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TOM TAT

Poéng co khéng déng bd (KPB) la loai dong co duoc str dung rong réi nhét trong céc tmg dung
céng nghiép néi chung va trong céc thiét bj dién mé naéi riéng do céu tric chéc chan, gia ré, chi phi
bao tri thép va hidu suét cao. Pdc tinh lam viéc la mét trong nhitng théng sé quan trong nhét cta dong
co KPB, bi énh huéng nhiéu béi céu truc ciing nhw sé luong rénh réto. Do dé, cau truc va sé luong
rénh phéi dwoc thuc hién hop ly dé téi da héa hiéu suét ctia déng co trong qua trinh thiét ké dong co
khéng déng bd. Trong qua trinh thiét ké déng co KPB, viéc tinh toan sé luong rénh réto ciing nhw cac
théng sé khéc cé tdm quan trong rét I6m va cac hiéu tmg nhw gon séng mé-men xodn, tiéng én &m
thanh va rung déng co hoc can duwoc nghién ciru chi tiét. Trong ndi dung bai béo, nhém téc gid nghién
ctru dnh huéng cida sé luong réng rénh réto 1én ché do lam viéc cla déng co véi s luong réng rénh
khéc nhau. Nhém tac gid st dung dong co KPB Iéng séc 3 pha, cong suét 5.5 kW 4 cuc lam mé hinh

nghién ctru trén phdn mém Ansys Maxwell.

T khéa: Bong co khong déng bo (KPB), phdn mém Ansys Maxwell, rénh réto, déc tinh lam viéc,

méb hinh hoa.

1. DAT VAN BE

Bboéng co KBB ba pha chiém mot vij tri quan
trong trong bdi cadnh coéng nghiép toan cau vi
doéng co nay st dung trong hau hét cac hé théng
truyén dbng dong co dién trén toan thé gioi [1].
Cac trng dung quan trong clia dong co KDB bao
gdm hé théng quat lam mat, bom nwéc, déng co
bang tai, ... [2]. Do d6 ddi hdi sw can thiét phai
phét trién thiét ké t6i wu ctia dong co KDB ba pha
t quan diém chi phi thap, hiéu suat tét, it gon
séng moé-men xoan, hé sé cong suét tét va do én
dinh nhiét cao. Viéc lwa chon két hop ranh stato
va roto dé dat dwoc hiéu suét tdi wu la mot khia
canh bét budc cta thiét ké dong co KDB ba pha
[3]. Sw két hop thich hop gilra cac khe stato va
roto la diéu can thiét dé dat dwoc hoat dong
khong c6 tiéng 6n va dd rung cla déng co KDB
va dé loai bd anh huwéng cia mémen hai bac cao.

Anh hwéng cta sb lwong ranh stato va cac
thanh dan réto dén gon séng mé men dién tir cla
dong co KBB ba pha trong qua trinh & trang thai

6n dinh da dwoc phan tich trong [4]. Céac tac gia
da trinh bay hé s6 gon séng mé-men xoan va
danh gia né cho cac hén hop khe khac nhau trong
réto léch va khong léch. Nguwdi ta quan sat thay
rang trong trwdng hop déng co KBB cé thanh
réto bi 1éch, gon séng mé men dién tr bi anh
hwéng rat nhidu, chi b&i sb lwong thanh réto chiy
khéng phai do sy két hop khe.

Anh hwéng cla té hop khe stato - réto da
dang dén hiéu suat cla dong co' cam (rng dién
ap cao 10 kV, 1000 kW (HVIM) da dwgc phan tich
trong [3] bang cach sir dung md hinh phan t& hivu
han (PTHH). Dwa trén mé hinh nay, cac dac tinh
hiéu suat nhw mé-men xodn trung binh, cong
suéat qua tai, mat do tr khe hé khong khi va gon
séng md-men xodn clia may dang xem xét dwoc
nghién clru va tlr d6 dat dwoc nguyén tac phan
phdi theo sb khe réto khac nhau. Ngoai ra, nhém
tac gia cling cung cap cai nhin sau sac vé ton that
I6i stato va tén that dong dién xody roto déi véi
cac khe réto khac nhau. Cudi cung, tai liéu nay
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da so sanh cac thong sb hiéu suéat ctia HVIM vé
suw thay déi s6 lwong khe réto va da di dén sb
lwong khe réto hop ly dé cai thién hiéu suét cua
dong co.

