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Théng gié mé la khau tiéu thu nhiéu néng lvong trong maé hadm lo. Tiét kiém dién nang cho quat
théng gi6 cuc bg nham g/am dién nang tiéu thu chung cta toan bd xi nghiép mé la mot yéu cau cép
thiét. Gidi phép thay thé dong co khéng déng bé ré to 16ng séc bang céc déng co hiéu suét cao
(LSPMSM) cho céc quat théng gi6é cuc bé dé tiét kiém nang long dang dwoc quan tdm nghién ciu.
Bai bo dé cép t6i viéc tinh toan t6i uvu nam chédm vinh ctu st dung trong déng co LSPMSM (ng dung
cho quat théng gié cuc bé mé dé dat duoc hiéu suét cao.

Tir khoéa: déng co khéng déng bé, déng co nam cham vinh ctru khéi déng truc tiép, phuong phap

phén ti& hitu han (FEM).

1. DAT VAN BE

Thong gié mé la khau tiéu thu nhiéu nang lwong
trong cac mé ham 16. Viéc tiét kiém dién nang cho
quat thédng gié cuc bd nhdm giam thiéu dién néng
tiéu thu chung cla toan bd xi nghiép méd la mot
trong nhirtng yéu cau can thiét trong khai thac mo
hién nay. Dac trwng cla quat thdng gié cuc bo la
khikh&i déng khéng cAn mémen khéi déng Ion day
la mot dac diém quan trong dé cé thé thay thé cac
loai dong co khéng déng bd (IM) hiéu suét khéng
caobang viéc st dung cac loai ddng co’ thé hé moi
hiéu suat cao nham muc tiéu tiét kiém nang lwvong
[1].

Su phét trién nhanh chong cua cong nghé nam
cham vinh ctru (NCVC) ché tao tir dat hiém véi mat
do tr trwdng cao, tich sd nang lwong léon, nhw
chiing loai nam cham Neodymium, khién cho déng
co dong bd NCVC khéi dong truc tiép (Line Start
Permanent Magnet  Synchronous Motor-
LSPMSM) néi [én nhw 1a mét gidi phap thay thé
trng phan cho déng co khdng déng bé rd to 16ng
séc va st dung rat phi véi cac loai tai nhw quat gio
cuc bé trong khai thac mo [4].

NCVC st dung trong dong co phong nd
LSPMSM anh hwéng nhiéu téi hiéu suét ctia ddng
co. Viéc tinh toan lya chon loai nam cham khéng
phi hop lam gidm hiéu suét ctia dong co. Néu thiét
ké khong tét thi hiéu suat ctia dong co LSPMSM
tham chi cé thé con khong dat dwgc hiéu suat nhw
ctia IM [5, 6]. Viéc phan tich, tinh toan thiét ké lwa
chon t6i wu NCVC sé nang cao hiéu suét thiét ké
ché tao déng co LSPMSM.

2. NOI DUNG NGHIEN cUrU
2. 1.Phwong phap nghién ctru
Theo phwong phap phan tl hitu han (FEM),
phan bé t trwdng trong mach tr va khéng gian
xung quanh két cAu dién tlr la nghiém cla phwong
trinh Poisson viét cho trwéng dién tlr cia mé hinh
dong co dién. M6 hinh nay dwgc xay dwng dya
trén dinh luat Maxwell — Ampe. Theo phwong trinh
Maxwell - Faraday viét cho truéng hop cla déng
co dién & trang thai xac 1ap nhw sau [1, 2]:
VxH=] (1)
trong do: J - mat do dong dién moét chiéu chay
trong cudn day nam cham dién, A/m?;
H- cudng dob tw trwo’ng A/m.
Cuwdng dé tr trrong H colién hé v&i mat do tw
théng B nhw bidu thirc:
B = popu,H . 2)
trong do: p, - d6 tr tham cua chan khéng;
- d6 tr thAm twong d6i clia moi
trwong dan tir.
Trong trwdng dién tu, B dwoc tinh toan
qua dai lwong vecto tw thé 4 nhw sau:

