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TOM TAT
bong co d@)ng bd nam cham vinh ctru khoi dong truc tiép (LSPMSM) duoc thiét ké dua trén két
céu roto 1ong soc ciia dong co khong dong bd. Muc tiéu ciia bai bao nay 1a ap dung phan mém Ansys
Maxwell dé danh gia anh hudng ciia mot s6 loai hinh dang rénh réto 10ng séc dén qua trinh dong cia
dong co LSPMSM. Phuong phép nay gitip danh gia anh huéng hinh dang ciing nhu vat liéu ché tao
thanh dén réto dén dic tinh voi s6 lwong thanh din khong d6i va giam chi phi nghién ciu dbi voi
d6ng co dién hién nay. Ddi véi nghién ciru nay, nhom tac gia sir dung thong sb ctia dong co LSPMSM
v6i thong sb tinh toan cho trudc véi cong suat 11kW, 4 cuc, trong dé stato sir dung day quan dong
khuon 2 16p. Panh gia anh hudng cia hinh dang ranh, nhom tac gia s dung 4 kiéu rinh khac nhau
v6i kich thudc thay doi sau d6 dua trén phan mém Ansys Maxwell dé dua ra két qua dic tinh khoi
dong cua dong co LSPMSM cho ting dang ranh. Ngoai ra, nhom tac gia ciing thay doi hai loai vat
lidu str dung ché tao réto 16ng séc 1a nhéom va dong dé danh gia hidu qua cua viée st dung timg loai
vét liéu nay. Két qua cung cdp canh nhin téng quan hon vé thiét ké thanh 16ng soc cho dong co
LSPMSM.
Tir khéa: Pong co dong bé nam cham vinh civu khoi dong truec tiép, dong co khéng dong b,
hinh dang ranh réto, vit liéu long séc, phan mém ansys maxwell.

STUDYING THE EFFECTS OF SLOT SHAPE AND ROTOR BAR MATERIAL ON THE
PERFORMANCE OF LSPMSM MOTORS BASED ON ANSYS MAXWELL SOFTWARE

ABSTRACT

The line-start permanent magnet synchronous motor (LSPMSM) is designed based on the
squirrel cage rotor structure of the asynchronous motor. The objective of this paper is to apply Ansys
Maxwell software to evaluate the influence of some types of squirrel cage rotor slot shapes on the
dynamic process of the LSPMSM motor. This method helps to evaluate the influence of the shape as
well as the material of the rotor conductor on the characteristics with a constant number of conductors
and reduce the research cost for current electric motors. For this study, the authors used the parameters
of the LSPMSM motor with the given calculation parameters with a capacity of 11 kW, 4 poles, in
which the stator uses 2-layer copper wire. To evaluate the influence of the slot shape, the authors used
4 different slot types with varying sizes, then based on Ansys Maxwell software to give the results of
the starting characteristics of the LSPMSM motor for each slot type. In addition, the authors also
changed two types of materials used to manufacture the squirrel cage rotor, aluminium and copper, to
evaluate the effectiveness of using each of these materials. The results provide a more comprehensive
view of the design of squirrel cage bars for LSPMSM motors.

Keywords: Line-start permanent magnet synchronous motor (LSPMSM), Asynchronous motor,
rotor slot geometry, cage material, ansys maxwell software.

Ngay nhan bai: 18/02/2025 Ngay nhdn bai swa: 24/04/2025 Ngay duyét dang bai: 28/05/2025

86 17(2025), 101-111 101 Tap chi Khoa hoc va Cong nghé




KY THUAT VA CONG NGHE

Tran Thanh Huyén va cng sw

1. PAT VAN PE

bong co dién dong vai tro chinh trong mot
s6 nganh coéng nghiép trén toan thé gidi vi
ching 1a xwong sdng cua nganh cong nghiép
ning va san xuat (Saidur, 2010). Trién vong ci
thién hiéu suit cua dong co da thu hut duoc
nhiéu sy chii y trong thap ky qua khi tinh dén
mdi quan ngai vé sy nong 1én toan cau va cac
tac dong moi truong khac. Pong co dong bd
nam cham vinh ciru (PMSM) di thay thé dong
co khong dong bd (KPB) trong nhidu tmg
dung va da giup tiét kiém dang ké ning luong
tiéu thu (McElveen, Holub, & Martin, 2017).
Tuy nhién, cac dong co PMSM khong c6 kha
nang ty khoi dong khi duge két ndi truc tiép
v6i hé thong dién va do do viée sir dung cac
dong co PMSM khong thé tré nén chiém wu
the.

