac s6ng hai bac cao cia dong dién anh hudng tryc tiép
dén hiéu sudt van hanh cua dong co, sinh ra mdmen dap mach va
lam &nh huéng dén chit lvong ngudn cip. Bén canh do, & mot sb
noi can dong co tde do 3.000 vong/phit, nhung céc nghién ctru
cAu hinh nay chwa nhidu. Vi vy, bai béo tap nay nghién ctru mot
s6 cAu hinh d& xuat cho dong co ddng bd nam cham vinh ctru khoi
dong truc tiép (LSPMSM) 3 pha, 15 kW, tbc do 3.000 vong/phuit.
Tir két qua, bai bao rit ra mét sé danh gia dé dé xut ciu hinh phu
hop trong diéu kién hién nay.

Tir khoa - Dong co ddng bd nam cham vinh ciru khoi dong truc
tiép (LSPMSM); nam chadm vinh ctru; thanh nam cham; cau hinh
roto; dac tinh dong dién

1. Pit van dé

Ngay nay, do su phét trién cua cong nghé khai thac va
ché bién nén nam cham vinh ciru (NCVC) dat hiém véi gia
tri cam Ung tir du I6n, tich s6 ning luong 16n, nhu
Neodymium (NdFeB), Samarium cobalt (SmCo) ... ngay
trd nén phd bién. Vi vay trong hai thép ky gan day da thac
day viéc tmg dung NCVC d4t hiém trong san xuat may dién
dé tao ra san pham I cac dong dong co c6 hiéu suét bién d01
nang luong cao. Trong cac loai dong co trén, LSPMSM nbi
1&n nhu 12 mot giai phap thay thé timg phan cho SCIM hién
dang str dung rong rdi. LSPMSM da chirmg minh dugc cd
nhiéu vu diém vuot trdi trong qua trinh van hanh nhu ¢6 hiéu
suat bién doi dién co 16n, hé s cong suat gan béng 1, mat do
momen 16n [1], [2]. Dong co LSPMSM ban chat Ia sy cai
tién tir dong co dong bo nam cham vinh ciru (PMSM) va
SCIM. Ndi cach khéc no 1a su lai tap gitra PMSM va SCIM
bang cach dat cac thanh nam cham vinh ciru vao roto cua
SCIM. Do vay, LSPMSM ngoai sé hitu vu diém cua PMSM,
né con ¢6 wu diém cua SCIM 1a kha ning khéi dong tryc tiép
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Abstract - Line start permanent magnet synchronous motors with
high efficiency and power factor in steady state is a partial
replacement solution for squirrel cage induction motors (SCIM)
which are widely used at the present time. In designing process, the
rotor configuration profoundly influenced the engine parameters.
For the current curve in steady state, the design and selection of the
permanent magnet configuration does not create the large
harmonics. These large harmonics directly affect on operating
efficiency, produce ripple moment of the motor and affect on the
quality of power supply. In addition, it is needed to have the engine
with 3,000 rpm, however, there are quite few researches on this
configuration. Therefore, this paper focuses on proposing several
configurations for line start permanent magnet synchronous motor
(LSPMSM) with 3 phase, 15kW, 3,000 rpm. As a result, author
suggests several suitable configurations in present conditions.

Key words - Line start permanent magnet synchronous motors
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current curve

