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ThS. LE ANH TUAN - Téng Céng Dién Iwc-Vinacomin

A | héng gié trong cac mé than ham 10 déng vai trd
r guan trong nham duy tri ché d6 vi khi hau, lam
lodng khi ddc hai, khi métan, bui mé, dam bao
an toan cho ngudi lao déng va cho thiét bi. M&i
md ham 16 déu co it nhat mot tram quat chinh va cac
quat cuc bd s dung déng co' khéng ddng bd dé van
hanh. Theo théng ké, lwgng dién tiéu thu cho cac phu
tai quat gi6 chiém khoang 38 % tbng cong suét tiéu
thu trong toan mo. Vi vay,, tiét kiém dién nang béng
cach nang cao hiéu suét dong co quat hay st dung
cac dong co c6 hiéu suat cao can dwoc nghién clru
nham thwe hién tiét kiem dién nang cta nganh md nai
riéng va chién lwoe clia Quéc gia ndi chung.

Ngay nay, cac quat gié mé van hanh béi cac dong
co khong ddng bd, co han ché la: hé sb cong suat
thap, tbc dé vong quay phu thudc vao tai khéng én
dinh,... Péng co' ddng bdé nam cham vinh clu khéi
dong truc tiép (LSPMSM) 1a mot dang dac biét cla
déng co ddng bd nam cham vinh clru, ¢6 nhiéu wu
diém da dwoc khdng dinh nhuw: Hé sb cong suét cao
(gén béng 1), van hanh véi tbc d6 gan giéng voi déng
co dong bo, khong phu thudc vao SW dao dong cua
tai, khéng can ngudn cap inverter dé 6n dinh toc do.
Mat khac, day la dang dong co' khéng tiép xtc nén dé
van hanh va bao dwéng, bén canh d6 LSPMSM cb6
wu diém so voi cac dong co ddng bd & kha nang tw
khéi dong khi dwoc cap ngudn. Do c6 wu diém vuot
troi nén LSPMSM dworc ky vong trong twong lai sé la
gidi phap thay thé cho dong co' khéng dong bo dang
dwoc sir dung réng rdi hién nay. Viéc ng dung
LSPMSM dé van hanh cac quat gié md sé nang cao
hiéu suat st dung nang lwgng cla toan bd hé thong,
la giai phap tiét kiém dién ndng cho nganh mé.

Tuy nhién, bén canh cac wu diém thi nhwoc
diém cha LSPMSM I|a qué trinh khé&i dong lai kha
“khé khan” va phy thudc nhiéu vao tinh chat clia
tai. Nguyén nhan la LSPMSM vé co ban c¢é ciu tao
rétor 1dng séc véi cac khdi nam cham vinh ciru

(NCVC) dan trén 'bé& mat hodc nam trong 18i thép
rotor. Trong qua trinh khéi dong, dong co st dung
moémen khéng ddng bd dwoc sinh ra béi 16ng séc
dé kéo rotor, bén canh mdémen kéo nay, déng co
con chiu thém thanh phan mémen cén sinh ra do
sw c6 mat cla tir tredrng NCVC lam cho qua trinh
khé&i déng tré nén phirc tap hon [3]. Trong thap ky
gan day, cé rat nhidu nghién clru vé& LSPMSM,
nhwng rat it nghién clru phan tich kha nang khéi
dong cha LSPMSM vé&i cac loai tai n6i chung va
véi tai quat gié ndi riéng. Vi vay, tim giai phap,
hoan thién dé st dung LSPMSM vai tai la quat gi6
md la van dé clp thiét (vAn dé kh&i dong cua
LSPMSM véi tai quat). Noi dung clia bai bao tap
trung nghién ctru qua trinh kh&i dong déng co cho
tai quat gié bang cach mé phdng cac dac tinh khoi
dong LSPMSM bdng phan mém MATLAB/
Simulink. Tt két qua thu dwoc, danh gia kha nang
(rng dung LSPMSM cho céc quat gié mé.

