KHOA HOC VA CONG NGHE M0
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ddng bd st dung nam cham vinh clru va

vanh kh&i dong tw khéi dong truc tiép tur lw i
dién. Ngay nay dong co nay dwgc goi la dong co
dbng bo ba pha nam cham vinh ctru khéi dong tryc
tiép tir lwdi dien (LSPMSM) [1]. Boéng co LEPMSM
la sw két hop gilra hai loai ddng co khéng dong bo
(IM) va déng co dong bé nam cham vinh clru
(PMSM), voi kha nang kh&i déng cla léng s6c
déng co IM va quay déng bd véi mémen sinh ra tir
nam cham vinh clu déng co PMSM. So véi dong
co IM hiéu suét cao, dong co LSPMSM con co thé
dat duoc hiéu suat va hé sb cong suat (cos<p) cao
hon, tir d6 co thé tiét kiem duoc dang ké nang
lvong. Ngoai ra dong co LSPMSM dac biét phu
hop v&i cac loai phu tai nhw quat, bom nuwdc, may
nén khi va diéu hoa khéng khi... st dung trong cac
nganh céng nghiép [2].

D3 c¢6 nhiéu tac gia dwa ra cac phuwong phap
nghién ctru thiét ké dong co LSPMSM khac nhau.
Nghién ctru chuyén ddi thiét ké tr may dién IM
sang may dién PMSM, tlr déng co IM sang dong
co LSPMSM, khi git¥ nguyén cu truc stator va
thwe hién thay ddi phia rotor cho phu hop voi cac
phu tai [3]. R.J. Wang [1] da dé xuét so dd khéi
trong tung khau thiét ké stato, roto, nam cham vinh
clru clia dong co LSPMSM. Tuy nhién tac gia chi
trinh bay mang tinh téng quat. ilhan Tarnimer [4] da
dwa ra phwong phap phan tich d6 thi vecto va st
dung RMxprt mé phong déng co LSPMSM. T&» dé
thay dwoc kha nang thiet ké dong co LSPMSM dat
hiéu suét cao va hé sé cosp=1.

1. Dat bai toan

I\Iam 1971, Bin da d& xuét thiét ké may dign

Théng thwong hiéu suét cao 1a |i do chinh dé
Ia chon ddng co LSPMSM thay cho dong co IM.
Khi hiéu suat dong co cao nguwdi stk dung sé duogc
lgi vi giam dwoc chi phi dién nang. Va néu hé sb

cong suét thap sé bat Igi cho nguoi thiét ké do k|ch
thwéc dong co thiét ké sé Ién hon. Nha cung cap
dién cling khong mong muén, do phai truyén tai
thém cong suét vé cong dén phu tai va nguoi tiéu
dung sé& phai bé thém chi phi, do phai bd sung hé
théng bu cosg.

Theo Mordey thi duwdng thay ddi clia dong dién
phan tng theo dién ap d4u vao & ché do khong tai
c6 dang hinh chi “V”, (xem,H.1).

e

 Dong phén ing

H 1 Bwang cong Mordey [5]

buong cong nay thé hién dong co thiét ké dat
hé sé cong suat cose cwc dai (cosp=1) tai diém
thap nhét A, v&i dong dién phan &ng la nho nhat,
twong (rng voi dién ap dau vao khéng tai nao do.
Tuy nhién, khi dong co LSPMSM lam viéc voi
ngudn lwdi cd dién ap U, c¢b dinh va chay xac lap o
tai dinh murc thi can xac dinh didu kién thiét ke cho
cac tham s6 dong co LSPMSM sao cho hé s6 cong
suét cosp=1.

2. Xac dijnh diéu kién dé dong co LSPMSM

c6 cosg=1
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Theo [5], [6], phwong trinh can bang dién ap
clia déng co LSPMSM nhuw sau:

Ur=(Enctl1R1+jlaXa+jlgXo) (1
Ur=Enctla(R1+ jXa)+lg(R1+iXq) (2)
Trong dé:

Xa=(X1+Xaq) (3)
Xq=(X1+Xa0) (@)

V&i U1 - Dién ap nguon Enc Stre phan dién dong
do nam cham vinh ctru gay ra; |; - Dong dién phan
tng; lg - Thanh phan dong dién trén truc d; I -
Thanh phan dong dién trén truc q; Xq - Dién khang
ddng bé truc d; X4 - Dién khang déng b truc q; X; -
bién khang tan stator, Xad - Dién khang phan (rng
phan tng truc d: Xaq - Dién khang phén tng phan
(rng truc q.

