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TOM TAT

O Viét Nam, tiém nang vé nang lwong tdi tao rat déi dao va can dwoc khai thac mét cach
hiéu qua. Khéng nhitng thé, Viét Nam la mét quoc gia gan bién cho nén nang lwong gié chiém wu
thé trong linh viee ndng liwong tdi tao. Trong thiét ké va ché tao tua-bin gio, ngodi yéu té vé canh
ra thi yéu té vé mdy phdt dién sir dung nam cham vinh ciu dwoc ddt nghiéng can dwoc xem xét va
phan tich. Viéc dat nghiéng thanh nam cham so véi viéc dat thang nam cham cé si khdc nhau giita
mé-men khéi dong cia hai trieong hop. Truong hop nam cham dat nghiéng sé givip giam thiéu dwrgc
mé-men xodn khéi dong ciia mdy phat dién. Pong thoi, Viét Nam la quéc gia ¢6 vin toc gié khong
dwoc cao so voi cac nudc khac nén viéc sw dung nam cham dat nghiéng trong may phat dién sé hitu
dung hon cho phdt trién dién gié ¢ nude ta.

T khéa: Mdy phdt dién dong bé sir dung nam chdam vinh cieu; Giam thiéu mé-men xodn
khéi dong; Tua-bin gi6 céng sudt nhé; Nam cham ddt nghiéng.

ABSTRACT

In Vietnam, potential of renewable energy is profusion and need to exploited one effective.
Not only that, Vietnam is a country near the sea so wind energy is dominant in the field of renewable
energy. In design and manufacturing wind turbine, in addition to the blade, the generator using
skewed permanent magnets needs to be considered and analyzed. Tilting the magnent bar compared
to placing the magnet straight has a difference between the starting torque of the two cases. In case
the magnet is skewed, it will help diminish the starting torque of the generator. At the same time,
Vietnam is a country with wind speeds thats are not high compared to other countries, so using tilted
magnets in generator will be more useful for developing wind power in our country.

Keywords: Synchronous generators use permanent magnets, Minimizing starting torque;
Small capacity wind turbines; Skewed permanent magnet.
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1. PAT VAN PE

Nhu ching ta da biét thi bién ddi khi
hau trong thoi gian gan ddy dang c6 xu hudéng
gia ting, ma phan 16n nguyén nhan 1a do cac
hoat dong san xuét ning luong tir nhién liu
hoa thach. Tai hoi nghi COP 28, Thu tudng
Pham Minh Chinh dyu va dua ra mot bai phat
biéu khing dinh quyét tim cua Viét Nam trong
viéc thuc hién cam két gidm phat thai rong dat
mirc bang khong vao nam 2050. Bé thuc hién
dugc diéu d6 thi viéc thiic day phat trién ning
luong tai tao la hét stre can thiét.

Mot didu may man cho nudc ta 1a co
duong bo bién dai va cac hai ddo, cho nén
chuyén doi tir nang luong héa thach sang ning
luong gid 13 mot trong nhimng chién luoc quan
trong dé phat trién bén vimg. Mic du dién gio
c6 tiém niang nhu thé nhung van con han ché &
nude ta cha yéu 1a do chwa c6 di ngudn von dé
xay dung va thuong 1 nhap tir nwdc ngoai vé.

Trong tua-bin gi6 gém hai phan quan
trong nhat 1 canh dugc thiét ké theo bién dang
cua khi dong luc hoc va may phat di¢n. May
phat dién c6 thé duoc coi 1a trai tim cua tua-bin
216 bdi vi n6 1a noi chuyén d6i nang luong gid
thanh nang luong dién. Bé quay duoc may phat
dién thi yeu t6 mo-men xodn giita canh va may
phat dién can duoc quan tam.

Do sy phit trién ciia cong nghé dién tir
cong suat, may phat dién dong bd nam cham
vinh ctru (PMSG) dugc ung dung rong rai trong
céc hé thong phat dién gi6 hién nay thay vi may
phat dién cam ung kich tir. So v&i may phat dién
cam tmg kich tir, PMSG c6 hiéu suit cao hon va
cau tric don gian hon vi né ¢6 nam cham vinh
ctru thay vi cudn day tir truong trong ro-to. Tuy
nhién, mé-men xodn 1am giam hiéu suat va ting
tde do khoi dong cua hé théng tao gid duoc tao

ra boi lyc hut gitra 161 stato va nam cham r6-to.
Céac phuong phap thong thuong dé giam mé-
men xodn ctia PMSG bao gom thay doi chiéu
dai khe ho khong khi, bd tri nam cham vinh ciru
khong ddi xung, do 1¢ch cua stato hodc ré-to va
thay d6i hinh dang cua ring stato [1].

