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NGHIEN CUU SUCDIEN DONG KHONG TAI
DONG CODONG BO NAM CHAM VINH CUU KHO1 DONG
TRUC TIEP CONG SUAT NHO BANG PHUONG PHAP S0

STUDYING PHASE BACK-EMF OF LOW POWER THREE PHASE LINE START PERMANENT MAGNET

SYNCHRONOUS MOTORS BY A NUMERICAL TECHNIQUE

TOM TAT

Dong co dong bo nam cham vinh ctu khéi dong truc tiép (LSPMSM) ¢6 hiéu
sudt, hé s6 cong sudt gan bang 1, dap (ing cac tiéu chudn yéu cau ngay cang cao
doi vdi dong co dién. Vi vdy, LSPMSM chdc chan sé 1a mdt trong nhiing gidi phap
thay thé tiing phan dong co khdng dong bd réto lng soc trong tuong lai. Tuy cd
nhiéu uu diém trong van hanh, nhung LSPMSM bi anh hudng tir cac thong so
dong co nhu két cau rang, ranh, kich thudc va vat liéu nam cham vinh ctu, stic
dién dong khong tai E,. Trong qua trinh thiét ké, viéc Iva chon cau hinh dong co
khdng ddm bdo sé dan dén gia tri siic dién dong khong tai khong phu hop. Diéu
nay c6 thé dan dén hiéu sudt ddng co suy gidm, tham chi thap con thap hon dong
6 khong dong b cing cong suat. Trong ndi dung, bai bao sé (ng dung phuong
phép s6 dé nghién ciu mot s6 két cau rdto, dang song va xac dinh gid tri stic dién
dong khong téi E,. Két qua ctia bai bdo sé gilp cdc nha thiét ké tinh todn va diéu
chinh théng s6 dé dat dugc gia tri E, theo yéu cau.

Tir khod: Ddng co ddng bd nam chdam vinh ciiu khdi dong truc tiép; nam cham
vinh ctiu; dong co dng bg; stic dién dong.

ABSTRACT

Line start permanent magnet synchronous motors with high efficiency and
high power factor in steady state are meet the requirements of standards for high
efficiency motors. They will be a feasible solution for replacing partially squirrel
cage induction motors (SCIM) which widely used at the present time. Howerver,
their performance are mainly depended on the configuration of their rotor
configuration, sizes of permanent magnets, permanent magnet materials, phase
back-EMF value (E),... In designing process, if the EMF value is not suitable for
motor, the efficiency of the motor will be down. Even, the efficiency of LSPMSM is
lower than SCIM with the same power. Therefore, this paper studies the effect of
rotor's configuration on LSPMSM’s phase back-EMF waveform and determines
phase back-EMF value. This study will help the motor designers computing E, and
modifying configuration of LSPMSM to reach appropriate E, value.

Keywords: Line-Start Permanent Magnet Synchronous Motors; Permanent
Magnet; Synchronous Motors; Electromotive Force.

'Khoa Dién, Trutng Dai hoc Cdng nghiép Ha Noi
%ién Dién, Trudng Pai hoc Bach khoa Ha Noi
“Email: leanhtuan0985@gmail.com

Ngay nhan bai: 01/11/2021

Ngay nhdn bai sta sau phan bién: 25/12/2020
Ngay chap nhdn déng: 26/02/2021

18 | Tap chi KHOA HOC VA CONG NGHE @ Tap 57 - S6 1 (02/2021)

Lé Anh Tuan'’, Bui Dic Hung?

