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TOM TAT

Céac nghiénzu ngay nay & turbine gi6é la lam saaiéu khién hiéu qui téc do cia
turbine khi vin toc gio thaydsi, dam hio hiéu suit turbine hat déng cao nit. Ngi dung
bai bao trinh bay & mgt phirong phapdiéu khién toc dé turbine gié tuc ngang dung &
banh king noéndé thuc hién viec xoay canh turbined phurong phap thit ké, tinh toan va
ché tgo hoan toan khéng gt tzp. M6 hinhduoc tién hanh tlre nghém Wi cac e do
truc chinh khac nhau va ghi fim khi ndng diéu khien toc do cua b diéu toc. Két qua
bandau cho thiy hé thong hait dong linh hait, turbine luén hat dong Wi hiéu suit cao,
toc do truc chinh ludn an toadam hio dg on dinh, can lang cho toan b hé thong
turbine trong qua trinh ha déng.

ABSTRACT

Today, the researches of wind turbine & ho effectively control the speed of the
turbine when the wind speed changes, ensure tlatibines are highest effective
performance. The paper content presented a systetnot of wind turbine speed by
using the bevel-gear systemitevolvethe turbine blade, with method design, calculation
and manufacturing absolutely no complex. Experialentodel was conducted with
different spindle speeds and noted the abilityotatiol the speed of the speed system.The
fist results show that the research process hasiditb success in control the wind
turbine speed, the turbine are highest effectivéopmance ensure stability and balance
for the whole turbine system during operation.

1. Pat van dé

Vit Namdangdéi dién voi tinh trang thiu dién tram trong Wi sy phat trén aia
nén cong nghip. Gid la ngdn ning hrong sach, ngwn ning lrong ddi dao dang dn
duoc dau tr xay drng, md rong va phat tﬂn tai Viét Nam. Wi nhitng uu diém tir nang
luong gié gilp chung ta @lquyet duoc van d&é cip bach hin nay la mdi trong, nhing
muon tn dung trict dé ngwdn ning legng nay, ngoaidu t tu nhién con ph thudc nhiéu
vao van dé ky thuat, dac biét 1a e thng phatdién gi6. Nhroc diém cia dong @ gié l1a
khi toc do gid thaydm tbc do quay @a tc turbine €éing thayddi theo. Do glo la ngmn
nang lrong khéngdn dinh nén trong qué trinh khai thaardimg xiy ra cac s ¢ vé mat
kg thuat lam hr hong cac k& théng may phat, gay chaynoan § hé thong turbine.

NHin biét duoc ttm quan tong , roi dung bai baaé cap dén mdt phuong phap cé th
diéu khién toc do turbine gio hdu qua dua trén véc tinh toan thit ké va clé tao mé hinh
bo diéu toc turbine gi6 Bng canh dungétruyén dong banh ¥ng nén. Mé hinkdugc thir
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nghiém khao sat i sy thay déi téc do truc chinh, ghi nn qué trinh hat dong aia b
diéu toc gdm hé banh &ng nén, tac vit banh vit vatong a budc.

Khi dé tai duoc khai thac rat cach trét dé ss haa hen mangdén nhigu thanh cong
mai trong viéc xay drng va clé tao may phadién gié phu bp voi moi sy thay ddi tur
gio, chi yéu noi c6 van toc gié cao nkr ngoai khvi.

Trong cac pin tiép theo, bai baosstrinh bay cac éi ~dung chinh: G s ly thuyét,
tinh toan é vong quay tic chinh khi géc canh thaibi, cAu tao va nguyén |y ha dong
cua b diéu tic, tién hanh cac thi ngémn va Kt qua thuc nghém thudugc.

2. Co s ly thuyét

2.1C6ng suit dong chiy

V& nguyén ic, dong chy phai duoc duy tri. Dodd, ning krong turbine thu nim duoc
bi han cke. Trong tuong hop toan 1 nang heong gi6é duoc turbine thu nén, thi \an toc
giod dang sau turbinessbing khéng. Mén cho dong cly dugc can Iﬁng gira khbi luong
va \van toc, ning rong chiy qua turbine pdi bi mat mat. Déi voi hé ti vu, $ phan tram
cuc dai cia ning lrong gié cé th thu nkin duoc tinh theo céng tre (2.1) do Carl Betz
dua ra am 1927[1]:

3
Prax ~ 593 V2 1p.
Trongdo: Pnay l& cOng st turbine
A la din tich quét a canh turbine
Vv, lavan tc gio bandau
8§ 0,593duoc goi 1a gidi han Betz hdac he s Betz.

