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Tém tit: Trén thé gidi, cac dong co tng dung vat liéu mat do tir cam cao va nam cham vinh cuu
(NCVC) ché tao dong co ddng bd nam cham vinh ctru khéi dong truc tiép (LSPMSM) tir ludi tiét
kiém dién va hiéu suét cao nam trong day hi€u suat IE2 va [E3 d3 duoc nghién ciru ché tao thanh
cong v6i rat nhiéu san pham véi dai cong sudt tir vai W dén hang traim kW, nham giam ton hao sat
tir, giam trong luong, nang cao hiéu suat, hé s6 cong suat va chat lugng diéu khién trong hé thong
truyén dong dién. Do dic thi cong nghé khai thac than trong mé ham 10, cac dong co khong dong bd
(KPB) véi tai bom, bang tai va quat gié ludn phai lam viéc trong nhing diéu kién lién tuc va ning
nhoc so v6i diéu kién 1am viéc cua thiét bi & cac moi truong khac. Viéc ung dung dong co LSPMSM
trong cong nghiép khai thac khoang san gitip cic cong ty khai thac nang cao dugc hé sb cong suat,
déng thoi tiét kiém duogc nang lugng trong qua trinh san xuét, tir d6 tiét kiém duge chi phi dau vao.
Trong ndi dung bai bao, nhom tac gia dua ra cac nghién clru va ing dung ctia dong co LSPMSM
trong san xuat & Trung Qudc va két qua md phong mot dong co LSPMSM tuong g vé thong sb.

Tir khéa: Cong nghiép Than - Khodng sdn; déng co nam cham vinh ciru khoi dong truc tiép; hé so

cong suat; tiét kiém nang luong.

1 it van dé

Trong nhimg nim gan déy, di c6 nhiéu vin
ban quy dinh vé tiét kiém nang luong dién cho
dong co dién dugc hinh thanh ¢ Viét Nam. Cac
chi tiéu chu yéu lién quan dén cip hiéu suit cia
dong co dién co cong suat ra toi da dén xap xi
200 kW, vi cac dong co loai nay duoc lip dat véi
s6 lwong 16n va hau hét cac bo phan cia chung
duoc san xudt hang loat. Tiéu chudn TCVN
6627-30 (IEC 60034-30) [1] da dinh nghia cip
hiéu suét IE d6i véi dong co dién roto 16ng séc
mot téc do va quy dinh quy trinh thir nghiém:

- 1E1: Hiéu suét tiéu chuén;

- IE2: Hiéu suét cao;

- IE3: Hiéu suét dic biét cao;

- [E4: Hiéu suét siéu cao.

Dbi véi cac dong co cap dién qua bo bién tan
s€ duoc dua vao tiéu chuin IEC 60034-2-3. Céc
dong co dién do Viét Nam san xuét thuong chi
dat hiéu suét cép IE1 do canh tranh véi cac dong

co dién cua Trung Quédc ciing hiéu sudt IE1
nhung gia rat ré. Bé san xuat dong co gia thanh
ré thi phai giam bot chét lugng vat li€u, nguyén
cong san xuat dé giam gia thanh. Do d6, nhiing
dong co KPB ba pha nay thuong c6 hiéu suat va
hé s cong suit & mirc toi thiéu [2].

T ndm 2017, Tha tuéng Chinh phu da ban
hanh “Pé an d6i méi hién dai hoa cong nghé
nganh cong nghiép khai khoang” theo Quyét dinh
259/Qb-TTgngay 22/7/2017 [3]. Tap doan Cong
nghiép Than - Khoang san Viét Nam da c6 nhiing
hanh dong cu thé, chi dao cac don vi phai coi
“Tiét kiém ning luong” 13 van d& cip bach va
nhiém vu quan trong hang dau. Cac don vi san
xuat trong Tap doan da trién khai hang loat cac
giai phap t6 chirc ciing nhu dau tu cac thiét bi tiét
kiém nang luong. Hién nay, cac quat thong gid
sit dung trong cac mo than ham 16 thuong dugc
nhap khau tir cac nude: Trung Qudc, Lién bang
Nga, Ba Lan... hodc ché tao nguyén mau theo
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cong nghé va giai phap cii nén hiéu suat 1am viéc
thdp, cic quat thong thuong lam viéc véi hidu
suit dat IE (tiéu chuén hiéu suit vé su chuyén hoa
nang lugng tur dién ning sang co nang cho dong
co KDB ba pha dién ap thap trong dai cong suat
tr 0,75 dén 375 kW) hodc cao nira ciing chi dat
mirc tiéu chudn IE1. Viéc nghién ctru st dung
dong co dién tiét kiém nang luong co6 hi¢u suét
cao dat murc tiéu chuan IE2 (tiéu chuén tiét kiém
dién nang va bao vé moi truong da duge xu ly &
cong nghé cao cip) trong nudc hudng dén muc
tiéu giam ti€u hao nang lugng dién lam chu cong
nghé, ning cao ning suat va giam chi phi dau tu,
chi phi van hanh 1a hét strc can thiét va cap bach.