KY HIEU
Ky hiéu DPonvi Y nghia
E, Vv Suc dién dong khong tai
B, T Mat d6 tu du nam cham vinh c(u
D, Wb Bién do thanh phan tir thong co ban
lar Ig A Dong dién doc truc va ngang truc
Pern w Cong suat dién tur
CHU VIET TAT
LSPMSM Doéng co déng bé nam cham vinh clru
khai dong truc tiép
NCVC Nam cham vinh ctu
FDM, FEM  Phuong phép sai phan va phuong phap
phan tr hitu han
1. GIGI THIEU

Doéng co dong bod nam cham vinh clu da dugc ching
minh cé nhiing uu diém vugt trdi trong qua trinh van hanh
xac 1ap, vi du nhu cé hiéu suét bién ddi dién cc Idn, hé s
céng sudt gan bang 1, mat dd moémen 16n [1, 2]. Do su phat
trién nhanh chéng clia cdng nghé nam cham vinh cu dat
hiém véi mat do tur trudng cao, tich s6 nang lugng 16n, nhu
chlng loai nam cham Neodimium... nén trong hai thap ky
gan day da thac day viéc ung dung céac ching loai nam
cham nay trong linh vuc may dién dé cho ra cac ddng co ¢
hiéu suat nang lugng cao. Trong cac loai déng co st dung
nam cham vinh clu, LSPMSM néi l1én nhu [a mét gidi phap
thay thé tling phan cho SCIM trong cac linh vuc céng, néng
nghiép. LSPMSM ban chat |a su cai tién tir dong co dong bd
nam cham vinh ctiu va déng co khéng dong bo. Noi cach
khac no la su lai tap gitia dong co khong déng bo va dong
co dong bo bang cach dat cac thanh nam cham vinh cliu
vao roto clia SCIM. Do vay, LSPMSM ngoai s& hitu uu diém
cla déng co déng bd nam cham vinh cliu, né con ¢ uu
diém ctia SCIM 1a kha nang tu khai déng truc tiép.

Dai véi LSPMSM mac du dugc khdng dinh 1a dong co ¢6
hiéu suat, hé s6 céng suat cao, nhung néu thiét ké khéng
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t6t thi cac thdng s6 van hanh cé thé sé khéng dam bao,
tham chi c6 thé con khéng dat dugc cac tiéu chudn cla
SCIM [3, 4]. M6t trong sé yéu t6 lién quan rat I6n dén hiéu
sudt va hé sé cong sudt trong van hanh ctia LSPMSM la dai
lugng suc dién dong khong tai E,. Suic dién dong khong tai
sinh ra do su bién thién tir thong nam cham vinh ctu gay ra
trén dady quan stato khi réto quay. Hién nay, c6 mot sé
phucng phéap dé xéac dinh suc dién déng khéng tai E, nhu
phuong phép giai tich, phuong phap sé tng dung phan
tich phan t& hiru han, phuong phéap do ludng thuc té.
Phuang phap giai tich cho két qua tinh toan nhanh, nhung
cach xac dinh E, cho LSPMSM thudng ap dung cac céng
thiic tinh toan cta IPM vdi gia thiét rang roto khéng bi bao
hoa, do d6 khéng xét anh hudng rang réto trong tinh todn
[71. Vivay, phuong phap giai tich thudng cho két qua vai sai
s6 cao. Bén canh d6, phuong phép giai tich ciing khong
cho phép ngudi st dung quan sat dang séng suic dién dong
khéng tai. Phuong phép do ludng thuc té cho két qua
chinh x&c nhat, tuy nhién sé phai ché tao mau va di kéem la
céc bién phap do phuc tap. Phuong phép s da dugc khéng
dinh c6 do6 chinh xac cao khi phan tich cac bai toan dién tu
trudng cla may dién [7, 10]. Vi vay, dé nghién ctu dang
séng suc dién dong khong tai va gia tri ctia né, bai bao tap
trung Ung dung phuong phap s6 trong khéo sat, tinh toan
LSPMSM. Bén canh do, bai bao ciing so sanh két qua dat
dugc vai két qua cta phuang phap sé véi két qua thu duac
tir phuong phap giai tich va phuong phap thuc nghiém
thuc té.