Sw phu thudc cla cac déc tinh hiéu suét cla
déng co KDB vao viéc lwa chon sbé ranh roto da
dwoc thtr nghiém trong [5]. Péng co KDB 6 cuc
réto khong léch cé cac stato gibng hét nhau
nhuwng cé sb khe réto da dang la 24, 28, 30, 40,
41 va 48 dwoc xem xét dé phan tich bang phan
mém FEM. Céac déng co KPB duogc coi 1a nay
dwoc nghién clru va so sanh bang phan tich hai
hda & quéa trinh kh&i dong va & tbc do 1440
vong/phut vé cac khia canh mat dd tir théng,
dong dién stato va mé-men xoan dién tir. Cac két
qua da cho thay tac déng cla viéc lwa chon dung
s6 khe roto dén hiéu suat cta dong co KDB.
Ngoai ra, nhitng két qua nay con cho thay rang,
dong co KDB v&i 48 ranh roéto co hiéu suat tot
nhét nhe hiéu suat khéi dong dang ké véi ham
lwgng hai hoa it hon va mat db tir thong khe hé
khong khi, cung v&i dap ng & tbc dd binh
thwdng clia ching. Do d6, viéc phan tich hiéu
suéat clia dong co KPB dbi véi cac td hop khe
réto-stato khac nhau trong giai doan thiét ké la
diéu khong thé tranh khéi. Viéc phan tich nhw vay
duwoc thye hién trong bai bao nay trén mét déng
co kbB mau sir dung phdn mém Ansysmaxwell
dé danh gia va so sanh.

2. PHUONG PHAP NGHIEN CUU

Khi nghién ctru anh hwéng cutia sb lwong rang
ranh réto dén hiéu suat va ché do lam viéc cla
dong co KDB, cac tham sb va cu trac stato va
sb cuc cla dong co nghién ctru khi thay dbi s6
lwong ranh roto 1a khong ddi. Ngoai ra dé& dam
b&o lwong ranh |a mét bién duy nhat khi s lwong
ranh thay ddi khac nhau ciing can ddm bao dién
tr& cta thanh réto bang nhau. Dién tré clha cac
thanh dan réto ciia déng co KDB 16ng séc dwoc
xac dinh theo phwong trinh sau [6]:

ki p

n=K=——=

o7, (1)

Trong do: r¢ 1a dién tré thanh dan 16ng séc (Q);
K, k2 1 cac hé sb; Z» 1a sb ranh réto cla dong co
KDB; p la dién tré suét cha vat liéu thanh dan &

nhiét do tinh toan; s; 1a tiét dién thanh dan réto
(mm?); I'2 1a chiéu dai cha réto (cm);

T phwong trinh (1) @& dam bao cling moét dién
tr& cla thanh dan rdto dwdi cac sé ranh khac nhau,
biéu thirc dwdi mau clia phwong trinh (1) phai dwoc
dam bao khong thay ddi. Tirc 1a téng dién tich cha
ranh réto la nhat quan. Do chiéu rong mé clia khe
réto cling anh hwéng dén tir treorng khe hé khéng
khi nén tng chiéu réng mé clia khe réto phai duwoc
gitr nguyén khong thay dbi.

