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TOM TAT

Trong céng nghiép khai thac mé than hdm 16 cé rat nhiéu phu tai dién str dung déng co dién di bo
rotor I16ng sé¢ lam déng co lai nhw quat cuc b, bom nuwéce, béng tai,... Cac déng co loai nay thuong duoc
nhép tir cac nuéc Nga, Trung quéc, Ba Lan, ... va hién nay duoc ché tao & trong nuée. Céc déng co nay
duoc ché tao theo Tiéu chuén va co hiéu suét ndm trong day IE1, tic la 6 hiéu suét c& 70% tré I1én. Do
d6, nhu céu san xuét loai déng co thay thé khac cé hiéu suét cao hon cang tré nén cép béach.

Trén thé gidi, nguoi ta da tmg dung vét liéu mét dé ter cdm cao va nam chédm vinh ctru (NCVC) dé
ché tao déng co déng bé nam chadm vinh ciru khéi dong truc tiép (LSPMSM) tir lui tiét kiém dién va
hiéu suét cao nam trong day hiéu suét IE2 va IE3 véi déi cong suét tir vai W dén hang trdm kW. Trong
néi dung bai bao, nhém téac gia dwra ra két qua dénh gia so sanh giira 2 déng co LSPMSM va KBB 11kW

quat cuc bé YBT-52-2 ¢6 cuing théng sé thiét ké ttr dé dua ra céi nhin khach quan cho ngudi doc.

Ttr khéa: Péng co khdng dbng b, déng co, dong co déng boé nam chadm vinh ciu khéi dong truc
tiép, phan mém Ansys Maxwell, quat théng gié phong né.

1. DAT VAN BE

Hién nay da c6 nhiéu van ban quy dinh vé tiét
kiém nang lwgng dién cho déng co dién dugc
dwara & Viét Nam. Céac chi tiéu chii yéu lién quan
dén cap hiéu suat clia dong co dién cé cong suat
ra t6i da xap xi 200 kW bd&i vi cac dong co thudc
c& nay duoc lap dat véi sé lwong I6n va hiu hét
cac bd phan cla déng co duwgc san xuét hang
loat. TCVN 6627-30 (IEC 60034-30) [1] da dinh
nghia cap hiéu suat IE dbi v&i dong co dién roto
lbng séc mét tdc dd va quy dinh qui trinh thiy
nghiém: 1E1: Hiéu suét tiéu chuan; IE2: Hiéu suat
cao; |E3: Hiéu suét dic biét cao; IE4: Hiéu suét
siéu cao.

Théng gié moé dong mét vai trd quan trong
trong khai thac ham 16, dic biét 1a nhirng mé khai
thac & nhirtng d6 sau Ién. Hién nay cac quat
théng gié st dung trong cac mé than ham 1o
thwong dwoc nhap khau tlr cac nwéc: Trung
Quéc, LB Nga, Ba Lan... hodc ché tao nguyén
mau theo cdng nghé va giadi phap ci nén hiéu

suéat 1am viéc thap, cac quat thong thudng lam
viéc v&i hiéu suét dat IE (14 tiéu chuan hiéu suét
vé su chuyén héa nang lwong tir dién nang sang
co ndng cho ddng co khdng ddng bd ba pha dién
ap thap trong dai cong suét tr 0,75kW dén
375kW) hoac cao nira ciing chi dat mic tiéu
chuén IE1. Viéc nghién ctvu st dung quat théng
gié ma tiét kim nang lwong cé hiéu suat cao dat
murc tiéu chudn IE2 (tiéu chudn tiét kiém dién
nang va bao vé méi trvong da duwoc xir ly & cong
nghé cao cép) trong nwéc huwéng dén muc tiéu
gidm tiéu hao nang lwgng dién lam chd cong
nghé, nang cao nang suét va gidm chi phi dau tw,
chi phi van hanh Ia hét strc can thiét va cip bach.

Trong néi dung bai bao, nhém tac gia tinh
toan théng sé cu thé dong co KDB 11kW cla quat
cuc bd YBT-52-2 véi cac thdong s phu hop voi
tiéu chuan [2], sau d6 nghién clu cac théng sb
kh&i dong, tén hao thong qua méd phdng cac déc
tinh kh&i dong, tén hao bang phan mém Ansys
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Maxwell dung phwong phap phan t& hiu han
(FEM). Ttr d6 danh gia kha nang trng dung clia
dong co LSPMSM dbi véi quat gié trong cac md
ham 0.
2.CO SO'LY THUYET
2.1. Cau tric dong co khéng dong bé va dong
b6 nam cham vinh ctru kh&i dong true tiép.
Céu tric cta dong co KBB 3 pha dwoc biéu
dién trén hinh 1. CAu tric cta dong co déng bod
nam cham vinh clru kh&i déng trwc tiép duwoc
biéu dién trén hinh 2.