2.2.CAc gia ti anh hueéng dén cong sut turbine

Luc R tac dng Ién canhiugc phén tich thanh hai thanhéqnhluc: lvc néng canh L
sinh ra moment c6 tacudg lam turbine hat dong va lrc can D c6 tac dng an tré
chuyén dong quay @a turbine. Gocdi o thi céanh hrong dén toc do cua turbine va cé
thé duoc diéu chinh lai boi goéc xoay éa canhd, n6 khéng ph thudc vao e do gié V.
Moment lam xoay turbine c6 lién quan &nién lyc L va D .

Hinh 2.2 C4c yu t6 anh hrong dén canh turbing4]

Q :Van t6c goc turbine ¢ :gbc dong vao turbine
6 :gOc xoay @a canh a :goc ti (9io)
olL-a): Hc do gio tai vi tri dang xét \ : t6c do tong hop
L:dc nang (vudng gocar V ) D: Luc cn (song song &

\ re I)
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Goc i a la goc gira chéu dai day cung canh va vectadnvtdc tong hop caa turbine
va co lién quanién luc R _day la lrc tac ding 1én canh c6 thphan tich thanh hairt
:mdt la lec nang L c6 phiong vudng goc & vecto \an t6¢ Ve, mot luc 1a lyc can D ¢
phurong song songdi vecto Vin tic Vg .

Goc xoay cantd la goc tp bai chiéu dai day cung canh vaamphing quay éa
turbine. Naroi ta ding throng phan lai turbine gi6 theo Ku géc 8 , ngha la turbine
c6 goch cb dinh va lai turbine c6 goc thayoi.

G6c Ga dong khi vao turbing |a géc hvp bai van toc tong hyp va niit phing quay
cta turbine. Gociga dong khi vao turbine cé vai trd quaonig anh hrong dén cong sét
cua turbine .

Goc ti, goc xoay canh va goc dong khi vao turbine liémlhau ldi cong thrc (2.2)[1]

a=¢-6 (2.2)
Monment xan sinh ra Bi luc tac ding I&n turbine cong tit (2.3) [1]
T = (R sing —F cose). (2.3)
Ning lrong sinh ra P=TQ = (R singp —F cose) . Q.r
=[BinP+a)—FRcosP+a)].Qr (2.4)

2.3.Méi quan hé gida goc i a va G, Cy.

C la he sb nang, G la he s can theo cong tic (2.5)[2].
Cl d

1 2 l 2
—pV°.A — PV A
2/0 2'0

Méi quan I gitta G , Gy va goc &i o caa mbt turbine gidduoc biéu dién trong hinh 2.3
Trongdiéu kién thuan ¢i nhat, mot turbine gi6 hat dong héu qua ly twong, Wi gia ti
goc i o =[0° - 1] . Tai thoi diém nay thi gia frcaa he sb luc can Gy 1a nhd nhit (gin
nhu bang 0). Dra vao hinh doi ta thiy giéi han dang tin @y cia goc &i, khi vuot qua
ngoai ving nay thidhsd C, ting léndang K, gayanh hxong dén do 6n dinh ding nhr
cbng sdt caa turbine.
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Hinh 2.3: Méi quan I gitra goc &i a va G, Cy [5].
3. Tinh toan $ vong quay truc chinh khi géc canh thaydéi :

Cong sét cua turbine giGiugce xacdinh theo céng tic (3.1) [1]:
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P=T*Q = (Lsing -Dcosg) * Q.r (3.1)
Ta c6 ndt turbine hat dong héu qua khi ¢ = [0° - 45"] va a =[0°- 107
Trong khang gia ti nay thi & sb can dat gia ti nhd nhat Cc, =0 (lic nay xem ni gia
tri lyc cin D khongdéang k)
Nhu vay cong sat cuc dai P = (Lsing) *Q.r
(3.2)
Cong sdt P dat gia ti cyc dai khi ( L sin ¢ ) dat gia ti lon nHit hay ¢ = 45’

S 0+a=45=>0=45 —q.

