Cong nghiép rung

TINH TOAN UNG SUAT, BIEN DANG CUA ROTOR PONG CO PONG BO
NAM CHAM VINH CUU KHOI PONG TRUC TIEP
DUOI TAC DUNG CUA LUC PIEN TU

Pinh Hai Linh', Nguyén Thi Luc’
L2 Truwong Bai hoc Lam nghiép

TOM TAT

Pong co df‘)ng bd nam cham vinh ctru khoi dong truc tiép 6 két cu rotor duoc duc 15 dé co thé la‘ip duoc cac
thanh nam cham vao bén trong rotor, viéc nay tao nén cac vung cau ndi gitta cac cuc rotor s€ c6 dac tinh co hoc
yéu. Su bién dang cua rotor cling c6 thé 1am thay dbi khe hé khong khi giita rotor va stator. Khe hé khong khi
thay ddi s& anh hudng dang ké dén dac tinh 1am viéc ciing nhu hiéu suit cua dong co. Do vay trong bai béo tac
gia phéan tich tinh todn co hoc, dién tir mot cach déng thoi cho ving cAu nbi cua rotor dong co. Ung dung phﬁn
mém Matlab dé tinh toan chinh x4c tng sut va bién dang ctia cau rotor va két qua tinh toan 1a tham sé quan
trong cho viéc tinh toan thiét ké rotor v& mat dién tir ctia dong co dé rotor dong co vira dam bao d bén co hoc

vira ddm bao hi¢u nang lam viéc ciia dong co dién.

T khoa: Bién dang rotor, dong co dong b nam cham vinh ciru, luc di€n tir, rng suat rotor.

I. DAT VAN PE

Pong co ddng bd nam cham vinh ciru khai
dong truc tiép tir ludi dién (LSPMSM) 1a dong
co c6 cac ranh stator twong ty voi diy quan
dong co khong ddng bo, rotor voi 1dng soc
nhom va nam chdm vinh ctru gin bén trong.
DPong co LSPMSM c¢6 thé khoi dong truc tiép
khi ndi v6i luéi dién ma khong can dén bo diéu
khién, c6 momen cao, lam viéc véi toc do déng
bo, hiéu suit cao. Do vay dong co dugc Ung
dung nhiéu trong cac tii nhu may bom, quat
gi6, bang truyén.

Véi cdu trac cia dong co LSPMSM thi moi
su bién dang cua rotor déu ¢6 thé 1am thay ddi
kich thudc khe hé khong khi gilta rotor va
stator, 1am anh huong dang ké dén dic tinh lam
viéc cling nhu hiéu suét cua dong co. Voi két
cAu rotor can duc 10 dé dua cac thanh nam
cham vao trong thi c6 xuat hién ving cau ndi
gita cac cuc. Vung cau ndi c6 dic tinh co hoc
yéu, c6 anh hudng nhat dinh t6i dic tinh lam
viéc ctia dong co, do vay can thiét phai phan
tich co hoc, dién tor mdt cach d@)ng thoi cho
vung nay.

Bai bdo tap trung vao viéc danh gia anh
huong cua cia luc dién tir toi Ung suét va bién
dang cua dong co. Tur do tao co s& cho viéc tbi

wu hoa dong co khi tinh dén cac yéu t6 anh
hudng tir bién dang co hoc. Pong thoi dam bao
dong co thoa man do bén co khi khi hoat dong
dudi cac tai trong khéac nhau.

II. PHUONG PHAP NGHIEN CUU

Nghién ctru nay dugc thyc hi¢n theo céch
sau:

- Phwong phdp nghién ciru Iy thuyét: Sir
dung cac tai li€u ctia cac nhom nghién ctru
trong va ngoai nudc dé tinh thiét ké so bo kich
thude dong co. Trén co s& céac kich thudc co
ban cta dong co tinh toan, phan tich tmg suét
va bién dang cua 15i thép stato.

- Phwong phdp ldp trinh: Viét chuong trinh
tinh s trén phdn mém Matlab giai bai toan vé
g sut va bién dang. Két qua tinh toan s& cho
biét két cAu co hoc cua dong co dam bao duoc
d6 bén co hoc trong qua trinh hoat dong hay
khong.