Trong céc tiéu chuan qubc gia thi thong sb
k¥ thuat dong co xoay chiéu ba pha khong néu rd
ddng co ddng bd NCVC hay dong co KPB. Tiéu
chuén hiéu suit IEC/EN 60034-30-1 [1] chi quy
dinh l1a dong co khdi dong truc tiép tur nguén dién
xoay chiéu ba pha khong dung bién tan, khoi
dong mém hay céc thiét bi dién tir cong sut. Do
vay, viéc nghién curu xay dung céc chi tiéu hiéu
suat dong co dong bo NCVC hoan toan co thé sir
dung cac tiéu chuén ap dung cho dong co KPB
thong thuong.
2 Co s6 Iy thuyét
2.1 Ciu tric ciia dpng co LSPMSM

Pong co LSPMSM la dang dong co lai gitia
dong co KPB va dong co dong co dong bd
NCVC chim (IPM), c6 ciu tao stato giong dong
co KPB, roto dang léng soc, tuy nhién roto dugc
gin thém cac thanh NCVC trén bé mat hodc gin
chim trong 161 thép.

Day quan stato Nam cham vinh ciru

Roto Day quan khoi

dong

Hinh 1: Cdu triic dong co LSPMSM 3 pha 4 cuc

2.2 M6 hinh todn dpng co LSPMSM
Hién nay trén thé gidi, nhiéu nha nghién ctru

khong chi nghién ctru tong quéat dong co dong bd

va KDPB [10] ma con di sau xay dung nhiitng mo

hinh cu thé vé dong co LSPMSM [7-9]. Nhom

tac gia tong hop lai mo hinh toan duéi day:
Phuong trinh dién ap stato:

uS:rSiS+w‘Pds+d(\qu) )]
q q: dt
d(¥y)
u, =ri, -w¥ +—=2 2
ds stds qs dt ( )
Phuong trinh dién ap roto:
d(¥',
u'qrzrr'i'qr+(w—wr)‘l"dr+ (dtq) 3)
d(¥'
u'dr :rr'i'dr-(w-wr)ll"qr_'- ( dr) (4)
dt
Phuong trinh tr thong cuia stato va roto:
\Pds :(Lds +Lmd)ids +Lmdi'dr+LP'm (5)
W =(Ly + Ly )ig + L'y (6)
\P'dr :(L'dr+Lmd)i'dr+Lmdids +lP'm (7)
=L+ Lo )i+ Lol (8)

Trong d6: wr, w — twong tng la tbc d6 goc roto
va tde do tur truong stato; ¥’m, ¥dar, ¥ qr — tuong
ung 1a tr thong moc vong stato do NCVC sinh ra,
tir théng moc vong roto quy doi doc truc va ngang
truc; Was, Wqs — twong tng la tir thong moc vong
stato doc truc va ngang truc; Ls, Lmd, Lmg —lan
luot 1a dién cam tan ddy quén stato, dién cam tir
hoa déng b doc truc va ngang truc; L’ — dién
cam tan roto quy doi; igs, igs — twong tng 1a thanh
phz‘in dong dién stato doc truc va ngang truc; i'dar,
i'qr — twong tng 13 thanh phan dong dién roto quy
ddi doc truc va ngang truc; ts, Ir — tuong Ung la
dién tré ciia ddy quin stato va roto.