T phwong trinh (1) ta ¢6 gidn dé vecto nhw mé
ta trén H.2:

H 2. Gidn dé vecto dong co LSPMSM, khl 1420, &-
Géc tai; y- Géc mdémen; ¢ - Goc léch giira U, va I

Pé xac dinh gia tri thanh phan déng dién I va lq
ta dwa vao H.3.

U1sind=(1qX¢-1sR1) (5)
U1C0$5=(Enc+|dxd+qu1) (6)
T (5) ta co:
Us.sind+14.R
q=(1 = d 1) (7)
q
| ;. X -Uq.5iN8
= beXathsind) ®)
Ry

Thay (7) vao (6) tHLyc hién bién déi ta dwroc:

| _ UrXq.0088 Ry 5ind)- [Ene Xo) .
; RZ+XgXq

Thay (8) vao (6) thuc hién bién ddi ta dwoc:
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Us(X4.c085 ~Ry.5ins)- (Enc Ry)

ly = 10
L R? + XgXq 2

H.3. Xac d’mh U10035 va Ufsmé

Trong qua trinh khao sat [5], [6], & & ché do dong
co vecto Uy luén nam & goc phan tw ther (Il) (xem
H.2), ¢ ché do may phat thi ngwoc lai vecto U luén
ndm & géc phan tw thir (I) Tw H.2, nhan thay dé
dong co LSPMSM thiét ké ra cé hé sb cose=1, thi
vecto dong dién |; bdt buéc phai quay sang goc
phan tw ther (1) twong &ng voi truang hop thanh
phan dong dién Iy am (13<0). Khi d6 gidn do vecto dién
ap clia déng co LSPMSM sé co dang nhw trén H.4.

H.4. Gidn db vecto dong co LSPMSM, khi 1,<0
Tl H.4 nhan thay t6 hop didu kién dé& dong co

LSPMSM thiét ké ra c6 hé sb cong suat cosp=1
nhuw sau:
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lg <0 (11)
{5 =Y ) (12)
Két hop didu kién (11) v&i biéu thirc (9), ta dugc
Uy (X q.cO85 ~Ry.8in8)— [Enc Xq) .

R1 +XaXq 5
Thanh phan dwei mau sé R, +Xd )(q luén cé gia

tri dwong, nén:
U4(X4C088-R8ind)-(EncXq)<0

U;(Xqc0sd- -R18ind)<(EncXq) (13)
Véi didu kién (12), ta cé thé lay twong duong:
€0Sd=cosy (14)
Tir H.2, ta co:

| I
cosy=— = — (15)

4 1,‘Ig +|§

Tir phuwong trinh (6), ta co:
E.. +lg.-Xg+1g.R
ST W i S (16)
Uy
Két hop cac phwong trinh (14), (15) va (16), ta duoc:

Enc +ld.Xd +1q.R1 B Iq (17)

U, _m

Nhu vay, dé dat cos=1 trong qua trinh thiét ké
dong co LSPMSM cAn thda man t hop diéu kién sau:
Uy (X q.C088 —Ry.5ind) < Enc Xq)
EnC +Id.Xd +|q.R1 _ |q (18)

Ui \/E«nﬁ

3. Kidm tra thiét ké

Khao sat dong co LSPMSM cé cac thdng sb
dau vao nhu sau: Pgn=550 W, Nam=1500 v/ph, dién
ap pha U;=220 V, f=50 Hz, sb ranh stato Z1=24, sb
ranh rotor Z,=16, 2p=4, déng co cd cau trac rotor
nhe moé ta trén H.5, yéu cau dong co thiét ké co
cospgm=1, va nam>90 %.

Dong co thiét ké co két cdu nhu sau (Bang 1).

H 5. Cau trdc déng co LSPMSM véi nam cham
vinh cteu (1, 2, 3, 4) gan chim

Bang 1.
Stator . :
F_)u’crng_nh ngoai (Dn) 120 - mm
Puwong kinh trong (D) 75 mm
Chiéu dai |5i stato (Ls) 65 | Mm
Kiéu thép B50-A800 ' '

Ranh stator cd dang hinh qua & dang 1 (H.6) (Bang 2).