Stato

Truc dong co

Day quan stato

Day quéin roto

Hinh 1. Cau triic ctia dong ca khdng dong bé 3 pha 4 cuc

Dayauanstat Nam chdm vinh ctru

Truc ddng co

Roto Day quan khdi

déng
Hinh 2. Cau tric cia dong ca LSPMSM 3 pha 4 cuc

Pong co LSPMSM cé ciu tao stato gidng
déng co KDB, roto ¢6 dang 16ng séc, tuy nhién
roto déng co' dwoc gan thém cac thanh NCVC
trén bé mé&t hoac gan chim trong I8i thép.

2.2. M6 hinh toan ctia dong co’
2.2.1. Béng co’ khéng déng bé

M@ hinh tinh toan déng co dién KbB dwgc mo
ta chi tiét trong cac tai liéu [4].[6].[7]. Qua day
nhém tac gia cé thé tdng hop cac phwong trinh ly
thuyét co ban nhuw sau:

Phuong trinh dién ap stato:

Hé phwong trinh tinh toan dong dién trén roto
va stato:

di, 1 di

— =y, ~ir~L,~L~wLi,~oLi, | (1)
dt LS ( ds qs's 'm dt 's"ds ‘m dr}

diy, =i(vdy —ir —LmﬂJrcoLyiqq +a)Lmiq,.j (2)
dt L gy e

di di

|
L=y —ir—-L L -—wlLi, —wL i (3)
d[ L’£ qr qr'r ‘m dt rodr mdvj

diy (LY oL oL | @)
g L\'* dt ! ’

Trong dé: w;, w twong trng |a tbc d6 géc roto
va tbc do tir truong stato. Wm, War, W twong
trng la ttr thdng moc vong stato do NCVC sinh ra,
tir thdng maéc vong roto quy ddi doc truc va ngang
truc. Was, Wos trong g la tr thdng moc vong
stato doc truc va ngang truc. Ls, Lmd, Lmq 1an lwot
la dién cdm tan day quén stato, dién cam t hoéa
df‘)ng b6 doc truc va ngang truc. L’r 1a dién cam
tan roto quy dbi. igs, igs 1a thanh phan dong dién
stato doc truc va ngang truc. i'ar, i'qr 1a thanh phan
dong dién roto quy ddi doc truc va ngang truc. rs,
r- 1a twong (ng dién tré cla day quan stato va
roto.

Phuwong trinh xac dinh mé men dién tir cla
ddng co KDB:

p C ..
Mdt = ELm (lqsldr - ldvlqr) (5)
trong do: p la sé doi cuc cla roto.

Phwong trinh can bang mé men cta déng co:

aw,
dt

trong d6: M¢ la mdé men can, J la quan tinh cla
roto.w; tbc dd géc cua roto.

M,=M,+J (6)

Tw (6) ta co thé tinh dwoc tbc dd goc co w;
cua roto:

M,-M
= [| e |
W, f( 5 ] ()

2.2.2. Béng co déng bé nam cham vinh ciu
khéi déng truec tiép
Hién nay trén thé gi¢i c6 nhiéu nha nghién
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cu khéng chi nghién ciu tébng quat déng co
déng bo va KDBB [6], ma con di sau xay dung
nhitng md hinh cu thé vé déng co LSPMSM
[3].[4].[5]. Théng qua d6 nhom tac gia tdng hop
lai mé hinh toan dwdi day:

DPau tién phuwong trinh dién ap stato va roto
cla dong co LSPMSM twong tw nhw phwong
trinh cda stato va roto clia dong co khdng déng
bd. Diéu nay cé thé thdy dwoc do ciu tao phan
stato va roto clia dong co LSPMSM vé&i déng co
KBB twong dbi gibng nhau (hinh 1,2)

Phwong trinh tr thdng cla stato va roto:

Trong d6: wr, w twong (ng 1a tbc dé goc roto va
tbc do tw trwong stato. W, War, W twong ting
la ttr théng méc vong stato do NCVC sinh ra, tw
thdng moc vong roto quy ddi doc truc va ngang
truc. Wys, Wos trong ng 1a tir thbng moc vong
stato doc truc va ngang truc. Ls, Lmd, Lmg lan lwot
la dién cdm tan day quén stato, dién cam t hoéa
df‘)ng b6 doc truc va ngang truc. L’r 1a dién cam
tan roto quy dbi. igs, igs 1a thanh phan dong dién
stato doc truc va ngang truc. i'ar, i'qr 12 thanh phan
dong dién roto quy ddi doc truc va ngang truc. rs,
r- 1a twong (ng dién tré cla day quan stato va
roto.

