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1
MO PAU

1. Tinh cép thiét ciia luin an

Hién nay, cong suat va do sau khai thac mo ngay cang ting, dan
dén viéc may moc duoc sir dung ngay cang nhiéu trong khai thac moé
nham thay thé stic lao dong clia con ngudi. Viée co gidi hoa khai thac
dan t6i str dung dién ning trong khai thic mo ngdy mét ting lam cho
ti trong gia thanh dién nang trén mot tan than khai thac ngay cang 16n.

Céc giai phap trén da phat huy tac dung nhat dinh trong viéc st
dung ning lugng tiét kiém va hop 1y. Tuy nhién, phan 16n dién ning
tiéu thy trong khai thac mé thudc vé cc hé truyén dong dién. Trong
khai thac mé ¢ Viét Nam nang lugng dién duoc ti€u thy bdi cac dong
co chiém hon 75% tong dién ning tiéu thu cia mé. Dé tiét kiém ning
luong, mot giai phap thay thé dong co khong ddng bo phong nd (Ex-
IM) 1a sir dung dong co phong nd dong bd nam cham vinh ciru khoi
dong truc tiép tir ludi (Ex-LSPMSM). Do vay dé tai “Nghién ctru két
cAu roto dé cai thién dic tinh 1am viéc cha dong co phong nd
LSPMSM sir dung trong khai thac mé ham 10” c6 y nghia cap thiét
va thuc tién cao.
2. Muc tiéu ctia ludn an
a. Muyc tiéu tong quat

Pé xuat dugc két cau roto khi chuyén d6i Ex-IM thanh Ex-
LSPMSM c6 dic tinh 1am viéc va hiéu suit cao.
b. Muc tiéu cu thé

- Cai hoan thanh cong Ex-IM loai chiéu cao tim truc 160 mm
thanh Ex-LSPMSM.

- Cai thién cac thong s6: dic tinh khoi dong, dac tinh dong dién
ctia dong co Ex-LSPMSM nhung vin dam bao higu suat thiét ké ciia

dong co.
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- Giam thiéu chi phi gia thanh san xut qua viéc Iya chon hop 1y
nam cham vinh ctru st dung trong dong co Ex-LSPMSM.
3. Tinh méi va nhirng dong goép cia nghién cau

* V¢ khoa hoc

- P& xuat két cau roto véi ba thanh NCVC khdng c6 ciu tir cho
Ex-LSPMSM loai chiéu cao tdm truc 160 mm, tbc d6 3.000 vong/phut
pht hop cho quat gié va bom nudc cuc bo trong khai thac mo ham 10.

- Phan tich danh gia tic dung cua dong dién khai dong dén hién
tugng khir tir d6i voi NCVC trong qué trinh khoi dong.

- Lua chon hop ly théng sé cia nam cham vinh ciru cho Ex-
LSPMSM loai chiéu cao tdm tryc 160 mm, toc do 3.000 vong/phut
nham cai thién dic tinh 1am viéc khi xét dén diéu kién khur tir.

* \/é thuc tién

- Cai hoan dong co Ex-IM cong suat 15 kW, thanh dong co Ex-
LSPMSM 15 kW - 3.000 vong/phut c¢6 dac tinh lam viéc phu hop voéi
c4c tai quat gi6, bom nudce trong khai thdc mo ham 16 dé nang cao hiéu
qua sur dung dién nang. Giai phap k¥ thuat dua ra sé gilp ich cho céc
nha thiét ké, ché tao timg budc cai tién dé duwa dong co Ex-LSPMSM
vao trong khai thac mo.

4. Pbi twong va pham vi nghién ciu

- Béi twong nghién ctru 1a: Pong co Ex-LSPMSM ¢ chiéu cao
tam truc 160 mm, téc d6 3.000 vong/phut dugc cai hoén tir dong co
Ex-IM c6 cuing théng s6 (cong suat 15 kW, sé doi cuc tir 2p = 2) va co
cuing chiéu cao tam truc 160 mm.

- Pham vi nghién cuu cua luan an: Luan an tap trung vao viéc
nghién ciru thiét ké ciu triic va kich thude NCVC trong réto dong co,
cac thong sb con lai cua dong co duoc giit nguyén.

5. Ngi dung nghién ciru



3

- Tong quan van dé nghién cau

- M6 hinh toan dong co EX-LSPMSM

- Xac dinh két cau roto dé cai thién dac tinh 1am viéc cua dong co
Ex-LSPMSM

- Thuc nghiém va danh gia két qua
6. Phuwong phap nghién ciru

Dé thuc hién muc tiéu cua Luan an, tac gia st dung céc
phuong phap nghién ctru sau:

- Phuong phéap nghién ctiu ly thuyét;

- M6 phoéng bang phuong phap phan tir hitu han.

- Phuong phap thuc nghiém.

7. Nhirng diém méi cha luan an
- Dé xuit két cau roto vai ba thanh NCVC khéong c6 cau tir cho
Ex-LSPMSM loai chiéu cao tdm truc 160 mm toc do 3.000 vong/phit
pht hop cho quat gié va bom nudc cuc bo trong khai thac mo ham 10.
- Lua chon hop ly théng sé cua nam cham vinh ciru cho Ex-
LSPMSM loai chiéu cao tdm tryc 160 mm téc d6 3.000 vong/phut
nham cai thién dic tinh 1am viéc khi xét dén diéu kién khur tir.

- Ché tao thar nghiém thanh cong dong co Ex-LSPMSM 15
kw, 3.000 vong/phat trong phong thi nghiém wng dung cho cac phu
tai quat gio va bom nudc cuc b trong khai thac mé ham 10.