B=Vx4 3)
Thay (2) va (3) vao (1), ta thu duoc
phuwong trinh.
1 - -
Vx(%w V=7 (4)

Phuong trinh (4) co dang téng quat cla
phuwong trinh Poisson, c6 thé dwoc dién giai trong
mo hinh phan tich (’ng v&ihé toa d6 Oxyz nhw sau:
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G+ 5ataE) +/ =0 ©)
Giai (5), timdwoc /T, sau do dwa vao (2) va
(3) dé tinh dwoc mat do tir théng B va cuéng do tir
trwong H nhuw sau:

. , . > 10A, 0Ay\L (04
B = B+ Byj+Bk=(52-22)1+ (32

04\ » (04,  BAL\
)i+ (G -5k ©
Dién ap dat vao hai cyc cudn day va dién
tré mot chiéu ctia cudn day, co thé xac dinh dwoc
mat dd dong dién tr cac phwong trinh:
U=Rai+L; Idszde 7)
trong d6: U - dién ap dat vao 2 cwc cudn day;
Rdc - dién tré clia cudn day;
L- dién cdm cla cudn day;
Idc -dong dién trong cudn day;
Sdq - tiét dién cudn day.

Phuong phap FEM la mét ky thuat dé giai
phuong trinh (5), xac dinh vecto t thé A, tr do
tinh toan dwoc tr cam B va cuwdng do tr trrdng
H theo cac cong thirc (3) va (2), qua d6 xac dinh
phan b tlr trwéng trong khong gian véi do chinh
Xac cao.

Ap dung phuong phap FEM phan tich dong co
LSPMSM st dung cho quat thong gié cuc bd trong
khai thac mé véi théng s6 P=15kW, 660/1140VAC,
van téc quay 3.000 r/min.

2.2. T6i wu héa Iwa chon nam cham NdFeB
theo nhiét do lam viéc

NCVC str dung trong dong co LSPMSM la loai
nam cham dat hiem Neodymium (NdFeB) v&i mat
dd tir trwdng cao, tich s nang lwong Ién. Khi tinh
toan thiét ké déong co LSPMSM thi phirc tap nhat
la phén tinh toan NCVC dac biét lai cang kho khan
dbi véi loai ddng co' ¢6 van tbc quay cao dén 3.000
r/min, thwong str dung cho quat théng gié cuc bd
trong khai thac mé.

TAt ca cac vatliéu trén thé gidi hién nay, déu co6
nhiét do hoat dong cua riéng né. Cac loai nam
cham Neodymium hoat déng theo cac nhiét dé
khac nhau, gi¢i han theo nhiét dé6 duwoc ky hiéu
trong Bang 1.

Bang 1. Gigi han nhiét d6 lam viéc ctia loai NCVC

Loai Nhiét d6 lam viéc(°C)
Thuong 80
M 100
H 120
SH 150
UH 180
EH 200
VH/MAH 230
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Hiéu suét cta dong co LSPMSM phu thudc
nhiéu vao NCVC. Trong qua trinh lam viéc cua
déng co co thé phat sinh tbn hao do dong dién
xody & trén cac NCVC. Tén hao dong xoay tang
manh cé thé 1am cho nhiét dd l1am viéc cia NCVC
gia tang va dat dén nguwdng nhiét do cuc dai, gay
ra hién twong khtr tr ddo ngwoc, 1am mat di kha
nang lam viéc cia nam cham hoéc lam suy yéu tir
dw trong nam cham do nhiét d6 cao.

