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NGHIEN CUU KHOA HOC

Nghién ctru hiéu qua thay thé dong co’ phong n6
khong dong bo 3 pha bang dgng co dong bo nam cham
vinh ctru khéi dong trwc tiep

Effectiveness research replacement of explosion - proof ventilation fan
asynchronous motor 3 phase by line-start permanent magnet synchronous motor

Tran Hivu Phic™, Tran Thanh Tuyén?, Tran Hiru Phan?, Nguyén Trong Cac?
*Tac gia lién hé: tranhuuphuc.qui@gmail.com

"Trwérng Pai hoc Cong nghé Béng A
2Trwdng Pai hoc Céng nghiép Quéang Ninh
3Trwdng Pai hoc Sao Do

Ngay nhan bai: 13/12/2022

Ngay nhan bai stra sau phan bién: 07/3/2023
Ngay chép nhan ding: 20/6/2023

Tém tat

Trén thé gi¢i, viéc (rng dung vat liéu mat d6 tir cdm cao va nam cham vinh ciru (NCVC) dé ché tao dong co déng
bd nam cham vinh ctru khéi dong truc tiép tir lwdi (LSPMSM) nham tiét kiém dién ndng va nang cao hiéu suat
nam trong day IE2 va IE3 da dwoc thuc hién véi dai cong suét tir vai W dén hang tram kW. Cac déng co loai nay
giam dwoc tén hao sat tir, trong lwong va nang cao hiéu suat; hé sé cong suat va chat lwong diéu khién trong
hé théng truyén déng dién. Do d&c thu cla céng nghé khai thac than trong mé ham 16 nén cac déng co khéng
déng bé v&i tai bom va quat giod ludn phai lam viéc trong nhirng diéu kién lién tuc va nang nhoc so v&i diéu kién
lam viéc cla cac thiét bi & cac maéi trweng khac. Nghién ctru va danh gia dwoc cac loi thé ctia dong co LSPMSM
thay thé dan dong co khéng déng bd (KDB) trong mé gitip ndm bét dwoc cac loi thé sdn cé clia LSPMSM ciing
nhw dé& dang chuyén giao cong nghé ché tao nd. Trong ndi dung bai bao, nhém tac gia dwa ra két qua danh gia
so sanh gitra 2 dong co LSPMSM va KBB 30kW c6 cuing théng s6 thiét ké tir d6 dwa ra cai nhin khach quan cho
nguwoi doc.

Tir khéa: Péng co khéng déng boé; déng co; dong co ddng boé nam cham vinh ctru khéi dong truc tiép; phdn mém
Ansys Maxwell: quat théng gié phong né; déng co KPB.

Abstract

Around the world, motors using high-inductance materials and permanent-magnet to Line - Start Permanent
Magnet Synchronous Motor from the grid with energy-saving and high-efficiency are in the IE2 and IE3 efficiency
ranges have been successfully researched and manufactured with many products with power ranges from a few
W to hundreds of kW, in order to reduce ferromagnetic losses, reduce weight, improve efficiency, and improve
the system. power quantity and control quality in electric drive systems. Due to the characteristics of coal mining
technology in underground mines, asynchronous motors with pump and blower loads always have to work in
continuous and arduous conditions compared to the working conditions of the equipment in the underground
mines. other environments. Researching and evaluating the advantages of LSPMSM motors to gradually replace
asynchronous motors in the mines helps to capture the available benefits of LSPMSM as well as easily transfer
technology to manufacture it. In the content of the article, the authors present comparative evaluation results
between two LSPMSM motor and asynchronous motors 30kW motors 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.

1. DAT VAN BE Viét Nam. Céc chi tiéu chd yéu lién quan dén cap hiéu
suét ctia déng co dién c6 cong suét ra ti da dén xap xi
200 kW bé&i vi cac dong co thudc c& nay dwoc l&p dat
v&i s6 lwong 16n va hau hét cac bd phan cla dong co
dwoc san xuat hang loat. TCVN 6627-30 (IEC 60034-
30) [1] da dinh nghia cép hiéu suét IE dbi v&i dong co

Hién nay, da c6 nhiéu van ban quy dinh vé tiét kiém
nang lwgng dién cho dong co dién dwoc dwa ra &

Nguw&i phan bién: 1. PGS.TS. Nguyén Van Lién
2. TS. P6 Van Binh
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dién roto 16ng s6¢c mét tbc dd va quy dinh qui trinh thé
nghiém: |E1: Hiéu suét tiéu chuan; IE2: Hiéu suét cao;
IE3: Hiéu suét dic biét cao;IE4: Hiéu suét siéu cao.

