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Trong nhitng ndm vira qua nhiéu nghién ctru duwa ra céc gidi phdp dé nang cao hiéu qué st dung
dién ndng cho céc co céu truyén déng trong nganh khai thac mé, mot trong céc gidi phap méi dé la s
dung déng co hiéu suét cao thay thé cho déng co khéng déng bé rotor 1bng séc dang duoc st dung
réng réi & céc mé. Dé cé thé 4p dung mot cach hop ly va hiéu qué nhét can thiét phai ¢6 nhitng phan
tich vé hiéu qua viéc thay thé sitr dung cac loai déng co nay vé yéu té kinh té va ky thuat. Bai bao nay
phén tich hiéu qua str dung dong co déng bd nam chdm vinh ctu hiéu suét cao thay thé cho déng co
khéng déng b trong khai thac mé. Két qué phan tich sé gitp ich dbi véi ngudi quén ly va van hanh
trong chién lwoc tiét kiém va sir dung ndng lwong hiéu qua trong nganh khai thac mé

T khéa: dong co déng bé nam cham vinh ciru, dong co khéng déng bd, IM, LSPMSM.

1. DAT VAN BE

Hién nay van dé tiét kiém va st dung ning
lwong hiéu quad la mét trong nhitng van dé cép
bach, quan trong dé& phat trién bén ving trong
nganh khai thac maé. Phan I&n dién nang tiéu thu
trong khai thac mé thudéc vé cac hé truyén dong
dién. Dong co dién la thiét bi dong lwc dwoc dung
dé tao ra cac truyén dong cho céac thiét bi khai thac
md. Trong cong nghiép thi hon 70% nang lwvong
dién dwoc tiéu thu bdi cac hé truyén déng, trong
khai thac mé & Viét Nam nang lwvong dién dwoc
tiéu thu bdi cac hé truyén dong chiém hon 75%
tbng dién nang tiéu thu ctia mé.

Theo tiéu chudn IEC60034-30 higéu suat dong
co duwoc phan thanh cac cép: IE, - dong co hiéu
suat tiéu chuén (IE,-Standard Efficiency), IE,-dong
co hiéu suat cao (IE,- High Efficiency), IE,- dong
co cd hiéu suat cao cap (IE,-Premium Efficiency),
IE,-d6ng co hiéu siéu cao (IE, -Super Premium
Efficiency) va |IE,- dong co hiéu suat cwc cao
(IE;-Ultra Premium Efficiency). Theo tiéu chudn
IEC60034-30 cac mirc hiéu suat tv IE, dén IE, cla
déng cocod do thi phu thuéc nhw hinh H.1.

DPong co truyén thdng s dung trong khai thac
mé & cac dong co khédng déng b rotor Idng séc
(IM). Loai ddng co nay c6 nhiéu wu diém nhw: Cau
tao don gian, dd bén cao, mémen khéi dong Ion,
gia thanh ré...Tuy nhién, nhwoc diém Ién cha cac

Electric motors: 4 pole, 50 Hz
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H.1.Quan hé phu thudc giiia muic hiéu suat va cong suat dong co

loai dong co nay la khé cé khd nang nang cao
dwoc hiéu suét do van ton tai tdn that dién ndng
trén rotor trong qua trinh lam viéc. Viéc nang cao
hiéu suét dong co IM 1én mic IE,, IE, theo tiéu
chuan IEC60034-30 dang thyc sw kho khan [1].
Cong trinh nghién ctru [7] chi ra rdng dé nang
cao hiéu qua st dung dién ndng ctia co' cAu truyén
dong trong nganh khai thac mé & Hoa Ky la st
dung ddng co tiét kiém nang lwong hiéu suét cao.
Theo phan tich clia cac tac gia viéc str dung cac
déng co tiét kiém nang lwong tuy cé chi phi ban
dau tang nhwng sé& nhanh chéng thu héi vén nhe
tiét kiém chi phi dién trong qua trinh hoat ddng.
Theo sw phan tich cla tap chi Machinedesign ni
tiéng vé thiét ké dong co dién, dbi véi nhirng khau
tieu thu nang lvong I&n co yéu cau cao vé hiéu
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suét thi dong co' hiéu suét cao sé dan dan duoc
thay cho cac déng co IM.