Trong néi dung nghién clu, bai bdao khao sat ba
LSPMSM 3 pha (ng vdi ba cdng sudt khac nhau: 2,2kW,
5,5kW, 11kW. Cac LSPMSM nay déu dugc hiéu chinh tur
déng ca khong ddéng bd cla Cong ty C6 phan Ché tao
déng co Ha Noi. Trong hiéu chinh, cac két cau rang, ranh,
mach tlr, day quan, 16ng sdc stato va rdto gilr nguyén, tuy
nhién 16i thép roto dugc dat thém cac thanh NCVC NdFe-
45. TU két qua dat dugc, bai bao sé danh gia va rat ra mot
s6 két luan trong thiét ké cing nhu van hanh dé dam bao
hiéu suat, hé s6 cong suat ctia dong co.

2. XAC PINH GIA TRI SUC PIEN PONG KHONG TAI & CHE
PO XACLAP

2.1. Xac dinh sutic dién dong khong tai theo cong thiic
giai tich

Hinh 1. T truong nam cham vinh ctiu theo tiét dién ngang cla LSPMSM [8]
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G diéu kién xac 1ap, stc dién dong khong tai E, sé anh
hudng rat 16n dén hiéu suat va hé sé cong suat cta dong
ca. Trong d6, suc dién dong khéng tai dugc xac dinh la gia
tri stic dién dong khi quay dong co véi téc do déng bod &
trang thai h& mach va khong bao gém cac thanh phan suc
dién dong sinh ra bi dong dién stato [5]. Vé ly thuyét E, ¢
thé dugc xac dinh tir cdu hinh thiét ké ctia déng co théng
qua cac phuong trinh giai tich cla cac théng s6 dau vao:
Mat dé tir du NCVC, s6 vong day stato, chiéu dai l6i tu,... [5,
6]. Suc dién déng khong tai E, cia LSPMSM dugc xac dinh
nhu cong thuc (1), (2).

VGi gia thiét may dién hoat déng & ché doé xac lap
khéng xdy ra bdo hoa, ngudi ta thuong xac dinh suc dién
dong khong tai ciia LSPMSM tuong tu nhu véi dong co
déng bod nam cham gan chim (IPM) [8, 9]. E, dugc xac dinh
nhu sau:

27
Eo :_Z'kw1'Nph'f'q)M1 (M

2

Trong d6: k,, 1a hé s6 day quan, N, la s6 vong day quan
cla 1 pha, fla tan s6 quay, ®@,,, la bién d6 ctia thanh phan tu
thong co ban.

Bién d6 thanh phan ti théng co ban dugc xéac dinh:
_4dl Gy an

p.n'1+B(1+2n+4X)' 2

Trong d6: d la chiéu rong cta khaéi barier tu, | la chiéu
dai 16i sat réto, B, la mat dé ti du cia nam cham vinh cliu va
o la hé sé cung cuc tu. C, B, n la cac hé sé tinh dén tur
thong ro, d6 tap trung tu thong [9].
2.2, Xac dinh stic dién déong khéng tdi bang phuong
phap sé

B,.sin(—) )

M1

C6 nhiéu phuang phép s6 ting dung trong tinh toan cac
bai toan lién quan dén trudng dién ti cia may dién. Cac
phuong phéap phé bién nhat hién nay la phuong phép sai
phan hu han (FDM - Finite Difference Method), phuong
phap thanh phan bién (BEM - Boundary Element Method),
phuong phap phan t& hiu han (FEM - Finite Difference
Method), phuong phép rdi rac (Discrete Element Method).
Cac phuong phap nay cho phép giai gan dung cac bai toan
phuong trinh vi phan riéng, vi du nhu bén phuong trinh
Maxwell mé ta cac dinh luat dién tu trudng [6].