Chuong 1
TONG QUAN VAN PE NGHIEN CUU
1.1. Téng quan vé dong co Ex-LSPMSM
Dong co phong nd dong by nam cham vinh ctru (Ex-LSPMSM)
c6 cau tao 1a dong co dong bo nam cham vinh ctru (LSPMSM) [9] két
hop Véi vo phong nd (Ex) dé sir dung trong méi truong chay no nhur
khai thac mé ham 10.
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1.1.1. Céu tao ddng co Ex-LSPMSM
Pong co Ex-LSPMSM la sy két hop cia dong co dong bo roto

nam cham gan chim (IPMSM) va dong co khong dong b réto 1ong
soc [10]. Déi voi dong co Ex-LSPMSM c¢6 cau tao két hop tir ca hai
loai dong co sao cho phat huy tdi da wu diém cua ca hai loai dong co
noi trén [73].
1.1.2. Pac tinh lam viéc ciia dong co EX-LSPMSM
1.1.3. Ung dung dong co LSPMSM trong khai thac than mé ham
10

Trong khai thac than hdm 10, phan 16n dién ning tiéu thy tap trung
& cac hé truyén dong dién phong nd. Két qua thong ké cho thdy phu tai
quat gi6 mo chiém ty 18 dién ning 16n nhit, khoang 32,95% tong dién
nang tiéu thy; tiép theo 1a cdc nhom tai van tai, dao 1o, sang tuyén va

tiéu thu phu trg [3].

CP, CK, khn

vyecon
8,62%

Hinh 1.8. Ty ¢ tiéu thu dién nang cta cac khau trong khai thac mo.

1.2. Téng quan nghién ciru vé két ciu dong co LSPMSM
1.2.1. Téng quan céc nghién ciru trong nwéc

- Nguyén Vii Thanh (2015) [13] tap trung nghién ciru thuat toan
thiét ké, ché tao hoan chinh dong co dong bd ba pha nam cham vinh

ctru khoi dong truc tiép tir ludi dién.
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- L& Anh Tuan [9] d4 xay dung mé hinh todn va md phong dic tinh
khoi dong cia LSPMSM c6 xét dén bdo hoa mach tir va hiéu ung mat
ngoai cho dong co 2,2 kW, 1.500 vong/phut.

- Bui Minh Dinh [2] nghién ctru lam chu tinh toan, thiét ké va cong
nghé ché tao day dong co LSPMSM dén 11 kW, 1.500 vong/phut dat
mirc hiéu suét IE2 theo IEC 60034-30.

Nhin chung, cac cong trinh trong nudc da tao nén tang quan trong
vé mo hinh hoa, thiét ké va ché tao LSPMSM, nhung chu yéu van tap
trung & dai cong suat nho hon, toc do thap hon va chua di sau vao ddi
tuong phong nd 15 kW — 3.000 vong/phut ding trong moé ham 10.
1.2.2. Téng quan céc nghién ciru trén thé giéi
a. Nghién cizu vé cdu tric bé tri nam chdam vinh ciru.

Pbi voi ndi dung nay c6 mot sb nghién ciru nhu: [64] da nghién
ctiu két cau roto cia dong co LSPMSM cong suat 3,7 KW. CAc tac gia
da dua ra két cAu cua dang 3 thanh nam cham vinh ciru dugc b tri
trong roto. Nghién ctru [37] trinh bay mét cau tric méi cua mach 2 cuc
LSPMSM - 3.000 vong/phut (50/60Hz) cong suét 37 kW. [28] da thiét
ké két cAdu nam cham vinh ctru trong réto dang cénh quat...

b. Nghién cizu cac yéu to anh hucng dén thong sé lam viéc cia dong
co LSPMSM.

V6i nhitng wu diém thay ré cia dong co LSPMSM, viéc thiét ké
d6ng co loai nay da thu hut rat nhiéu cac nha nghién ciu. [78] tinh toén
thiét ké toi vu dong co LSPMSM dua trén qua trinh phén tich dién tir
va phan tich nhiét. [21] nghién ciu cai tién moémen, kha niang khoi
dong va ché do van hanh xéc lap cia LSPMSM. [20] Nghién ctiu qua
trinh khoi dong va mé hinh toan LSPMSM. [82] nghién cuu tién hanh
so sanh dong co khong dong bo (KDB) va dong co ddng bo nam cham
vinh ctru khai dong truc tiép (LSPMSM) trén nén mé hinh d—q cia ca
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hai loai may. [69] dua ra viéc phan tich khir tir dong co LSPMSM-
1.500 vong/phiit va dé xuat mot giai phap dé co thé giam hién tuong
khur tir. ..

c. Nghién cizu vé gidi phap toi wu thong sé déng co LSPMSM.

C6 cac nghién ctru nhu: [79] trinh bay mot phuong phap phan tich
va toi uru hoa thiét ké cho dong co dong b nam cham vinh ciru khoi
dong truc tiép (LSPMSM). [95] dua ra trinh tu thiét ké dong co
LSPMSM véi cac budc lya chon kich thudce co ban twong tu nhu ddi
VGi dong co IM, két cau roto 1ong s6¢ véi nam cham gan hinh nan quat.
[28] tap trung giai quyét bai toan nang cao hiéu suat va hé sb cong suat
cho dong co LSPMSM cong suit 7,5 KW thong qua tbi uu hoa ciu tric
roto. [68] cac tac gia tap trung tdi uu hoa kich thuéc nam cham nhiam
giam chi phi san xuat dong co LSPMSM...

Bang 1.3. So sanh murc d6 dong gop cia ludn an voi cac hudng

nghién ctru tiéu biéu vé dong co LSPMSM

Tiéu chi Nghién ciru truéc Luén 4n nay
Chu yéu 1a LSPMSM cho  [Ex-LSPMSM duing cho
ung dung cong nghiép thong|quat gié va bom nudc

Dbi tuong

nghién cuu 3
& thuong. cuc bd trong mo ham 1o.