Mot giai phap duoc cac nha san xuat dang
nghién ctru 1a két hop gitta dong co PMSM véi
roto 1dng soéc (con dugc goi la dong co
LSPMSM) (Palangar & cong su, 2021). Trong
truong hop nay, roto bao gdm: a) mot 1ong soc
tuong tu nhu nhiing dong co KPB tuong tng
nham cai thién moé men khai dong va mo men
dong co ¢ trang thai dong bo va b) Nam cham
vinh ciru (NCVC) tao ra mdé men dong bo ¢
trang thai lam viéc on dinh. bong co LSPMSM
nhitng nam gan ddy dang tré nén phd bién hon
vi chiing thé hién nhitng wu diém rd rang so voi
cac dong co KbB vé hiéu suét, hé sd cong suét
va mat do cong suét. Hon nita, dong co nay it
nhay cam hon véi d6 méo dién ap ngudn cung
cap. Tuy nhién, quy trinh thiét ké LSPMSM
kha khat khe vi c6 rat nhiéu thong sé hinh hoc
can duge chi dinh va nhiéu yéu ciu phai dugc
dap tng. Thuc té 1a dong co LSPMSM c6 hiéu
suét trang thai on dinh cao dé dang dat dugc
khi két hop quy trinh t6i wu hoa kha ning khoi
dong va van dam bao dugc lam viée & ché do
tdc do déng bo.

Nham dat duoc cac muyc tiéu trén, cic nha
nghién ctru da nghién ctru cho dén nay tac dong
cua hinh dang thanh réto (Jedryczka & cong

su, 2018), do tu cam tir hoa (Yan, Wang, &
Yang, 2017), mé men ham ctia nam cham, anh
hudng ciia cac khe ho khi lip dat NCVC
(Mingardi, Bianchi, & Dai Pr¢, 2017), ... Hon
nira, nhiéu c4u hinh roto da duoc dé xuét va
mot s6 cAu hinh "lai" ciing d3 dwoc phat trién
dé dat dugc hiéu suét cao hon, tiém nang tiét
kiém ning luong 16n hon va thé tich nam cham
nhé hon. Phan 16n céc cdu trac trén d3 duge
nghién ctru day du trong truong hop dong co
LSPMSM “cé dién” c6 NCVC bén trong s&
duogc sur dung trong cac ung dung khac nhau
(Iyer & cong su, 2018). Dbi véi dong co
LSPMSM, chi mét sb it cong trinh nghién clru
da dong gop cho hudng nay khi xem xét cang
nhiéu dic diém trang thai 6n dinh va tam thoi
cang tot. Hon nita, nguoi ta thdy rang tai liéu
thiéu cac vi du trinh bay mach tur chinh xac cua
LSPMSM, dac biét 1a khi str dung nghién ctru
céu hinh cta roto khi gin NCVC bén trong
nhiéu 16p hodc nhiéu doan.

Xét dén nhimng diéu trén, bai bao di dé cap

dén anh hudng clia két cAu ranh roto va vat liu
ché tao thanh din roto dén dic tinh lam viée
ctia ddng co LSPMSM. Trong phan nay, nhém
tac gia c¢b dinh vi tri nam chdm véi hinh dang
va kich thuéc NCVC khéng ddi, cha yéu danh
gia dén hinh dang va vat liéu ché tao thanh dan
roto gitp cai thién dac tinh khdi dong cua dong
co LPSMSM.
2. MO HINH TOAN VA CAC THONG SO
THANH DAN ROTO CUA PONG CO
PONG BQ NAM CHAM VINH CUU
KHOI PONG TRUC TIEP

2.1. M6 hinh toan hgc cia dong co
LSPMSM khi khéi dong

Hé phuong trinh dién ap stato trén hé quy
chiéu d-q (Yang, Yan, & Wang, 2023).