DPbi véi LSPMSM, mic du dwgc khing dinh 13 c6
hiéu sudt va hé sb cong suét cao, nhung néu thiét ké
khong tdt thi c6 thé khong khoi dong duoc ¢ tai dinh
mirc. Bén canh do, cac thong s van hanh c6 thé khéng
dam bao, tham chi c6 thé con khdng dat dugc céc tiéu
chuan cua SCIM [3]. Tai qua trinh thiét ké, trong cac dic
tinh thi dic tinh téc d6 khoi dong thudng duoc nghién
ctru dau tién, vi n6 khang dinh kha nang khoi dong truc
tiép ctia dong co. Bén canh d6, dic tinh dong dién lam
viéc & ché do xac lap ciing dugc tinh dén tiép theo.
Nguyén nhan 13, thong thuong déi voi LSPMSM bét ky
trong qua trinh lam viéc, dang song dong dién thuong
khong “sin” ma dao dong diéu hoa véi tan sb ngudn cép
[4], [5]. Dang séng diéu hoa nay sinh ra c4c song hai bac
cao. S6ng hai bac cao nay néu khong kiém soat tot dan
dén nhidu khong mong muon anh huong truc tlep dén
chat lugng dién ning ctia ngudn cap, ngoai ra nd con gay
ra d6 rung khi 1am viéc cho chinh ban than dong co nay
[5]. Vi vay, viéc thiét ké can dam bao séng hai bac cao
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ctia dong dién lam viée sinh ra |a thp nhat.

Bén canh do, voi LSPMSM hoat dong & tan s6 ngudn
cép 50Hz ngudi ta thuong nghién ctru va ché tao déng co
hoat dong ¢ toc do 1.500 vong/phat [1], [2], [3].... con
nhimg toc d6 khéc c6 rat it nghién ctru dé cap [6] [71.
Nhung trén thuc té, c¢6 rit nhidu noi ung dung toc do
3.000 vong/phat, nhu trong nganh cdng nghiép khai thac
mo, dau khi,... [8]. VA nhu vay ngudi sir dung phai diéu
chinh té¢ d6 bang c&c co cdu co khi nhu béanh rang, dai
truyén hodc thdng qua cac bo bién tin nhung nhu vay gia
thanh hé thdng tang 1én. Nham nghién ciru LSPMSM tdc
d6 3.000 vong/phut ing dung tai cAc mo than cong nghiép
tai Viét Nam, bai bao nghién ctru dé xuat mot sé cau hinh
NCVC gin chim trong réto. Cac cu hinh nay dugc mo
phong thong qua phan mém Ansys/Maxwell2D tmg dung
phuong phap phan tir hitu han. Cac két qua mo phong duoc
phan tich va danh gi& dé 1am r8 wu, nhuoc diém nham lwa
chon cAu hinh tét nhat dé ché tao phti hop véi diéu kién san
xuat cia Viét Nam & thoi diém hién tai.

Trong noi dung nghién ctru, bai b4o khao st ba cau
hinh @& xuat NCVC khac nhau ctia LSPMSM thir nghiém
v6i thong sb k¥ thuat co ban: 15kW, 660/1140VAC, 50Hz,
3 pha, toc d6 3.000 vong/phut. Trong thiét k&, céc cdu hinh
rang, ranh, mach tir, day quan, 1ong s6c stato va roto gt
nguyén va déu str dung NCVC NdFe-45. NCVC duoc gin
chim trong réto.

2. Chu hinh roto dé xuit cho LSPMSM, 15kW, 3.000
vong/phut
2.1. Cu hinh LSPMSMStato
Pong co LSPMSM dién hinh ¢6 cdu tao stato gidng
SCIM. LSPMSM 15kW thir nghiém trong bai bao nghién
ctru ¢6 thong sé nhu Bang 1.
Bing 1. Cac thong sé co ban ciia LSPMSM 15kW

Tham sb Ky hiéu | Giatri | Ponvi

Duong kinh ngoai stato Dn 245 mm
Duong kinh trong stato D 152 mm
Puong kinh ngoai réto D’ 151 mm
Duong kinh tryc roto Dt 52 mm
Vit liéu thép stato Steel 1008

Sé ranh stato Z1 36 Ranh
Sé ranh roto Z> 28 R&nh
Chiéu dai khe ho khong khi g 0,5 mm
Dién 4p ngudn cip U | 660/1140 \Y
Tan s6 ngudn cip f 50 Hz

2.1.1. Cdu hinh roto

R6to LSPMSM giéng SCIM 13 né c6 16i thép va 1dng
s6c. Tuy nhién LSPMSM khéac dong co SCIM & chd loai
nay c6 gin thém cac thanh NCVC trén bé mit hodc gén
chim trong 16i thép roto. Mot sé cau hinh réto LSPMSM
thuong dung nhu Hinh 1, Hinh 2.