Phan 16n tap trung & cong
Dai cong suatjsudt nho hodc trung binh;  [Nghién ciru déi twong 15
vatbcdd  |nhiéu nghién ctru ¢ 1.500 KW, 3.000 vong/phut.

vong/phut.

Dé xuat roto 3 thanh
NCVC khéng c6 cau tir;
phan tich anh hudng cta

Chu yéu khao sat cdu hinh
« + . |rotohodc bd tri nam cham
ict cau roto riéng 1¢; it phan tich khur tu .
’ dong dién khoi dong dén
khtt tir va lua chon

INdFeB loai N38.

va khur tur L e afe ,
gan voi doi tugng Umg dung

cu thé.
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1.3. Khoang trong ciia nghién ciru

Tir cic nhan xét trén c6 thé thdy rang, khoang tréng nghién ciru
chu yéu tap trung ¢ bai toan lga chon két cAu roto phu hop cho dong
co Ex-LSPMSM cong suit trung binh, toc d cao, c6 kha ning tng
dung trong diéu kién khai thac mé ham 16. Trén co sé d6, luan an tap
trung nghién ctru phuong an két cau roto dé cai hoan dong co Ex-IM
¢6 chiéu cao tam truc 160 mm, téc d6 3.000 vong/phut thanh dong co
EX-LSPMSM phu hgp cho céc phu tai quat gié va bom nudc trong md
ham 10. N6i dung nghién ctru khong chi hudng téi nang cao hiéu suét
ma con tap trung 1am rd anh hudng cua két ciu roto va thong s nam
cham vinh ctru dén dic tinh khoi dong, chét luong dong dién, kha ning
déng bd va do tin cdy lam viéc cua dong co.
1.4. Két luan

- LSPMSM la dong co lai gitra IM va PMSM nén tan dung duogc
cc vu diém cua hai loai dong co trén nhu co thé khoi dong truc tiép
tr ludi do ¢o léng soc O roto hay lam viéc dai han & tbc do déng bo
nén khong cé tdn hao roto tir d6 cai thién hiéu suét cta dong co va
duogc liét vao dang dong co c6 hiéu suét cao va siéu cao. Tuy nhién
nhuoc diém cta loai dong co nay 1a mémen khoi dong thap.

- Vi xu huéng tiét kiém ning lugng ngay nay Ex-LSPMSM dang
dugc dan thay thé cho dong co Ex-IM & mét s6 phu tai ¢6 thong sé 1am
viéc phu hgp nhu quat gi6é va bom thoat nudc.

- Cac nghién ctru vé& dong co LSPMSM trudc diy thuong tip
trung vao hai hudng 1a thiét ké t6i wu LSPMSM ngay tir dau hodc cai
hoan IM thanh loai LSPMSM va ap dung cho day dong co LSPMSM
c6 cong suat nho dudi 7,5 kW, toc do 1.500 vong/phut chua ¢ cong
trinh nao nghién ciru dén loai dong co cong suat 11 kW-18.5 kW tdc

d6 3.000 vong/phut (loai chiéu cao tam truc 160 mm, mot cap cuc tur)
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day 1a loai dong co sir dung nhiéu nhét trong cic phu tai quat gi6 va
bom nudce cuc bd trong khai thic mo.

Vi nhitng van dé di néu ¢ trén, luan an s& tap trung vao nghién
ctru két ciu roto phu hop dé cai hoan dong co Ex-IM loai chiéu cao
tam truc 160 mm toc do 3.000 vong/phut sang dong co Ex-LSPMSM
phu hop cho bom nudc va quat gié cuc bd trong khai thac moé loai
chiéu cao tam truc 160 mm tdc do 3.000 vong/phit.

Nhiém vu dat ra phai phan tich dugc két cau bd tri nam cham,
kich thuéc thong s6 cua nam cham dé cai thién duoc dic tinh khoi
dong, mémen, dong dién va suc dién dong nguoc cia Ex-LSPMSM.

CHUONG 2. MO HINH TOAN PONG CO LSPMSM

2.1. Mb hinh toan LSPMSM
M6 hinh Ex-LSPMSM Honsinger d& xuét [83].

. d¥,
Ug = Tl4 +7 — wr.‘}/q
. ay,
Ug =1iig +—t+wr. ¥y
v AWy
=r
{ 0=ralg +7 2.1)
ay/]
—— q
0= Tqlg + o
m . .
LMdt = ;p (lzudld - lluqlq)

Néu dong co chi ¢o kich tit NCVC
¥Yq = Lalg + Linaiza + ¥
¥y = Lgiq + Linglzq
¥Y2a = Laalaq + Linala + ¥
Woq = Laglag + Limgiq

Hé phuong trinh dién ap ctia Ex-LSPMSM theo Honsinger [83].

2.2)

o a¥;s
Ugs = T1lgs + TR ¥is

Dién ap stato { (2.3)

. dW¥gs
Ugs = Tlgs + TS + w,. Py
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a¥ar

L Uy = Tglg, + =0
Dién ap roto { T d‘f'zr (2.4)
Ugr = Tyrigr + Tl 0
(Lls + Lmd)lds + Lmd ld + lp
Tir thong stato { d 2.5
g lpqs (Lls + Lmq)lqs + Lmq qr ( )
= Lipig + Lina(igs + igy) + ¥
Tir thong réto { rdr T omdds T dr 2.6
g = Liigr + Ling(igs + lqr) ( )

o oonVe L L for

Hinh 2.1. So' 6 mach dién thay ~ Hinh 2.2. So d6 mach dién thay thé
thé truc d cia Ex-LSPMSM [83]  truc g ctia Ex-LSPMSM [83

Momen dién tir cia LSPMSM duogc xac dinh [25]:

3 o HAG U i
Mrh :5'13' (lel'l:h'lqs _Lmq‘lqr'lcis) + qu qs (Lmd Lmq) lds qs (27)
_
thanh phin mémen khong déng bo thanh phdnmémen kich tir thanh phin mémentir trés
Momen dién tir: Mat = Mias + Mkt + M (2.8)

2.2. M hinh h6a LSPMSM bing phuwong phap phan tir hiru han

2.2.1. Phwong phdp phén tir hitu han (FEM)
Theo phuong trinh Maxwell - Faraday viét cho truong hop cua
dong co dién ¢ trang thai xac lap nhu sau [5],[7].