Dinh luat Faraday vé cam (ng dién ti:

VxE:—a—B
ot

Dinh luat Ampere vé dong dién chay trong day dan:
VxH=1+2
ot

Pinh luat Gauss cho tu trudng:
VeB=0

DPinh luan Gauss cho dién trudng:
VeD=p
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Trong céac phuong phép s6, phuong phap FDM va FEM
dugc st dung rat phé bién hon ca khi phan tich két cau
dién tu cha may dién. Cac phuong phap nay thuc hién cac
bai toédn lién quan dén cac hién tugng vat ly co, nhiét, ti va
dién. Néi chung, hai phuong phap nay dua trén su rdi rac
héa khéng gian ctla mét két cdu thanh cac bé mat vudng
hodc tam giac nhé hay thanh céc thé tich khéi td dién, luc
dién. Trong d6, dinh cla cac hinh khoi dugc goi la cac nut
biéu dién gia tri cac bién cta hé. 6 chinh xac cla cac
phuong phap vi thé sé lién quan truc ti€p dén dé min cua
cac mat luéi.

Trong céc phuong phép s6, phuong phap phan t hiu
han da dugc khang dinh cé d6 chinh xac cao khi tng dung
gidi gan duang cac phuong trinh vi tich phan trong cac bai
toan lién quan dén dién tu trudng [7]. Vi vay, trong nghién
cltu bai bao st dung phan mém tng dung FEM dé khao sat
suc dién dong khong tai E, Bén canh d6, bai bao cling tng
dung phan mém Matlab dé phan tich Fourier (FFT) tim gia
tri bién dé séng co ban va cac thanh phan song hai di kém
cla suic dién dong khéng tai. Cac két qua sau dé duoc so
sanh vai phuong phap giai tich da dé cap & muc 2.1 va véi
phucng phéap do ludng kiém nghiém thuc té. Trong noi
dung, bai bao trinh bay phan tich ba LSPMSM c6 céng suat
tuang ung: 2,2kW; 7,5kW; 11kW, chi tiét nhu muc 3 bén
duéi. Dai cong suat LPMSM thuc nghiém, nhom tac gia lua
chon thuéc dai cong suat nhé ma SCIM dang dugc sir dung
rat phé bién hién nay [8].
3.DANG SONG VA GIA TRI SUC DIEN DONG KHONG TAIE,
3.1. Ap dung phuong phap sé xac dinh E,

Nhém tac gid ung dung phuong phéap s6 dé xac dinh
stic dién dong khong tai déi véi 3 loai déng co c6 cdng
suat: 2,2 kW, 7,5kW va 11kW 3 pha, dién ap A/Y-220/380V.
Cac théng sé chinh cta déng co dugc cho & bang 1.

Bang 1. Cc thong s6 chinh cda LSPMSM thi nghiém

Cong sut h'i(gu Ponvi| 2,2kW | 7,5kW | 11kW
Dudng kinh trongstato | D mm 104 252 180
Dudng kinh ngoai stato | D, mm 170 140 272
S0 ranh stato Z, 36 36 43
S6 vong day/pha N, | vong 312 156 144
Lop day quan Lép 1 1 1
Khe hé khong khi g mm 0,5 0,35 0,5
S0 ranh roto Z, 28 36 40
Vat liéu NCVC NdFeN45 | NdFeN45 | NdFeN45
Mt d6 tir du NCVC B, T 138 138 | 1,38
Bé rong NCVC w, | mm 34 44 74
Do day NCVC I, mm 5 5 5

Két qua mé phong LSPMSM vai phan mém (ng dung
phuong phép sé trong mé phong dong co nhu sau:

- Budng tu trudng moé phdéng déng co cong sudt 2,2kwW
dugc biéu dién & hinh 2.

- TU két qua, c6 thé thay dudng tir trudng mé phdng sé
hinh thanh nén bén phan ving ti trudng déu va déi xing
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nhau. Bn phan vung nay thé hién 4 cuc ti tuong ng do
tu truong NCVC sinh ra.

Hinh 2. Budng tur trerng mo phong LSPMSM 2,2kW bang phuang phép s6
khi khong tai

- Phan b6 mat d6 tu trudng trong khe hé khong khi cha
LSPMSM 2,2kW nhu hinh 3.

