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Tom tit:

Mirc d9 tiéu thu dién ning ctia khiu thong gié m6 ndi chung va quat thong gié cuc bd néi riéng chiém ty trong 16m trong
toan mé. Viéc tiét kiém dién nang cho quat thong glo cuc by dwa dén v1ec giam thiéu dién nang tiéu thu chung cia toan
b xi nghiép mo 1a mot trong nhirng yéu ciu can thiét. V6i sy phat trién nhanh chéng ciia cong nghé nam chim vinh ciru
(NCVC) dait hiém véi mat df tir treong cao, dong co dong b§ NCVC khéi dong truc tlep (LSPMSM) ciing dang ndi 1én
nhw mdt giai phap thay thé tirng phin cho dong co khong dong b rotor 1ong soc (IM) dé tiét kiém ning lwgng. Bai bio
tinh toan thiét ké LSPMSM 15 kW, 660/1.140 VAC, 3 pha, téc d 3.000 vong/phiit, tir d6 mé phong khao sat dic tinh 1am
viéc ctia LSPMSM véi tai dinh mirc ciia quat thng gié mé, 1am tién dé thay thé IM trong thue té.

Tir khéa: dfng co df")ng b¢ nam cham vinh ciru khéi dfng truwe tiép, dong co khong d(“)ng bg, nam chidm vinh ctru.
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Abstract:

The power consumption of mine ventilation in general and local
exhaust ventilation in particular accounts for a large proportion
of the whole mine. Saving energy for the local exhaust ventilation
that leads to the reduction of the overall power consumption of the
entire mining enterprise is one of the necessary requirements. With
the rapid development of rare earth, permanent magnet technology
with high magnetic field density, line-start permanent magnet
synchronous motor (LSPMSM) is becoming a suggestion of partially
replacing for squirrel cage induction motors (IM) to save energy.
The present results are a calculation of designing for the LSPMSM
of 15 kW, 660/1,140 VAC, 3 phases, 3,000 rpm, and simulation of
operating characteristics of the LSPMSM with the rated load of the
exhaust ventilation of mine to replace the IM in practice.
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Quat thong gio6 cuc b 1a phu tai loai 1 trong khai thac mo ham 10.
Dé dam bao an toan trong khai thac mo, quat thong gio cuc bo lam
viée lién tuc khong nghi ké ca ngay 18. Mirc d9 tiéu thu dién ning cia
khau thong gi6 mo n6i chung va quat théng gi6 cuc b néi riéng chiém
ty trong 1on trong toan mo. Viée tiét kiém dién ning cho quat thong
gi6 cuc bg s& gitip giam thiéu dién ning tiéu thy chung cta toan bg xi
nghiép mo [1]. Pay la mot trong nhimg yéu ciu can thiét trong khai
thac mo hién nay .

bic trung cua quat thong gi6 cuc bo 1a khi khoi dong khong cin
momen khoi dong 16n. Day 1a mét dac diém quan trong dé c6 thé thay
thé c4c loai M truyen théng bang vie sir dung céc loai dong co thé hé
méi hidu sudt cao nhim muc tiéu tiét kism nang lugng. Su phat trién
nhanh chong cila cong nghé NCVC dét hiém voi mat do tir truong
cao, tich s6 nang lwong 16n nhu ching loai nam chim Neodimium. ..
da khién LSPMSM nbi 1én nhu mét giai phap thay thé timg phin cho
dong co khong ddng bo IM va phu hop véi céc loai tai nhuw quat gio
cuc bg trong khai thac mo [2].

Déi véi LSPMSM, mic du duge khéng dinh 1a dong co c6 hiéu
suét, hé s6 cong suét cao, mat @6 momen 16n [3-5], nhung néu thiét ké
khong t6t thi cc thong s van hanh s& khong dam bao, tham chi khong
dat duoc céc tiéu chudn ciia IM [6]. Bai bdo thiét ké khao sat md
phong LSPMSM 15 kW, 660/1.140 VAC 3 pha, toc do 3. 000 Vong/

......

Thiét ké LSPMSM, 15 kW, 3.000 vong/phiit

LSPMSM ban chét 1a su cai tién tir dong co déng bo NCVC
va dong co khong dong bd. Noi cach khac, 1a sy lai tap gitra dong
co khong dong bo va dong co dong bo bang cach dat cac thanh



NCVC vao IM. Do viy, LSPMSM ngoii 6 hitu wu diém cta dong
co dong bo NCVC, con ¢6 uu diém cua IM la kha nang ty khoi
dong truc tiép [3, 7).

Ciu hinh LSPMSM
Bang 1. Thong s6 cia LSPMSM.