III. KET QUA VA THAO LUAN
3.1. Giéi thiéu chung vé dong co dong bd
nam cham vinh ciru (LSPMSM)

Pong co dong bd nam cham vinh ciru c6
c4u tao gom hai phan chinh 14 stato va rotor:
stato dugc ghép lai tir cac 1a thép ki thuat dién,
duoc ché tao theo dang cuc tur 161, trén cuc cb
quéan day. rotor duoc lam tir thép k¥ thuat dién
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c6 x¢ ranh dé dat 16ng s6c nhom va bén trong  giong dong co khong dong bo vadi 16ng soc
rotor dugc x€ ranh dé dat nam cham vinh ctu.  nhdm nhung lai lam viéc vdi téc d§ dong bod
bong co co6 qua trinh khoi dong hoan toan  nhu dong co dong bo.

Diiy quiin
stator

Stator

Nam chiim
vinh ciru

Rotor

Ciin Rotor

Hinh 1. Hinh dnh mit cit % ddng co dong bd nam chim vinh ciru

3.2. Thong s6 dong co LSPMSM toan va mo phong ¢ cac thong sd nhu trong
DPong co LSPMSM dugc sir dung dé tinh  bang 1.

Bang 1. Thong s6 déng co LSPMSM

Pai lwgng Giatri Donvi Pai luwgng Gl? Do.’n
tri vi
Cong suat 2,2 kw Kich thwoce Rotorr
Téc do 1500  Vong/phut Puodng kinh ngoai rotor 97 mm
Kich thwoc Stator buong kinh truc 22 mm
Puong kinh ngoai stator 158 mm Heé s6 ép chit 15i thép 0,95
. , Kich thudc ranh
Puodng kinh trong stator 98 mm (hinh ovan)
Chiéu dai tac dung stator 116 mm P06 md miéng ranh 0,5 mm
Chiéu cao gong stator 8,2 mm buong kinh ranh 3 mm
Kich thudc ranh (hinh qua 1€) Chiéu cao miéng ranh 0,6 mm
D06 mo miéng ranh 2,8 mm Chiéu cao phan thing rinh 5 mm
Puong kinh nhé ranh 5,2 mm S ranh rotor 28 ranh
Puodng kinh 16n ranh 7,8 mm
Chiéu cao miéng ranh 0,5 mm Nam chim
-2 Ao« Nam cham vinh ctu
Chiéu cao phan thang ranh 14,8 mm NdFeB 45
Dién tich ném 10,6 mm?  podngcdchtrtimrotor 0
dén nam cham
Vat ligu ché tao 14 thép stator,
rotor: M270-35A, ¢ tng suit cho 450 MPa  Khoang cach cau nbi 1 mm
phép [a] o
S ranh stator 36 Be ’day r‘lam, cham theo 2 mm
huodng tir hoa (L)
A X o 1ms s ~ Chiéu rong nam cham

H¢ s0 ép chat 16i thép 0,95 ranh (W..) 50 mm
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3.3. Xac dinh phén bd tng suit va bién dang
3.3.1. Cdc gid thiét khi tinh todn

Vit liéu lam rotor dong co 1a thép M270-
35A, viéc tinh toan ung suét va bién dang cua
rotor dong co cé thé coi cdu tric ciia mdi cuc
rotor 14 mot két cdu cong hai dau ngam chiu
luc huéng kinh phan bd déu ddi xung. Nhu
vay dua vé bai toan tim ung suat, bién dang
cho thanh cong phang, khi d6 trén mat cat
ngang s& xuat hién nhiéu thanh phan noi lyc.
Dé giai duoc bai toan nay ta s& ap dung nguyén
ly doc 1ap tac dung: Néu trén mot thanh dong
thoi chiu tac dung cua nhiéu lyc thi ung sudt
hay bién dang trong thanh ld tong cdc g sudt
hay bién dang do tdc dung riéng cia tirng lyc
gay ra trén thanh do.