XY Plot 1
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Hinh 3. Phan b6 mat do tir truong LSPMSM 2,2kW khi khong tai

Hinh 3 cho thay dudng phan b6 mat do tu trudng khe
h& khong khi lic nay sé khéng phai la dang xung vuéng ly
tudng ma bi chia cat theo két cau rang ranh stato, roto.

- Dang song suic dién dong khong tai E, & ché dé xéc
[dp cdia LSPMSM 2,2kW dugc mé phdng nhu hinh 4.

XY Plot 2
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Hinh 4. Stic dién dong khong tai E, LSPMSM 2,2kW

Dang séng suc dién dong khong tai E, trén cac pha
khéng c6 dang hinh sin ma bi vat dau, nhung dang séng suc
dién déng khong tai E, van dao dong diéu hoa vai tan sé
50Hz. Tuy nhién, thuc té€ thi LSPMSM noi riéng va dong co s
dung nguén dién xoay chiéu néi chung, dugc thiét ké dé van
hanh véi séng sin co ban (dién &p, dong dién). Vi vay dang
song diéu hoa trén sé dugc phan tich FFT dé tim gia tri bién
dé suc dién dong cda thanh phan co ban dong thoi phan
tich va danh gia cac thanh phan diéu hoa bac cao di kem.
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3.2. Phan tich Fuorier dang séng stic dién dong khong
tai E,

Tu két qua moé phéng la gia tri chubi ctia dang song E,
thu dugc th mé phdng véi Ansys/Maxwell, nhém tac gid ing
dung phan mém Matlab d€ phan tich FFT tim bién d6 song
ca ban va bién d6 cac thanh phan song diéu hoa di keém.

Thuat toéan tinh (ng dung phan tich FFT dugc viét trong
Maltab nhu sau:

>> L=length(E0_11kW)

>> t=0:(1/L)*20%10N-3:20*10A-3*(L-1)/L;

>> Fs=50%1000,;

>> nfft=L;

>> f=(0:nfft/2-1)*Fs/nfft;

>> EQ_2.2kW=fft(E0_2.2kW,nfft)/(L/2);

>> E0_7.5kW=fft(E0_7.5kW,nfft)/(L/2);

>> EQ_11kW=fft(E0_11kW,nfft)/(L/2);

>> mxE0_2.2kW=abs(E0_2.2kW);

>>mxE0_7.5kW=abs(E0_7.5kW);

>>mxE0_11kW=abs(E0_11kW);

Két qua phan tich FFT song diéu hoa cla stc dién dong
khong tai iing véi ba LSPMSM khao sat nhu & hinh 5.
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Hinh 5. Phén tich FFT dang séng E, cho cdc ddng co khéc nhau

Thanh phan stc dién déng clia cdc LPSMSM thir nghiém
c6 su sai khac do cdu hinh rang, ranh va kich thuéc nam
cham vinh ctu lya chon cho ting dong co khac nhau. Khi
phan tich FFT c6 thé thdy thanh phan séng hai bac 3 16n,
trong d6 trudng hgp I6n nhat khi LSPMSM 11kW luc d6 bién
dé thanh phan séng bac 3 xap xi bang 20% song co ban.

3.3. So sanh két qua tinh toan E, tir FEM va giai tich

Trong nghién cttu, nhém tac gia cling so sanh két qua
tinh toan suic dién dong khong tai E, thu dugc tu phuong
phap giai tich nhu da dé cap & muc 3.1 va két qua thu dugc
tur phan tich dang séng E, véi FEM. Két qua so sanh nhu &
bang 2.

Sai s6 gilta phuong phap giai tich va tinh toan véi FEM
c6 thé dugc gidi thich 1a do nguyén nhan stic dién dong
khong tai tinh theo phuong phap giai tich dugc suy ra tu
cach tinh cho dong co déng bd nam cham géan chim. Tuy
nhién vé co ban do réto cta IPM khéng co rang, ranh nhu
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roto LSPMSM, vi vay viéc 4p dung coéng thuc tinh toan trén
sé c6 nhiing sai s6 nhat dinh do anh huéng cla rang, ranh
gay ra. Sai s6 tinh toan suc dién déng khéng tai gitta FEM
va phuong trinh giai tich I6n nhat ng véi dong co 11kW
(tuong Ung 7,1%), két qua vdi sai s6 nay la chdp nhan dugc.