Uu diém ctia cau hinh NCVC gén chim 12 viing chic vé
mat co khi va khé bij khtr tir do co léng soc. Nhung nhugc
diém 1a ché tao r6to khé hon ciu hinh gén bé mit do phai
tao khe dat NCVC. Uu diém cdu hinh NCVC gin bé mat

1a d& ché tao hon, nhung nhugc diém la cac thanh NCVC
dugc gan vao roto bang chét két dinh do vay c6 kha ning
s€ bi bong troc trong qua trinh hoat dong lau dai. Bén canh
d6, LSPMSM céu hinh gan bé mit khi van hanh c6 d6 rung
va on cao hon, thoi gian vao dong bo 16n hon LSPMSM
céu hinh gan chim [3]

Céu hinh 1 Céu hinh 2 Céu hinh 3
Hinh 1. M4t s6 cdu tao roto LSPMSM véi NCVC gdn bé mat [9]

Cdu hinh 5 Céu hinh 6
Hinh 2. Mét s6 cdu tao rdto LSPMSM véi NCVC gdn chim [10]
2.1.2. Mt 56 cdu hinh NCVC LSPMSM 3000 vong/phtit dé
xudt

Dm v6i LSPMSM c6 tbe d6 3.000 vong/phdt, tan s6

ngudn cép 50Hz, théng thudng céu hinh rdto hay gip gdm
hai NCVC hinh khuyén, nhu Hinh 3 [6].

Céu hinh 4

Nam cham vinh ciru

=~

Thanh din 16ng séc
TAm can tir

Hinh 3. Cdu hinh dién hinh LSPMSM gdn NCVC
3.000 vong/phut [6]

Hinh 4. Cdu hinh NCVC LSPMSM 15kW thir nghiém
a)-dang khuyén, b)-chia 3 thanh, c)-chia 4 thanh
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Tuy nhién, LSPMSM, 15kW, toc do 3000 vong/phut
voi hinh dang NCVC hinh khuyén nhu trén c6 mot so
nhugc diém trong qua trinh ché tao:

- Miéng NCVC kich thugc Ién, khé gia cong, van
chuyeén va lap dat;

- Lyc tir 16n, rat dé va dap mat an toan khi 1ap ghép;

- Miéng NCVC 16n cho nén nap tir khd khan hon.

Kich thuéc NCVC cua timg cau hinh LSPMSM nhu
Hinh 5.
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Hinh 5. Kich thurgc NCVC LSPMSM 15kW thir nghiém
a)-dang khuyén, b)-chia 3 thanh, c)-chia 4 thanh

Chinh vi cac Iy do trén nén trén thuc té it ché tao NCVC
dang vanh khuyén ma thuong ché tao NCVC dang cong
nho hodc dang phiang sau d6 ghép lai. Trén co so do,
bai bai bdo dé& xuit nghién ciru mot sb ciu hinh NCVC
dang thanh phiang cho LSPMSM thir nghiém 15kW,
3.000 vong/phdt nhu ¢ Hinh 4.

Nguyén ly & day la chia nho khdi NCVC hinh khuyén
ra thanh cac NCVC dang thanh phang. Nhu vay, da khéc
phuc nhugc diém cua khdi NCVC hinh khuyén trong qué
trinh ché tao. O noi dung bai bao nghién ctru LSPMSM
thir nghiém 15kW trong truong hop NCVC hinh khuyén
va khi dugc ghép tir 3 hoac 4 thanh. Ly do chi xét NCVC
dugc ghép tir 3 va 4 thanh phiang ma khong chia nhé hon
ntra la:

- Néu chia nho hon thi s6 lugng thanh NCVC dung dé
ghép ndi Ia rat nhiéu, phirc tap hon trong qua trinh lap dat.

- Bén canh d6 néu chia nho hon ciing dan dén gia cong
tao rdnh dat NCVC trén 16i thép roto tré nén phuc tap hon.