Phuong trinh m6 men dién tir cia dong co
LSPMSM duoc xac dinh nhu sau:

M, = %g(?dsiqs ~W i) )
Thay (5), (6) vao (9) ta co:
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[(Lds + L, )iy +Lmdi'dr+‘lf'm]iqs
[ (Lo + Loy iy + L'y i
(L, Loy )igedys + Loy 1

_—(qu +Lmq)1qsld -L i’

s mq- qr 1ds

_3FP
22

+‘P"_

_(L +L,
+L

_qu Lmq)lds qs+lP' i

o
-L 1" 14

mq- qr

_3P
22

mal ar lgs
Trong do Ldg = Ldgs + Ling — di€n cam day quan
stato doc truc; Lq = Lq + Ling— dién cam day quén
stato ngang truc.

Ta c6 phuong trinh:

3P| (La—L, )igie + ¥ i,

22 +(L
_3P

22
Nhu vdy, mdé men cta dong co LSPMSM

at — . .
1. —L 1

md1 dr “gs mq- qr 1ds)

(Mg, + M +M,, ) (10)

bao gém 3 thanh phan:

- Midb: Thanh phan mé men KDB;

- Mie: Thanh phan mé men kich tir;

- Mt Thanh phan mé men tir tro.

Tir phuong trinh (10) c¢6 thé thdy mé men
dién tir LSPMSM phitic tap hon nhiéu so véi dong
co KPB va dong co dong bd NCVC. Thuc té My
va My 12 céc thanh phan tuong tmg dong co dong
b6 NCVC, con thanh phan My, twong tmg dong
co KPB va thanh phan Mya ciing dong vai tro
quyét dinh dén kha nang khoi dong cia dong co
LSPMSM.

Phuong trinh cin bang mé men:

dw
= s 11
dt c r dt ( )

Do d6 téc do roto dugc xac dinh theo cong

W, I(M —M. —Fw, jdt (12)

Khi 1am viéc & ché d@ dinh muc, nguyén 1y

thire sau:

hoat dong cua dong co LSPMSM gibng dong co
déng bd nén xac dinh hiéu suit cua dong co
tuong tu nhu cua dong co dong bo:

_ PZ _ PZ _ P2
P P,+2XAP P, +p. +Pc
Mdtwr

Mdtwr + pFe + pCu

(13)

Trong d6: pre, pcu — twong tng 1a cac tén hao sit
tir va ton hao day quin cua dong co.
3 M6 hinh mé phéng va két qua

Ansys Maxwell [6] 1a phan mém tng dung
phuong phap FEM dé mé phong va mé hinh hoa
rat manh mé gitp tac gia mo phong va hi¢u chinh
cac thong sé da tinh toan. Trong phin mé phong,
nhom tac gia di tinh toan ra thong sb cua dong
co LSPMSM 11 kW 4 cuc, dién ap dinh murc
220/380 V va tan s6 50 Hz du sao. Hinh 2 1a cdu
tric mat cit ngang cua dong co LSPMSM thiét
ké trén phan mém Ansys Maxwell.

Hinh 2: Mé hinh mat cat dong co LSPMSM
trén phan mém Ansys Maxwell
C6 nhidu cach bd tri vi tri NCVC, & day
nhém tac gia chon cach bd tri nhu hinh 3. Véi
cach b tri nay giup tdi wu duogc cac thong sb cua
dong co LSPMSM.

Hinh 3: Mdt cdt va cdc thong sé kich thuée
cua NCVC trong dong co LSPMSM

3.1 Théng sé hinh hoc ciia dpng co LSPMSM
Céc thong s6 thiét 1ap trén stato da dugc thiét
ké tinh toan giai tich dua trén tai liéu [5].
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Bang 1: Thong sé6 mé phong
cia dong co LSPMSM 4 cuc

Bang 2: Két qua
thong s6 dong co LSPMSM 4 cuc

Théng sb Pong co | Tiéu chuin ISO
LSPMSM | 9001:2000 [2]
Hiéu suat dong co (%) 97,1378 87,5
Heé s6 cong sut 0,990198 0,87
M6 men dinh mic (Nm) | 70,0369
Téc do dinh mirc (vg/ph) | 1500 1460
Dong dién dinh mac (A) | 16,5093 22
Hé sb truot dinh mirc - 0,0267
Hé sé m6 men cuc dai 2,92699 2,2