Tham s6 Ky hiéu Gia tri Don vi
Duong kinh ngoai stator Din 245 mm
Duong kinh trong stator Dout 152 mm
Vat ligu thép stator Steel 1008

S0 ranh stator Z1 36 Rénh
Chiéu dai khe ho khong khi g 0,5 mm
Dién ap ngudn cip Udm 660/1.140 \%

Tén s6 ngudn cp f 50 Hz

Stator: LSPMSM dién hinh c6 cdu tao stator giéng dong co
khong dong by. LSPMSM trong bai béo c6 thong s6 nhu ¢ bang 1.
Kich thudc IM dugc thé hién ¢ hinh 1.

36 ranh cich qdu

-0,036
9245 jsB -0.0%

Hinh 1. Kich thwéc IM 15 kW téc dé 3.000 vong/phut [2].

Céu hinh rotor: Rotor cia LSPMSM tuong ty IM 13 n6 ¢6 1ong
soc. Tuy nhién, LSPMSM khéc biét so v6i dong co IM & chd no co
gin thém céc thanh NCVC trong 15i thép rotor. Khi tinh toan thiét
ké NCVC dic biét lai cang kho khin dbi véi loai dong co ¢ tde
d6 cao 3.000 vong/phut.

Viéc tinh toin NCVC khong tot s& gay kho khan cho viée gia
cong ché tao, hiéu suét cua dong co thép, dong co khong khoi dong
dugc, thoi gian khoi dong lau... Ngoai ra, NCVC c6 chi phi cao,
do vay néu viée tinh toan khong t6i wu, & dan dén kho thuong mai
hoa loai dong co nay trong thuc té [3].

NCVC sir dung trong LSPMSM i loai nam cham dét hiém
NdFeB ¢6 mat do tir du (B), cuong d§ tir truong 16n nhit (H,).
cuong do tir trudng nho nhét (H,y), nhi¢t d 1am vigc 16n nhét cua

nam cham (T ) va tich nang lu(mg cyc dai (BH_ ). Thé tich cua
NCVCV_ dugc xdc dinh theo cong thire sau:

_ 2-Korkra (1 + Kec)Pam
m m2¢. 2.p.f. B He

voik ; he s6 qua tai, chonk =2; k,: hé s hinh dang tir hoa, chon
SO bo k 1k, hé s strc dlen dong (0,6-0,95), chonk, =0,9; P,

cong suat dinh muc; & hé s6 st dung nam cham (0, 3 0 1), chon
&= 0,,5, B,: mét do tir du; H : cuong dg tir truong cuc dai; p: tan so;

f: s0 cuc.
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Thong thuong, dé dam bao ti wu trong thiét ké, ché tao, ciing
nhu lip riap NCVC trong LSPMSM, d6 day cia NCVC thudng
trong khodng gid tri 5-6 mm [4]. Tu do, co thé x4c dinh dugc thong
s6 kich thudc cia NCVC ¢6 gia tri trong img: h=5,5 mm va b=40
mm. Thong s6 NCVC trong LSPMSM duoc thé hién & hinh 2.

28 rénh

¢152,6

/N
.

Hinh 2. Théng s6 NCVC trong LSPMSM 15 kW, 3.000 vong/phut [2].
Ung dung FEM ddnh gid gidi phdp thiét ké

D¢ danh gia sy phi hop cta thong s6 NCVC da duoc tinh toan cho
LSPMSM, can phai khao sat phan bd dién tir truong ciing nhu dic tinh
1am viée ctia dong co. Phan bd tir truong trong mach tir va khong gian
xung quanh co céu dién tir 1a nghiém ctia phuong trinh Poisson viét cho
truong dién tir cia mo hinh dong co dién. M6 hinh nay dugc xay dung
duya trén dinh luat Maxwell - Ampe. Phuong trinh Maxwell - Faraday
viét cho truong hop cua dong co dién 6 trang thai xéc 1ap nhu sau [2, 6]:

VxH=] (1)
trong do: H: cuong do tir truong (H/m); J: mat do dong dién mot chiéu
chay trong cudn day nam cham dién (A/m?).

Cuong do tir trrong H c6 lién hé voi mét do tir thong B theo biéu
thire sau:

B = pouH )
trong do: p,: 49 tur tham cua chan khong; w: do tur tham trong ddi cua
moi trudng dan tur.