Céu hinh NCVC khéc nhau tit yéu dan dén anh huéng
khéc nhau Ién cé4c dic tinh qua do ciing nhu thong sé van
hanh & ché do xac lap ciia LSPMSM. Vi vay, trong noi
dung nghién ctru bai béo s& phén tich va danh gi4 anh
huéng ciia cac cau hinh khac nhau dén dic tinh khoi dong
va dic tinh dong dién ciia LSPMSM & ché d6 van hanh xéac
lap. Tir cac két qua nghién ciru, bai bao rdt ra mot so két
luan nham hudng dén ché tao dong co trong thuc té.

2.2. Phan bé tir trwong va dic tinh dong dign ¢ ché aj
v@n hanh xac lgp ciia LSPMSM

Phuong phap phan tir hiru han da dugc chimg minh vé
hiéu qua va do chinh xac khi giai quyét cac bai toan vi tich
phén lién quan dén truong dién tir. Vi thé, phin mém nay
duoc st dung phd bién trong nghién ctiru md phong may

dién va da duge chung minh cd do chinh xac cao, tin cay
[11], [12], [13], [14]. Do d6, phuong phép nay ciing duogc
sir dung rat nhiéu trong c4c bai toan md phong LSPMSM
[1], [3], [13], [14]. Nhim nghién ctru c&c dic tinh cua
LSPMSM, bai b&o sir dung phan mém Ansys/Maxwell2D
(Version16) ung dung phwong phap phan tr hitu han
(Finite Element Method-FEM) dé mé phong LPMSM. Cac
két qua md phong nham muc dich nghién ctru va danh gia
thiét ké cuia dong co.

Trong mo phong, kha nang khéi dong ctia dong co vai
tai dinh muc duoc danh gia thong qua dic tinh toe do khoi
dong. Bén canh do, bai béo tap trung danh gid muc d6 anh
hudng cia timg cu hinh réto dén dic tinh cia dong dién
lam viéc & ché d6 van hanh xéc lap. Tur két qua mé phong,
bai b4o danh gia va rdt ra mot s6 két luan dé lya chon céu
hinh réto phi hop nhat trong ché tao thuc té. Bé danh gia
khach quan, c4c cdu hinh dong co mod phong phai dam bao
mot sé diéu kién sau:

- Kich thuéc ring, ranh, kich c& day quﬁn, kiéu day
quin Vva vat liéu ché tao stato giir nguyén;

- Cau hinh rang, ranh va vat lidu ché tao roto giir nguyén;

- Chung loai NCVC giir nguyén.

NCVC @dugc sir dung trong md phong thir nghiém la
NCVC dat hiém NdFeB-N45. NCVC nay c6 gia tri cam
g tir du 16m, luc khang tir 16n thich hop trong ché tao may
dién NCVC [3].

Bing 2. Thong s6 NCVC NdFeB-N45

Luc khang tir| Tich sb ning
(kA/m) | lwong (kd/md)

NdFeB-N45 1370 930 358

2.2.1. Phan bé tir trong do NCVC sinh ra

Bai bé4o sir dung phan mém Ansys/Maxwell2D dé mo
phong LSPMSM vdi cac cau hinh NCVC khac nhau. Phan
bd tir trudng, mat do tir truong tai khe ho khong khi va
dang song stc dién dong khdong tai khi mdé phong
LSPMSM 15kW thir nghiém céac cau hinh NCVC khac
nhau nhu Hinh 6.

Gié tri cam

Chingloai | ¢ o tir du (MT)

.
i

I

i

Hinh 6. Duong tir truong md phong do NCVC sinh ra véi
ba cau hinh khé&c nhau
Tir Hinh 6 ¢6 thé thdy, dudng tir truong md phong & ca
ba cdu hinh NCVC khac nhau tao thanh hai phan vang tir
truong riéng biét va dbi xing nhau. Hai phan vang nay thé
hién 2 cyc tir (trong tng tc d6 3.000 vong/phut).
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2.2.2. Puong dic tinh toc do khoi dong

Khi md phong véi cac chu hinh NCVC khac nhau,
duong dac tinh toc do khéi dong ung vai tai dinh muc nhue
6 Hinh 7.