d¥
(u =Ri +__ " —oV¥
sd s sd r sq
J| a¥ 1)
Luw = Rsiw + d tSq _('Or\Psd
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_H¢ phuong trinh dién ap roto trén hé quy
chiéu dq:

( d‘Prd

| urd = Rrird + = 0 2

<{| J @
ur = Rrir + — 1 0

L q q dl‘

Trong d6: or trong ng 14 toe d6 goc roto.
Yrd, Wrq tuong ung la tir thong moéc vong roto
do NCVC sinh ra, tir thong moc vong roto quy
d6i doc truc va ngang truc. ¥sd, Wsq tuong tng
la tir thong mdc vong stato doc truc va ngang
truc. isd, isq la thanh phén dong dién stato doc
truc va ngang truc. ird, irq 1a thanh phan dong
dién roto quy ddi doc truc va ngang truc. Rs,
Rr 1a twong Gmg dién trd ctia ddy quan stato va
roto. Phuong trinh tr thong cia stato va roto
(Yang, Yan, & Wang, 2023):

T =3£FL(L -L

)i i +(L i

mq = sd sq md rd

Trong d6: i‘rd, i‘rq 14 thanh phan dong
dién réto quy ddi doc truc va ngang truc. Pat:

TRT = (Lmd _Lmq )isdisq

T

=L i' i —L i i

]
mdl rd “sq mq” rq “sd

T

MT

=V i
m”sq

Do d6, ta phan tich mé men dién tur ra [am
3 thanh phan:

T,=Ty+T;+T,, (7)
V6iTRT, TIT va TMT: tuong ng 1a thanh

phan mo men tir try, mé men KDB va md men
kich tir do NCVC sinh ra.

Ttr phuong trinh (7), c6 thé thdy mo men
dién tir cua dong co LSPMSM phuc tap hon
nhiéu mé men cua dong co KPB va dong co
déng bo NCVC. Thanh phan mé men TRT va
TMT tuwong Ung 13 thanh phan mé men cua
dong co ddng bd NCVC, thanh phan nay khi

{ ‘&/\Psd = ((Lsd +L, d))iisd + L,y + P,

=(L +L +L i 3)
|L sq sq mq sq mq rq
{L;}P,d = er + Lmd ird + Lmd ixd + ‘Pm (4)
=(L +L )i +L i
|L q q mq rq mq sq

Trong d6: Wm 1a tir thong moc vong stato
do NCVC sinhra, Lsd, Lsq, Lmd, Lmq lan luot
la dién cam tan day quén stato, dién cam tir hoa
déng bd doc truc va ngang truc. Lrd, Lrq la
tuong Ung 1a dién cam tan réto doc truc va
ngang truc. Phuong trinh mé men dién tir cta
dong co LSPMSM dugc xac dinh nhu sau
(Yang & cong su, 2023):

3p . .
7—; - T(Tsdlsq _lPsqlsd) (5)
Hay
i =L ' i )+¥ i || (6)
sq mg rq sd m sq

khoi dong nhé hon rat nhiéu thanh phan TIT.
Do d6 thyc té khi khoi dong mé men cia dong
co LSPMSM phu thudc 16n vao thanh phan mo
men KDB.

2.2. Dién tré va dién cam roto cia dong co
LSPMSM

2.2.1. Dién tro roto

Dién tr¢ cua cac thanh dan cta 16ng soc
roto dugc xac dinh theo phuong trinh sau (Qiu
& cong su, 2019):

RS @)
t 2
Trong d6 Rtd 1a dién tro thanh din 16ng
soc (Q); K, k2 1a cac hé sb; Z2 1a sb rinh roto
cia dong co KPB; p 1a dién tré suat cta vét
ligu thanh dan & nhiét d tinh toén; St la tiét
dién thanh dan réto (mm2); 1’2 1a chiéu dai cua
roto (mm);
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Hinh 1. Kich thwéc rinh dé xac dinh chiéu sau quy ddi rinh réto