Thoéng gié mdé dong mét vai trd quan trong trong khai
thac hdm 16, dic biét la nhirng mé khai thac & nhirng
d6 sau lon. Hién nay cac quat thong gi6 st dung trong
cac md than hadm 16 thwong dwoc nhap khau tir cac
nwéc: Trung Quédc, Lién bang Nga, Ba Lan... ho&c ché
tao nguyén mau theo céng nghé va giai phap ci nén
hiéu suat lam viéc thap, cac quat théng thudng lam
viéc v&i hiéu suét dat IE (la tiéu chudn hiéu suét vé sy
chuyén héa nang lwong tir dién ndng sang co nang
cho déng co khéng ddng bd ba pha dién ap thap trong
dai cong suat tir 0,75kW dén 375kW) hodc cao nirva
cling chi dat mirc tiéu chuan IE1. Viéc nghién clru st
dung quat théng gié mé tiét kiém nang lwong coé hiéu
suéat cao dat mirc tiéu chuén IE2 (tiéu chudn tiét kiém
dién nang va bao vé méi trvong da dwoc xtr ly & céng
nghé cao cép) trong nwéc hwéng dén muc tiéu giam
tiéu hao nang lwong dién lam chi cong nghé, nang cao
nang suat va giam chi phi dau tw, chi phi van hanh la
hét strc can thiét va cap bach.

Trong néi dung bai bao, nhom tac gia tinh toan théng
s6 cu thé dong co KDB 30kW v&i cac théng s6 phu hop
vé&i tiéu chudn [2], sau d6 nghién ctru cac thong sb khéi
doéng, ton hao théng qua md phéng cac dac tinh khéi
déng, ton hao bang phdn mém Ansys Maxwell dung
phwong phap phan t& hiru han (FEM). Tir d6 danh gia
kha nang trng dung clia ddng co LSPMSM ddi v&i quat
gi6 trong cac mdé ham 10. Viéc tinh toan cu thé céi tao
déng co KPB roto 16ng séc lai cac quat gié trong mé
ham |6 nhdm muc dich st dung hiéu qua dién ning
trong cong tac khai thac mé sé duwoc tiép tuc nghién
clru & cac phan tiép theo.

2.CO SO’ LY THUYET

2.1. CAu tric dong co khong dong bo va déng bd
nam cham vinh ctru khéi dong truc tiép
CAu truc ctia dong co KBB 3 pha dwoc biéu dién trén

Hinh 1. C4u tric clia déng co ddng bé nam cham vinh
ctru khéi dong tric tiép dwoc biéu dién trén Hinh 2.

Slato\ /ﬁ(‘\' \ .-‘\\

Truc déng co

Diéy quén stato

DAy quén roto

Hinh 1. C4u truc cda déng co khéng déng bo
3 pha 4 cuc

Bayquanstat Nam cham vinh clru

Truc ddng co

Roto Day quan khéi

dong

Hinh 2. C4u tric cta dong co LSPMSM 3 pha 4 cuc

Pong co LSPMSM cé ciu tao stato giébng déng co
KDPB, roto cé dang ldng soc, tuy nhién roto déng co
dwoc gén thém cac thanh NCVC trén bé mat hodc gan
chim trong 16i thép.

2.2. M6 hinh toan cta dong co
2.2.1. Béng co’' khéng déng b6

M6 hinh tinh toan dong co dién KPB dwgc mo ta
chi tiét trong cac tai liéu [4], [6], [7]. Qua day nhém tac
gia co thé ténghep cac phwong trinh ly thuyét co ban
nhw sau:

Phwong trinh dién ap stato:

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

iy 1 oL % ori ol 1

=—|V, -1 T — —oLl, —@L 1

dt LS ds gs's ‘m dt s ds 'm"dr ( )

di, 1 di

— -1y —ir—-L —*+oli +oL i 2

dt LS ds ds” s m dZ sV qs 'm qrj ( )

diy, _ 1 ] L diy L i L i 3
=—\V —17r — — L1, —L 1

dt Lr qr qr'r ‘m dt r dr 'm"ds ( )

di, 1 , diy, . .

