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101 UU HOA THIET KE BONG g DIEN
UNG DUNG CHO QUAT cuc Bf TRo

TOM TAT

Thang @16 MO la khau tiéu thu nhidy na
HONg 910 cuC bO nham giam dién nang tié
et Gidi phap thay thé déng co khon
(LSPMSM) cho cac quat thong gi6 cuc bé dé tié
B! bao dé cap o1 viéc tinh toan téi uy
cho quat thong gid cuc b mé gé dat du

Tu khoa: dong co khéng déng be,
phan tr hiru han (FEM).

1. DAT VAN DE

Thong gid md 1a khau tiey thu nhiéu nang lwong
rong cac mo ham 16. Viéc tiét kiém dién nang cho
quat thdng gid cuc bd nham giam thiéu dign nang
tiéu thy chung

cUa toan bd xj nghiép méo 13 mot

ong nhirng v&u ciu can thiét trong khai thac me
hén nay * "9 cla quat thdng gi6 cuc bo 1a
khi kho © 2an mOmen khgi ddéng Ién da
la mot ‘rong dé cé thé thay thé cac
loal 6/ 79 bd (IM) hiéu sujt khéng
cao bz “ac loai dong co thé hé mai
hiéu s i tiéu tiét kiem nang luvgng
(1]

Sup i chéng cua cdng nghé nam
cham vi 1-VC) ché tao tr dAt hidm veyi mat
86 W truong cao. tieh sb

chung loai na;
o dong bo
Permanent

nang luwgng I&n, nhu
ymium, khién cho dong

ng tryc tiép (Line Start
Synchronous

" cnam Neod
NCVC khai dé
Magnet

9 trong ddng co phong né
ng nhiéu t&i hidu sudt caa dong
CO Vi tinh toan Iya chon loai nam cham khong
Phu hop 1am

: giam hiéu suét cua dong co. Néu thiét
ké khéng 141

thi hiéu suét coa g
tham chj CO thé co

\ n khong dat dugc hidu sut nhu
Cua M s, 6]. Viec phan tich, tinh toan thiét ké Iya
Chon t6i vy NCy

C s& nang cao hieu sudt thiét ké
°hé tao dong co Lspmspy

LSPMSMm anh hud

nam cham vinh cgy
0C hiéu suét cao,

dong co nam cham vinh ciou khe; do

SOMMVA Comen o 1}

PHONG NG migy SUAT cag
NG CAC MO THAN HAM L9

BS Nhy v
ronag Paj hoc Mo - Dia Chét
frinh Bian Thuy
Duang Ninh
Jvn
ng luong trong mo 13
u thu chung cua to, / cAp
g dong b6 16 to lbng soc 14 /At cao
et kiem nang luong da; g du ] ) Jen cipy,
Su dung trong déng co | SPMSM ung dung

ng truec tiép, phuong phap

2. NOI DUNG N
2. 1.Phuwon

Theq phuo
phan bé t

GHIEN Cc(ry
g phap nghién cru

2N. MO hinh nay duwoc xay d
trén dinh luat Maxwel| — Ampe. Theo Phuong trinh
Maxwell - Faraday viét cho trudng hop cua dong
co dién & trang thai xac lap nhw sau [1. 2]
VxH=]
trong do:
trong cuén d

¥ng dya

(1)

J - mat 6o dong dién mot chiéu chay

ay nam cham dieén, A/m2:
H- cuong 4o tw treong, A/m.
Cuong do tu treong H co lién hé voi mat
théng B nhw bidu thie:
B = pop, H L
trong do: p, - dd tw tham cua chan k‘hong ‘
#y- Aot tham tuong doi cua moi
tredong dan tir. .
Trong trvong dién to, # duoc tinh toan
qua dai lvgng vecto ti thé | nhu sau
H =V x f\.
Thay (2) va (3) vao (1)
phuong trinh
V x ( l

do tw

>)