- HsO
Bs0 : _

H.6. Ranh stator c6 dang hinh qua ié dang 1.

Bang 2.
Két céu ranh: _ _
D6 m& miéng ranh (BsO) 2,5 . mm
Chiéu cao miéng ranh (Hs0) 0,5 mm
Phan thang ranh (Hs2) B2 m
Puongkinhbe®s) | 56 | mm
Buong kinh lon (Bs2) 76 L m
‘Day quan 2 16p: 7 .
Buwéc day quan ' 5 Ranh
S6 mach nhanh e
Séthanhdantrong1ranh | 130 thanh
Puong kinhday 10,573 mm
Bédaycanhdiénranh | 03 | mm_
Bédaycachdiénléop -~ | 03 | mm
Rotae. L =
Puong kinh ngoai 74 | mm
Puongkinhitric:. .~ | 28 | mm
Kiéu thép B50-A800 = :

Kiéu ranh rotor co dang qué lé dang 2 (H.7) (Bang 3).

- Bs0

H.7. Ranh stator c6 dang hinh qué Ié dang 2.
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Bang 3.
Kétcauranh e
BOmé miéngranh(Bs0) |1 [mm
Chiéu cao miéng ranh (Hs0) 05 lmin
Phanthangranh{Hs2) . = 37 mm
Budng kinh lon (Bs1) ‘4 Imm
Puong kinh nhé (Bs2) 3 Fmm
RanhhaHsey - - 0 mm

H.8. So db bé tri nam cham.

Béng 4.
Puwong kinh ngoai (D)) 180  mm
Khoang cach (O,) 1215 | mm
Khoang cach (Rib) 2 mm
Nam cham NdFeB45 '

Khao sat két qua thiét ké dong co béng cong cu
RMxrpt cua phan mém Ansoft Maxwell, ta dwoc
cac két qua tinh toan nhu sau (Bang 5).

Bang 5.

Strc phan dién d6ng (Enc) 1g5f v
Géc mémen dinh méc (5) . 389 | d6
| Dién tré pha & 75°C (R¢) 1288 | @
Dién khang (Xag) 56844 | o
Dién khang (Xag) 1809 | o
Dién khang (X;) 574 | 0O
| Bién khang (Xy) 61,88 0
Dién khang (X,) 1856 1 O
4, Kiém tra diéu kién cosg=1
< Kiém tra diéu kién thtr nhat:
Uy(Xq.c088 ~R1.8in3) < [Enc X4) (19)
Uy.(X-cos8 ~Ry.5ind )= 29715 (20)
(Ene-Xq)=36498. (1)

Két hop (19), (20), (21), nhan thay diéu kién th
nhat da duoc thda man.

m CONG NGHIEP MO SO 4 - 2014

% Kiém tra diéu kién thir hai:
_Enc+|d.Xd +lq.R1_ Iq
U, \/lg + |§
V&i cac gia tri tinh duoc & trén, ta xac dinh
dugc: theo cong thire (9) 13=-0,579 A; theo cbng

thtre (10) 14=0,716 A. Thay cac gia tri Iy va Ig ‘yéo
biéu thire dwdi day, ta duoc: :

(22)

=13 +13 =0,921A. (23)
Vé trai:
Enc +|d.Xd + IQ‘R1'IQ

=0,767

Gia tri & hai vé gan xé&p xi bing nhau, nén
cosg=1. Tinh gia trj cose. Tt hinh H.2 ta co:

_la 20579 49086
g 0,716

—» y=-38,959". Mat khac:

@=8+y=39,9° - 38,959°=0,94° — cos(=0,99986.