DPé 4p dung dugc nguyén ly doc lap tac
dung thi khi tinh toan ta c6 gia thiét sau:

- Vit liéu lam viéc trong giai doan dan hdi (mbi
quan hé tmg sut va bién dang ty 1¢ bic nhat);

- Bién dang trong thanh cong dugc coi 1a
nho.
3.3.2. Xac dinh lyc dién twr tac dung lén rotor
dong co

Xac dinh lyc dién tor hudng kinh tac dong
1én bé mit rotor: Ap dung cong thirc tinh luc
hat tir truong tuong tac gitta hai tim phang
song song ta co (Pang Van Pao va Lé Van
Doanh, 2003):

=== (N) (1)

e (N/m?) )

Trong d6 Bg;CP la cdm Ung tr tai khe hd
khong khi va chiéu dai cung mot cuc cua dong co.
Xac dinh lyc tiép tuyén tac dong lén rotor:
Trong trudng hop luc tiép tuyén tac dong lén
rotor chinh 13 thanh phan lam phét sinh mé
men chinh cua dong co. Coi lyc tiép tuyén
phan bd déu trén toan bo bé mit rotor khi do
luc tiép tuyén dugc xac dinh boi cong thirc
(Pang Vian bBao va Lé Van Doanh, 2003):

b =— (N) 3)

t
ruut_ro

Luc tiép tuyén phan bd duoc xac dinh boi
cong thuc (Pang Van Pao va Lé Van Doanh,
2003):

q, = (N/m%) 4)

£
CP

Trong do T,r Cp lan Iuot 14 mémen

s ()ul‘ ro
dong co, ban kinh va dién tich méat ngoai rotor.
3.3.3. Xdy dung moé hinh gidi tich

bé dam bao dong co thoa man diéu kién
bén co hoc, tmg xur co hoc ctia rotor phai nim
trong ving c6 ung xir tuyén tinh cta vat liéu.
Ung sudt do tong cac ngoai luc gy ra trén
rotor bang tong cac tng sudt do ting thanh
phan gay ra trén rotor. Bé don gian héa mo
hinh tinh toan, ta tién hanh tinh tGng suét riéng
1& cho tirng thanh phan lyc. M6 hinh tinh toan
va phan tich dugc miéu ta nhu trong hinh 2:

Hinh 2. Mé hinh cAu tric rotor va phan bd ngoai lwc tac dong 1én rotor
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3.3.3.1. Xét tac dong cua lyc hwong kinh

Xét mo hinh nhu trong hinh 3.

Hinh 3. Thanh phin lwc huéng kinh

V61 md hinh nay, ta nhan théy tai vi tri mat
cit di qua diém BO 1a vi tri c6 thiét dién chiu
luc rotor 1a bé nhit, thiét dién mat cit nira
truée theo chiéu kim dong hd 16n hon nhiéu
thiét dién mat cit ntra sau kim déng hd. Do vay
c6 thé coi mit cat OB chinh 13 mot ngam cimg

!

g )
Mat do1 ximng
I /

Hinh 4. M hinh thay thé

Mb hinh tinh toan 14 mé hinh hai ¢iu ngam
d6i xtng do vay dé don gian hoa bai toan trong
qua trinh tinh toan ta mo6 hinh héa bai toan
dudi dang d6i xtmg Y. Trong md hinh nay dé
dam bao tinh twong duong ciia mo hinh tai mat
cit dbi xung ta dat thém 3 thanh phan ngoai
luc thay thé 1a N,Q,M nhu hinh 5. Trong d6 N
1a lyc kéo (nén) c6 phuong ludn tiép tuyén véi
khung déy, Q 1a luc cit c6 phuong ludn huéng
qua tim, M 12 mé men uén.

Do tai 1a luc phan bd hudng tdm cé tinh
chét dbi xtng nén lyc thay thé Q tai mat cat
d6i xtmg bang 0.

ddi véi phén két ciu mat cuc AB. Coi céu trac
ctia mdi cuc rotor 1a mot két cau cong hai dau
ngam chiu lyc huéng kinh phan bd déu dbi
xtng. M6 hinh c6 thé dugc biéu dién don gian
hon nhu hinh 4.

Hinh 5. M hinh twong dwong ciia mé hinh thay thé

Goi N,]\_/[ la cac luc suy rong c6 do 16n
bang 1 tai mit cit dbi ximg.

Céac thanh phan lyc tai mat cit bat ky hop
mat phang d6i xing mot goc ¢ do luc suy
rong N la (Vi Pinh Lai, Nguyén Xuan Luu,
Bui Binh Nghi, 2002).