\&)

(3)

ta thu duoc

. . (4)
Vx,»l) /

“ 0 at cua

P‘I;L‘r;)ng trinh (4) co dang (a)r)z ;:'u" hje

hwong trinh Poisson, co the d'm;f) g)':}yz oyl
tnC) hinh phan tich wng vo1 he toa ¢
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CONG NGHIEP MO, SO 1



2 3. Phin bd nhiét do cua dong o LSPMSM
T4i wu hoa nam cham theo dién tw

\C\. C s& dung trong dong co LSPMSM |a loai
-2 34t hiem NdFeB co mat do tir du (Br),
33 tr tredng 16n nhat (HaJ), Cwong do tor

creng nhd nhat (HeB). Nhiét do6 lam viéc 1on nhéat
cie nem c?jém (Tw) va tich nang lvong cuc dai
SH--.). Thétichcua NCVC Vm duoc xac dinh theo
cong thic:
o= 2. kof fd(l + KEC)Pdm
o 'ﬁlf.Z.p.f.Br.Hc
& k- 13 né sb qua tai; kie-HE sb hinh dang t&
hég: k=--—& sb sirc dién dong; Pam-Cong suat dinh
mic: P-=~C8ng suat Ion nhat; &- Hé s st dung
nam co2— ©7I7 B Mat do tte duw; He-Cuwdng do
fir recmz -2 23
Na— 2" - - ~xu trong dong co LSPMSM
jong = - - - ngudn tr thong. VGi cung mot
thé ticr - ~am cham thiét ké néu lya
chon iz - co mat do twr tredng qua cao,
séga; = - 7€ ~30 hoa mach tir lam giam
hiéu suét ooz 5273 €O Trwong hop néu chon nam
cham oz oo 5 4ot tredng thap sé dan dén
khong 60 mat o W théng tir d6 cling sé giam hiéu
cukt ooz dbng co. Do vay, VoI mdi két cau hiéu

suét caa dong co dat cao nhéat (rng véi mot ma hiéu
nam cham NdFeB.
\/iec phan tich lya chon t6i wu chang loai nam
cham NdFeB st dung trong déng co dién sé coy
nghia quan trong. Két qua nghién ctru khi dong co
LSPMSM stz dung nam cham NdFeB loai N42,
N38 va N33 duoc mo ta trén cac Hinh H4 va Hb.
Két qua nghién cteu nhan thay rang:
~ Khidbng co L SPMSM st dung |
N42 14 loai nam cham co tir trwon
trong ba loai nam cham sty dung. ien
hidu suét ctia dong co dat 96,3 phai 12
hiéu suét Ion nhat. Nguyén Ahan la do st dung
loai nam cham co méat do ty treong qua o
lam cho mach tir ro to cia dong co' bi bao hoan

lam giam hiéu suét cia dong co.

oai nam cham
g lon nhat

> Khi dong co st dyng nam cham loai N33 day

12 . s
t?ol;?alt?all“ cham co mat do tir thdng thép nhét
v é;at %Co?a Mo phong thi hiéu suat cia dong
s 3.1% 1a hieu suat tha tre
: eu suat thap nhat tron
tcll'uon? hop Nguyen nhan dua dén 1a dg :3
n nam cham co L true ho ‘
ung loar nam cham co to trrong nho lam cho

higu suat o
r 1 don
Khi don. N3 don
co dat hie o N
cua dong - :\“‘“
suat nay dat . \,o:(g
A nay ¢
hon dong co khong oo 4 10 h;.n
. N < . ¢l Cd
~~ | SLDPAMANT kK < T S .
khlkdong (O Lot “‘ IS Khi sudu g cac loarnam
cham khac khoang 1%.
03631
n i

khi sit dung nam cham vinh ctru loai N42

o B 7 — —

TIME656265454
09 J QNIRRT

H 4. Phan tich ddng <0 LSPMSM
khi st dung nam cham vinh ciiu loai N38

- onid

B " 44, Phantich dong co LSPMSM
i st m cham vinh ciu loai N33
khi sti dung na ulogit33 g o