1500 —
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Hinh 7. Dac tinh téc @é khéi dong LSPMSM véi
cac cau hinh NCVC khac nhau

Tir Hinh 7, ¢6 thé nhan thiy, tit ca cac cau hinh trén
LSPMSM déu c6 kha nang khoi dong véi tai dinh muc
(LSPMSM thtr nghiém déu dat dugce toc do dinh mirc sau
mot thoi gian xac dinh). Tuy nhién, dic tinh tbc do khoi
dong ctia cac cau hinh la khac nhau. Trong dé, cau hinh
réto hinh khuyén cé dic tinh khoi dong tot nhat. Véi cau
hinh nay, dong co dat tdc d6 1on nhat sau 0,2 s, bén canh
do6 dé dat dugc tdc do 1on nhat nay dic tinh ¢6 5 doan “gép
khuc”. Mt khac, cu hinh LSPMSM 4 thanh cho dic tinh
khoi dong xau nhét. Luc ndy, dong co dat tbc do 16n nhat
sau 0,27s, dé dat duoc toc d6 16n nhat, dic tinh trai qua 8
doan “gép khuc”. Tuy nhién, v6i cac dudng dic tinh téc do
khoi dong nhu véy thi nhin chung cac ciu hinh déu chip
nhan duge vé mat khoi dong vai tai dinh mirc.
2.2.3. Pac tinh dong dién lam viéc

Dic tinh dong dién & ché d6 van hanh xac lap véi cac
céu hinh khi mé phong voi Ansys/Maxwell2D nhu Hinh 8

Pac tinh dong dién & ché do xdc lap

21.75

Hinh 8. Puong dic tinh dong dién ¢ ché dé xéc ldp

Tir Hinh 8 nhan thiy, dang séng dong dién cua
LSPMSM véi cac ciu hinh khac nhau & ché do van hanh
xéc 1ap déu khong sin. Dang séng dong dién cac cau hinh
Itic nay dao dong diéu hoa véi tan s6 50Hz. So bg, ¢o thé
danh gia dang song dong dién cua cAu hinh NCVC hinh
khuyén gén sin nhat. Bé nghién ciru chi tiét hon, & muc sau
bai bao phan tich séng hai dong dién tmg véi timg cau hinh
khéc nhau dé danh gia cu thé.
2.3. Phén tich Fourier dang séng hai dong di¢n véi cac
cdu hinh nghién ciru

Dé danh gia anh huong cua timg cau hinh NCVC
khac nhau dén dang séng dong dién & ché d6 xac lap, bai
bao phan tich phd séng hai dang séng dong dién cua timg
céu hinh.

Tir két qua gia tri chudi ctia dang séng dong dién thu
duoc tir md phong vai Ansys/Maxwell2D (Hinh 8), bai bao
mg dung phan mém Matlab dé phan tich FFT dang song
dong dién & ché d6 van hanh xac lap. Két qua thu duoc la
cac bién do song co ban va bién do cac thanh phan séng
diéu hoa di kém nhu Hinh 9.

Vé co ban ¢ tit ca cac cau hinh, dang séng dong dién
déu ton tai song hai bac cao, diéu ndy khong thé tranh khoi
dbi voi LSPMSM. Nguyén nhan cha yéu do cdu hinh
NCVC khac nhau dan dén duong di tir trudong trong mach
tr, khe ho khéng khi, ... khac nhau. Khi phan tich séng hai
dbi véi timg cau hinh, c6 thé nhan thay séng hai dong dién
béac cao ¢ cA&c LPSMSM thtr nghiém c6 su sai khac gitia
timg cau hinh. Tir Hinh 9 cho thay, cau hinh NCVC hinh
khuyén c6 thanh phan séng hai bac cao thap nhat, dic biét
thanh phan séng hai bac 3 (150Hz) va bac 5 (250Hz) nho
hon dang ké so véi 2 cdu hinh con lai. Nhu vay c6 thé két
ludn, cdu hinh NCVC hinh khuyén cho dang séng dong
dién t6t nhat, lic d6 dang song dong dién gan “sin”. Tuy
nhién, dé khic phuc viéc ché tao NCVC hinh khuyén gip
kh6 khin thi lya chon cdu hinh NCVC 4 thanh I ph hop
nhat. Lic d6 thanh phan song hai bac 3, bac 5 nho hon so
v6i cau Hinh 3 thanh.