70[1 = L_,(vq’ —i,r.—L, dj +oLi, + a)Lmzqu 4)

Trong dé:

w, w trong trng 1a téc d6 goc roto va tde do tir triedng
stato. W', W', W twong Gng la tir thdng moc vong
stato do NCVC sinh ra, ttr théng méc vong roto quy doi
doc truc va ngang truc. W, qu twong trng la tw thé(\g
moc vong stato doc truc va ngang truc. L, L, Lmq lan
Iwot la dién cam tan day quan stato, dién cam tlr hoa
ddng bd doc truc va ngang truc. L', la dién cam tan roto
quy ddi. i, i 1a thanh phan dong dién stato doc truc va
ngang truc. i, ', 1a thanh phan dong dién roto quy doi
doc truc va ngang truc. r_, r_la twong (rng dién tr& cua
day quan stato va roto.

Phwong trinh xac dinh momen dién t& clia dong co
KDB:

M, = §Lm (iniy i) (5)

Trong dé:

p: Sé d6i cuc cua roto.
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Phwong trinh can bang momen cla déng co:

= aw, ®)
dt c dt

Trong dé:

M_: Momen can;

J: Quan tinh cla roto;
w: Téc d6 goc cua roto.

Tw (6) ta co thé tinh dwoc toc d6 goc co' w, cda roto:
M, -M
W = j Za e gy @)
J

2.2.2. Péng co dong bé nam cham vinh cteu khéi
déng trwec tiép

Hién nay, trén thé gi&i co nhiéu nha nghién ctru khéng
chi nghién ctru tbng quat déng co déng bd va KDB [4],
ma con di sau xay dwng nhirng mé hinh cu thé vé dong
co LSPMSM [3], [5], [8], [9]. Théng qua d6 nhém tac
gia téng hop lai mé hinh toan duwéi day:

DPA4u tién phwong trinh dién ap stato va roto clia déng
co LSPMSM twong tv nhw phwong trinh cua stato
va roto clia dong co khong déng bd. Piéu nay cé thé
thdy dwoc do cAu tao phan stato va roto cla déng
co LSPMSM véi dong co KDPB twong dbi gibng nhau

\Pds = (Lds +Lmd)idv +Lmdi'dr+ \P‘m (8)
W, =(L,+L,, )iy + L0, ©)
\P'dr :(L'dr+Lmd)i‘dr+Lmdids +\P'm (10)
W, =(L'+ L, )i+ L, (11)
Trong dé:

w, w: Téc d6 goc roto va tbe do tir triedng stato;
W, Wy, W Tl thong moc vong stato do NCVC sinh ra,
to thong moc vong roto quy déi doc truc vangang truc.

Y. lP .. Tlr thdng moc vong stato doc true va ngang truc.
L. L, L, Diéncam tan day quan stato, dién cam tir

md’

hoa dong bo doc truc va ngang truc;

L’ : Bién cam tan roto quy déi;
iger | e : Thanh phan dong dién stato doc truc va ngang
truc;

Vg 1 o : Thanh phan dong dién roto quy dbi doc truc va

ngang truc;
r., r: Twong (ng dién tré cla day quén stato va roto.

Phwong trinh momen dién tir cia déng co LSPMSM
duwoc xac dinh nhw sau:

(Hinh 1, 2). 3 P .
Phwong trinh ttr théng cula stato va roto: M, = 2 (lPle‘F LF‘Jflds) (12)
Thay (8), (9) vao (12) ta co:
3P . ., N
55(((L o+ L )i+ L'yt ¥ )i = (L + Ly )iy + Ly q,)zds)
3P . L
< Mdt = EE((Lds +L )lds qs + Lmdl dr lqs + LIJ' (qu + Lmq)quldx - Lmql qr de)
3P .
< Mdl = _5((Lds +Lmd _qu Lmq)ldr qs +\P' -l_LmdZ dr qs Lmql qr s)

VoL, =L, +L ;. Dién cdm day quan stato doc truc;
L, =L, +L,, Dién cdm day quan stato ngang truc.

Ta c¢6 phwong trinh:

3P '
M, = 22((L -1 )lds fy T (13)
N\ (Lmdi e lys — Lmqi 'qr 2 ))
Hay:
M, = 3§(Mkdb+Mkt+Mm’) (4

Nhw vay, momen clia dong co LSPMSM bao gém 3
thanh phan:

- M, .: Thanh phan momen KBB;

- M,; Thanh phan momen kich tir;

- M,,: Thanh phan momen tr trd;

T phwong trinh (13) ta c6 thé thdy mé men dién to
LSPMSM phtrc tap hon nhiéu so véi dong co KDB va
dong co dong bé NCVC. Thure té cac thanh phan M, va
M,, la thanh phan twong rng déng co déng bé NCVC
con thanh phan M, , twong tng dong co KBB va thanh
phan M, , cling déng vai tro quyét dinh dén kha néng
kh&i déng clia dong co LSPMSM.