Trong bai bao nay, phuong phap duoc
dé xuét sur dung 1a tao ra d¢ 1éch cua thanh nam
cham dit trén ro-to so véi truc ctia nd dé lam giam
mo-men khoi dong, dong thoi so sanh duoc giita
cong sudt cua may phat dién khi nam cham dat
thang va dit nghiéng. Két qua duoc kiém ching
bang phuong phap thuc nghiém thyc té.

2.CO SO LY THUYET
2.1. Thiét ké canh tua-bin

Tua-bin gi6 nam ngang, c6 03 canh; Toc
do gio V=7 m/s; Cong sudt tua-bin P =300 W;
Mat d6 khong khi p = 1,2 kg/m?; Canh duoc str
dung 14 canh xodn c6 bién dang NACA 4412.

Ban kinh cua canh tua-bin gi¢ dugc tinh
toan theo cong thurc sau:

|| 2P

= | 1
N|Cp.r;r.p.?r.1f3 (1

Trong cong thirc: P 1 cong suat ma tua-
bin phat ra dién; Cp 1a hi€u suat cua canh; n l1a
hi¢u suat ciia may phat dién; V la van toc gio.

Hinh 1. Lyec tdc dung lén phén bo canh [2]
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C, = 1,2002 1a hé s luc nang; C, =
0,01536 1a h¢ s luc can tai goc tan o = 7; w la
van toc gio trong doi; ¢ 1a dy cung.

Tur hinh trén, goc toi va cac luc tac dung
1én mat cat canh dugc tinh todn theo cac cong
thirc sau:

X _V@l-a) 1-a )
an¢ = ar(1+a) A.(1+a)
1
dF;, = EpwzCL. c.dr 3)
1
dFp = EpwzCD.c. dr 4)

dFy = dF;.cos¢ + dFp.sing  (5)
dF; = dF;.sin¢g — dFp.cos¢ (6

Bdng 1. Théng s6 thiét ké canh NACA 4412

Phin | P | Gocast I‘;‘-'c Lae
tir ther i i‘;‘i)c cénh p truchN V;‘:g
1 181,0 | 30,82 | 0331 | 0250

2 1640 | 19,06 | 0,662 | 0313

3 1311 | 12,19 | 0,993 | 0331
4 1060 | 7,99 | 1,325 | 0337

5 88,1 | 524 | 1,656 | 0337

6 750 | 332 | 1,987 | 0,336

7 651 | 191 | 2318 | 0333

8 575 | 083 | 2,649 | 0330

9 514 | -001 | 2,980 | 0327
10 | 465 | -0,70 | 3311 | 0,323

Tir bang 1, téng luc doc truc va tong
mod-men tadc dung trén ba cdnh dugc tinh toan
nhu sau:

Fy = 3. ) (dFy) )

T = 3.Z(n.dFﬁ) )

2.2. Thiét ké may phat dién

Thiét ké may phat dién nam chdm vinh
ctru (PMSG) bang cac phuong trinh duéi day:
Hang s6 Arnold:

o 60 ©)
4 sz.aa.kg.ko.lﬁl. 85
Cong sut may phat dién:
2 n
S=D*.L.— (10)

Ca

Trong’d('): o, lahé 5O tiqh toan cung cuc
tu; k, 1a hé s song; k 1a h¢ s6 day quén; A la
mat do dong di¢n dai; B, 1a mat do tir thong
trong khe hd khong khi; D 1a dudng kinh trong
cua stato; L 14 bé ngang cua stato.

S6 vong day trong mot pha:
N = Upha
4. kg ko f-ds

Cong suat biéu kién dinh muc ciia may
phat dugc tinh theo cong thuc:

(1)

Sam = V3.Uz.1, (12)

Trong d6: n 1a téc do quay; f1a tan sb;
¢g la tr thong khe ho khong khi; U, 1a dién ap
trén day; I, 12 dong dién trén day.
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May phat dugc st dung trong nghién
ctru ndy 1a bo truyén dong truc tiép, ro-to bén
trong, tir thong hudng tdm va céu trac nam
cham vinh ctru. PMSG 1a méy c6 hiéu suit cao,
san xuat dé dang, dao dong mo-men xoén thap
va mat d6 cong suat cao. My phat dugc két ndi
tryc tiép voi tua-bin gi6 ma khong can bat ky
hé thong banh ring nao va tinh vu viét d6 khién
PMSG thuong dugc st dung trong tua-bin gid
[3]. Cac thong sb thiét ké cia may phat dién
duogc tom tit trong Bang 2.