Vay dién tr& cua réto xac dinh nhw sau [7]:
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Do d6, dién khang quy dbi ciia day quén réto
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Z,

"
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(®)

M6 men dién tir clia dong co KDB roto long
soc:

B mlUlzpr'z/s
27rf[(r1 +C1r'2/s)2 +(X1 +Cx', )2]

M (6)
Tl d6 ta c6 md men cwe dai clia dong co KDB
réto 16ng séc:

2
M =20, Uy -
nf [”1 +\/rl2 +(x1 +C1x'2)2}

Tl phwong trinh (7), m6-men cwc dai cla
dong co KDB c¢6 lién quan dén dién khang cla
réto. Do d6 khi thay ddi Z» thi lam cho dién khang

JOURNAL OF SCIENCE AND TECHNOLOGY QUI, VOL. 02, ISSUE 02, 2024



TAP CHi KHOA HOC VA CONG NGHE QUI, TAP 02, SO 02 - 2024

DIEN - TU DPONG HOA

cua roto thay dbi tir d6 1am thay ddi dén mé men
cwc dai ctia dong co.
3. PHAN TiCH VA MO PHONG
3.1. Thiét lap mé hinh mé phéng

Phan mém Ansys Maxwell [8] I& phan mém
&ng dung phuwong phap PTHH dé mé phéng va
mé hinh héa rat manh mé gidp nhém tac gia kiém
nghiém va hiéu chinh cac théng sé da tinh toan
duoc tir d6 1a co s& dé ché tao thir nghiém dong
co theo thiét ké.

Thwe nghiém mé hinh thiét 1ap st dung théng sb
déng co cho qua trinh mé phéng nhw sau bang 1.

Bang 1. Thong sd cta dong cod KDB 5,5kW 4 cuc

Théng s6 Giatri |[Ponvi

Céng suét dinh mirc 55 kW
Téc dd dinh mure 1455 Vip
Tan sé dinh mac 50 Hz
Khe h& khong khi 0,4 mm
Sé ranh stato 48 ranh
bién ap dinh mirc 220/380 Vv
DPuwong kinh ngoai stato 225 mm
Puwdng kinh trong stato 144 mm
DPuong kinh day dan 0,8118 mm
Vat liu ché tao 16i thép |Steel_1008

(b)Cdch qudn day

(a) Dang ranh

—=
="
AW

(¢) Déy qudn 1 Iop dong khudn
Hinh 1. Dang ranh va cach quan day cua stato

Trong mé hinh mé phéng dé dadm béo chinh xac,
cac théng sb co ban cua stato ddng co cho tirng
trwdng hop déu gidng nhau, céc théng sé nay dua
trén két qua tinh toan déng co 5,5kW 4 cuc trong
tai liéu [9]. Sé ranh roto Z» dwgc chon dé so sanh
va danh gia dua trén bang 10.6 [10], v&i sb ranh
stato Z1 1a 48 ranh thi ta c6 Z lan lwot twong (ing
can danh gia la 36, 38, 40, 44, 57 va 59.

3.2. Panh gia két qua mé phéng

Sau khi mé phéng ta cé bang két qua tinh cla

cla dong co KDPB v&i sb ranh réto khac nhau:

Bang 2. Bang két qua thong so ctia dong cd vdi so ranh roto khac nhau

i S6 ranh cua réto
Théng so6

Z;=36 | Z,=38 Z;=40 Z;=44 Z;=57 | Z,=59
Dién tré roto (Q) 0,5296 0,5296 0,5296 0,5296 0,5296 0,5296
Hiéu suéat dong co (%) 90,9422 | 90,9724 | 90,9798 | 91,0061 91,0451 | 91,0462
Hé sb cong suat 0,8599 0,8619 0,8625 0,8643 0,8669 0,8669
M& men dinh mrc (Nm) 35,8960 | 35,8926 | 35,8940 35,8935 35,8894 | 35,8885
Téc d6 dinh mrc(vong/phut) 1463,24 | 1463,30 | 1463,31 1463,36 1463,45 | 1463,46
Dong dién dinh mic (A) 10,5590 | 10,5299 | 10,5228 10,4978 | 10,4609 | 10,4601
Dong dién kh&i dong (A) 54,3451 | 54,8627 | 54,6006 54,855 55,4566 | 55,4729
Hé sé trwot dinh mirc 0,0245 0,0245 0,0245 0,0244 0,0244 0,0244
M6 men cwc dai (Nm) 125,523 | 128,057 | 126,962 128,332 131,528 | 131,625
M6 men khéi dong (Nm) 74,9124 | 76,1603 | 76,4802 77,6310 80,1119 | 80,303
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Qua két qua bang 2 c6 thé thay khi chon sb
lwgng rang réto khac nhau thi mé men khéi dong
va mO men cyc dai la khac nhau. Con cac théng
s6 nh md men dinh mdrc, tdc d6 dinh mrc, dong
dién dinh murc, hiéu suét dong co hay hé sé cong
suat thi thay ddi khéong dang ké. Khi sé ranh réto
thay ddi v&i gia tri tdng cao thi giup nang cao
dwoc mo men cwe dai va mo men khéi dong Ién.
Vi sb ranh roto clia ddng co Zz = 36 so véi Zp =
59 thi mé men cyc dai tang 4,8613%, m6 men
khé&i ddng s€ tang 7,1959%.