Nguon: Két qua nghién ciru cia nhom tdc gia

Khi khoi dong thi da phan dong dién s&
chay trén bé mat cua thanh din phia ngoai gan

in R 0me i FodQn K NP hE ASHE RiEL DR

mat cang 16n thi mé men khdi dong cua dong
co s& cang 1on. Vi vay dé xac dinh chiéu sau
ctia ranh khi lam viéc, ta c6 cac thong sd cua
ranh nhu Hinh 1 (Ghosh va céng su, 2019).
Trong d6 hrY 1a chiéu cao cua ddng (Cu) hay
nhom (Al) trong ranh; hr 1a d6 sau ctia ranh quy
ddi khi ¢6 hién tuong hi€u ing lam co sé tinh
dién tré thanh dan, hx 1a d6 sau cua ranh quy
ddi khi ¢6 hién tuong hiéu g lam co s tinh
dién cam thanh dan.

h o= s
" 1+k, ©)
th = h’lzkw

B

Trong d6 k¢ va ky 1a cac hé s6 phu thudce
vao chiéu cao tuong doi cua ranh.

— b’ S:](v .
h. =2mh, 10 ! /—”—1105 (10)
g by b, p

Vi br’/br 1a bé rong cia thanh din so véi
bé rong cua ranh; p 1a dién tro suét cua thanh
dan.

Nhu vay ta c¢6 dién trd thanh dan khi tinh
dén dong dién mit ngoai Rré (Yetgin, &
Durmus, 2021):

R, =R,k (11)

Trong d6 kr 1a hé s6 hiéu ing mat ngoai.
Pé danh gia anh huong ctia hinh dang ranh réto
ta c6 cac hinh dang ranh nhu mé ta & Hinh 2.
V6i cong thire tinh toan dién tich ranh nhu sau:

Dién tich ranh R1 (Br2 <Brl):

1(B Y

S, 1(B.Y W2 g+ 12
1U5[2Jn+—2—1 2 [ QL%Jn (12)

Dién tich ranh R2 (B,2 = B):

S 2|:| Brl+Br2 H,z _|_BVO+B'”1 Hl (13)

Dién tich ranh R3: 2

Sr3 |_| (
\
Dién tich ranh R4 (tuwong tu R1 nhung B>

> Br]):
B

B

Tr a9
)

2

1(B

Sr 1 B"l ’ r r + 15
Al w (]
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Khi réto dic nhom thi dién tich rdnh va
dién tich nhém bang nhau. Néu roto sir dung
thanh dong thi dién tich ddng/dién tich ranh
dugc chon 1a 0,85. Pién trd roto khi xét dén
hiéu img bé mit (Tran Khanh Ha & Nguyén
Hoéng Thanh, 2001):

2R
R =R + v

% e w) (16
(ZSin —J
ZZ

Trong d6 R, 1a dién tréd vanh ngén mach,
Z> 14 s6 ranh stato.

B.» B

(a) Dang ranh R1 (b} Dang ranh R2

(c) Dang ranh R3

Khi d6 dién tré réto quy doi xét dén hiéu
ung mat ngoai xac dinh nhu sau:

R'y =Ryk  (17)

Trong d6 k 1a hé s quy doi day quéan réto
10ng soc sang stato. Nhu véy ta c6 thé thay khi
xdy ra hiéu img bé mat s& lam thanh ddi chidu
sall cua ranh roto tu do thay doi dién tro cua
roto va anh huéng dén moé men lam viéc va
khoi dong cia dong co.

{e) Kich thude cua NCVC

(d) Dang ranh R4

Hinh 2. Cac dang ranh réto va kich thuwéc NCVC ciia dong co LSPMSM 11 kW 4 cuc

Nguon: Két qua nghién curu cua nhom tdc gid

2.2.2. Dién cam roto

s -npf, wY

=l b U ss))

Dong dién mit ngoai gay ra sy thay doi hé

sO tir dan tan Ar2& cua ranh réto (Tran Khanh

Ha & Nguyén Hong Thanh, 2001) con cac hé

s6 tir tan khac khong bi anh huong. Khi d6 tong

hé s6 tir dan khi xét dén dong dién mat ngoai
s€ la:

A

Zkza = 7”»-2@ A+ Ay, (19)

Trong d6 At2 1a hé s6 tir dén tap, Ad2 1a hé
sO tir ddn phan dau ndi day quan.Ta co dién
khang tan cta roto khi xét dén hiéu tng mat
ngoai duoc tinh nhu sau (Trin Khanh Ha &
Nguyén Hong Thanh, 2001):

Réanh & Hinh 1, 2 ta st dung ranh dang
hinh qua 1& nén hé s6 tir dan tan xét dén hiéu
ung mat ngoai la:

]
+O,66—$|k L (18)

2b, |JW b

r0

¥, - x, 2 20
26 T 2 Z}\«z ( )

Trong d6 X> va Y/, tuong Ung la dién
khang tan va tong hé sb tir dan khong xét dén
hi€u rng mat ngoai.