N, =cos(¢)
Q= sin(@) (5)
M, = r(1-cos(¢))

Céac thanh phan lyc tai mat cit bat ky hop

mat phang d6i xing mot goc ¢ do luc suy

rong M la:
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N,=0
0,=0 (6)
M,=1
Céac thanh phan lyc tai mat cét bat ky hop mit
phing dbi ximg mot goc ¢ do luc phan b ¢ 1a:

()]

Q,= qrsin (p)

2
_ 2 | @
M =2qr [sm (3)]

Heé phuong trinh chinh tic:
{5”N+512M +A,, =0

(8)
SyN+5,M+A,, =0

Trong d6 cac thanh phan &, A, , dugc tinh

i,j?

qua cac c6ng thirc cia Morh.

1 cos(@)sin(P)+ P 1 5p(cos(P)sin(P) — D)
2 EA 2 GA (10)
N 1 72 (3D — 4sin(P) + cos(D) sin(D))

2 EJ

Trong do:

o, =

 E m6 dun dan hoi tmg véi vat liéu:
E=207*10’
en hé ) poisson trng véi vat liéu:
n=0,34

e G mo6 dun dan hdi truot ing voi vat li€u:
_E
C2(1+7)

e F dién tich mit cit tai ngam (ang véi vi

=77,24.10° (1T)

tri c6 tiét dién nho nhéat):
D -D,
A - 0141775‘ 1 Zm (12)

e J momen quén tinh mét cat ng voi truc

511—j o+ UIQI Qla,¢ j (9)  trunghoa:
l Doutim_Dl 3
Tinh tich phan ta thu dugc: bh® o (f)
J = = (13)
12 12
Tuong ty ta co:
M
5,=0, = j—dw n]Mdco j—dco (14)
r(—D +sin(D))
—0,=0, =— 15
12 21 EJ ( )
o —TE*VZCZ + TQZ de +T4a’]‘7*ﬁ2 (16)
2T Ty T TGy P T
(¥
=0y =" 17
T, (17)
2N, *N 20 * M *M
Alp:_[#dfﬂ“‘ﬂj% +J.#d§” (18)
, FEA , G4 v EJ
A = _ 1 gr(4sin(®) —sin(2Q)-2®) 1 ngr(cos(P)-®) 1 gr*(8sin(®) —sin(2d) — 6D)
4 EA 2 GA 4 EJ
(DF*N <I>§*Q A7*M
Ay, = | —Z—Ldp+n|=—Ldp+|——2d 19
ZPJ)-EAQJUJ;GA £ 7 (19)
2 1 (1
r (2005[2(Djsm(2(bj—cb]
8y, == o, (20)
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Tir hé phuong trinh chinh tic ta c6:
_ (A2pé‘|] _A1p52])

521512 - 511522 (21)
_ (M5, +4,)
511

Ta c6 duogc cac thanh phé‘m luc tai cac mat
cit bat ky:
N,=N*N+N,*M+N,
0,=0*N+0,*M+Q,
M,=M*N+M,*M+M,

(22)

3.3.3.2. Tac déng cia luc theo phwong tiép
tuyén

Két ciu cong hai dau ngam chiu luc tiép
tuyén phan bd déu d6i ximg. M6 hinh c6 thé
dugc biéu dién lai nhu hinh 6.

AN

N /

N\
Hinh 6. M hinh lyc tiép tuyén
Trong mé hinh nay dé dam bao tinh twong
duong ctia md hinh tai mat cat doi xung ta dat
thém 3 thanh phén ngoai luc thay thé 1a N, Q,
M. Trong d6 N la luc kéo (nén) c6 phuong

/

luén tiép tuyén véi khung day, Q 1a luc cat
c6 phuong ludén hudéng qua tdm, M la md
men udn.

Hinh 7. M6 hinh thay thé twong dwong

Goi N,Q,M 1a cac luc suy rong c6 do lon

D

0

bang 1 tai mit cit dbi ximg.