1800
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Hinh 2. Dac tinh toc do cta dong co vdi so ranh roto
khac nhau
Qua hinh 3, c6 thé thdy duoc dic tinh tbc do
ctia dong co KDB 3 pha 5,5kW 4 cuc khi thay ddi
sb ranh cla réto. C6 thé thdy duwoc khi sb ranh
cua réto tang Ién thi thoi gian khéi ddng ctia dong

co sé giam, tuy nhién trong trwong hop Z = 44
thi thoi gian kh&i déng clia dong co' KDB kha dai
va dac tinh cé chéat lweng kém hon so véi cac dac
tinh khac.
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Hinh 3. Dac tinh md men cta dong ca vai so ranh roto
khac nhau

Vé&i hinh 3, cé thé théy dwong dac tinh mé
men cla déng co rng v&i cac ranh réto khac
nhau, cling nhw hinh 3, cé thé thay déc tinh cla
dbng co co ranh réto Z; = 44 1a ¢6 do dao ddng
khong &n dinh I&n nhat, con trwdng hop ranh réto
la Z, = 57 va Z> = 59 la c6 d6 dao doéng khi khéi
dong la nhd nhat. Nhw vay co thé thay trong cac
phwong an chon thi viéc Iwa chon rénh réto la Z»
=57 hodc Z» = 59 sé cho két qua dau ra mé men
khi kh&i dong la tét nhét.

(d) Z,=44

(e) Z,=57

(f) Z,=359

Hinh 4. Mat do tir thong stato ctia to hop khe stato- roto khac nhau
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Hinh 4 cho thay thdy phan b clia mat do tir
thong trén réto va stato clla déng co voi cac
truorng hop thay ddi sé ranh cla réto khi dong co
da én dinh toc do.

Qua bang 3 va hinh 5 c6 thé thy d6 gon
séng ctia mdé men nhd nhét khi s6 ranh réto 1a Z»
= 57 v6&i 0,58%, tiép theo 1a Z> = 59 vé&i 0,71%
sau d6 la Z> = 38 va Z; = 36 twong tng la 0,95
va 1,39. V&i sb sanh roto 1a Z, = 40 va Z = 44 ¢6

dd gon séng lén nhat 1a sb ranh réto Z, = 44 voi
2,4%. Tuy nhién, viéc ché tao sb lwong ranh réto
I&n ciing s& anh huwéng dén két ciu co khi cla
réto, gay khé khan cho viéc ché tao. Théng qua
cac théng s md phéng cé thé thay sé ranh réto
Z» = 38 1a s6 ranh thich hop nhat vé téi wu cong
nghé va chi sé. Tuy nhién néu céng nghé ché tao
déng co khdéng anh hwéng dén viéc lwa chon thi
ta chon s6 ranh roto Z, = 57 sé thich hop hon Z2
= 59 do cé dd gon séng mé men thap hon.