Vé phuong trinh tinh toan mé men dién tir va téc do
dau ra cta dong co LSPMSM thi ciing twong tw nhw
clia dong co KDB da mo ta phan trén.

3. MO PHONG VA KET QUA

Phan mém Ansys Maxwell [10] la phan mém (rng dung
phwong phap FEM dé mé phdng va mé hinh héa rat
manh mé gilp tac gid mdé phdng va hiéu chinh cac
théng sb da tinh toan. Trong phan mé phéng, nhom tac
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gia da tinh toan ra théng sbé clia dong co KDB 30kW 4 g T :
cwc, dién ap dinh mirec 380V/660V va tan s6 50Hz dau o] M\
sao vo&i dong co LSPMSM c6 thdong soO stato va roto e S L I e
twong (rng dwa trén tinh toan tir ddng co KBB va dwoc i** _. =N = : i wjr
tinh toan va I&p thém 2 nam cham vinh ctru. g.mgl &,
Bang 1. Két qua tinh toan théng sé co bén cua 'm;’fl'll.-' -
dbéng co KDB i _ -
o e T TGRS e ™
Gia tri m6 phéng Gia tri theo . .
TT  Thong sé pC pCc | tiéu chuan ISO Hinh 4,b' Bong co LSPMSM
KPB |LSPMSM| 9001:2000 [2] - Dong dién day quan stato ctia dong co.
on X a ki Winding Currerts

1| Hieu suat dong | o; 5185 | 97,9197 91

co (%)
2 | Hé s6 cong suét |0,864539 0,93883 0,89
g Mo men dinh4oq 65| 190,878 ;

mcrc (Nm)

Téc d6 dinh mire
4 (Vong/phut) 1484,22 1500 1475
5 Dong dien dinh | o) 20 | 57 9914 325

murc (A)

Dong dién khai
6 dong (A) 209,7614 211,25 e o
7 He, sO trwot dinh 0.01 0,016

mirc
g He so mo men| -, , 1,47 2.2

cuwc dai

- Dac tinh co clia dong co & tai dinh mrc.

‘— Torque ‘ i
800.00

500.00

17) s'to Wi 1ado [T asite nite
Tarw i

Hinh 5b. Béng co LSPMSM

§ g 8
P

Torque (N.m)
8
8
|

- Phan bb twr trwdng quay cla dong co & ché do
dinh murc.

Bltesial
5

oo 26000 500,00 75000 1000.00 1280.00 1500.00
Speed (rpm)

Hinh 3a. Dac tinh co déng co KDB

I A Curva o j
S A LT /

o] T AS £ EasmeerrESEs
E g : =

Speed Spaed

Hinh 3b. Pac tinh co dong co LSPMSM - ’

303 many

Hinh 6a. Bdng co KDB

- Tbc d@6 va momen theo th&i gian khéi dong.

Torus Nt &
w

Hinh 4a. Dong co KDB

Hinh 6b. Bong co LSPMSM
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4. KET LUAN

Qua két qua mé phdng ching ta c6 thé rut ra dwoc cac
két luan sau:

- Poéng co LSPMSM co6 hiéu suat Ién hon so véi dong
co KPB cé cong suat twong (rng (97,9197 > 93,2185).

- Déng co LSPMSM c6 hé sb cong suat Ién hon so
v&i dong co KDPB c6 cong suat twong (ng (0,93883 >
0,864539).

- Téc d6 dong co 6n dinh vai gia tri 1500 vg/phdt.

- Gia tri dong dién dinh mdc va bdi sé momen cuc dai
clia dong co LSPMSM nho thua déng co KDB.

- V&i nhitng wu diém va dac diém trén chung ta c6 thé
st dung dong co LSPMSM dé thay thé cho cac dong co
KBB hién nay dang s dung v&i cac tai ¢ boi sé momen
mé& may khéng can I&n nhw quat gié, bang tai trong mé
s& mang lai hiéu qua vé tiét kiém dién nang lén.

- Trén co s& két qua nghién ciru vé& hiéu qua khi thay
thé dong co LSPMSM cho déng co KDB néu trén sé
tiép tuc nghién ctru cac giadi phap cai tao déng co KDB
hién tai dang lai cac quat gié trong mé ham 16 thanh cac
déng co LSPMSM c6 coéng suat twong (rng dé thay thé.
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