Viéc dau tw dong co hiéu suat cao sé lam tang
chi phi ban dau, twong quan chénh l&ch gitra chi
phi dau tw mua ddng co va chi phi van hanh dong
co dién trong qua trinh st dung lau dai dwoc thé
hién trén hinh H.2 [1].

Phi yéu cau A Péng co tiéu chuan

(Phi mua may-+chi phi dign)

Phim dién ning tiét kigm

Bjug cor higu suit cao
(Phi mua may+chi phi dign)

Ty Thosi gian vin hanh

H.2.Hiéu qua giiia dong co tiéu chuanva déng co hiéu suat cao

T H.1 thdy rang, viéc phai ganh thém chi phi
ban dau thi trong khoang thai gian st¢ dung ngan thi
dong co tiéu chuan cé loi hon vé mat chiphi. Nhung
sau khoang thoi gian lam viéc T, thi viéc tiét kiem
duvoc dién nang trong qua trinh st dung déng co
hiéu suét cao sé& co hiéu qua kinh t& cao hon.

Theo nghién ctru [4] mot gidi phap thay thé
cho déng co IM 1a sir dung déng co ddng bd nam
cham vinh clru khéi dong tryc tiép tir lwdi (Line
Start Permanent Magnet Synchronous Motor)
(LSPMSM) khé&i déng trwc tiép twr lwdi 1a loai
dong co hiéu suat cao. Noi dung cla bai bao nay
la  phan tich hiéu qua s dung dong co hiéu
suat cao LSPMSM thay thé déng co IM trong
khai thac mé.

2. NOI DUNG NGHIEN Ccl'U

2.1. Khéi quét vé déng co hiéu suéat cao
Ispmsm

Pong co LSPMSM c¢6 thé dwoc rng dung &
nhiéu khau trong khai thac md, nhat la cac khau
ma cé co cau dién nang tiéu thu I&n nhuw: Théng
gi6, bom nwéc, may nén khi, van tai, sang tuyén
va con co thé duoc tng dung trién khai cho cac
phu tai khac. Béng co LSPMSM la m6t déng co lai
v&i day quan ba pha dwoc phan b trong cac ranh
stator (twong tw dong co IM), rotor clia doéng co
LSPMSM st dung 16ng séc véi thanh nhém va co
gan thém nam cham vinh ctu, ciu trdc cta déng
co dwoc dwa ra nhw trén hinh H.3.
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H.3.Déng co LSPMSM cau trii ¢ rotor L-shape [2]

Pong co IM t6n hao trén rotor chiém 20%, tuy
nhién véi déng co LSPMSM khi hoat déng dn dinh
lam viéc & ché do ddng bd nén khong co ton thét
trén rotor ddng co. Ngoai ra tdn that trén stator cla
déng co LSPMSM duogc gidm dang ké do giam
dwoc dong dién tlr hda clia déng co. Do vay, dong
co LSPMSM c6 hiéu suét cao IE, va c6 thé Ién toi
hiéu suat siéu cao IE,. Dong co LSPMSM thuong
mai v&i céng suéat tir 0,55kW dén 7,5kW déu dat
duwoc hiéu suét IE,.

Poéng co LSPMSM c6 két cau rotor I0ng séc nén
doéng co cé thé khéi dong truc tiép khi két néi ludi
ma khong can st dung bo diéu khién, sau khi dong
co kh&i dong sé lam viéc voi tbc do déng bd véi
mdmen cao, quan tinh thap [7].

2.2. Phan tich yéu té kinh té khi str dung
déng co hiéu suat cao LSPMSM

Doéng co IM str dung trong khai thac mé & Viét
Nam thudng co6 hiéu suét dat dwdi ngudng IE, [1].
Gia st hé truyén dong cta cac thiét bi khai thac mé
duwoc thay thé dong co IM c6 hiéu suét IE, bang str
dung dong co hiéu suat cao cé hiéu suat IE_ (v&i
n=2, 3, 4). Theo [3] chi phi van hanh tiét kiem dwoc
mdi n&m khi st dung déng co hiéu suét cao thay
thé cho dong co hiéu suét IE, dwoc tinh theo cong

thire.
100

100
S = Pnut'C'T E_l__

£ (1)

Trong do: P - cong suat dong co (kW); C- 1a
gid ban dién (déng/kWh); T- s gid lam viéc méi
nam (h); E , E, - 1an lwot [a hiéu suét dong co theo
chuén IE_vaE,.