Ta co Poax :Q L.Qr :Q LN TR

2 2 60 3C
(3.3)

V 3
Theo Bez P... =0,593 7" JTr? (3.4)

Nhu vay ta co

v I.r.N

P =0,593—27r?=+2.L.
max 2 V2 30

3
= 0593r.v% Y2 o - 0,593 >V o
15 V2L

L=C(},0U"A=C(}pU. 1’7

Thuc &, trong qua trinh tit ké turbine,diéu kién toc do gié khong thayioi mudn ting
toc do truc chinh ngoi ta < thiet ke lam #ing ban kinh rga turbine.
Ta c6 cong thc lién k¢ gitra ¢ do turbine n, gn toc gié bandau vy :

3
n= 0593 221V (vong/s) (3.5)

J2L

—e—Tdc dé truc chinh (a=2)

=
=
= -
= 18 —B—Tdc dé truc chinh (a=4)
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=
5 .
o / —<Tée dé truc chinh (a=7 |
2 14
= /' —#—Téc dé truc chinh (a=10 ]
8 12 / Téc dé truc chinh (a=16 )
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Hinh 3.1 Biéu do biéu dién sr thayddi toc do truc chinhing Wi van tbc gi6 khac nhau
khi goc ti thay doi.

4. Nguyén ly hat dong
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Dé kiem nghém lai co sv Iy thuyét, md hinh b diéu tic turbine gi6 bng k¢ banh #ing
nondugc tien hanh ch tao va thr nghgm nhr bén drai.

o o

Hinh 4 CAu tao bo diéu tbc

Ba canhiuoc lap truc tiép vao 3 banhiang non xoayduoc. Trén toc chinh @a turbine
gin banh #ing nén cli dong an khop voi 3 banh &ing Ep voi canh, fip thém 1§ banh vit,
an khop vai truc vit. Truc vit p truc tiép trén tnc ola dong @ budc dé didu khién &
vong quay.bong @ budc duoc cip dién nhy hé théng thiét ké chbi than Ep trén toc
chinh. K mach diéu khién nhan biét téc d6 vadiéu khién dé xoaydong a budc.

Gan cho trc chinh turbine @t toc do gisi han cho phép. Khian tic gio ting, lam
cho ¢ d6 truc chinh #ng 1én wot qua tc do giéi han bandau, b phan cim bién nhin
duoc tin héu, chugn dén bd diéu khién tién hanh so sanhovtdc do cho phép, &diéu
khién truc dong @ budc gin véi truc vit duoc choan khop véi banh vit. Toc banh vit
ndi cing \6i truc banh #ing nén cl dong duoc an khép véi ba banh#ng nén gn ba tuc
canh qgat. Khi truc dong @ budc xoay goc thi &truyén sang mt sb bo phan truyen
dong nhr tréndé xoay canh turbine & goc nlm giam bé mat hang gid, lic naydc 4o
turbine gi6 & giam xudng dam kao cho turbine luén h dong an toan.

Khi toc d gi6 giam, dong @ s xoay ngroc lai canh quay tv lai. Bang cach nay,oc
d6 quay @a tuc turbinedugc dieu chinh kip thoi.
5. Cac thi nghém dwec tién hanh
M6 hinh turbine gi6 tc ngangda dugc thi cong va fin hanh cho tihc nghtm tai
khoa @ khi cle tao may torong dai hoc Sr pham Ky thuat thanh plé H6 Chi Minh, $ 1
V6 Van Ngan, Th buc.
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Hinh 5 Céc thi nghim tién hanh
Dung 3 qut gid céng nghip cong xiét 380 Vdat 3 vi tri twong tng Wi dudng kinh canh
turbine. Thi nglim duoc tién hanh nir sau:
v' Ché do co &i:
« Budc 1: S thaydoéi vi tri turbine theo th tw nhu [hinh 5: 1> 2> 3.

M tri 1: dat quat va turbined khang cach xa ndt, diéu chinh géc xoay canh sao cho
turbine quay ¥i téc do dat toi wu nhit 5 vong/sPay la tc do lap trinhdinh mic, ngha
la khi dat téc d6 nay (hac toc do bé ton) thi canh turbineédinh, K¢ banh &ng nén
khéng hat dong, dong @ budc khong thaydoi.

\i tri 2: Khidua turbinE tén V@ canh qut, cach v tri bandau 1.7 m, barfau tbc do
turbine ting tir tir dén khi wrot qua ¢ d6 5 vong/s ¢at 6 vong/s), ghi min ar thay doi
ciia goc xoaydong @ busc va tic dé quay tnc chinh hén thi trén & dém.

