NGHIEN CUU CO CHE CAN BANG
VAN LAT TU DONG THUY LUC TRUC DUOI

Nguyén Thweng Bang', Lé Ngoc Thach’

Tém tat: Bai bao trinh bay két qué nghién ctru co ché can bang van Iat t déng thiy luc truc duwéi dbi véi bai
toén cén bdng co ban trong diéu kién thay tinh. DAy la két qué nghién ctru méi trong Iinh vire thiy loi va cor
khi & nuoc ta. Dé co thé tién téi xay dung mé hinh thi nghiém thdy lwc, can phai tiép tuc nghién ctiu trong
diéu kién thiy dong va mét s6 van dé khac.

Terkhoa: Van lat tw déng thay lwe truc duwdi

Abstract: This article presents the result of the investigation on general balance conditions of hydraulic
self-control flap gate in the static pressure conditions. This is a new research result in the fields of water
resources and mechanics in our country. In order to set the hydraulic test model, it needs to make more
researches specially in the dynamic pressure conditions.
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(® 1.Soddnghién ciru va wu nhwoe diém ca van lat tw dong thiy lwc truc duéi

Hinh 1 trinh bay so dd cAutao clia van lat tw dong thay lwec truc dwei[1], [2], [3]. Tén "Van lattw ddng
thay lwc truc duéi" 1a do tac gia dat, xuat phat tw tén tiéng Anh "Hydraulic Self-Control Flap Gate" dang
dwoc ldp dat phd bién & Trung Quéc va mot sb cong trinh thiy lgi-thay dién & Viét Nam ciing nhap loai van
nay. O' Viét Nam, so db nguyén Iy van nay chwa dwoc nghién cteu nén ndi dung va két qua nghién ciru clia
bai bao nay 1a hoan toan méiva can thiét trong linh vire thiy loi & nuécta.

P

Hinh 1. So d céu tao van lat tw déng thay luc truc duci
'PGS.TS, Vién Khoa hoc va Céng nghé Céng trinh thiy, Trueng Pai hoc Xay dung. Email: dhxd@vienctt.com
*ThS, Vién Khoa hoc va Céng nghé Céng trinh thdy, Trigng Dai hoc Xy dung.
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Cra van la loai van phéng c6 chiéu cao van (H,), chiéu rong van (B,) dat trén nguéng dap tran thyc
dung hoac dinh réng cach day séng mét doan P. Toan bd phan quay cla van (bao gdm tAm chén nuéc,
céu kién lién két, co cAu truyén déng,...) co trong tdm ky hiéu la G. Trong tdm G ndm thap hon mép trén
van, cao hon nguéng tran va léch vé phia thweng lwu cla thm quay. Truc quay cia van ndm cao hon
ngwdng tran, th&p hon mép trén van va & vé phia ha lwu ctia van. Tam quay dwocky hiéula O.Hétoadd
XOY diqua tam quay O. Ngoai ra, con b tri bé ty FF dé khéng ché géc mé Ién nhat clia van. Toa dé trong
tam la (X,,Y,), trong tdm G chi nam trong goc 1/4 thir tw. Tuy thudc vao muwe nwéc va ap luc nude thwong
I, didu kigén can bang cla van sé thay déi, luc dé clra van sé thay déi dé mé tlr dong hoan toan dén mé
hoan toan. Trong qua trinh thay déi dd mé, 3 yéu té quan hé mat thiét véi nhau 1a cot nwéce tran (h,), goc
mé van (a) va téng luu lvgng xa (Q). Néu coi mot trong 3 yéu té |a biét truedie thi 2 yéu t6 con lai la cac bién
can xac dinh. Diéu kién can bang cla van trong qua trinh lam viéc thay déi tw déng theo dién bién cla cot
nuéec tran, do dé gidi quyét dwoc quy luat can bang déng cla qua trinh van lam viéc la mét trong nhikng noi
dung nghién ctru then chét.