Chénh léch chi phi ban dau gitra hai déng co
hiéu suétcao IE, vadong cothdng thwong IE,dugc
xac dinh theo cdng thire [5] [6]:

AC=m.Y (2)
trong d6: m - Chénh Iéch khoi lwong, vat liéu;
Y — chénh Iéch don gia.
Thoi gian thu héi vén:
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T.=AC/S (3)

T co s& ly thuyét trén, so sanh hiéu qué kinh té

thu dwoc gid str dbi voi quat théng gid cuc bo trong

mé ham 16 dang s dung déng co IM 5,5kW cé

hiéu suét IE, thay bang dong co LSPMSM 5,5kW

c6 hiéu suat cao IE,, cac dong co co thdng sO ky
thuat nhw trong Bang 1

Bang 1. Théng sé cia dong co IM va ddng LSPMSM

T Théng sd ddng co IM LSPMSM
1 (ongsudt (kW) 5,5kW 5,5kwW
2 Diéndp (V) 380/660 380/660
3 Tanso (Hz) 50 50
4 Tocdd (v/phut) 1400 1400
5 Mémen (N.m) 48 8

Hiéu sudt dong cd (%) 8(IE) 86,5(IE,)

Theo tai liéu [5], khdi lwgng clia nam cham dién
can dung cho déng co LSPMSM 5,5kW khoédng
m,,,=0,65kg, gia ban nam cham NdFeB43l la
P.,,=200$/kg twong dwong 4,7triéu déng/kg. Theo
tai liéu [6] chénh lIéch chi phi st dung la thép mat
do twr théng cao cho dong co LSPMSM 5,5kW [a
m’,,,=3,5kg, gid ban chénh léch P’ =10$/kg twong
duong khoang 0,235 triéu dong/kg.

T cbng thire (2) xac dinh chénh Iéch chi phi
ban dau gitra dong co hiéu suat cao LSPMSM va
dong co' tiéu chuén IM la:

AC=[m_ .P,+m’ P’ 1=[0,65.4,7+3,5.0,233]
=3,88tr. ddng

Chi phi van hanh tiét kiem dwoc méi ndm khi
thay thé dong co LSPMSM 5,5kW cho déng co IM
5,5kW theo cbng thirc (1)

S=P,,.C. T[ﬂ—m = 5.1600 5000, [ "’"]

E, 865
= 1,95tr. déng

Trong d6: Gia ban dién C=1.600d6ng/kWh; xi
nghiép mod lam viéc ba ca T=5.000h/nam

Thoi gian thu héi vén khi thay thé dong co
LSPMSM 5,5kW cho dong co IM 5,5kW cua quat
théng gid cuc bd xac dinh theo céng thire (1):

T.=AC/S=3,88/1,95=2 nam

2.3. Phan tich yéu té ky thuat khi st dung
déng co hiéu suat cao LSPMSM

Ngoai tinh hiéu qua vé kinh t&, con phai xét t&i
cac yéu t6 ky thuat ctia dong co dé danh gia sw

phu hop khi thay thé. Theo [2] dwa ra hinh déng co
LSPMSM va xay dwng md hinh mé phdng dé danh
gia thdng sbé ky thuat lam viéc cla hai loai dong co
dwoc dwa ra trén hinh H.4.

e

H.4.Mé hinh danh gia dong co LSPMSM véi dong coIM

Trén md hinh mé phdng gém déng co LSPMSM
va dong co IM cé théng sb trong Bang 1. Hai déng
co duoc cung cap cung mét ngudn dién, véi clng
mot hé sb mang tai. Két qua khao sat vé dong dién
stator, tbc dd va mdmen dong co' trén hé twong dbi
(pu) cho két qua trén hinh H.5, hinh H.6 va hinh
H.7.