Trong truong dién tir, B dugc tinh toan qua dai lugng vecto tir thé
A nhu sau:

B=Vx4 G)
Thay (2) va (3) vao (1), ta thu dugc phuong trinh sau:

1 >\ 7
v (uour ) =J )

~ Phuong trinh (4) co dang tong quét cta phuong trinh Poisson, c6
thé dugc dien giai trong mo hinh phén tich ung vdi hé toa d Oxyz
nhu sau:
924 | 9?4

1 (9%A

e Gar s+ v =0 (5)
Gidi (5), im duoc 4, sau d6 dua vao (2) va (3) dé tinh duoc

mat do tir thong B va cudng do tir truong H nhur sau:
Do 04, 0Ay\ | (04, 047\  (04y 04y\7
B_Bxl+B]+Bk (y Bz)l+(6z ax)]+(3x 6y)k(6)
Dién ap dat vao 2 cuc cudn day va dién tré mot chicu cua cudn

day, c6 thé xac dinh dugc mat do dong dién tir cac phuong trinh:

a4
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. di U
U:Rd6l+LE;IdC:R_dC (7)

trong d6: U: di¢n ap dét vao 2 cye cudn ddy; R : dién tro cua cudn ddy; L:
dién cam cua cun day; /, : dong dién trong cudn ddy; § - et dign cugn day.

FEM la mot k¥ thudt dé giai phuong trinh (5) dé xac dinh vecto tir thé
A, tir d6 tinh toan dwoc tir cam B va cuong d tir truong Htheo cdc cong
thire (3) va (2), qua do xdc dinh phéan b tir truong trong khong gian véi do
chinh xéc cao. Tur d6 s€ gitip ich nhi€u cho ngudi thiét ké va van hanh trong
viée hiéu chinh thong so cua co cau di¢n tir cua may tuyen tir dé toi uu hoa
phén bo tir trudng trong khong gian nham néng hi¢u qua hoat dong cua méy.
Phuong phap FEM gom 4 budc co ban:

- Roi rac hoa mién phén tich thinh cc mién con. Céc phan tir lién két
v6i nhau tao thanh ludi.

- Chon ham lién thudc va xp i 10i giai trén mdi phan ti.

- Ghép tat ca céc phan tir trong mién phan tich dé thu duoc ma tran hé thong.

- Giai ma tran hé thong bang phuong phap Lip.
Keét qua va ban luan

) Dé tinh toan theo FEM, cﬁl} phai c6 sy ho tro clia cac mdy tinh

s0 va cac chuong trinh phan mém dugc viét dya trén nén tang toan
hoc cua phuong phéap nay.

BLtes1al
3.3701e+800
3,1679e+808
2, 95674808
2. 74554808
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1.6595e+800

1.4783e+800
1.2672e+800
1.8560e+800
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4. 224De-E01

2.1171e-801
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Time =0.05s
426,
Position =37.480814deg 0

200 (mm)

Hinh 3. Phan bé dién tir trwong trong LSPMSM 15 kW, 3.000
vong/phut.
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Hinh 4. D3c tinh phan bé mat dé tir trwo'ng LSPMSM 15 kW,
3.000 vong/phut.

Hinh 3 va 4 trinh bay phan b dién tir truong trong dong co. Két qua
cho thdy, phan bd dién tir truong trong dong co twong ddi déu, tuy nhién
van con ton tai mot s6 diém ma tir truong tap trung 6 nhimg diém nay
¢ thé bj bdo hoa sém hon céc diém khac. Xuét hién céc tir thong dap
mach trong mach tir lam cho dong co xuét hién hién tugng rung dong
khi 1am viéc, qua d6 can tiép tuc cai thién giai phap thiét ké dé dong co
¢ thé 1am viéc ém dju va cho hidu suit cao hon.
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Hinh 5. Dac tinh dong dién khéi dong véi tai dinh mlrc cua
LSPMSM 15 kW, 3.000 vong/phut.
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Hinh 6. Pac tinh mémen khéi dong véi tai dinh mirc cua
LSPMSM 15 kW, 3.000 vong/phut.

Hinh 5 va 6 cho thdy dac tinh dong dién khoi dong va déc tinh
momen khoi dong khi lam viéc voi tai dinh mie. Tur két qua mo phong
nhan thay rang, LSPMSM hoan toan c6 thé khoi dong va lam viée duge
Vi tai dinh muc (quat gio), sau khoang thoi gian khoi dong, dong co s
lam vi€c on dinh ¢ toc do 3.000 vong/phut.

Két luan

~ Baibéo dé xuét giai phap thiét ké phuong én bé tri va toi wu thong
s0 cia NCVC trong LSPMSM. K&t qua cho thay, doi voi duong déc tinh
toc do khoi dong va déc tinh dong dién ¢ ché d van hanh xac 1ép, cau
hinh NCVC thiét k€ tot, tuy nhién trong qua trinh lam viéc c6 thé van
phat sinh rung On, di€u nay s€ tiép tuc dugc cai thién bang viée toi uu
hoa qua trinh thiét ke bo tri NCVC trén rotor cia LSPMSM.
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