VxH=] (2.10)

Cuong d9 tur truong H c6 lién hé vé&i mat do tu thdng B nhu biéu

thuc. B = pou,H (2.11)

Trong truong dién tir, § dugc tinh toan qua dai lugng vecto tir

thé /T nhu sau: B=VxA4 (2.12)
Thay (2.11) va (2.12) vao (2.10), ta thu dugc phuong trinh.
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1
Holr

Vx(==Vxd)=] (2.13)

Phuong trinh (2.13) ¢6 dang tong quat cia phuong trinh
Poisson, c6 thé duoc dién giai trong md hinh phan tich tng véi hé toa

924 924 | 9%4
Ge+aitaz)t/=0 e

d6 Oxyz nhu sau:
Holr
Giai (2.14), tim duogc /T, sau d6 dwa vao (2.11) va (2.12) dé

tinh dugc mat do tur thong B va cudong d6 tu truong H nhu sau:

B =B,i+B,j+B,k = (Z‘;Z—%)H (Gz-2)j+ (%—%)E (2.15)

Dién ap dat vao hai cuc cudn day va dién tré mot chiéu caa
cudn day, c6 thé xac dinh duoc mat d6 dong dién tir cac phuong
N . . di U
trinh: U=RdCL+Ld—z; lye = — (2.16)

Rac

2.2.2. Cic phin mém FEM phé bién trong nghién civu mdy dién
2.2.3. M6 hinh héa LSPMSM trén phan mém #ing dung FEM
DPong co Ex-LSPMSM c6 cac thong sb: Cong suat 15 kW, tc do
3.000 vong/pht va co kich thude duge cho trong bang 2.1 [10]:
Béng 2.1. Thong s6 dong co Ex-LSPMSM cong suét 15 kW, toc
d6 3.000 vong/phut

Tham sé Ky hiéu Gid tri Don vi
Duong kinh ngoai Stato Dout 245 mm
Puong kinh trong Stato Din 152 mm
Puong kinh ngoai Roto D’ 151 mm
Puong kinh truc Roto Dt 52 mm
Vit liéu thép Stato Steel 1008
S0 lugng ranh stato Z1 36 Rénh
Sb lwong ranh roto Z2 28 Réanh
Chiéu dai khe hé khong khi ) 0,5 mm
Dién ap ngudn Un 380/660 V
Tan s0 f 50 Hz
Loai NCVC NdFeB N38SH
Kich thudc 1 thanh (dai.rdng.day) mm 35.34.8
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Viéc tinh todn so b kich thudc ctia nam cham vinh ctru trong dong

co EX-LSPMSM thuong dugc tinh toan theo cac budc sau [5]:
- Tinh toan lua chon so bd chiéu rong cuc dai cia nam cham W,
Whax = ﬁleax (217)

- Tinh toan thé tich t6i thiéu nam cham duoc sir dung
— 2-kocf-kfd-(1+kEC)-Pdm
Vi = & 2p B, (2.18)

Tir thé tich nam chim Vi, va chidu rong cuc dai bmax nhu trén tinh
duoc do day t6i thiéu ctia nam cham hmin:
\4
hpin = = (2.19)

Hm-bmax

* Nhan xét: So bo tinh toan ddi véi dong co EX-LSPMSM 15 kW
tinh toan duoc chiéu day nam chim hmin = 7,3 MM, brax= 34 mm. Khao
sat dac tinh lam viéc ctia dong co EX-LSPMSM n = 3.000 vong/phut, Pam
=15 kW, Udm =380/660V, str dung loai nam cham vinh ctru N=38 vai do
day nam cham lga chon so bd la: h =7 mm. Nham nghién ctu cac dac
tinh cia EX-LSPMSM, tac gia sir dung phan mém tmg dung phuong phap
phén tir hitu han (FEM) dé m6 phéng LSPMSM. Céc két qua mo phong
nhdm muc dich nghién ctru va danh gia thiét ké cua dong co.

2.3. Phan tich lwa chon két cAu roto biang phwong phap phan tir
hiru han

2.3.1. Lwa chen logi hinh dgng thanh nam cham

a) Chia 2 thanh b) Chia 3 thanh c) Chia4 thanh

Hinh 2.6. CAu hinh LSPMSM - 2 cuec.
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Hinh 2.8. Pudng cong téc d6 khai dong Hinh 2.9. DPuong cong dong dién ché do

v6i cu hinh 2, 3 va 4 thanh. én dinh.

Bang 2.4. Két qua tinh toan THDI.
[17] Cau hinh 2 thanh | Cau hinh 3 thanh | Cau hinh 4 thanh

Tham so

THDi <20% 26,6% 18,8% 24,5%

* Nhan xét: Két qua trong Bang 2.4 cho thdy cau hinh 3 thanh c6
gi4 tri THDi thip nhat 1a 18,8% va cau hinh 2 thanh c6 gi4 tri THDi
cao nhat. Cau hinh 2 thanh va 4 thanh déu vuot qua yéu cau song hai
quy dinh [17]. Két luan lya chon cAu hinh 3 thanh nam cham vinh ciru.
2.3.2. Lwa chon céu hinh réto ciia LSPMSM
2.3.2.1. M6 hinh gidi tich xac dinh tie thong khe ho khong khi

~ 2miP _

T2
51 B Bys
: Kich tir bi - Kich G béi - Kich 10 boi
Neve NOYCZ G NCvel
s ~—
I " 2" T Ty, e
P

.& -
P P
| |
I I

()