B,

DPiém lam viéc cua nam cham (B, Hy)
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Hei Ha
H2.Dactinh khii tir cia nam cham vinh cltu do su tang nhiét

T d&c tinh trén co thé thay rang, d& dadm bao
chét lwong ctia nam cham, véi kha nang tan dung
nang lwong cuwc dai trén cung mot thé tich nam
cham st dung va ngan nglra xay ra hién twong ddo
nguwoc khi tir thi nhiét dd lam viéc cia NCVC gan
trén ro to clia dong co LSPMSM phai cang thap
cang tbt.

Nhw vay, néu st dung loai NCVC c6 kha nang
chiu nhiét thap thi cé loi 1a gia thanh san phadm ha,
tuy nhién trong qua trinh [am viéc nam cham sé bj
kher tir 1am gidm hiéu suét ctia dong co, con néu
st dung loai nam cham c6 mic dé chju nhiét cao
thi lam tang gia thanh cGa san phdm. D& tinh toan
lwa chon t6i wu dwoc nam cham dién theo phwong
chju nhiét thi can thiét phai danh gia khao sat nhiét
dd lam viéc cia nam cham khi lam viéc. Nghién
clru phan tich phat néng khdo sat nhiét dé cla
dong co LSPMSM cho két qué nhumé ta trén Hinh
H.3.

Tt két qua khdo sat nhiét d6 cta déng co
LSPMSM nhan thdy rang, nhiétdd Ién nhat82,1°C,
nhiét dd nay chwa dwoc tinh toan trén két qua md
phdng da bd qua nhiéu gia thiét. Nnw vay dé dam
bdo NCVC khéng bi khtr tir trong qua trinh lam viéc
can thiét phai st dung loai nam cham chiu dwoc
nhiét do cao twng tng v&iloai M (Bang 1) c6 nhiét
dod cho phép khi lam viéc t&i 100°C.
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H 3. Phén bé nhiét d6 clia dong co LSPMSM

2.3. T6i wu héa nam cham theo dién tiwr
trwong

NCVC s dung trong dong co LSPMSM la loai
nam cham dat hiém NdFeB c6 mat do to dw (Br),
cwdng do tr trudng 1&n nhat (HeJ), Cwdng d6 tw
trwong nhé nhat (HeB), Nhiét dd lam viéc I&n nhét
cla nam cham (Tw) va tich nang lwgng cuc dai
(BHmax). Thé tich cia NCVC Vi dwoc xac dinh theo
cbng thure:

2.k opkq(1 4 Kge)Pym,
™ g2 2.p.f.B. He

Véi kot - 1a hé sb qua tai; kia-Hé sb hinh dang tir
hoa; kec-Hé sb strc dién dong; Pam-Cong suéat dinh
mirc; Pmax-CoNng suét I&n nhét; €- Hé sb st dung
nam cham chon; Br - Mat d6 tir dw; He-Cwong d6
twr trwdng cure dai.

Nam cham vinh ctru trong déng co LSPMSM
doéng vai trd nhw mot ngudn tir théng. V&i cung mét
thé tich, kich thwéc nam cham thiét ké néu lwa
chon loai NCVC loai cé méat db tw trwdng qua cao,
sé gay ra hién twong bao hoa mach tr lam gidm
hiéu suét cia dong co. Trwdng hop néu chon nam
cham loai c6 mat do tir trworng thap sé dan dén
khoéng di mat do twr thong tr dé cling sé gidm hiéu
suét clia dong co. Do vay, véi mbi két cau hiéu
suéatclia dong co datcao nhat (rng véi mot ma hiéu
nam cham NdFeB.

Viéc phan tich Iya chon téi wu chling loai nam
cham NdFeB st dung trong dong co dién sé céy
nghia quan trong. Két qua nghién ctu khi déng co
LSPMSM st dung nam cham NdFeB loai N42,
N38 va N33 dwoc mo ta trén cac Hinh H4 va H6.
Két qua nghién ctru nhan thay rang:

» Khidoéng co LSPMSM s dung loai nam cham
N42 13 loai nam cham cé tir trwdng I1&n nhéat
trong ba loai nam cham s dung. Tuy nhién,
hiéu suat clia dong co dat 96,3% chwa phai la
hiéu suatI&n nhéat. Nguyén nhan 1a do str dung
loai nam cham cé mat do tir trwdng qua Ién
lam cho mach ttr r6 to clia dong co’ bi bao hoan
lam gidm hiéu suét cGa dong co.