Khi d6 dién khang roto quy doi xét dén
hiéu ing mat ngoai xac dinh nhu sau:

. 4y (wiky ) e
Z

%
2

Xy

Tir trén ta c6 thé thiy duoc anh hudng ciia
hinh dang ranh roto két hop véi hiéu ing mat
ngoai s& anh huong dén thong sé dau ra cia
dong co. M6 men dién tu KPB cua dong co
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LSPMSM khi ¢6 hiéu tmg miat ngoai (Tran
Khanh Ha & Nguyén Hong Thanh, 2001):

2
w=__ 1 mU pR':/s 27 (22)
2nf|L(R +CRY/s) +(X+CX) | I

T

Tu d6 ta c6 mdé men cuc dai KPB tinh dén
hiéu g mit ngoai (Tran Khanh Ha & Nguyén
Hong Thanh, 2001):

mU2p

Tmax& L
2021 fi [ +\/1< Hx cx )ﬂ (23)
|L1 1 1 12 J|

3. ANH HUONG VAT LIEU LONG SOC
VA HINH DANG RANH ROTO PEN PAC
TINH KHOI PONG CUA PONG CO
LSPMSM

3.1. Thiét 1ap md hinh mé phéng

Tir d6 ta c6 m6 men khdi dong KPB tinh
dén hiéu mg mat ngoai (Tran Khanh Ha &
Nguyén Hong Thanh, 2001):

mU?pR
N VAN PRI
w — S o Ter ) Ty Tex
1|L 1% T T |_]

T phuong trinh (22), (23) va (24), md
men KPB c6 lién quan dén dién khang, dién
h t
g S R A S A R
gia tri cua dién khang va dién trd cua roto thay
ddi tir d6 anh hudng dén dic tinh lam viée cua
dong co.

Phan mém Ansys Maxwell 12 phin mém
mg dung phuong phap PTHH dé mé phong va
mo hinh hoa. Nhom tac gia thiét 1ap mo hinh
md phong sir dung thong s dong co nhu sau
Béng 1.

Bang 1. Théng sb thiét ké dong co LSPMSM 11 kW 4 cuc

Thong sb Gia tri | Pon vi | Thong so Giatri | Ponvi
Toc d6 dinh murc ngy 1460 pm Cong suat dinh muc 11 kW
S6 ranh stato Z; 48 So d6i cuc 4

Puong kinh ngoai stato D, 272 mm Hé so ép chit 0,95

Puong kinh trong stato D 177 mm Chicu dai stato - r6to 105 mm
Vit liéu lam 181 thép stato %ﬁ(})eé_ 34 ranh roto 40

Do md mi¢ng ranh stato By 3.0 mm Khe hé khong khi 0,1 mm
Chiéu rong tdi da phan trén A qa z 1

clia ranh stit o By p 9,5 mm Kiéu day quan stato Hai lop

Chiéu rong déy than rinh stato Puong kinh diy bao gom

BSZ 7,0 mm CéCh dlén dcd 1,828 mm
Chiéu cao miéng rinh stato 2 \ 3

Ho 0,4 mm Chiéu cao vanh ngan mach | 22 mm
Chiéu cao than ranh stato Hy» | 22,5 mm Eg;l C) ddy quan (budc 10

Day dan stato Copper Puong kinh truc roto 53 mm
Vit liéu lam 16i thép roto ?8&(3)681_ Bé rong vanh ngfm mach |24 mm
Kich thuée DI cua NCVC 115 mm Kich thuée OI cua NCVC | 38 mm
Kich thudc Rib cua NCVC 2 mm Loai vat liéu lam NCVC NdFe35
Chicu rong cia NCVC 60 mm D¢ day cua NCVC 10 mm