2.4. Khao sat dac tin:lém ylec‘ c e
Ang qua két qua nghie | :
dul:]rg h?rr;?\g dong 20’ LSP‘MSQA thegcphuoqg thuc
nhigt do va tw tru’c‘rpg, }ha r?ng vn‘e
ot 46 va higu sud! dong co 18 L0
|u’a'chon loai C §M. °
' ham vinh cu

co voi loal ';a;" e 00
N . . & A co Y
tror:?‘P gll:‘é mé phong nhan o6 g?n%ng co 82
K6t qud T8 Phhei 4ond VA T oan toan phd
thiet ke co ing b0 00 r/min
\rlm?rr;) i yéu ¢ ihiét ké
b1~ ébzsa
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=== 3. KET LUAN
=={ S=aaa Két qua nghién ciru cho th

lya chon ti wu loai nam cham «Eﬁmo ting )

- ké dugc dong co co hidu sysy cue %5 Sy

I~ dugc chi phi <m:,_._mc s dung trg Qi Vay
Pong co m.EQo thiet ké co dac ting ::@ aog ;

hop, dat higu sudt 1on nhat la 97 wwfo,w:..

hiéu suét cla dong co khong day, b oy

. cao hon hiéu sudt cia dong oy :Msgo iR

P, R, u kh&i ddng trwe tidn ki or Char,

H7.Dactinh toc do ca dong co nam cham vinh cliu oc_,._ L =D KD s ac:@ Ao

. . 1o ¢ oy

khai dong truc tiép cham khac khoang 17/ 7 ba.,,
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101 UV HOA THIET k¢ DiNg

TOM TAT

Tl khéa: déng co kh
phan tr hiru han (FEM).

1. DAT VAN BE

Thdng gié ma 1a khau tiay
trong cac mé ham 6. Viac ti
quat théng gié cuc bd nhi
tiéu thu chung cta toan
trong nhirng y&u ciu cin
hién nay. Bac trwng cia quat thdng gid cuc bo 13
khi kh&i dong khéng cAn mdmen khéi dong Ion day
2 mdt dé&c diém quan trong d& co tha thay thé cac
loai dong co khéng déng bo (IM) hiéu suat khong
cao bang viéc st dung céc loai dong co the hé mai
hiéu suét cao nham muc tiéu tiét kiém nang lvong
[1].

Su phét trién nhanh chong cla cong nghé nam
cham vinh ctru (NCVC) ché tao tir d4t hiém voi mat
do tir trwong cao, tich sé nang luong I6m, nhw
ching loai nam cham Neodymium, khién cho dong
co dong b NCVC khéi dong truc tiép (Line Start
Permanent  Magnet Synchronou§ Motor;
LSPMSM) ndi 1&n nhw la mot giai phap thay thé
tng phan cho dong co khéng dong b ré to long
S0c va st dung rét phu voi cac loai tai nhw quat gio
cuc bo trong khai thac mo [4]. . 2

NCVC st dung trong dong co phong nd
LSPMSM anh huéng nhiéu t6i hiéu suét cda dong
co. Viéc tinh toan Iwa chon loai nam Cham‘kqﬁn;gt
PhU hop [am giam higu suét clia dong co. NeUMS"IfA
ke khéng tét thi higu suét cia dong co LSP e
tham chi o thé con khong dat duoc higu suat b
cla IM [5, 6]. Viec phan tich, tinh toan th‘leth.(:ft W&
chon téi Lru NCVC s& nang cao higu suét thié
ché tao dong co LSPMSM.

thu nhigu nang lwong
ét kiém dién nang cho
M giam thiéu dién nang
bd xi nghigp ma 13 mot
thiét trong khai thac ma