Hinh 2.13. Mo hinh tuong Hinh 2.14. Céic m6 hinh mach tir theo
duong cua phan bo mat do tu huone phip x&p chone:
thong khe hé khong khi PAUGHE phap XEp Chong:
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(@), (b) M6 hinh dua trén NCVC1; (c), (d) M6 hinh dya trén NCVC2.
Duya trén Hinh 2.14, cac biéu thirc toan hoc sau day c6 thé
duoc xdy dung: @4 = By A,1 = B LgWp (2.21)
@r2 = BrApy = BrLstiWp: (2.22)
Céc tham s6 tir tré khac nhau va dién tich khe hd khong khi

c6 thé duoc biéu dién nhu sau:

_ 9o
91 = poan (2.23)
R,, = -2 (2.24)
92 HoAg2

Duya trén hinh dang réto ctia dong co Ex-LSPMSM, goc cung
cuc tu (00]) dugc xac dinh dua trén cac doan nam cham vinh ctru

trong mdi cuc, dién tich khe ho khong khi hiéu dung dugc biéu dién

theo cong thitc sau [27]: 22 = (Byyy + Oz (2.31)
@, =0,+6, 0m=0,+6, (2.32)
Ay =Agy + Ay (2.33)

Tir thong ro trong cac cau ndi c¢6 thé duoc udc lugng theo cong
thure sau [27]: Dpri = BsatApri (2.39)

Mb hinh tuong dwong phan b tir thong cho thay phan bd mat do
tir thong khe ho khong khi theo ban kinh roto duoc xac dinh bang mo
hinh giai tich c6 d6 tuong dong dang ké véi két qua thu duoc tir md
phong theo phuong phap phan tir hitu han (FEM). Do d0, co thé gia
dinh rang hai két qua nay 1a twong duong nhau. By1 = By, = B, (2.52)

B4 BraAmaR
Bq(quam) — r1fima ~ rzfmzfmz (2_53)
! ! Agi[1+y(1+a+p)] Agz2(Rgz+Rmz)

Am

Véiy = 031;a = 0,55 f = 1,58; B,y = 1,23T; 77 = 1 By = 0,624(T)
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2.3.2.2. M6 hinh FEM xac dinh tw thong khe ho khong khi

i Bang 2.5. So sanh mat d¢ tu thong khe
: ' hé khong khi va stre dién dong khong tai
giita gia tri tham chiéu thiét ké va két

i ST qua mod phong FEM
£ ks ] . . . A
=Y LW . | Tinhtoan | M4 phéng Sai s0
‘ “ Thong so giai tich FEM AE%
Hinh 2.16. Phan b tir truong trong dong By(T) 0,624 0,59 48
co khong co cau tur Eue (V) 380 395 38

Gtk Exgesions Pt | [ Induced Vtages. L5 e

Hinh 2.17. Tt thong khe ho khong khi (a)
va stc dién dong khong tai B-EMF (b)

* Nhan xét: Sai s6 gitra mo hinh giai tich va mé phong FEM déu
nho hon 5%, cho thiy mé hinh phan tir hiru han xdy dung trong
Ansys/Maxwell c6 do tin cdy tbt, phtu hop v6i mo hinh giai tich. Vi
vdy, trong luan an s& sit dung md hinh FEM dé nghién ctru Ex-

LSPMSM thay thé cho mé hinh giai tich.
2.3.2.3. Lua chon két cau ranh bé tri nam cham vinh ciru

3500 375+

” / sl

Speed [rpm]

Torque [N.m]

00 02 04 06 05 10 12 14 16 1§ 20 00 02 04 06 08 10 12 14 16 18 20
Time [s] Time 5]

Hinh 2.19. Pic tinh khoi dong ciia dong co Hinh 2.20. Dac tinh mémen xoén cta dong co
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g ‘
0.2 04 0.6 08 10 12 14 1.6 18 20 o !
Time [s]
“ o0 01 02 033 o4
1 - ’ \ <A 5 A A A Ereq [KHz]
Hinh 2.21. Pic tinh dong dién & ché do van

EWF_LSPUSH

EMF [V]
Power [W]

0 2 4 6 8 10 1 14 16 18 20
Time [ms]

TIIT;& [s]

hanh trang thai 6n dinh Hinh 2.22. Phan tich FFT song hai dong dién

s < A i A Hinh 2.24. Cong suit dién tir va cong suét co
Hinh 2.23. Pic tinh strc dién dong khong tai. y
n ac it suc dien dong Khong fan trong qua trinh mo6 phong EX-LSPMSM

* Nhan xét: Dya trén phan mém mo phong Ansys/Maxwell dé chi
ra rang cdu hinh réto khong c¢é cau tir cho phép Ex-LSPMSM c6 céac
thong sb 1am viéc tot hon. Cau tric nay duoc lya chon dé ché tao va
danh gia thyc nghiém.

2.4. Két lugn

Chuong 2 da xay dung va phan tich toan dién mo hinh toan dong
co Ex-LSPMSM, hinh thanh co s& 1y thuyét va cong cu md phong phuc
vu thiét ké va thuc nghiém & cac chuong tiép theo.

Trén co s& md hinh toan cta Ex-LSPMSM c6 xét dén ba thanh
phan momen dic trung: moémen khong déng bo trong giai doan khoi
dong, moémen kich tir cia nam cham vinh ctru, va moémen tir tro.

Phuong phép phén tir hiru han (FEM) duoc tng dung trong phan
mém ANSYS/Maxwell nhim mé phong phan bd tir truong, mémen

dién tir va dac tinh khoi dong cia dong co. Ket qua so sanh gitta mo
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hinh gidi tich vA mé hinh sb cho sai s6 dudi 5%, chimg to tinh chinh
xéc va do tin cdy cao ctia phuong phap mo phong dugc dé xuat.