Théng sb Gia tri
Duong kinh ngoai stato D, (mm) 272
Puong kinh trong stato D (mm) 177
Chiéu dai 15 thép 15 (mm) 105
S6 ranh stato Z, 48
Heé s ép chit k. 0,95
Vat liéu ché tao 15i thép Steel 1008
S6 16p day quin stato 2
Sb d6i mach nhanh song song
S6 thanh dén trong 1 rénh 24
Budc day quén (budc ngin) 10
S6 soi ghép quin n 2
Puong kinh day quin deg (mm) 1,828
S ranh roto Z, 40
Khe ho khong khi & (mm) 0,1
Duong kinh ngoai roto D’ (mm) 176
Puong kinh truc dong co D; (mm) 53
Vit liéu ddy quén roto Aluminum
Chiéu cao vong ngin mach roto (mm) 22
Chiéu rong vong ngin mach roto (mm) 24
Dién ap cung cip Ungi (V) 400
Kich thuoc va vat lieu NCVC
D1 (mm) 115
Ol (mm) 38
Rib (mm) 2
Loai vat liéu NCVC NdFe35
Chiéu rong cia NCVC (mm) 60
b6 day cua NCVC (mm) 10
Kich thuéc ranh stato
HsO0 (mm) 0,4
Hs2 (mm) 22,5
Bs0 (mm) 3
Bsl (mm) 9,5
Bs2 (mm) 7
Kich thude ranh roto
Hs0 (mm)
Hsl (mm) 0
Hs2 (mm) 20
Bs0 (mm) 1,5
Bsl (mm) 7,8
Bs2 (mm) 3

3.2 Thong s6 két qud ciia dpng co LSPMSM

Két qua mo phong dong co LSPMSM 11 kW

dugc dua ra trong bang 2.

Két qua cho thiy, so v6i dong co KPB ba
pha rotor 16ng soc c6 cong suét trong tmg, dong
co LSPMSM c¢6 hi¢u suit 16n hon 1,11 lan
(97,1378% so v6i 87,5%), hé s6 cong suat 1on
hon 1,14 1an (0,990198 so v&i 0,87).

3.3 Do thi dic tinh co ciia dpng co LSPMSM
3.3.1 Bdc tinh téc do va mé men

Torque MaxwelzDesignt &

2500 5000, 7550 n‘,f(“‘%?q 72300 7800 20000
Hinh 4: Mt cdt va cac thong 56 kich thuéc
cua NCVC trong dong co LSPMSM

Duya vao hinh 4 c6 thé thdy qua trinh khoi
dong ciia dong co LSPMSM khong qua 0,1 s, toe
d6 ctia dong co tang dan va kha tuyén tinh & giai
doan dau, it dao dong khi dat gia tri dinh muec,
nhung mo men khi khoi dong bi sut do anh hudng
cua NCVC gay ra.

3.3.2 Phdn bo tir thong

Hinh 5: M6 hinh phén bé tir thong (dang véc to)
cua dong co LSPMSM khi khoi dong
tai thoi gian 0,01 s
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lubn ludn 16n hon 90%, hé sé cong suat > 0,85,
hiéu qua tiét kiém nang luong dang ké. Diéu nay
dung véi két qua phan tich mo phong & phan trén.

Dbi v6i dong dong co dong bd NCVC trén
thé gi6i c6 nhiéu loai, nhung LSPMSM van la
loai dong co duoc danh gia c6 wu diém do khic
phuc dugc ca nhuoc diém cua dong co KB va

. A, dong co dong bdo NCVC.
Hinh 6: M6 hinh phan bo tir thong cua dong co
LSPMSM khi khoi dong tai thoi gian 0,01 s
Hién nay, Trung quéc 1a qudc gia di dau =-
trong linh vyc tng dung dong co LSPMSM trong
nganh coéng nghiép khai khoang [4]. Mot s6
nguyén ctru danh gia cia nha san xuat so sanh b

dong co ddng bd voi dong co KDB [4].