Y, = (L +L )ld +L i', +¥' (8) Phuwong trinh mdé men dién tr cia dong co
LSPMSM dwoc xac dinh nhw sau:

¥, =(L,+L,, )i, +L,i", ©) s p
Mdt = __(lPdsiqs _\quidx) (12)

V', =(L'+ L)'+ L i +¥', (10 22

. , Thay (8), (9) vao (12) ta co:
W, =(L'+ L, )i+ L, (11)
M, = 3P L, +L )i, +L i' +¥' )i L _+L L
dt _53((( ds + md)lds + mdl dr+ m)lqs _(( qs + mgq ) + mql qr)lds)
3P . o L
g Mdt = 53(([%3 + Lm )lds qs +Lmdl dr qs + IP (qu +Lmq)lqslds _Lmql qr lds)

oM, =%§((Ld5 +L —L —L

qs mq

P ' o . g
)ldslqs + \P m lqs +Lmdl dr lqs _Lmql qr lds)

VGi Lg = Lgs + Lma: Dién cdm day quén stato doc truc. Lq = Lq + Lmq: Dién cdm day quén stato ngang

truc. Ta c6 phwong trinh:

M, = %g((Ld — L, )igi, +¥",

hay:

3P
M, :—E(Mkdb+Mkt+Mm) (14)

t

Nhw vay mé men clia dong co LSPMSM bao
gom 3 thanh phan:
- Mkeb: Thanh phan mé men KDB;
- Mke: Thanh phan mé men kich ti;
- Mi: Thanh phan md men tw tré;
T phwong trinh (13) ta c6 thé thdy mé men
dién ttr LSPMSM phtrc tap hon nhiéu so v&i déng
co KDB va déng co dong b6 NCVC.

(Ll 'y iyy = L', ids)) (13)

Thuc té cac thanh phan My va My 1a thanh
phan twong ng déng co déng bd NCVC con
thanh phan Mk twong ng déng co KDB va
thanh phan Mk cling dong vai trd quyét dinh dén
kha nang kh&i déng ctia ddng co LSPMSM.

Vé phuwong trinh tinh toan mé men dién twr va
tbc d6 dau ra clia dong co LSPMSM thi ciing twong
tw nhuw clia dong co KDB da mo ta phan trén.
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3. MO PHONG VA KET QUA S
Phan mém Ansys Maxwell [7] 1a phdn mém 17500-] =

&ng dung phwong phap FEM d& mé phéng va md s00.]

hinh héa radt manh mé gitp tac gid mé phdng va :

hiéu chinh cac thong sb da tinh toan. Trong phan é"”"’

mo phdng, nhom tac gia da tinh toan ra théng sé o] 1

ctia dong co KDB 11kW 4 cuc, dién ap dinh mic — Town

380V/660V va tan sb 50Hz d4u sao lai cho quat @25 I A RN N TR o

cuc bd YBT-52-2 v&i dong co LSPMSM c6 thdéng Hinh 3a. Dac tinh co dong co KB

sb stato va roto twong (rng dya trén tinh toan tir - _ .

déng co KDB va duoc tinh toan va 1&p thém 2 . — nusion Toue "

cap nam cham vinh ctru.

Bang 3.1. Két qua tinh toan thong so cd ban cia dong

co KbB
Gia tri mé phéng | Ciatr
theo tiéu
TT | Théngsé pC chuan ISO
DC KDB 9001 :
LSPMSM | 2000 (2]
1 | Hieusudt | o a5 | 070378 | 875
doéng co, (%) ' ’ '
o | HESOCONG | aense | 0.090198 | 0,87
suat
g (Momendinh) 2 208 | 70,0369 -
murc, (Nm)
Tbc dd dinh
4 muec, 1469,44 | 1500 1475
(vong/phat)
Dong dién
5 | dinhmac, | 19,5984 | 16,5093 22
(A)
Dong dién
6 | khoidong, | 73,0195 - 152
(A)
7 | Hesotuot )\ ha7as| - 0,016
dinh murc
M6 men cuc
8 | gai. (Nm) | 17646 | 204,9973 -
g | Hesomo | so75 | 292699 7
men cuwc dai
M6 men kha&i
10 | gong, (Nm) - 46,4057 -

- Dac tinh co cua déng co & tai dinh murc:

—— Magnet Generated Torque

—— Total Torque

)

020 040 060 080

Speed

Hinh 3b. Déc tinh cd déng cd LSPMSM

- Téc d6 va mod men theo thoi gian khéi dong:

Torque Max

well2DDesign1 &
1500.00

30000
250.00 —

200.00 —

M

[NewtonMeter]

2100.00 —

Moving1.Torg

T~

I 1250.00

= 1000.00

= 750.00

Moving1.Speed [pm]