Bang 2. Stic dién dong khong tai E, 6 ché dd xac Iap vdi bang FEM va giai tich

Pong co FEM va Matlab Giai tich Sai s6
2,2kW 173,9 185,1 6,1%
7,5kW 166,9 179,6 7.1%
11kW 198,7 2148 7,5%

3.4. Kiém nghiém thuc té

DPé danh gia thi nghiém LSPMSM thuc t&, nhom tac gid
thuc nghiém mé hinh LSPMSM 2,2kW dugc cai tao tu dong
co khéng déng bo 3 pha 3K112-54 cGa Céng ty C8 phan
ché tao dién co Ha Noi. So dé thi nghiém LSPMSM nhu
hinh 6.

:@

Ngudn ba pha

Bong co
dbng b

Hinh 6. So d6 thi nghiém LSPMSM 2,2kW

Trong so d6 thi nghiém, nghién ctru st dung mét déng
co déng bo 3 pha téc d6 1.500 vg/ph la déng cd sa cap dé
kéo LSPMSM 2,2kW thir nghiém quay vai téc dé dong bo.
LSPMSM lic nay sé trd thanh may phét. Khong néi vai tai,
tién hanh do dién ap pha trén LSPMSM, gia tri do dugc sé 1a
stic dién dong khong tai E, M6 hinh trién khai do ludng
thuc té nhu & hinh 7.

LSPMSM 2.2 kW
Thir nghiém

Hinh 7. Cau hinh réto va md hinh thir nghiém LSPMSM 2,2kW

Pong hé van nang dugc st dung do dién ap la VOM
Digital Multimeter Victor VC890C+ cho phép do gia tri hiéu
dung thuc (true RMS). K&t qua thuc té do dugc so sanh vai
két qua thu dugc tu tinh toan gidi tich va phan mém (ng
dung phuong phéap FEM, két qua nhu bang 3.

Bang 3. So sanh sai o gitfa cac phuong phap xac dinh E,

FEM Giai Do lwong
tich thuc té
Stc dién dong (V) 1739 | 1851 165
Sai 56 50 vdi do ludng thuc té 5,1% 10,9%
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TU két qué & bang 3 c6 thé thdy phuong phap xac dinh
stic dién dong khong tai E, bang FEM sé cho két qua chinh
xac hon so véi phuong phap giai tich. Cu thé déi véi trudng
hgp LSPMSM 2,2kW, khi so sanh két qua tinh toan ti FEM
va thir nghiém thuc té cho sai s6 la 5,1% trong khi gia tri
thu dugc tir phuong phap giai tich sai s6 la 10,9%.