Dua trén md hinh FEM, luén 4n da khao sat cac phuong an Kkét
cau roto khac nhau theo s6 lugng va cach bd tri thanh nam cham (2, 3
va 4 thanh), ciing nhu anh hudng cia ciu tir. Két qua chi ra rang cdu
hinh réto ba thanh nam cham, khong c6 cau tir 1a toi uu nhét véi thoi
gian vao dong bo ngan (ts = 0,45 s), gon mémen thap (RipT = 23,1%),
tong méo hai dong dién nhé (THDi = 14,3%) va hiéu suit cao ( =
93,3%). Phuong an nay gitp giadm tu thong ro, ting moémen khéi dong
va cai thién dic tinh dién tir tong thé.

Nhu viy, chuong 2 da xac 14p duoc nén tang 1y thuyét va cong cu
mo phong dang tin cdy cho viée thiét ké két cau roto cia EX-LSPMSM,
g6p phan khang dinh tinh kha thi va hiéu qua ctia mé hinh toan két hop
md hinh phén tir hitu han trong nghién ctru va phat trién dong co Ex-
LSPMSM. Cac két qua nay duogc sir dung lam co so lwa chon thong sb
ctia két ciu roto trong chwong 3.

CHUONG 3. PHAN TICH LUA CHON THONG SO
CAU TRUC ROTO CUA LSPMSM
3.1. Khi tir ciia nam chdam vinh ciru
3.1.1. Nam chidm vinh ctu
3.1.2. Phén tich qua trinh khir tir ciia nam chim vinh ciu

Pé md hinh héa hién tuong khir tir cia nam cham, can thiét lap
mébi quan hé gitra B, H va M dbi véi vat liéu tir. Méi quan hé nay duoc
mo ta thong qua duong cong B-H. B = uo(H + M) (3.2
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3500 3007
A S— S— - e T— N Name X Y = e

S000{=FF== = : = 200 _mt_3sgo7isstol .
z 2500] e o
& 2000 | < 100 o
: 1500 “‘ E 0
2 1000, £
? 500 / 3100

0
500" 20
o 1 2 3 4 Timels]

0 1 2 3

4 Time[s]
Hinh 3.9. Dac tinh dong dién cua dong co
bi khtr tir mot phan.

Hinh 3.8. Dc tinh toc do cuia dong co bi
khir tir mot phan khong doi xing.

* Nhan xét: Két qua nghién ciru trén mé hinh mé phong cho thay: trong
qua trinh khoi dong Ex-LSPMSM véi cdu tric 3 thanh, hai thanh ngoai
d& bi khir tir nhat, mtrc do khtr tir ctia cac thanh khéng gidng nhau.

Hinh 3.14. Dic tinh tc 4o caa Ex-
LSPMSM khi suy giam tir & hai cip LSPMSM khi suy gidam tir cia NCVC ¢ hai
NCVC déi xiing nhau dang mot va hai cap NCVC doi xirng nhau
Béang 3.3. Hiéu suat cua Ex-LSPMSM khi suy giam tir & mot cap
NCVC doi xing

Hinh 3.13. Bic tinh téc d6 cua Ex-

STT Hi¢u suit n(%) | STT Hiéu suit n(%)
Trudong hop 1 91,2 Truong hop 4 90,2
Truong hop 2 92,8 Truong hop 5 92,5
Truong hop 3 93,3 Truong hop 6 92,8

* Nhan xét: Tir bang 3.3 ta nhan thiy rang, truong hop 3 & day s&
cho hiéu suit cao nhat (93,3%) nhung dic tinh khoi dong kém nhét.
Nguoc lai ddi véi truong hop 4 ¢6 dic tinh khai dong tét nhit nhung hiéu
suat lai thap nhét (90,2%).

3.1.3. Pidu ki¢n dam bao khong bi khir tir NCVC caa LSPMSM

Viéc tinh toan, thiét ké NCVC sao cho tranh duogc hién tugng khur
tir trong qué trinh khoi dong cua Ex-LSPMSM la rat quan trong. C6 hai

loai duong cong khir tir thuong dugc st dung: mat do tur thong qua
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nam cham 1a ham cua truong tir (duong cong BH). Truong hop x4u
nhat ctia qua trinh khir tir khong phuc hoi 1a tat ca cac st tir dong c6
chiéu nguoc v6i hudng cia Fom. Tong hop bon st tir dong Fs, Fr, Fg
va Fom sinh ra sire tir dong téng F, dugc xac dinh nhu sau [34]:
F=En,+FK+FE+F (3.9
Dé tranh khir tir khong phuc hoi nhu trén da phan tich thi bé day
NCVC phai dam bao theo cong thirc sau [34]:
[<l,2.T 2pH (3.13)

m"4"V2.Nk,

122 N g, (3.14)

2 2.p.H¢

3.2. Phén tich Iya chon tham s6 ciia nam cham vinh ciru

3.2.1. Phwong phdp phan tich tham sé
3.2.2. Ung dung phwong phdp phén tich tham sé d@é lwa chon thong

sENCVC: V= % (3.27)
m 42Nk
by = B2 (3.28)

Vi dong co Ex-LSPMSM 15 kW nghién ctru c6: m = 3; kns =
0,92; N =120 vong/pha; HC = 950000 A/m; =262 A — Ip =
2,2.26,2 =576 (A)

3 4 +/2.120.0,92

g lM ==

23,14 2.950000

.57,6 =9mm - chonly, =9 mm

30007
2500

Back-EMF PhaseA [V]
o

! 4800 4825 4850 47.5 4900 4925 4950 4975 5000
Time [s] Time [ms]

Hinh 3.20. Dic tinh téc d6 khéi dong Hinh 3.25. Dang song B-EMF cua Ex-
cta Ex-LSPMSM 15 kW, 2p =2 LSPMSM 15 kW, 2p=2 v4i wM = 35 mm
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Hinh 3.23. Piém cuc tiéu toan cuc cia trang thai lam viéc cuia NCVC3