1. Tinh toan qua trinh khéi dong déng co
LSPMSM véi tai quat gio

1.1. C4u hinh va mé hinh todn cda déng cor
LSPMSM

a. Cau hinh Rétor dong co LSMPSM

H.1. Dang cau trac dién hinh caa déng co
LSPMSM cure chim
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V& co ban, stator LSPMSM c6 céu tao giéng
stator ddng co khong déng bd, sw khac biét nam &
cau tao rotor. Mi ching loai LSMPSM sé c6 céu
hinh rétor riéng, sy khac nhau la do cach dat, kich
thwéc va vat liéu cac thanh NCVC nam trong 16i
thép rotor [6]. C6 rat nhiéu cu hinh cla rotor
LSPMSM. Trong H.1 gi6i thiéu ciu tao LSPMSM

Var =r's-F'ar +P(Lar-I'ar+hmd-i'ds )
Hé phwong trinh co

p.wr =

%.(Me M - w.F)

Cho dén ngay nay, cac nghién ctru van st dung
mé hinh Honsinger d& xuit dé& tinh toan cho
LSPMSM [1], [4]....

1.2. Tai quat gi6

Quat gi6 dwoc st dung rng rai trong cac Iinh
viec v&i nhiéu kiéu dang khac nhau nhadm van
chuyén khong khi ttr noi nay dén noi khac dap trng
cac yéu cAu trong san. xuat va sinh hoat thudng
ngay, cac qud trinh nung néng hay lam mat trong
cdng nghiép, néng nghiép.... Cé hai dang quat phd
bién la quat hwéng truc va quat ly tam, trong nganh
md Viét Nam hién nay thi ca hai loai quat déu dwoc
st dung rat pho bién, cong suét quat cé thé [én
dén hang chuc, tham chi hang tram kW.

Cong suét tinh toan cla tai quat dworc tinh theo [7]:
P=(Q.D,)/(1000.h). (3)
Trong dé: P - Cong suét quat (kW); Ap 1a d6 chénh
ap (Pa); n la hiéu suét (thdng thwdng 1<0,85) cong
suét can% cao thi hiéu suét cang thap; Q la Iwu

lweng (m

Pac t|nh cua quat dwoc thé hién tai cac H.2, H.3.

Theo [2], [3] thi céng thir*c mOGmen cén tai quat
gié sé ty lé vai binh phuwong tbe do.quay va duoc
tinh toan:

2 2
Mc =M, (0)+ Mdm{er = Mdm{&}
Wdm Wdm (4)

O day: wym- Téc d6 dinh mirc clia quat (dong co); w;
- T6c d6 quay cta quat, vong/phut; My, - Mdmen dinh
murc clia quat.

M= 9550 Fdm (5)

Ndm
Trong dé: Py - Cong sudt dinh mirc, kW; ngy, - téc
dd dinh mlc cla gquat, vong/phut.
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3 HJ HI Hl HI 1 . .
Me'= E-%[(Lmd-' dr'gs—Lmd-I'q-'ds ) + ¥'m+{Lmd — Lmq)-'ds-'qs)]

cuwc chim dién hinh cla dong déng co nay [6].

b. Mé hinh toan déng co LSPMSM

Honsinger [5] 1a ngudi tién phong d& xuit moé
hinh toan cho LSPMSM, mé hinh toan clia déng co
LSPMSM dwa trén phwong phap bién dbi truc toa
dd dqO véi cac hé phwong trinh vi phan.

Hé phwong trinh dién tiv:

Vs =Ts-lgs +P(Lds-ids +Lmd-I'ar ) — or(Lgs-igs +Lmg-Tqr)
Vigs =Ts-igs +P(Lgs-igs +Lmq-I'qr ) + ©r(Lds-ids +Lmd-'dr +¥'m)

Ap(Pa)

N(kw)

n (%)

; Q(m;is)
H.2. Bdc tinh co ban vdi n=const [7]

H.3. Béc tinh téng hop [7]
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2. M6 phoéng cac dac tinh khéi dong ctiia LSPMSM Bang 2. Ddc tinh ky thuat quat ly tam [8]

Wlstgldil:uztméu thi nghiém LSPMSM cong suét dinh o R Don ¥ Gja i}
murc 2,2 kW, 4 cyc, 3 pha, tbe 6 1.500 vong/phit, Eﬁ,ﬁ fu?;n”ga;ié V°':r?3ﬁh”t 51%%%
ton e 224 1o 10 dpng e Kiibing oy b Sh-112- Pudng kinh canh mm éGO
S4 cta Coéng ty C6 phan Ché tao Dién co Ha Noi, tai - 9

quat gi6 14 quat ly tAm. Phin mém MATLAB/Simulink |-AP Suat Pa 1.200
duoc (rng dung d& mé phong cac dic tinh khéi dong  L&ONg suat quat Hp 3

cla LSPMSM, qua dé danh gia kha nang (rng dung

clla LSPMS. CAu tao va cac tham sb tinh todn -

LSPMSM thi nghiém duwoc cho & H.5, Bang 1; Thong 1400 - 1
s0 quat gid cho tai Bang 2. Sl .
% 1000 - -
£ o —
<o
< eool il
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m il
ﬂD 0:1 0!2 0:3 0.'4 O_IS 0!6 ﬂ_I? G)_IS 019 1
Thoi gian (s)