F— 500.00

= 250.00

000

Torque

m / m
| /
Ml
il
‘ | | ‘ “ / |“ Wb iy
1) ‘ )“ M WW‘\,‘VWNW‘v“v‘u«w,‘"‘/ JV‘\“f‘\,ww“-“"‘fwh‘:"‘w“\/wJ"\;”“v“\\“"‘Vﬁ“f‘v‘\w\v‘“’f‘v‘W"\/W\v“V/‘v‘
10&00 20&00 mmmmmmm 30&00 40&00 500.00
Hinh 4a. Déng ca KDB

Maxwell2DDesign1 &
160000

Qurve nfo

Setupt : Transir

Sepf

— Moving! Torque.
nt

|— Movig1.Speed
1 : Transient

[ 1400.00

= 120000

- 100000,
r g
E-s0000 &
[ 0000 =

[ 40000

— 20000

£ o

0d00

Time [ms]

Hinh 4b. Béng co LSPMSM

5000 7500 12900 5000 7500

20000
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- Dong dién day quén stato cla déng co: L

Winding Currents Maxwell2DDesignt &

W

50.00 — I 000

300.00 —

175.00 —

Current(PhaseA) [A]
-

ol 100 200 fmm)

i Hinh 6b. bong cd LSPMSM
~** 4. KET LUAN

oo 10d00 20000 30000 40000 sodoo ss791
Time [ms]

Qua két qua md phdng chang ta co6 thé rat ra
Hinh 5a. Déng co KDB dwoc cac két luan sau:
-Pong co LSPMSM ¢ hiéu suét Ién hon so
Winding Currents Maxwel2DDesignt & . n , n x ,
v@i dong co KPB c6 cong suat twong wng (
97,1378 > 92,2185).

- Péng co LSPMSM c6 hé sb cong suét lon
hon so véi dong co KDB c6 cong suét twong trng
(0,990198 > 0,868056).

: : - Téc dd6 dong co 6n dinh véi gia tri 1500
- E vg/phut so v&i 1469,44 vg/phut ctia ddng co KBB
, - Gia trj dong dién dinh mirc va boi sb momen
[ cwc dai clia dong co LSPMSM nhé thua déng co
25‘00 50‘00 75‘00 100‘00 125‘05 150‘00 175‘00 20( 00737”0 KDB.

Time ms]

100.00 — = 25000

000 = 12500

seA) [A]

100,00 — Curve hfo 000

Ph:

Current(f
inducedVoltage (PhaseA) [V]

-300.00 —

-400.00
000

- V&i nhitng wu diém va dac diém trén ching
ta c6 thé sir dung dong co LSPMSM dé thay thé
cho cac déng co KBB hién nay dang st dung vé&i
céc tai co boi s6 momen mé may khéng can lén
nhw quat gid, bang tai trong mé sé mang lai hiéu
qua vé tiét kiém dién nang Ion.

Hinh 5b. Bong co LSPMSM

- Phan bb ti trwéng quay cta dong co & ché do
dinh mirc

- Phwong an cai tao déng co khéng déng bo
roto 16ng séc tré thanh déng co LSPMSM duoc
thwe hién béng cach cai thém 04 thanh nam
cham vinh clru vao trong roto Iéng séc sao cho
dam bao can bang dong va sw phan bé tir trwéng
can thiét trong 16i thép cua roto.

- Viéc tinh toan thiét k&, cai tao dong co KDB
thanh dong co LSPMSM c¢6 cung céng suét sé
dwoc tac gia cling nhw cac nhém nghién clru
Hinh 6a. Bong co KDB khac tiép tuc thwc hién tiép theo.
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ABSTRACT

In the underground coal mining industry, there are many electrical loads that use squirrel cage rotor
synchronous electric motors as hybrid motors such as local fans, water pumps, conveyors, etc. These
motors are usually imported from Russia, China, Poland ... and currently manufactured in the country.
These motors are built to the Standard and have an efficiency within the IE1 range, i.e. an efficiency
of about 70% or more. Therefore, the need to produce an alternative type of engine with higher
efficiency becomes more and more urgent.

In the world, people have applied high inductance and permanent magnet density materials
(NCVC) to make direct-start permanent-magnet synchronous motors (LSPMSM) from the grid to save
electricity and high efficiency. high in the IE2 and IE3 efficiency ranges with power ranges from a few
W to hundreds of kW. In the content of the article, the authors present comparative evaluation results
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between 2 motors LSPMSM and KDB 11kW local fan YBT-52-2 with the same design parameters,
thereby giving an objective view to readers.

Keywords: Asynchronous motors, Line - Start Permanent Magnet Synchronous Motor, Ansys
maxwell, Explosion proof ventilation fan, LSPMSM.
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