5. Két luan

Két qua nghién ctru da dua ra duoc td hop digu
kién dé xac dinh cosp=1 d6i v&i déng co LSPMSM.
Tir cac dieu kién nay, trong qua trinh thiet ke dong
co LSPMSM, cac nha che tao cé the dieu chinh
sau thiet ké cac thong so dién khang va dién tré
mét cach hop li dé co dugce hé so cose=1.0
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Viéc di chuyen dan chong trong thuc té khéng
thwe hién bang tor tram diéu khién trung tam ma phai
thire hién di chuyen theo tirng doan 10 cho (tir 10+15
m) bang cac tay diéu khién tai cac dan chéng chinh,
dan dén thoi gian khau chéng mét chu ky kéo dai.
Théng thudng moi ngay dem khau chéng dugc mét
chu ky véi tién @ 0,63 m, c6 nhitng thoi diém thuan
loi co thé khau chéng duoc 2+3 chu ky. Cong tac
chdng gir 16 thwong thong gi6 gitr hau thue hién
cham, ly do: Ba vach trirc tiép, than trén noc 1o dé tut
I&, viéc lén xa cho 16 thwong hau phai tién hanh ti
cong tadc khau guong I0 chg. Méat khac, cac 16
thucrng thao than, thuwong théng gid bi I&, nén phai

cling €0, chong xén nhiéu nén anh hudng tryc tiép B

dén toc do tién guong 16 cho.

Dua trén co s& cac kinh nghiém x& ly sw cb
trong khai thac 10 cho va kha nang khai thac 10 cho
thuc té, két hop véi chiéu dai 16 cho hoan thién la

40 m; bao cao xay dung biéu dd to chire san xuét __

16 che nhu sau; mét chu ky san xuat khai thac 16
cho st dung t6 hop 2ANSH, bao gom cac cong
viéc chinh: khéu, di chuyén dan chéng git* gwong
16 cho; chéng gitr thweng théng gié phia sau 10
cho; bao dwéng té hop thiét bi.

B6 tri san xuét 3 ca thuc hién xong mét chu ky
khai thac: hai ca thwe hién cong tac khau guong, di
chuyen dan chéng. Trong moi ca khai thac bo tri
khau hai Iuong 16 cho, tién d6 mot ludng 0,63 m.
Ca thtr ba chéng gitr 16 thwong thong gto bao
dwdng thiét bi dan chong, loai bd va cung ch
thwgng thao than. Biéu dd td chirc san xuat va b
tri nhan Iwe hoan thién xem Bang 1, Bang 2.

4. Két luan

Tir cac két qud danh gia va nghién clru hoan
thién, dé tai da xay dung biéu dd td chirc san xuét, bd
tri nhan lwc va tinh toan cac ch| tieu kinh té& ky thuat
cho phtt hop véi diéu kién thure t& khai thac via 12 khu
Trang Khé véi cong sut 16 cho 1a: 100.000 tan/ndm
(khi st dung hai t6 hop: mot to hop khai thac va mot
t6 hop chuan bi). Tuy cong suét 16 chg chua cao,

song dbi voi didu kién via déc dirng thi viéc ap dung :
cong nghé nay la chdp nhan dugc. Trong qué trinh

khai thac 16 cho' co gidi hoa str dung t& hop 2ANSH
tai via 12 khu Trang Khé, can xem xét cy thé hon

muc ddé anh hwang clia cac yéu té diéu kién dia |

chat—ky thuat md (céu tao via, chiéu day via, dic
diém va tinh chat cta da vach truc tlep, .) thudng

xay ra tinh trang 10 cho bj réng néc 1& guong, dan
chong di chuyén cham hoac kho di chuyen dan |
chong chinh, hodc ciing do d4 vach yéu khi di

chuyén dan chéng sang lubng mé&i da vach, than dé

bi tut 1&' gay khoé khan cho cong tac 1én xa tamcla 1o

thweng gilr hau...O
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Ngwoi bién tap: V6 Trong Hang

SUMMARY

Hong Thai Coal Company had been |
investment and developing mechanization
technology in coal seam thin, steep of the
12 coal seam in Trang Khé area since the
end of 2008. Improving on the organization

of longwall production by using 2ANSH
complex is suitable to the fact of the 12 coal
seam. It has significantly meaning in the |
reality and also has scientific value in |
raising output and ensuring safety in
underground mining.
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Nguwoi bién tap: Dao Dic Tao

SUMMARY

It is possible to design a line start |
permanent magnet synchronous motors |
(LSPMSM) with a high cose coefficient and
efficiency factors. Therefore, nowadays the
LSPMSMs are widely used in industry and
in many areas. The paper identifies a |
combination of conditions in order to obtain
the mention about power factors. The
research results are verified by the RMxprt |
tool in Ansoft Maxwell software.
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