Bang 3. Gon séng md men khi on dinh cia dong co véi so ranh réto khac nhau

. . S6 ranh cua roto
Thoéng so
Z>=36 Z,=38| Z,=40 |Z,=44 |2Z,=57| Z,=59
M6 men trung binh theo RMSV (Nm) 35,53 35,55 35,56 35,52 | 35,52 35,54
Sai s6 mé men theo RMSE (Nm) 0,494 0,337 0,785 0,853 | 0,207 0,252
D6 gon song mé men (%) 1,39 0,95 2,21 2,40 0,58 0,71

Trong hinh 5 mé6 ta dac tinh co clia dong co
KDB, c6 thé thay véi Z, = 57, Z2 = 59 va Z, = 38 thi

180 T

dwéng dac tinh 6n dinh va it dao dong hon so voi
cac sb lwong ranh Zo = 36, Zo = 40 va Z, = 44.
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Hinh 5. Dac tinh cd ctia dong cd mo phong 2D vdi so ranh rdto khac nhau

Trong hinh 6a cé thé thdy dwoc twong tw nhw
hinh 2 va 3, khi kh&i dong dong dién clia cac ranh
roto khac nhau co bién do kh&i dong twong tw
nhau nhwng khac nhau vé thoi gian khéi déng.
Tuy nhién khi 6n dinh thi dao déng giébng nhau

diéu d6 cho thay khi én dinh thi ranh rd to khac
nhau khéng anh huéng dén déc tinh 6n dinh cua
dong dién. V&i hinh 6b cling cho thay d&c tinh
cuia dién ap dong co khi 6n dinh véi cac ranh réto
khac nhau déu giéng nhau.
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Hinh 6. Dién ap va dong dién cla dong co vdi so ranh roto khac nhau
4. KET LUAN tai cao, thdi gian kh&i déng rat ngan, dé gon séng

Trong bai bao nay, déng co KBB 5,5kW 4 cuc
duwoc lay lam vi du dé phan tich anh hwéng cta
suw két hop ranh stato - réto khac nhau dén hiéu
suét clia dong co KDB va rut ra cac két luan sau:

- Khi duing t6 hop ranh stato — roto 1a 48/38
giup md men cwc dai cao hon cac dong co co
s6 lwong ranh twong tw, c6 dd gon séng md
men thap khi 6n dinh, t&i wu dwoc vé cong nghé
ché tao so véi viéc chon sé lwong ranh 16n;

- Khi dung t6 hop ranh stato — réto 1a 48/57 thi
mo men cwe dai Ion giup déng co chiu dwoc qua

mo6 men nhd, tuy nhién &nh hwéng dén két cau
co khi cta réto, phire tap hon trong ché tao.
Nhw vay cé thé thdy dwoc viéc lwa chon s
lwong ranh réto sé anh hwédng tryc tiép dén thoi
gian khéi dong, mé men cwc dai va do gon séng
clia md men dong co khi 6n dinh. Théng qua qua
trinh mé hinh hoa trén phan mém Ansys Maxwell
gilp cho nguwdi thiét ké cé thé téi wu dwoc sb
lwong ranh réto ddm bao dwoc yéu cau vé kj
thuat cling nhw vé cdng nghé ché tao va van cé
dam bao dwoc hiéu suat va ché do lam viéc tét.
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ABSTRACT:

Asynchronous motors are the most widely used type of motor in industrial applications in general
and in mine electrical equipment in particular due to their sturdy structure, low price, low maintenance
costs, and high performance. The structure and the number of rotor slots greatly influence the working
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characteristics of an asynchronous motor. Therefore, during asynchronous motor design, we must
make the structure and number of slots reasonable to maximize motor performance. When designing
asynchronous motors, it's critical to calculate the number of rotor slots and other parameters, as well
as to thoroughly study the effects of torque ripple and motor vibration. In the article, the authors
research the effect of the number of rotor groove teeth on the working mode of motors with different
numbers of groove teeth. A 3-phase squirrel cage asynchronous motor with a capacity of 5.5 kW and
4 poles was used as a research model on Ansys Maxwell software by the authors.

Keywords: Asynchronous motors, Ansys Maxwell software, rotor slots, working characteristics,
simulation model.
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