H.5. Déc tinh téc dé khéi déng theo thoi gian
véi tai quat, Jr=0.0255 Kg.m’

1600
1400 -
1200 - 4
H.4 Tiét dién cat ngang rétor dong co : |
LSPMSM cditao B i
Bang 1. Cac déc tinh k thuat clia dong co' LSPMSM g soo. |
= = E ao0) J
Cac théng sb LBl El o ]
hiéu Vi tri
Budng kich trong stator Din | Mm | 104 M )
Sé ranh stator Ranh 36 A2 041 02 03 04 _of_s o6 07 08 09 1
S6 ranh rotor Ranh| 28 ’ SHEERS
Chiéu dai khe h& khong khi 5 mm | 05 H.6. Ddc tinh toc do khdi dong theo thoi gign
Tan sb nguén f B 50 vai tai hang TL=14 N.m, Jz=0.0255 Kg.m
Dién tré day quan stator L Q 3,6
Dién tre rdtor quy doi I s 1
Bién cam tan stato Lis mH 13
Dién cam tan rotor quy doi Ly | mH [13,23
Bién cam tir hoa doc truc Lpg | mH | 28,4
Bién cam twr hoa ngang truc | Lng | mH | 131
Tt thong NCVC V' | Wb | 0,568
Mat doé tlr duw NCVC Br T 1,2
Thong qua md phong déng co LSPMSM bang Sl o B

MATLAB/Simulink, cac dwéng déc tinh mémen, toc d6, o 01 02 03 o4 05 o6 07 08 085 1
dong dién khdi dong véi tai quat thu dwoc thé hién trén gl

H.5, H.7 va duoc so sanh twong (rng voi dac tinh tai H.7. Déc tinh dong dién khdi dong theo thoi gian
hang dé danh gia dac tinh khéi dong LSPMSM. VGi tai quat, Jz=0.0255 Kg.m’
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5 :'-.s:fop' ey 5 03 0i 05 05 0‘7 ols . ois 1
i - Thi gian (s)
H 8 Bac tmh dong dién khéi déng theo tho’r ian
voi téi hang TL=14 N.m, Jgr=0.0255 Kg.m

Tw H.5, H.7 cho thay, chat lwong khoi dong
LSPMSM véi tai quat 1a kha tét, cu thé dé dat
dén tbc d6 dinh mic 1an dau, LSPMSM vé&i tai
quat c6 cac khoang giam tbc it hon nhiéu so V@i
tai hang (trong H.5 1a 3 khoang, tai H.61a 9
khoang) toc dd khéi dong LSPMSM véi tai quat
di vao 6n dinh (téc dd dinh murc) cling nhanh
hon (0,4 s voi tai quat tai H.7 va 0,7s véi tai
héng tai H.8), dao.ddng téc do dé dat dén dé én
dinh ciing nho hon.

3. Két luan

Tw két qua md phéng dong co LSPMSM véi
tai quat gio c6 thé rut ra mot sb két luan sau:

< Dong co LSPMSM lam viéc v&i tai quat
gié coé chat lwgng khéi dong tbt, thoi gian 6n
dinh téc d6 nhanh, LSPMSM rét thich hop voi
tai quat;

< Tl cac dac tinh kh&i déng cho thay kha
nang ¢ng dung LSPMSM thay thé doéng co
khéng déng bd trong van hanh céac tai quat Ia
kha thi;

# V6&i nhitng wu diém cla dong dong co
LSPMSM, ap dung dong co LSPMSM cho cac
quat va trong twong lai la cac phu tai khac dap
u’ng yeu cau tiét kiém dién nang, mang lai hiéu
qua san xuét cho nganh mo.0
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SUMMARY

Line-Start Permanent Magnet Synchronous |
| Motors have a lot of good qualities in the |
. launch process, reach to the rated speed of
| rotation fast, suitable for use in mine fans.

With the advantages to these motors, using

| them for the mining machines would meet
. the energy saving requirements, providing |
production efficiency to the mines. To prove |

| that, the article focused on the launch
processing of this motor for the ventilators
by simulating the it's during the launch
- characteristics by MAT Simulink.