Curve Info
Trace Char ~wM="28mm’

09567

avg 0.8417

Trace Char ~ wM="30mm’
avg 0.9446

Trace Char —wM="31mm’

e o i b e i e a et o A A S

09547

avg 0.8471

Trace Char  wM='32mm’" |
avg 0.9497

Trace Char —wM="33mm" |
avg 0.9519

1000

e

[y g ey s s g g e P s g

1200 1300 1400 1500
Time [ms]

1O 320 330 340 350
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Hinh 3.26. Dic tinh hiéu suat & trang thai van hanh xéc lap cua

EX-LSPMSM

Béang 3.8. Hi¢u suét 1am viéc ctia Ex-LSPMSM & trang thai

van hanh xac lap

wwm (mm) Hiéu suit n wnm (mm) Hiéu suit n
29 0.9417 33 0.9519
30 0.9446 34 0.9536
31 0.9471 35 0.9551
32 0.9497

* Nhan xét: Phan tich trén cho thay rang dé dam bao thong sé 1am

viéc va tranh nguy co khir tir ¢ thé xay ra trong qué trinh khoi dong,

c6 thé lwa chon kich thuéc NCVC véi chiéu day 9 mm va chiéu rong

33 mm khi bdi sb dong khoi dong cao hodc chiéu rong 34 mm khi boi

s6 dong khéi dong nho (duong dic tinh tai khong bi suy giam vé phia

trai goc 1/4), khi d6 van dam bao hiéu suét dong co ¢ gia tri 95,19 %,

hoéc 95,36%.
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3.3. Phan tich kiém tra Iwa chon loai NCVC

3.3.1. Mat dp tir thong do NCVC sinh ra trong khe ho khong khi
Tur dAn mach tr & ché d6 khong tai dugc xac dinh:

At = /15 + AJ = kgM./lg (339)
DG tir dan ciia NCVC duge xdc dinh: A, = £obrecoht (3.40)

Nhu vay, tir thong cia khe hd khong khi dugce xac dinh:

As

Dsg=—"D
50 Am/kom+As rem

(3.41)
Tir thong khe ho khong khi & ché d6 khong tai dugc xac dinh:

Bsp = —rem (3.47)

C
kom +Hreckcc_¢
P
Mat d6 tir thong khe ho khong khi Bor & ché d6 khong tai

Boy = ——rem (3.50)

= 3
kom +HreckC_C
14

3.3.2. Phéan tich lya chgn logi NCVC

“w\f '“ ‘;

AR A
AR
1l N3S
N38
N40
- N42

Speed [rpm]

Torque [Nm]

Time [s] T'ime [s]

Hinh 3.31. Bac tinh khéi dong va mémen cta EX-LSPMSM.
Bang 3.12. Két qua tinh toan dic tinh dong dién va stc dién dong nguoc.

Loai tirans (S) Imax (A) THDi (%) Eins (V) AE (%)
N35 0,90 308 17,8 389 +2,3
N38 0,95 314 16,1 400 +5,2
N40 0,80 312 14,3 410 +7,1
N42 0,85 337 17,6 420 +10,5
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* Nhan xét: Cac két qua dua ra cho thay khi sir dung nam cham
N38, N40 cho cac két qua kha twong dong, chénh léch nhau khong 16n.
Pong thoi v6i d6 1a gia thanh cia nam cham N40 cao hon gia thanh
cua nam cham N38. Do viy, trong ludn an dung nam cham N38 1a phu
hop cho dong co Ex-LSPMSM 160 mm.

3.4. Két lugn

Chuong 3 da trinh bay mot cach hé thong va toan dién anh huong
khir tir dén hoat dong cuia dong co phong nd dong bd nam chdm vinh
ctru khai dong truc tiép (Ex-LSPMSM). Két hop phan tich 1y thuyét,
md phong phan tir hitu han va danh gia s6 liéu dé xac dinh anh huong
ctia tham s hinh hoc nam cham 1én trang théi tir hoa va kha ning dong
bd ctia dong co.

Truée hét, chuong 3 da phan tich ddc tinh khir tr ctia vat liéu nam
cham NdFeB-N38 thong qua dudng cong khir tir BH va JH, 1am 16 vai
tro cua diém udn trong viéc xac dinh ving lam viéc an toan. Tai 20°C,
diém knee cua vat liéu & muc khoang 0,05 T, trong khi & 60°C tang
1én x4p xi 0,3 T, cho thdy nhiét d6 lam viéc cia roto 1 yéu td anh
huéng truc tiép dén kha ning giit tir cia nam cham.

Pong thoi voi do, dong dién khoi dong ciing anh huong 16n dén
van d& khr tir cia NCVC. Trong chuong 3 dé phan tich dugc kha ning
khir tir mét d6i xtng khi khoi dong Ex-LSPMSM ciing nhu anh hudng
ctia hién tugng khir tir d6i ximg dén qué trinh van hanh ciia dong co.
Tir d6 xé4c dinh diéu kién gidi han chiéu day, chiéu rong dé tranh hién
tuong khtr tir. K&t qua moé phong truong dién tir cho thiy chiéu rong
nam cham ww anh hudng dang ké dén phan bd tir thong trong khe ho
khong khi va kha nang xay ra khir tir.

Tir két qua phan tich Iy thuyét va chimg minh trén két qua mo
phong di lya chon dugc théng sé phi hop cia NCVC. Trong dé, dé
tranh hién twong khir tir xay ra thi chidu day ciia NCVC lya chon 1a Iy
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= 9 mm. Dé dam bao duoc ngu(‘Sn kich tir do NCVC tao ra thi Iira chon
duoc bé rong NCVC Wy = 33 mm va ching loai NCVC lya chon 1a
N38.