CO KHij v COBIEN mo {3}

N

"% GO DIEN PHing |
. : 1
UNE DUN CHO QUAT cyc B rpoye Cic mg rnil:asnl?r: f:o

‘ D6 Nhw ¥
Trwwong paj hoc M6 - pja chi
‘ . Trinh Bién Thuy
Truvovng Cao dan_g Viét-Han Quang Ninx

Email: donhuy@humg.edu. vn

2. NOI DUNG NGHIEN clu
2 1.Phwong phap nghién ciru
:I'heq Phuong phap phan ti hipy han (FEM),
Phén b6 tir trudmg trong mach te va khéng gian
Xung quanh ket cau dién ti I3 nghiém clia phwong
trinh Poisson viét cho tredng dién tlr clia mé hinh
dong co dién. M& hinh nay dwoc xay dwng dwa
trén dinh luat Maxwelll— Ampe. Theo phwong trinh
Maxwell - Faraday viét cho treong hop cla dong
co dién & trang thai xac 1ap nhw sau [1, 2]:
VxH=] )
trong do: J - mat do dong dién mét chidu chay
trong cudén day nam cham dién, A/m?;
H- cwong d6 tir treong, Alm.
Cuong do tir tredng H co lign hé voi mat d6 tir
thdng B nhuw biéu thec:
§ = oty H R . R . (2)
trong do: pg - d6 tr tham clia chan k’hon’g; N
p- do t thdm twong ddi ctia moi
treorng dan tu. . ’ '
Trong tredng dién tlr, B dwoc tinh toan
qua dai lwgng vecto tir the A nhw sau: ;
E =VXA . ( )
Thay (2) va (3) vao (1), ta thu duwoc
phwong trinh. N
vx (2-VxA) =] (4)
by , 2 , >
Pmang trinh (4) co dang tong quat cua
huwong trinh Poisson, c6 thé duoc dién giai trong
216 hinh phan tich (rng v&i hé toa dd Oxyz nhuw sau:
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H 3. Phan bé nhiét 3 ciia dong co LSPMSM

2.3. T6i wu hoéa nam cham theo dién tir
trwong

NCVC st dung trong dong co LSPMSM la loai
nam cham dat hiém NdFeB c6 mat do tir dw (Br),
cwdng do tir treong 10N nhat (Hed), Cwdng do tir
trwong nhd nhét (HeB), Nhiét do lam viéc Ién nhét
cua nam cham (Tw) va tich nang lvgng cuc dai
(BHmax). Thé tich ciia NCVC Vm dwoc xac dinh theo
cong thire:

_ 2.kopksa(1 + Kgc)Pam
™" m2E.2.p.f By He

V&i ko - 12 hé sb qua tai; ki-Hé sb hinh dang tu
hoa; kec-Hé sb strc dién dong; Pam-Cong suét dinh
mirc; Pmax-CONng suét 1on nhét; €- Hé so st dung
nam cham chon; Br - Mat do tr dw; Hc-Cwong dé
twr tredng cuwe dai.

Nam cham vinh ctru trong ddng co LSPMSM
dong vai trd nhw moét nguén tr thong. Véi cing mot
thé tich, kich thwéc nam cham thiét ké néu lya
chon loai NCVC loai cé mat do tw trwdng qua cao,
sé& gay ra hién twong bdo hoa mach tir lam giam
hiéu suét clia 3dng co. Trweng hop néu chon nam
cham loai c6 mat do tir trwdong thap sé& dan dén
khong da mat do tir thdng tr d6 cling s€ giam hiéu
suét clia dong co. Do vay, véi mdi két cau hiéu
suét clia dong co dat cao nhét (ng v&i mot mé hiéu
nam cham NdFeB.