Bdng 2. Théng sé thiét ké ciia PMSG

Théong sé | Gid tri D&’“ Ghi chi
Kiéu may 3 pha,
phat dién dau’Y
Congsut | 305 | W | Chon trude
dinh mtrc
Tocdodinh | 55 | V& | cpon truge
murc phut
Diendp diy | - ¢ V | Chon truée
dinh mtrc
Nam cham N42 40x25x10mm
Loi stato M19
Puong kinh
ngoai cua 225 mm Tinh toan
stato
Puong kinh
trong cua 145 mm Chon trudc
stato
Bé& ngang . .
, 40 mm Tinh toan
cua stato
Khoang ho
khong khi 2 mm
S6 cuc 12
SO ranh cua 36 Chon trude
stato

Mb-men xodn trong may phat nam
cham vinh ctru 14 do tuong tac tur gitta stato
va nam cham dat trén ré-to. Hi€u ung nay la
khong mong mudn vi né tao ra tiéng on va do
rung trong may. Gia tri cao cia md-men xoin
ngan can ro-to quay va do do tua-bin gié khong
thé khoi dong & toe do gio thiap. Mo-men xodn
c6 thé dugc viét dudi dang ham cua tir tro, tir
thong khe hé khong khi va vi tri ro-to [4]:

1 dR

Tcog - _E(pgﬁ (13)

Trong do: ¢g la tr thong khe ho khong
khi; R Ia to khang trén khe ho khong khi; 6 1a
vi tri goc cua ro-to. Tur cong thue (13), ta co thé
giam moé-men xodn bang cach giam tir thong
khe hd khong khi hodc 1a giam tir khang trén
khe ho khong khi.

yr _

Hinh 2. Goc nghiéng cua nam cham N42

Go6c nghiéng a dugce tinh sao cho doan
thang 6 nho hon hodc bang budc cuc.

Tur hinh 2, cong thirc sau dugc suy ra:

0 =40.sin(a) + 25.cos(a)
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Budc cuc dugc tinh theo cong thirc:

(="0 (15)
-
3. THU'C NGHIEM

Dia diém ché tao 1a xudng gia cong co
khi, ché tao may phat dién va dugc do dac )
liéu trén may tién co thé thay ddi dugce toc do
quay, s6 liéu dugc do dac bang dong ho VOM.,

Hinh 3. Nam cham ddt thing

Sau khi tién hanh do dac nam cham
thang xong, tién hanh g& nam cham ra va dan
lai theo goc nghiéng nhu hinh dudi day, goc
nghiéng dugc dit nghiéng trong bai nghién ctru
nay la 21,6°.

Hinh 4. Nam cham dat nghiéng

Go6c nghiéng trong hinh 4 dugc dat sao
cho khoang cach diém dau dén diém cudi phai
nam trong mot cyc cua cudn day & stato.

g K RN
Hinh 5. Ro-to duoc dat vao trong stato

Sau khi lap xong, may phat duoc dua
vao may tién dé do dong dién va dién ap cua hai
truong hop nam cham dit thiang va dit nghiéng.
Téc d6 quay do dac duoc do tir 100 vong/phut
té1 650 vong/phut.

Hinh 6. May phat duoc dat lén may tién

Hinh 7. Pong ho do toc do quay ciia may tién
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O day, cau diode dugc s dung dé
chuyén tir dién xoay chidu vé mot chiéu va st
dung tai 1a dién tro 9Q thudc loai dién tré cong
suat dé thyc nghiém may phat.

Hinh 8. Dién tré cong sudt

Cac sb lieu duoc do trén déng hd
VOM, Pong hd bén trai dung dé do cudng do
dong dién va dong hd bén phai dung do dién
ap (hinh 9).

Hinh 9. Pong ho do so liéu

Déi vé6i viée do dac md-men xodn, do
khong du thiét bi do dac mo-men can khi mang
tai nén chi co thong sb cia mo-men khoi dong
dugc do dac. Phuong phap dé do 1a s dung
ddng ho dé do trong lugng va tir d6 tim ra dugc
mo-men khoi dong. Khoang cach canh tay don
duoc chon trude 1a 0,5 mét.