4, KET LUAN

Bai bdo nghién clu suc dién dong khong tai E, cla
LSPMSM bang phan mém (ng dung FEM, ti két qua mo
phdng bai bao phan tich FFT dang séng E, véi Matlab dé
xac dinh bién d6 thanh phan séng co ban va cac thanh
phan séng hai di kém. Trong ndi dung nghién cttu, nhém
tac gid khdo sat suc dién dong khong tai E, véi ba LSPMSM
khac nhau c6 céng suat tuong tng: 2,2kW; 7,5kW; 11kW.
Két qua thu dugc khi tinh toan stic dién dong khong tai E,
vGi FEM va Matlab dugc so sanh véi két qua tinh toan tu
phuong phap giai tich. K&t qua, so sanh cho thay sai s6 gilia
hai phuong phap la chdp nhan dugc (sai s6 tinh toan gitia
hai phuong phap 16n nhat Gng véi LSPMSM 11kW, sai s6
7,5%). Bén canh d6, nhom tac gia ciing tién hanh do ludng
LSPMSM 2,2kW thit nghiém dé danh gia két qua vdi thuc té.
Két qua cho thay, sai s6 khi xac dinh E, so v&i thuc nghiém
ca phuong phap FEM va Matlab 1a 5,1% trong khi sai s
tinh toan véi phuong phap gidi tich 13 10,9%. Do dé c6 thé
két luan, ung dung phuong phap FEM va Matlab dé xac
dinh E, cia LSPMSM sé chinh xéc hon so véi phuong phap
giai tich. Nhu vay, iing dung FEM va Matlab la céng cu hitu
hiéu giup nguai thiét ké xac dinh E, vai d6 chinh xac cao, tu
dé c6 thé diéu chinh thong sé két phu hgp. Cac bién phap
dé diéu chinh E, c6 thé la thay déi s6 vong day/pha, thay
déi vat lieu NCVC, kich thudc NCVC hodc thay ddi két cau
rang, ranh roto.

Bén canh d9, khi khao sat suc dién dong khong tai E, thi
phuang phap FEM va Matlab con cho phép ngudi st dung
mo phdng dang séng va tinh toan cac thanh phan séng hai
di kém. Cu thé, trong ba dong ca thit nghiém trén thi thanh
phan song hai bac ba 1a 16n nhat va dat gia tri cao nhat la
7,5% bién d6 séng co ban ng véi LSPMSM 11kW.

TAI LIEU THAM KHAO

[1]. H. Isfahani, S. V. Zadeh, M. A. Rahman, 2011. Evaluation of
Synchronization Capability in Line Start Permanent Magnet Synchronous Motors.
[EEE International Electric Machines&Drives Conference, pp. 1346-1350.

[2]. R. Sadoughi, M. Zare, M. Aziz, 2015. Comparison Between Line Start PM
Synchronous Motor and Induction Motor With Same Nominal Power and Same Pole
Pairs When Fed by VF Control Drive. International Journal Electronics
Communication and Computer Engineering, Vol. 6, Iss. 2.

[3]. A. Vagati, G. Franceschini, I. Marongiu, G. P. Troglia, 1992. Design
(riteria of High Performance Synchronous Reluctance Motors. IEEE Industry
Applications Society Annual Meeting.

[4]. Abdolamir Nekoubin, 2011. Design a Line Start Synchronous Motor and
Analysis Effect of the Rotor Structure on the Efficiency. World Academy of Science,
Engineering and Technology 57

22 | Tap chi KHOA HOC VA CONG NGHE @ Tap 57 - S6 1 (02/2021)

[5]. T.J.E. Miller, 1989. Brushless Permanent-Magnet and Reluctance Motor
Drives. Claredon Press-Oxford.

[6]. J.F.Gieras, M. Wing, 2002. Permanent Magnet Motor Technology Design
and Applications. Marcel Dekker, Inc.

[7]. V. Elistatova, 2016. Optimal Design of Line Start Permanent Magnet
Synchronous Motors of High Efficiency. Doctoral Thesis, Université Lille-de-France.

[8]. R. T. Ugale, Gaurav Singh, Sriniva Baka, B. N. Chaudhari, 2009. Effective
Energy Conservation for the Agricultural Sector using Line Start Permanent Magnet
Synchronous Motors. IEEE Region 10 Conference TENCON, pp. 1-5.

[9]. C.C. Hwang, S.M. Chang, CT. Pan, T.Y. Chang, 2002. Estimation of
Parameters of Interior Permanent Magnet Synchronous Motors. Journal of
Magnetism and Magnetic Materials 239, pp. 600 -603.

[10]. CompleteMaxwell2D_V15, 2010.

AUTHORS INFORMATION

Le Anh Tuan', Bui Duc Hung’

"Faculty of Electrical Engineering, Hanoi University of Industry

%School of Electrical Engineering, Hanoi University of Science and Technology

Website: https://tapchikhcn.haui.edu.vn