Nguon: Két qua nghién ciru cia nhom tdc gia

Thyc nghiém mo hinh thiét 1ap st dung
thay doi cac kich thudc véi cac hinh dang ranh

roto khac nhau cho qua trinh mé phong nhu
Béang 2.
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Bang 2. Bang kich thwéc rinh réoto ciia dong co v6i s6 ranh roto khac nhau

oz Dang ranh cia roto
Thong so RI | R2 | R3 | R4

Long don

Do mé miéng ranh réto By (mm) 1,5 1,5 1,5 1,5

Chiéu rong toi da phan trén cua ranh roto B,; (mm) |7.8 5,56 11,36 8,0

Chiéu rong day than ranh réto B2 (mm) 3,0 5,56 11,36 8,0

Chiéu cao miéng ranh réto H,¢ (mm) 0,5 0,5 0,5 0,5

Chiéu cao than ranh stato Hs2 (mm) 20,0 20,0 3 0

Tong dién tich ranh roto S, (mm?) 1354 1354 1354 1354

Nguon: Két qua nghién ciru ciia nhém tac gia
Trong md hinh mé phéng dé dam bao co 11kW 4 cyc trong tai li€u cua Qiu va cong

chinh xéac, cac thong s6 co ban cua stato dong su (2019). Stato sir dung voi thong sé nhu
co cho timg truong hop déu giéng nhau, cac trong Bang 1 va dang danh vdi cach quan day
thong sd nay dua trén két qua tinh toan dong quan stato nhu Hinh 3.

o

B5'n 0"
\-!i"‘.’vovc
S

2o

(a)Dang va kich thude cua ranh stato (b)Day quan 2 1ap dong khuon bude ngan
Hinh 3. Dang ranh va cach quan day cia stato ctia dong co LSPMSM 11kW 4 cuc

Nguon: Két qua nghién ciru cua nhom tac gia

(c) Roto véi ranh R3 (d)Réto véi ranh R4
Hinh 4. Ciu triic roto ciia md hinh dgng co LSPMSM 11kW 4 cuc
Nguon: Két qua nghién citu ciia nhém tac gia

3.2. Panh gia két qua mo phéng hinh dang rénh va vat liéu 1dng soc roto khac

Sau khi mé phong ta c6 bang két qua tinh nhan:

cua cta dong co LSPMSM 11kW 4 cyc véi
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Biang 3. Bang két qua thong so ciia dong co LSPMSM 11kW 4 cwe véi s6 rinh réto khac nhau

Dang ranh va vit liéu long séc ciia roto
Thong sb R1+Cu | RI+Al | R2+Cu | R2+Al | R3+Cu | R3+Al | R4+Cu | R4+Al
(Dong) | (Nhom) | (Pong) (Nhém) | (Pong) | (Nhém) | (Pong) | (Nhom)
Dién tich ranh réto (mm?) 1354 1354 1354 1354 1354 1354 1354 1354
Hiéu suat dong co (%) 97,378 | 97,378 97,108 97,108 | 97,2412 | 97,2412 | 97,4424 | 97,4424
H¢ s6 cong suat 0,9668 | 0,9668 0,9201 0,9201 0,5878 | 0,5878 | 09791 | 0,9791
MO0 men dinh muc (Nm) 70,0576 | 70,0576 | 70,0699 70,0699 | 25,3401 | 25,3401 | 70,0478 | 70,0478
Dong dién dinh mtrc (A) 16,2616 | 16,2616 | 17,1382 17,1382 | 9,68884 | 9,68884 | 16,0454 | 16,0454
M6 men cuc dai (Nm) 198,7411|198,7411| 196,7188 | 196,7188 |227,6209|227,6209 |173,6898 |173,5127
M6 men khoi dong (Nm) 249765 | 37,6436 | 24,1992 | 36,4892 | 30,5486 | 45,9397 | 18,9395 | 28,6242

Nguon: Két qua nghién ciru cia nhom tdc gia

Qua két qua Bang 3 c6 thé thdy khi s
dung vét li€u léng soc khoi dong 1a nhom thi
gitp cho dong co LSPMSM c¢6 m6 men khoi
dong sé& tét hon. Ngoai ra thi dong dién dinh
mirc va mo men cuc dai cia dong co KPB khi

sir dung vat liéu dong hay nhom thi gia tri gan
nhu trong duong nhau. Dé danh gia chinh xac
hon, nhém tac gia s&€ moé phong dong co
LSPMSM 11kW 4 cyc trén phan mém Ansys
Maxwell 2D.
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(8] The dé ddne cor vidi thanh din nham (e} e 0 ding co v thanh din déng