Qua hinh 5, 6, ta thdy mat do tir trudong va
phan bé tir théng cua dong co LSPMSM kha
ddng déu khi khoi dong, diéu dé giup dong co dé
dang khdi dong hon.

4 Panh gia va ung dung thuc té dong co
LSPMSM tai Trung Quéc

Db thi h¢ s6 cong suit cia dgng co Hinh 8: Cac loai dong co LSPMSM
5 :"Zé B dung trong cdc ung dung khac nhau
: 08 . X e , \ ~
E’ :ﬁ = SEoE Tai Trung Quoc, noi hién nay cac dong dong
= 08 P __ el co LSPMSM dan dan thay thé cac dong co KDB
0.5 t t t + . o - 5. A A A A A A
045 et vGi kha nang cai thién duoc hé so cong suat, tiét
0 01 02 03 04 05 06 07 08 09 1 11 12 n . . 7 an
HE b ti kiém nang lugng (hinh 8). Trong thyc té, dong co
- - LSPMSM duogc chia [am hai loai 14 loai dung
Do thi hiéu suat cua dong co R n . . . 2 .
100 trong cong nghi¢p va loai phong n6 (hinh 9).
98
g EE F ﬁﬁ%ﬁ‘%
;o nEE T Y BISOL-d
£ 88 B ping coKPE LI =
:: ,/ = Bé:gcuBB e J L
82 + t
0 025 0s 0.75 1 125 fﬁ;} f&ﬁ
HE 56 tai '
\ , A, A g A~ ~ L HBEKE
Hinh 7: So sanh mot so thong so ky thudt i "
i s

ciia dong co dong bé va KDB
o P A Hinh 9: Dong dong co LSPMSM ba pha
Dua vao hinh 7 ¢6 thé thay: Bong co KB s X o 4 \ 3

hiéu suat cuc cao dién ap thap phong no

A \ 5 A A L o- < 0 , . X N
thAonA’g tIAnm‘nng h.eq SO ta}1 5?/0Aco hi¢u iuat Vil loai TYB (380V, 660 V. 1140 V.
h¢ sO cong suat giam dang ke; dong co dong bo
& hé s tai 25-120% co hiéu suat va hé s6 cong
suat khong thay d6i nhiéu va hiéu sut dong co

chiéu cao tam truc 132-355)
do tdp doan Anhui Mingteng sdan xudt [4]
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Bang 3. Théong s6 dong co LSPMSM ba pha

.
phong no loai TYB
.---
ow
5.5 9.5 5.4 3.2 1500 35.0 92.1 0.96 1.2 1.6 2.3 93
7.5 12.8 7.4 4.3 1500 47.8 926 0.9 1.2 1.6 2.3 106

11 186 10.7 6.2 1500 70.0 93.6 0.96 1.2 1.6 2.2 136
146
185
215
269
366
385
145

25.3 145 8.4 1500 95.5 940 0.9 1.2 1.6 2.2
18,5 31.0 17.9 10.3 1500 117.8 943 0.9 1.2 1.6 2.2
22 36.8 21.2 12.3 1500 140.1 947 0.9 1.2 1.6 2.2
30 50.0 28.8 16.7 1500 191.0 950 0.9 1.2 1.6 2.2
37 61.4 35.4 20.5 1500 2356 953 0.9 1.2 1.6 2.2
45 745 42.9 24.8 1500 286.5 95.6 0.96 1.2 1.6 2.2

© © © © © © v o v ©

55 90.9 52.3 30.3 1500 350.2 95.8 0.96 1.2 1.6 2.2

Hinh 11. Déng co LSPMSM ciia quat tan nhiét
Nha may Xi mang Pingliang Qilianshan - Trung
Quobc (2019)