CHUONG 4. THU'C NGHIEM VA PANH GIA KET QUA
4.1. Ché tao, lip rap dong co Ex-LSPMSM
4.2. M6 hinh thi nghiém

_Hinh 4.2. M6 hinh thir nghiém trong phong thi nghiém
4.3. Két qua thuc nghié¢m

Hinh 4.3. Dic tinh dong dién Hinh 4.4. Két qua do stc dién dong
100% Bang 4.3. Bang so sanh két qua
0% I, EMF, n khi thuc nghiém
(5 a o A
§0% T Gia tri Mo Thue | Saiso

: phong | nghiém | (%)
gO%
S0y 1 I | A | 262 | 254 3.1
0% 2 |EMF| (V) | 3655 | 3579 | 21
0 20 4Pyaflp, 80 100
0,
Hinh 4.5. Dic tinh hiéu suét cia Ex-LSPMSM S n [ 966 | 929 | 38
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4.4. Két luan

Chuong 4 da thuc hién ché tao va thi nghiém dong co Ex-LSPMSM
cong sudt 15 kW, tbc do 3.000 vong/phit trén co sé phuong an két cau
roto duge Iya chon tir cac chuong trude. Két qua thuc nghiém cho thay
dong co van hanh on dinh, dang song dong dién & ché d6 xac lap g?m hinh
sin, strc dién dong khong tai c6 dang g?m sin va hiéu suét dat gia tri cao &
ving tai gan dinh muc.

V& mat dinh lugng, Kkét qua thyc nghiém cho théy dac tinh dong dién
cho gia tri bién do dong dién la 25,4 A giam hon dong mé phong 26,2 A
(sai khac 3,1%). Bién d¢ suc dién dong nguoc dat 357,9 V sai khac 2,1%.
Ngoai ra, dang song ciia dong dién va sirc dién dong ngugc c6 nhidu thanh
phﬁn song hai nhu mé phéng da chi ra. Thuc nghiém ciing da chirng minh
hiéu suét cua dong co dat dugc 92,9% (sai khac 3,8%) so voi 96,6% dat
duogc khi mé phong. Diéu nay 14 sai sb do cong nghé ché tao va qua trinh
do tao ra.

KET LUAN VA KIEN NGHI

1. Két luin

Luén an da nghién ctru mét cach cé hé théng dong co déng bd nam
cham vinh ciru khoi dong truc tiép tir ludi (LSPMSM) téc do 3.000
vong/phiit, cong sudt 15 kW, hudng toi tng dung cho cac phu tai quat gid
va bom nuéc trong khai thac mo ham 10. Trén co so tong quan cac nghién
clru trong va ngoai nudc, ludn 4n da chi ra khoang trong nghién ciru ddi
v6i dong co LSPMSM cong suat trung binh, tc do cao, co yéu cau van
hanh tin cay va phi hop vai diéu kién 1am viéc khic nghiét cua nganh mé
tai Viét Nam.

Luén an da nghién ctru mét cach cé hé théng dong co co chiéu cao
tdm truc 160 mm no6i chung va dbi tugng cu thé 1a loai 3K160M-2 (15
kW) Ex-LSPMSM, hudng t6i img dung cho cac phu tai quat gié va bom

nudc trong khai thac mé ham 1o.
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Noi dung cia luan an tip trung vao giai quyét cac van dé:

- Luén 4n d4 khao sat cac phuong an thiét ké khac nhau theo sb lugng
va cach bd tri NCVC dang 2,3 va 4 thanh ciling nhu két cAu ranh bd tri
NCVC c6 cau tir va khong c6 cau tir. K&t qua nghién ctru chi ra ring ciu
hinh réto 3 thanh NCVC khong c6 cau tir 1a phu hop nhit véi thoi gian
ddng bo hoa ngan (ts = 0,45 s), d6 gon s6ng mdémen thap (RipT = 23,1%),
tong méo hai dong dién nho (THDi = 14,3%) va hiéu suit cao (n = 93,3%).

- Luan an da phén tich dac tinh khtr tr cia NCVC va xac dinh diéu
kién tranh khtr tir d6i vai NCVC. Tir sy phén tich ké trén, két qua tinh toan
duogc kich thuéc NCVC phu hop dé ché tao 12 35x33x9 mm va loai N38
dugce sir dung dé ché tao Ex-LSPMSM.

Trén co so cac két qua nghién ctru Iy thuyét va moé phong, mot dong
co Ex-LSPMSM thuc nghiém dé dugc ché tao va thir nghiém trong phong
thi nghiém. Két qua thyc nghiém cho théy cac dac tinh dong dién, dién ap
va hiéu sudt ctia dong co phu hop voi két qua md phong, sai léch nam
trong gidi han cho phép. Hiéu sut cuc dai cua dong co dat khoang 92,9%
& vang tai gin dinh murc, cing 6 tinh hop 1y ctia mé hinh nghién ctru va
cho thay trién vong tmg dung thyc té ciia phuong 4n thiét ké dé xuét.

Nhirng dong gop méi ciia luan 4n bao gdm:

- Pé xuét két cdu roto v6i ba thanh NCVC khong c6 cau tir cho dong
co EX-LSPMSM loai chiéu cao tdm truc 160 mm, toc d6 3.000 vong/phut
phu hgp cho quat gi6é va bom nudc cuc bd trong khai thac mo.

- Str dung phuong phap phén tich tham sb dé Iya chon hop 1y thong
s6 ctia nam cham vinh ctru cho dong co Ex-LSPMSM loai chiéu cao tim
truc 160 mm, toc do 3.000 vong/phit nham cai thién dic tinh 1am viéc khi
xét dén diéu kién khr tir.

- Ché tao thir nghiém thanh cong dong co phong nd dong bo nam
cham vinh ctru (Ex-LSPMSM) 15 kW trong phong thi nghiém rng dung

cho céc phu tai quat gié va bom nudc cuc bd trong khai thic mé ham 10.
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