() Toe do dong cor v cae kich the rinh rata khic nhau

Hinh 5. Do thi toc do dong co LSPMSM véi dang rinh roto va vt liéu 10ng séc khac nhau

Nguon: Két qua nghién cuu ciia nhom tdc gia

Qua Hinh 5 ¢6 thé thiy cac dic tinh khoi
dong cua dong co LSPMSM phu thudc rét
nhiéu vao hinh dang ranh réto va vat liéu ché
tao 10ng soc cua dong co. Trén Hinh 5a c6 thé
thiy v6i ranh R3 dang ranh tron sat bén mit
r6to nén anh huong baoi hiéu tmg bé mat nhiéu
nhit 1am gitip dong co c6 thoi gian khoi dong
ngin, tuy nhién dong co nay co ton hao nhiéu
dan dén sai sé téc d6 lam viéc cao. Nguoc lai
d6i v6i rinh R4 1a ranh hinh 6 van c¢6 kich
thudc c6 Br2 > Brl nén hiéu Gng bé mit cua
dong dién trong réto khi dong co khoi dong

anh huong it nén co thé théy dd vot 16 tée do
thip. Qua Hinh 5b va 5c¢ c6 thé thay cac rinh
R1 (Br2 < Brl) va ranh R2 (Br2 = Brl) la dac
tinh gan nhu giéng nhau. Hinh 5d cho thay sy
khac nhau cua dic tinh téc do dong co khi thay
ddi vat liéu ché tao roto léng soc, khi st dung
thanh dan dong co thé thiy sai s6 téc do dugc
cai thién rd rét, toc d6 1am viéc bam sat tbe do
déng b6 hon, déng thoi do vot 16 cua tée dod
ban dau ciing thip hon so véi sir dung thanh
dan nhom.
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Hinh 6. Pd thi m6 men dong co LSPMSM véi dang ranh réto va vt li¢u 10ng séc khac nhau

Nguon: Két qua nghién ciru cua nhom tdac gia

Qua Hinh 6 c¢6 thé thdy cac dic tinh mé
men khoi dong ctia dong co dong b LSPMSM
cling bi anh huéng boi hinh dang ranh réto va
vat liéu ché tao 16ng soc. Trén Hinh 6a c6 thé
thay voi ranh R3 dang ranh tron sat bén mat
roto nén anh hudng boi hiéu ing bé mat nhidu
nhat lam giup dong co c6 md men khoi dong
16n ddng thoi bién do dao dong ciing it nhat tuy
nhién dong co nay khi lam viéc & ché do 6n
dinh thi c6 ggn song mo6 men 16n hon va gia tri
mo men lam viéc ciing nhé hon so vi cac dang
ranh khac. Nguoc lai ddi voiranh R1 vaR2 1a
ranh ¢6 kich thudc bang nhau kéo dai nén hiéu
g bé mit ciia dong dién trong roto khi dong

i R34+ Al

) R34Cu

co khoi dong nén d6 dao dong md men 16n.
Qua Hinh 6b va 6¢ c6 thé thay cac ranh R3 1a
ranh khic phuc dugc nhugc diém do ranh R2
va R4 tao ra do6 1a cai thién dugc mo6 men khoi
dong. Hinh 6d cho théy su khac nhau cua dac
tinh m6 men dong co khi thay ddi vat liéu ché
tao roto 16ng soc. Khi sir dung thanh dan nhom
¢6 thé thdy mo men khoi dong 16n hon dong
thoi d6 dao dong cua md men ciing it hon so
v6i str dung thanh dan dong. Hinh 7 cho thiy
phan bd cua tir thong trén roéto va stato cua
dong co voi cac truong hop hinh dang ranh
roto va vat liéu lé)ng soc khac nhau.