Cac thanh phan lyc tai mat cit bat ky hop
mit phing ngam mot goc ¢ do luc suy rong
N la:

N, = cos(p)

0, = sin(p)
M, = r(1-cos(p))

(23)

Cac thanh phan lyc tai mat cit bat ky hop
mit phing ngam mot goc ¢ do lyc suy rong

é la:

N, =sin(¢p)
0, = cos(¢) (24)
M, = rsin(p)

Céac thanh phan lyc tai mat cit bat ky hop
mit phing ngam mot goc ¢ do lyc suy rong

M 1a:

N,=0
0,=0 (25)
M,=1

Céc thanh phan lyc tai mit cit bt ky hop
mit phing d6i xtmg mot goc ¢ do luc phan bd
g la:

N, = grsin ((o)

2
o, =—2qr(sin (%D (26)
M,=qr’ (¢ —sin(p))
Tir hé phuong trinh chinh tic:
oyN+06,0+6 ;M +A,=0
Oy N +0,0+6,,M+A,, =0 (27)

0y N +06,,0+0,,M +A3p =0

Trong d6 cac thanh phan &,

i)

A, , dugc tinh

qua céc cong thirc ciia Morh:

_INEN L TO*0 M FM,
oF —J.Td(p+77.([ﬁdgo+.[—d¢

EJ

0
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e @ @
N, *N. 0 *0
S. =5 = Vo g % ! 27
12 21 ’([ A dp 77_([ GA (02'). o Q

EA 0 . EJ
O @ ®
N.*N 0.*0 M. *M
0 =|——dop+ 2 Zdp+ 3 3d
33 '([ EA ®» 77_([ GA ® '(.: 7 ®
°N, ©0,*0 OM *M
A, = Ldo+n|——Ldo+ | ——"dg
= St =5
¢N,*N vQ,* CM,*M
) :J' 2 p UI Qz Qp 0 J‘ 2 p 0
0 A G4 y  EJ
¢ N, *N °0,*0,  CM,*M
A, = ——Hdo+n|——Ldp+ | ——"dg
r -([ EA -([ GA '!. EJ
Ta c6 duoc cac thanh phén luc tai cac mat Trong do:
cat bat ky: . h
- R th b
N, =N *N+N,*M+N, =
N AT 1
0,=0*N+0,*M+Q, (28) W
- R 0
M,=M*N+M,*M+M, 2
h
3.3.4. l'fng sudt dwoc xdc dinh theo céng thirc N = g XY, =h+Xx;
(Thai Thé Hung, 2009) - ,
a=T1o - Ith.,
_ M Dout ro _Dl
O-keo A h :—*2 ’
M 7,
= (1-- (29) D,y ,,—D
O-uon A,a ( y2 ) A — ou 7r20 1 lm
_60 [ L ylzj Mit cét cua tiét dién can tinh tmg suit duoc
cat 3° 5 ~
bh™ \ 4 bi¢u dién nhu trong hinh 8:
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1-1

C

Hinh 8. Miit ciit xic dinh cac kich thwée dé tinh Gng suit

Ung suét twong duong (tinh theo thuyét bén
thé ndng bién déi hinh dang ciee dai) duge xac
dinh boi (Pang Viét Cuong, 2006):

o, = \/( G, +0,, )2 +37°, <[o]  (30)
3.3.5. Bién dang tai vi tri bit ky dwoc xdc
dinh béi biéu thirc
5N = 51*1N + 51*2Q + 51*3M + A)lkp
8, =6, N+5,0+6,M +A,,
8, =0, N +6,0+06;M +A;,

(1)

3.4. Két qua tinh toan wng suit va chuyén vi
str dung Matlab

Véi cac thong s6 dong co nhu trong bang 1,
lap trinh matlab giai cac hé phuong trinh (30),
(31) xac dinh cac thanh phan noi luc ta co két
qua nhu trong bang 2.

Bang 2. Két qua tinh toAn wng suét va chuyén vi 14 thép rotorr dong co 2,2 kKW

j . Th;\ A
Théng so dau vao ?ng 50
daura
Puwong Mat
Dui kinh . Chid do tir , .
Cong wong KM Cpide M oftu Ung  Bién
M kinh ngoai .. dai Goc cam Luc X A
suat P .. X dai : Luc tiep suat dang
. So ngoai tiep nam cue khe hwong < i i
dong rotor R . . tuyén 16m 16m
cwc  rotor nam cham (0] hé tam F, z P
co D chim 1 ro W (rad) khong (N/m) F;(N/m) nhat nhat
W out_ro m M
(W) oy m o Khi (Mpa)  (mm)
(mm) B, (T)
2 87 72 130 33 0,476 0,481 23964,236 1943,206 0,687 1,46E-4
2200 4 97 78,5 116 50 0,691 0,481 21383,552 1077,828 1,128 2,76E-4
6 108 84 116 39 0,483 0,563 29259,366 1243,463 0,580 1,59E-4
8 118 92 130 23 0,253  0.343 12170,873 1990,387 0,060 1,64E-5