Hinh 10. Gan cdnh dé do mé-men khéi déng

Hinh 11. Pong hé do trong lwong
4. KET QUA VA THAO LUAN

4.1. Két qua do cong suit ciia may phat

Cing swil tidw thy vi sio 4 quay

7 B i WY

T i iy’ | g il |

= Maatiha By i i 4 bk kg

Hinh 12. Két qua thuc nghiém theo cong sudt
tiéu thu

Két qua do dac thu dugc cong suit trén
tai tur dién ap va dong dién khi da dugc chuyén

vé dién mot chiéu duoc thé hién trén hinh 12 &
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cho théy duogc su chénh 1éch gitra nam cham dat
thang va nam cham dat nghiéng. Cong suat tiéu
thu trén tai giam khi nam cham dét nghiéng.

Chng s Meu Inda vl b O gy

Hinh 13. Két qud thwc nghiém theo cong sudt biéu
kién ciia tdi

Két qua do dac thu dugc cong sut trén
may phat xoay chiéu dugc thé hién trén hinh
13. Két qua tir hinh 13 cho thiy duoc viéc dit
nam cham nghiéng cong suit s& bi giam di so
v6i khi dat nam cham thang.

Phan trim cong suat bi giam di duogc 1ay
dir liéu tir cong sudt tai timg toc d6 quay khac
nhau dé so sanh giira dat thang va dit nghiéng
ctia nam cham vinh ctru dugc phan tich & hinh 14.

g e o grirn o am chim dH agh i oy ey fa) Bl (e
cqyl sl gyien £ o g rhisr £l 1 ]
e O guay

% = om 3 S c 24 B (£ *
Elin i pary ooy plrd

Hinh 14. Phan tram cong sudt bi giam

Cong suat tiéu thy khi nam cham dat
nghiéng gidm tr 10-14% so vai khi dat nam
cham thing theo timg tbc d6 quay. Do gbc
nghiéng ctia nam cham dugc dit ¢ vi tri nghiéng

nhét ¢6 thé nén hinh 14 ¢6 thé dugc coi 1a phan
tram cong suat ti€u thy bi sut giam toi da ng
véi tung toc do quay khac nhau.

4.2. Két qua do mo-men khéi dong

Dbi v6i nam cham dit thang, két qua do
duoc thé hién trong hinh 15.

Hinh 15. Mé-men xodn khéi dong ciia nam cham
dat thang

Pbi voi nam cham dit nghiéng, két qua
do duoc thé hién trong hinh 16.

Hinh 16. Mé-men xodn khéi dong ciia nam cham
dat nghiéng
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Truong hop nam cham dit thiang, mo-
men xoan khéi dong duoc tinh nhu sau:

T,=0,385.9,81.0,5 = 1,89 Nm
Truong hop nam cham dat nghiéng:
T,=0,035.9,81.0,5=0,17 Nm

Mo-men xodn giam khi nam cham dat
nghiéng:

0,17
%T,4, = 100 (1 =

= 0,
1,89) 1%

Nhu vay, so sanh mo6-men xodn khoi
dong gitra hai truong hop, thi truong hop nam
cham dt nghiéng thi mo-men xodn khoi dong
giam di 91% so voi nam cham dat thang. Tur
thuc nghiém thuc té, nam cham dat nghiéng rat
c6 loi cho viéc khoi dong cling nhu hoat dong
cua tua-bin gio.

5. KET LUAN

Bai bao da trinh bay két qua nghién cru,
thiét ké va ché tao may phat dién dung cho tua-
bin giod tryc ngang cong suat nho. Két qua thyc
nghiém cho thay cong suat ciia may phat dién
nam cham dit nghiéng thap hon cong suit cua
nam cham dit thang khoang tir 10-14%. Nguoc
lai, m6-men xoan khoi dong ctia nam cham dat
nghiéng giam so v6i nam cham dit thang la
91%. Cung voi1 do, hi¢n tugng rang cua trong

may phat dién do luc hut gitra 161 stato va nam
cham gidm mdt cach rd rét. Viéc nam cham
vinh ctru dugc dat nghiéng ciing dong thoi lam
gidm sy rung dong cua may phat khi van hanh
va lam cho may c6 tudi tho cao hon. Ung dung
nam cham dat nghiéng s€ mang lai mgt budc
tién 16n trong nganh san xuat dién gié vira va
nho & nudc ta. %
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