» Khidong co str dung nam cham loai N33, day
la loai nam cham c6 mat dd tir théng thap nhét
trong ba loai m6 phéng thi hiéu suat ctia dong
co dat 96,1% la hiéu suét thAp nhét trong ba
trwong hop. Nguyén nhan dwa dén la do sl
dung loai nam cham co t trwéng nho lam cho
hiéu suat dong co giam.

» Khi dong co str dungnam cham loai N38, dong
co dat hiéu suét I6n nhat 1a 97,1% (hiéu suét
cua dong co khéng déng bo cung ‘gam cong
suat nay dat mec 90,3%) hiéu suat nay cao
hon déng co khéng déng bd 7,1% va cao hon
khi dong co LSPMSM khi st dung cac loai nam
cham khac khoang 1%.
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khi sit dung nam cham vinh citu loai N42
. - =

¥, “? - D.9TTBES62604947

nnnnnnnnnnnn

H 4. Phan tich dong co LSPMSM
khi str dung nam cham vinh cifu loai N38
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H 4. Phan tich ddng co LSPMSM
khi sit dung nam cham vinh citu loai N33

2.4. Khao sat dac tinh lam viéc cia dong co

Thoéng qua két qua nghién ctru tdi wu NCVC sir
dung trong ddng co LSPMSM theo phwong thirc
nhiét do va tir trwdng, thay rang viéc dé dam bao
nhiét d6 va hiéu suat dong co la cuc dai 97,1% thi
Iwra chon loai NCVC N38M. Khao sat dac tinh déng
co v&i loai nam cham vinh ctra da lwa chon dwa ra
trong Hinh H.7

Két qud moé phéng nhan thdy déng co duoc
thiét ké c6 thé tw khédi dong va tbc dd dong co dat
van téc quay dong bo 3000 r/min hoan toan phu
hop v&i yéu cau thiét ké.
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e ——ny 3. KET LUAN
Két qua nghién ctru cho théy, viéc tinh toan
lwa chon t6i wu loai nam cham vinh cru sé thiét
ké dwoc dong co c6 hiéu suat cwc dai va téi wu
dwoc chi phi vat liéu st¢ dung trong déng co.
DPong co dwoc thiét ké cé dac tinh hoan toan phu
hop, dat hiéu suét Ién nhat 13 97,1%, cao hon
hiéu suat cha déng co khong déng bd 7,1% va
e AN AN . T cao hon hiéu suét cia dong co nam cham vinh
H7.Dactinhtdc dd cia dong o nam cham vinh ciliu clru khoi dong tryc tiep khi s dung cac loai nam
khéi dong truc tiép cham khac khoéng 1% 03
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OPTIMIZING THE DESIGN OF HIGH PERFORMANCE EXPLOSION-PROOF ELECTRIC
MOTOR USED FOR LOCAL FANS IN UNDERGROUND MINES
Do Nhu Y, Trinh Bien Thuy
ABSTRACT
Mine ventilation is a major energy consumer in underground mines. Saving enerqy for the local
ventilation fans in order to reduce the power consumption of the mines is an urgent issue. The solution to
replace the squirrel-cage asynchronous motor by the high-efficiency motors (LSPMSM) for local
ventilation fans to save electrical enerqy is being studied. The article refers to the optimal calculation of
permanent magnets used in LSPMSM motors for mine local ventilation fans to achieve high efficiency.
Keywords: asynchronous motor, line-start synchronous permanent magnet motor, Finite Element
Method (FEM);
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