|a Stator

] 0.5 1 1.5 2 25 3

H.5.Dac tinh dong dién stator
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H.7. Dac tinhmémen clia dong co
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3. KET QUA VA THAO LUAN

Két qua tir phan tich kinh té thay rang, do viéc
tiét kiém diém nang trong qua trinh st dung nén
viéc thay thé déng co LSPMSM 5,5kW cho déng co
IM 5,5kW mang lai hiéu qua kinh té cao. Sau khi so
sanh gitra chi phi chénh léch vén dau tw ban dau
va chi phi tiét kiém dwoc tir viéc gidm dién nang
tiéu thu thi thei gian thu hdi vén ngén trong khoang
2 nam. Ngoai ra viéc thay thé dong co LSPMSM
hiéu suét cho cho déng co' IM con chwa ké dén hiéu
qua tr viéc viéc nang cao hé sb cong suét cosg do
dong co LSPMSM c6 hé sb cong suét cose tr 0,9
tré 1én so véi dong co IM thuwdng co hé sd cosg chi
khoang 0,85 tir d6 gidm duworc tén hao trén duwdng
day truyén tai.

Tur két qud khao sat vé dong dién stator, téc
dd va mémen dong co trén hé twong ddi (pu) cho
két qua trén hinh H.5, H.6 va H.7, thay rang vé co
ban théng sé ky thuat cla hai déng co la twong
dwong nhau. Trén hinh H.5 dong dién stator cla
dong co IM cé gia tri Ién hon dong dién stator clia
déngc co LSPMSM, cdng thém va&i viéc khéng cé

TAI LIEU THAM KHAO

tén hao trén rotor didu nay giai thich ly do déng co
LSPMSM cé hiéu suat cao hon déng co IM. V& tbc
ddé va mbébmen trén hinh H.6 va H.7 cho théy hai
loai déng co la twong tw nhau, tuy nhién thoi gian
dao doéng, d6 dap mach cua dong co LSPMSM sé
I&n hon déng co IM dan t&i khi lam viéc dong co
LSPMSM sé& gay ra rung donglén hon va lau 6n
dinh hon déng co IM.

4. KET LUAN

T sw phan tich kinh té va ky thuat ké trén nhan
thay rang, viéc (ing dung doéng co hiéu suat cao
LSPMSM trong khai thac mé mang lai hiéu qua
kinh té trong viéc tiét kiém nang lwong. Tuy nhién
vé dac tinh ky thuat khi str dung déng co LSPMSM
dan t&i qua trinh qua dé dién ra dai hon, dé rung
doéng xay ra Ién hon. Do d6,dé ap dung cé hiéu qua
dong co hiéu suét cao LSPMSM trong khai thac
mé can phai phan tich lwa chon thay thé cho céc
khau khai thac phu hop véi dac tinh ky thuat caa
doéng co, nhw cac thiét bi cé ché do lam viéc khong
thworng xuyén phai khéi dong, cac thiét bi cé yéu
cau vé muirc do rung déng khéng caod
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ANALYSIS OF EFFECTIVELY USING HIGH PERFORMANCE
ELECTRIC MOTORS IN MINING
Do Nhu Y

ABSTRACT

In recent years, the studies have provided solutions to improve the power efficiency in mining. One
of the new solutions is the use high efficiency motors o replace the cage rotor asynchronous motor
widely used in mines. For effective application, It is necessary to have an analysis for the effectiveness
of the replacement of these motors. The content of this article analyzes the efficiency of using line start
permanent magnet synchronous motor instead of asynchronous one in mining. The analysis results will
help managers and operators save and useenergy efficiently in mining industry.

Keywords: Line start permanent magnet synchronous motor, asynchronous motor, IM, LSPMSM.

Ngay nhan bai: 8/6/2021;

Ngay gwi phan bién: 10/6/2021;

Ngay nhan phan bién: 28/6/2021;

Ngay chap nhan dang: 18/7/2021

Trach nhiém phap ly ctia cac tac gia bai bao: Cac tac gia hoan toan chju tréch nhiém vé céc sé liéu,
néi dung céng bé trong bai bao theo Luéat Béo chi Viét Nam.

CONG NGHIEP MO, SO 4 - 2021 K]