(d} R24+Al

“ N\
oty
Sme

(2} R4+Cu (h) R4+ Al

Hinh 7. Tir thong stato ciia t hop khe stato- réto khac nhau

Nguon: Két qua nghién ciru cua nhom tdac gia

Ttr Hinh 8 ¢6 thé thiy cac dic tinh co cuia
dong co dong bo LSPMSM khi mé phong 2D

trén phan mém Ansys Maxwell. Tir cac dudng
dic tinh cho thiy dong co LSPMSM réto co
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dang ranh R3 ¢6 m6 men khoi dong cling nhu
mé men cuc dai 1a tot nhat. PSi véi cac ranh
con lai thi rinh R1 va R2 c6 chat lugng dac tinh
co dao dong 16n véi mé men khoi dong. Déi
v6i R4 thi c6 mé men khoi dong c6 mdé men
cuc dai nho nhat. Piéu nay cho thiy dong co
LSPMSM véi ranh R3 14 thiét ké ti uu hon so

v6i cac loai ranh khac. D6i véi st dung thanh
dan bang nhom va dong thi c¢6 thé thay khi st
dung thanh dan béng nhom thi mé men cuc dai
khong khac nhau nhung mé men khdi dong
duoc cai thién 16 rét. Do d6 dong co LSPMSM
duoc thiét ké dang rdnh R3 mang lai t6i uu thiét
ké cho dong co LSPMSM

= R3+{u = R3+Al R4+Cu

cor (Nmj

Ma men ding

)
.
)
asof P\'/‘
N — R3-Al Ra+Al
s
o0

- 200
dd (vong/phar)

1800

Ra=Cu

(b} B tinh eo cua o
T
i o

Mo r

o vsi tha
y s00
2 RI+{u == R1+Al == R2+{u == R2+Al =
r R4+AL £ .
ALY 250k
. it d z i
E TR W TN e T S S 4 =
)
= O
g ssol RI-Cu
; R3-Cu
200 i}
e tinh ¢ !

,"‘r«;.l\‘i
|\~ T
— R2+Cu ]

1800
200 TRO0
Tée dé (vang/phat)

(e} Bic tinh ca cua dong covii thanh din dang

Hinh 8. Pic tinh co ciia dong co mo phéng 2D voi kich thwde ranh va viat liéu roto khac nhau

Nguon: Két qua nghién cuu ciia nhom tdc gia

4. KET LUAN

Trong bai bao nay, nhom tac gia sir dung
dong co LSPMSM 11kW 4 cuc dugc lam mo
hinh nghién ctru phan tich anh hudéng cua hinh
dang ranh roto va vat li¢u ché tao léng soc dén
ché d6 lam viéc cua dong co LSPMSM va rat
ra cac két luan sau:

- St dung md hinh mé phong trén phan
mém Ansys Maxwell v6i dong co LSPMSM
gitp danh gia dugc cac uu nhugc diém cua
tung dang ranh roto khac nhau cling nhu viéc
s dung céc vat li€u khac nhau ché tao léng
soc.

- M6 hinh nghién ctru véi 04 cu trac hinh
hoc khac nhau cho céc ranh roto cia dong co
va dong thoi st dung 2 loai vt liéu dong va
nhom dé ché tao thanh din réto. Nhom tac gia
da dua ra két qua va so sanh danh gia chi tiét
két qua dat dwoc nhu mod men va téc do cua
dong co LSMPSM;

- Thong qua cac két qua dat duoc co thé

théy dang ranh R3 va vét li¢u su dung ché tao
thanh dén roto 1a nhém 1a phuong phép t6i uu

nhat dé c¢6 dugec mo6 men cuc dai, moé men khoi
dong, thoi gian khoi dong cling nhu d6 gon
song mo men thap nhat.

Nhu vay cac két qua nay s& gop phan gitp
cac nha nghién ctru lam viéc trong linh vuc nay
so sanh cac hinh dang khac nhau cta khe roto
va vt liéu 16ng trong viéc t6i wu thiét ké dong
co LSPMSM, von 1a dong co tiét kiém nang
luong c6 kha ning thay thé cho dong co KDB
trong twong lai & Viét Nam. Bang cach 4p dung
phuong phap t6i uu hoa phu hop véi két qua
thu duge, co thé dat duge hiéu suét cao hon,
dac biét béng céch cai thién hé s6 cong suét ciia
dong co.
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