Pong co LSPMSM c¢6 vo kin, 1am mat bang
béng quat c6 thé 1ap trén truc dong co hodc cudng
birc bing quat ngoai. V6 ¢6 cap cach dién F, IP55
d6i voi dong co cong nghiép va vo phong nd dbi

v6i dong co 1am viéc trong mdi truong ham 10,
c¢6 cam bién do nhiét d6 day quén stato. Cac muc
dién ap thuong dung 1a 380 V, 660 V, 1140 V, 6
kV va 10 kV véi tan s6 50 Hz. Loai dong co nay
hoan toan c6 thé thay thé cac dong co KPB tuong
tmg, dong thoi ting dwoc cong suit ciing nhu
giam kich thudc thiét ké lp dat téi wu. Cac dong
co LSPMSM hién nay tai Trung Qudc thudng
duoc sir dung rong ri trong cong nghiép hoa dau, Hinh 12. Déng co LSPMSM kéo bdang tai mo
san xuat dién, khai thac khoang san, dét may... than Jinshen Ciyaogou - Trung Quéc (2019)
Ung dung cha yéu 1a dung trong cac quat gid, - L Bl
bom nudc, may nén, bang tai va cic may moc m | | - ‘
khac (cac hinh 10-13). |
—

o LSPMSM cia thiét bi hé

Hinh 13. Dong ¢ tro

G508 e~ - —

Hinh 10: Dong co LSPMSM ciia quat tan nhiét bang tai tuyén néi moé kém chi Changba,

hé thong phat dién Nha may Xi mang Pingliang Tap doan Baiyin Nonferrous Metals -
Qilianshan (2019) Trung Quéc (2015)
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5 Két luan

bong co LSPMSM voi cAu tao tuong ty nhu
dong co KPB giup tan dung duoc wu thé trong
qua trinh bao dudng, van hanh va sta chita, dong
thoi lai 1a dong co dong bd nén c6 wu diém khi
lam viéc & ché d6 dinh muic c6 hé sb cong sut
cao va tiét kiém nang lugng. Hién nay tai

Viét Nam, dong co LSPMSM con dang duoc st
dung han ché, nén can c6 thém nhiéu nghién ctu
sau hon v¢é loai dong co nay dé c6 thé timg dung
rong rii hon trong thuc té, dong thoi dan dan tiép
can 1am chu cong nghé va thay thé dong co KDB
& mot s6 hé théng diéu khién nhu quat gio, bom
nudc, may nén...

TAI LIEU THAM KHAO

1. Tiéu chuan qudc gia TCVN 6627-30:2011 (IEC 60034-30:2008) May dién quay - Phan 30: Cap
hiéu suét ciia dong co cam mg 16ng séc ba pha mot tbe dd (mé IE). B Khoa hoc va Cong nghé,
2011.

2. Hé théng quan 1y chit luong ISO 9001:2008 Pong co dién KB ba pha roto 16ng séc 50Hz”.

3. Tha twéng Chinh phii. Quyét dinh s6 259/QD-TTg vé Dé 4an d6i mdi hién dai héa cong nghé
nganh cong nghi¢p khai khoang, 22/7/2017.

4. Anhui Mingteng Permanent — Magnetic machinery & Electrical Equipment Co. Ltd. Catalog
2022. www.ahmingteng.com.

5. Tran Khanh Ha, Nguyén Hong Thanh. Thiét ké may dién. NXB Khoa hoc va K3 thudt, 2007

6. Stolarski T.A., Nakasone Y. Engineering Analysis with ANSYS Software. Elsevier, 2006.

7. Xu Tang, Xiuhe Wang. Calculation of Magnets’ Average Operating Point during the Starting

Process of Line-start Permanent Magnet Synchronous Motor. 17th International Conference on
Electrical Machines and Systems (ICEMS), Oct. 22-25, 2014, Hangzhou, China.

8. Khalid I. Baradieh, Zakariya Al-Hamouz. Modelling and Simulation of Line Start Permanent
Magnet Synchronous Motors with Broken Bars. J Electr Electron Syst 2018, 7:2. DOI:
10.4172/2332-0796.1000259.

9. Ibrahem Hussein, Zakariya Al-Hamouz, Abido M.A., Abdulaziz Milhem. On the
Mathematical Modeling of Line-Start Permanent Magnet Synchronous Motors under Static
Eccentricity. Energies 2018.11.197. https://doi.org/10.3390/en11010197.

10. Pham Van Binh. May dién téng quat. NXB Gido duc Viét Nam, 2011.

36 | BAN TIN CO KHi NANG LUQONG - MO (S8 37 - Thang 03-04/2023)