Viéc phan tich Iwa chon téi wu chdng loai nam
chéam NdFeB st dung trong dong co dién sé co y
nghfa quan trong. Két qua nghién ctru khi dong co
LSPMSM str dung nam cham NdFeB loai N42,
NI}B va N33 dwoc mé ta trén cac Hinh H4 va He.
Ket qua nghién ciru nhan thay rang:

# Khi dong co LSPMSM s(r dung loai nam cham
N42 13 loai nam cham c6 tir trwong 1én nhét
trong ba loai nam cham st dung. Tuy nhién,
hiéu suét clia dong co' dat 96,3% chua phai la
hiéu suét Ion nhat. Nguyén nhan la do st dung
loai nam cham c6 mat do tir trwong qua Ion
Ir—:\m cho mach tw ré to clia déng co bj bao hoan
lam giam hiéu su4t cta dong co.

» Khi dong co st dung nam cham loai N33, day
|a loai nam cham cé mat do tir thong thap nhét
trong ba loai mé phong thi hiéu suét cia dong
co dat 96,1% la hiéu suét thdp nhét trong ba
trwong hop. Nguyén nhan dwa dén la do st
dung loai nam cham co tw tredng nho lam cho
hiéu suat dong co giam.

» Khidong co st dung nam cham loai N38, dong
co dat hiéu sudt Ion nhét 1a 97,1% (hiéu suat
cda dong co khong ddng bd cung ‘gam cong
suét nay dat mirc 90,3%) hiéu suat nay cao
hon dong co khong dong bo 7,1% va cao hon
khi d6ng co LSPMSM khi stv dung cac loai nam
cham khac khoang 1%.

Suntend [P

09631852493503279 (o
,

H 4. Phan tich dong co LSPMSM
khi st dung nam cham vinh ciiu loai N42

St at V—

0.971NN66562694947 ooy

H 4. Phén tich dong co LSPMSM
khi stt dung nam cham vinh ctru loai N38

0.9611166562694947 1.\ casa2694047

H 4. Phén tich dong co LSPMSM
khi sit dung nam chdm vinh ciiu loai N33

2.4. Khao sat dac tinh lam viéc cua dong co

Thong qua két qua nghién ctru t6i wu NCVC st
dung trong dong co LSPMSM theo phuong thirc
nhiét do va tw treong, thay rang viéc dé dam bao
nhiét do va hiéu suat dong co la cuc dai 97,1% thi
lwa chon loai NCVC N38M. Khao sat dac tinh déng
co v&i loai nam cham vinh ctva dé Iwa chon dua ra
trong Hinh H.7

K&t qua mo phéng nhan thay dong co dwoc
thiét k& co thé tw khoi dong va tdc do dong co dat
van téc quay dong bo 3000 r/min hoan toan phu
hop voi yéu cau thiét ké.
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o3 - - Két qua nghién clru cho thay
iy lua chon tOi U loai'na.m ché[n Vinh ¢ M
ké duoc dong co co hiéu sudt oy da-u§é:7
duoc chi phi vat liéu st dung tron'lvf‘ ltf
pong co duoc thiet ke co dac tinh hog Qo -
hop. dat hiéu suat I&n nhat I3 97,19, 0.
hiéu suat cua dong co khong déng t;o .
: = cao hon hiéu suat cla dong co nap, éh?' .
- ctru khai dong trwc tiep khi st dung cae \E::
| r.
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OPTIMIZING THE DESIGN OF HIGH PERFORMANCE EXPLOSION-PROOF ELECTRI(

MOTOR USED FOR LOCAL FANS IN UNDERGROUND MINES
Do Nhu Y, Trinh Bien Thy,

W

m

ABSTRACT
Mine ventilation is a major energy consumer in underground mines. Saving energy for the loc:

ventilation fans in order to reduce the power consumption of the mines is an urgent issue. The solutior:
replace the squirrel-cage asynchronous motor by the high-efficiency motors (LSPMSM) for o
ventilation fans to save electrical energy is being studied. The article refers to the optimal calculation:
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 EleT ¢

Method (FEM);
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