Phan tl(.h Founer dang qong dong dlen

4 ‘ 3 (hanh
—4— 4 thanh i
—*— Hinh khuyén

Dong dién (A)

N

. B N
0 50 100 150 200 250 300 350 400 450 500
Tan s6 (Hz)

Hinh 9. Phan tich FFT dang song dong dién véi
cac cau hinh NCVC khéc nhau
Bén canh d6, khi ndi vao ludi dién phan phdi, dang song
dong dién LSPMSM sinh ra can phai dam bao yéu cau ve
tiéu chuén song hai dong dién [15]. Ta tinh toan tong do
bién dang séng hai dong dién phu tai (THD;) sinh ra cua
timg c4u hinh. Gié tri THD; dwoc xé4c dinh théng qua cong

thure [15]:
>
l;

THD, = ‘72 1)
1

Trong do,
o th la gia tri hiéu dung cua dong dién tai bac co ban
(tan s6 50Hz);
+ li la gia tri hiéu dung cua song hai dong dién bac i va
N la s6ng hai bac cao nhat can danh gia.
Két qua tinh toan nhu Béang 3.

Bing 3. Téng dé bién dang song hai dong dién cua
ting cau hinh NCVC

Thong sé | Tiéu chuén [15][Hinh khuyén 3 thanh | 4 thanh

THDi <20% 9,97% 29,6% | 20%
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Két qua & Bang 3 cho théy, cau hinh hinh khuyén cho
gia tri THD; thap nhét, cdu tr(c 3 thanh ¢c6 THD; cao nhat.
Déi chiéu vai tiéu chuin yéu cau vé séng hai dong dién
[15], trong truong hop nay la déu ndi vao ludi dién ha &p
¢6 cong suit nho hon 50kW. Nhur vy chi ¢6 cau hinh hinh
khuyén hodc cau hinh 4 thanh | thoa man tiéu chuan trén
(THD; < 20%).

3. Két luan

Bai b4o nghién ctru anh huong ciia mot sé dic tinh
NCVC dén kha ning khoi dong va dic tinh dong dién lam
viéc ctia dong co & ché do van hanh xac 1ap. Bén canh do,
bai béo ciing nghién ctru dic tinh tbe d6 khai dong cia cac
céu hinh NCVC khéc nhau ciia LSPMSM 3.000 vong/phuit.
Két qua cho thdy, tat ca cac cau hinh déu c6 kha nang khoi
dong vai tai dinh mirc. Cau hinh NCVC hinh khuyén cé
duong dic tinh tdc do khoi dong 12 t6t nhat. Cau hinh nay
c6 didc tinh dong dién lam viéc ¢ ché do xac 1ap gan hinh
“sin”, gi& tri THD; thap nhat trong c&c cu hinh. Vi vay c6
thé thay, cdu hinh nay la thich hop nhét trong ché tao
LSPMSM téc do 3.000 vong/phit. Tuy nhién, trong diéu
kién hién tai, do nhuoc diém trong qua trinh ché tao nén
cAu hinh 4 thanh c6 thé dwoc Iya chon thay thé. Nguyén
nhan 13, ciu hinh 4 thanh van dam bao kha nang khoi dong,
bén canh d6 dang séng dong dién thanh phan séng hai dong
dién bac cao thdp hon so véi cdu hinh 3 thanh va tong do
bién dang séng hai THD; thoa man tiéu chudn vé song hai
dong dién.
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