M tri 3: Khi dua turbine #n vé phia qut, cach v tri bandau 3.4 m, bamtiu t6c do
turbine ting tir tir dén khi wrot qua 6c do 5 vong/s (bc do dat 6 vong/s) thiong a budc
s3 xoay, ghi n#in ar thayddi goc xoaydong a.

« Budgc 2: S thayddi vi tri turbine gi6 theo tinty nguoc lai 3> 2> 1.
Tai mdi vi tri thi goc xoaydong a budc thayddi, tng wi su thay doi toc do truc chinh,
ghi nhin gié ti tirng gia ti thaydbi.
« Budc 3:Pit turbine &i vi tri 1, IUc naydong @ budc dd xoay ¢ vi tri bandau, danh
diu trén tnc dong @ budce haic banh #ng ndndé ghi nkin sr thaydoi.
Saudo ta € ngung dp dién chodong @ budc, tién hanh di chugn quat dén vi tri 3, khi
turbineén dinh, ta & cip dién chodong a budc, ghi ntin cac gia trthay ddi.
* Budc 4:bat turbine &i vi tri 1, 10c naydong ey buac dangé vi tri nhr thuc hign budc
3, danh du trén tnc dong @ budc haic banh ing néndé ghi nkin sy thay déi. Khi téc
do turbinedn dinh, ta § cap dién chodong @ budc, ghi nkin sy thaydéi goc xoaydong
co buéc.

v Khao sat trong tr goc quaydong @ busc ¢ ché do khong &i tai vi tri 2, 3. Ch

thuc hién bueéc 1 va 2.

6. Két qua va nhan xét
6.1 Két qua
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Bang 6.1Bang gia ti biéu dién géc xoaydong @ tng Wi téc do truc chinh

Van tic truc

chinnws) | 3|4 1| 7] 8 °
Goc xoaydong

co buéc (do) 0| 0| 0]|120|240|420| 540
g 600
3 /N
= 500 /

400 /
300
200

100 /

0 —4—T—%—T%

3 4 5 & 7 & g Tdcdd nlv/s)

Hinh 6.1 Biéu db thuc nghém biéu dién mbi quan 1§ téc do truc chinh va goc xoagong
co buac
Khi ting goc xoaydong @ budc dén gid ti goc canhdat 45°, thi tc d¢ turbine clm
lai va tai vi tri nay turbine & d& khoi dong nHit. Khi géc canh wot qua 45, turbine gn
nhue khéng hat dong.

6.2 NHin xét :
o 600
=
§ 500 )
& 400 ¥

300

/, —#— Thuc nghiém
N — B Lythuyét
200

/ T

100

o /

3 4 5 5 7 8 9 Tac dd niv/s)

Hinh 6.2Bi¢u do bicu dién moi quan I¢ gitra ¢ do truc chinh va géc xoagong a
budc theo thrc nghém va theo tinh toan ly thay

Dya vao niing dr liéu bandau [Hinh 6.2], ta thiy quy Iuit thaydéi cua gia ti géc xoay
dong @ budc tng wi téc do truc chinh trong tng trong thre nghém hoan toan phudp
so Wi tinh toan Iy thugt.

Bo diéu toc turbine gié & dung ke banh &ng nondiéu khién toc do turbine nt cach
linh heat. Tt ca cac gia tr anh hrong d&én téc do turbinedéu quy \é haidai luong dé
thiét ké vadiéu khién 1a ¢ do truc chinh va goc xoagong a budc.
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Gocdiéu khien dong @ budc tiy thie vao 6 ligu tinh ton, géc co hthay doi dé
phu fop voi dit liéu tinh toan. Godicu khien dong e busc hiéu qua nhat la khi géc canh
hoat dong trong pam vi 6 = (O° - 45). Tai vi tri 0 = &, turbine kho Kbi dong nkit, 0
=45 1 vi trf turbine gi6 d dang kldi dong nkit.

7. Két luan

Dua vao md hinh va thi ngiih cho thy qué trinhdiéu khin cia b diéu toc s gidp
turbine gi6 hat dong mbt cach héu qua. Cac goc canh thajbi déu, do on dinh caodam
bao d6 can lang tuyét doi.

Két ciu nay & dung hiéu qua nhitng roi cé e do gié cao, ¥n toc gié khéngdn dinh
nhur ngoai bén khoi, bo diéu toc ludn ludn gir he thong hait dong trongdiéu kien tot
nhit, 6n dinh nHit, bao vé hé théng turbine ludn canimg wi moi tinh hbng, dem ki
ngwon dién ddi dao cho nganh céng ngpigio.
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