Két qua tinh toan cho thiy gid tri ung suét
16n nhét dat duoc tai mat dudi cua ngam (hay
phan cau nbi) cac két qua phan tich chi ra rotor
dong co hoan toan thao man cac diéu kién bén
[c] = 450 MPa (theo bang 1) trong qua trinh
van hanh. Gia trj bién dang 16n nhét tai mat

124

phing ddi xtng, cac gia tri ung suat 1a nho va
khong 1am anh hudong dang ké dén khe ho
khéng khi cling nhu cdu tric rotor.

Dua vao co so tinh todn ¢ trén, st dung
Matlab xac dinh duoc moi quan h¢ gitra chiéu
day cuia phan cdu nbi 14 thép rotor véi ing suit
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va bién dang nhu hinh 9, 10. Véi gia tri cau
bién thién tr 1 mm dén 10 mm Gng sudt phan

cau nbi cua 14 thép cling luén thoa man diéu
kién bén [c] = 450 MPa.

20

Ung Suat Lon Nhat (MPa)
=

1 2 3 4 5

6 T 8 9 10 11

chieu dav cau (mm})

Hinh 9. Déc tinh moi quan hé giira wng suit phan cau noi véi chiéu day cau

0.045
0.04 f
- 0.035
€
13 0.03 | \
- Y
> \
« 0.025 ‘-
c
c
0.02
° AN
,
o .
= 0.015 .
°
c 0.01
«@
m 0.005
]
1 2 3 4

L] T 8 9 10 1"

chieu day cau (mm)

Hinh 10. Dic tinh mdi quan hé bién dang véi chidu diy ciu

DPé bién dang nho hon 0,03 mm thi chiéu
day t6i thiéu cta cau phai 16n hon 2 mm. Néu
chiéu day cau 1 mm thi c6 bién dang 16n nhét
1a 0,04 mm. Néu bién dang qua 16n s& anh
hudng dén dic tinh 1am viéc cua dong co. Nhu
vay véi kich thuéc cau Imm thi phan cau ndi
ctia rotor dong co dong bd nam cham vinh ciru
khéi dong truc tiép hoan toan dam bao do bén
co hoc.

IV. KET LUAN

Két qua tinh toan cho thay véi cac thong sb
dau vao nhu tinh toan so bo ban dau ciia dong
co d@)ng bd nam cham vinh ctru khéi dong truc
tiép ttr luGi hoan toan dam bao dd bén co hoc
trong qua trinh van hanh.

Viée tdi wu vé mit co hoc 1a co s& dé tinh
toan céc kich thudce 14 thép rotor dong co. Khi
kich thudc phan cau ndi 1a Imm thi c6 thé ting
duoc kich thudc nam chim vinh ctu va cai

thién dugc dédc tinh lam vi¢c ctiia dong co. Két
qua tinh toan c6 thé coi 1a kich thudc so bo ban
dau cua dong co va khi thiét ké ché tao dong
co chi can tinh toan vé mat dién tir dé nham cai
thién dac tinh lam viéc, nang cao hiéu sut
dong co.

Co s¢ dir liéu tinh toan trong bai bdo con co
thé ding dé tinh toan tng suét va bién dang cho
cac dong co cung loai co cong suat cao hon.
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SUMMARY

The line start permanent magnet synchronous motor (LSPMSM) is a hybrid motor with aluminum squirrel cage
rotor and permanent magnet in rotor slots. Deformation of the rotor suface can change the air gap between the
rotor and the stator. It has a significant affect on the torque and efficiency performance. Particularly with
LSPSMSM rotor structure, there are additional grooves that can be fitted with magnetic bars, which form
bridges between poles with weak mechanical properties. The region has a big influence on the performance
characteristics of the motor, so in this paper the author simultaneously analyzes the electromagnetic and
electromagnetic fields for the bridge. A Matlab program is used to calculate the tensile strength, yield strength
of bridge rotor and the result is an important parameter for calculating the mechanical structure rotor design
with limited deformation and viberation.

Keywords: Direct start permanent magnet synchronous motor, tensile strength of core rotor, yield
strength of core rotor.
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