Trong hinh 2 [4], [5], [6] |a so dd van lat tw doéng truc trén, loai van nay da dwgc nghién clru va ap
dung & nhiéu nwée trén thé gioi, trong dé c6 My, Phap va An Dé. Loai van nay c6 mét sb wu diém nhwng co
mot s6 nhwoce diém nhu: (1) Khdng dep vi vat dbi trong dat ndi & trén; (2) Co clu truyén déng chwa gon
gang vi truc quay bé tri phia trén cao so véi van; (3) Vat chan nuéc rat kho khit vi ap lyc ty khéng lén,
lwong nwécro ricao; (4) Khéng thao dwoc cay cbi, vat ndi; va (5) Khéng khéng ché duwoc géc mé Ion nhét.

Hinh 2. So d6 cau tao van lat tyr déng thay luc truc trén

Loai van lat tw ddng thady Iwc truc dudi khéc phuc duoc nhirng nhugc diém cla van lat thay lwe
truc trén, nhwng tinh toan thay lwe va két cdu sé phive tap hon.

@ 2. Cac gia thiét khi nghién ctvu didu kién can bing ciiavan

Khinghién ctru diéu kién can bang clia van lat thly lwe ty dong truc dwdi dbi véi bai toan co ban, cd
thé sir dung mot sé gia thiét sau:

-Biét trong lwong clia toan bd van va phan quay la G;

- Biét chiéu cao van (H,) va chiéu réng van (B,):

-Biét géc mé ban dau a, (6,);

- Biét vi tri tam quay (O) nam trén nguéng tran, phia halwu van va thdp hon 1/2 chiéu cao van;

-Lap hé toa dd XOY voi géc toa dé dat taitam quay O;

- Biéttrong tam clia van va phan quay ndm trong goc 1/4 thir 4;

- Biét kich thwée hinh hoc clia clra van;

- Chi xét ap Iyc thay tinh, chwa xét anh hwéng cda ap lwe thiy dong tac dung Ién ctra van. Tam bo
qua anh hwéng 1an nhau clia cdc module clra van vé mat tai trong va chwa xét cac lwe ma sat do co' cau
truyén déng gay nén.
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3.Nghién ctru diéu kién can bang ciiavan
3.1Théng sé dinh victravan

Dé thuan tién cho viéc thiét 1ap céng thiec va |ap trinh trinh tinh toan, cin quy wée danh sé theo thi
tw cac diém dinh vi clra van nhu trong hinh 3 va cacbang 1,2 va 3.

Béng 1. Binh nghia céc théng sb dinh vi ctra van

Ky hiéu Dinh nghia

0 Tam quay, déng thoi la gbc toa do

i i=1,2,3,4: tén cac diém dinh vi clra van

o Géc nghiéng clia mét thweng lwu clra van so véi phwong ngang

0 Géc mé clra van (bién thién tir 0° dén géc mé cuc dai Omax)

Bi Géc nghiéng ban dau cla tia Oi so véi phwong ngang (i=1,2,3,4)

Ri Khoang cach tlr tam quay O t6i diém i (i=1,2,3,4)

Xi(8) Hoanh dé cla diém i (i=1,2,3,4), (rng vé&i goc quay cira van 0

Yi(0) Tung d6 cla diém i (i=1,2,3,4), ing véi goc quay clra van 0

(a) Trang thaidéng (b) Trang thai mé&
Hinh 3. Quy wéc céc théng sé dinh vi clra van

Béng 2. Quy uéc toa do ban dau céc diém cira van

X Y Ghi chu

Xo Yo Tam quay, géc toa dd

Yo1 Mép thwong Iwu dinh

Xo2 Yoz Mép thugng lwu mat day

Xo3 Yo3 Mép ha lwu méat day

Xoa Yoa Trong tdm clra van
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Bang 3. Quy wéc toa dé cac diém ctra van tmg véi goc mé cuc dai
Ghi cha

Tam quay, gbc toa do

Mép thugng Iwu dinh

Mép thuwong lwu mat day

Mép ha lwu mat day

Trong tdm clra van

trong dé cac toa d6 1a tdng quat trong hé truc toa dd XQY, cac goc la géc lwong giac.
3.2 Méi quan hé gitra cdc dai lwgng
a) Céc lién hé ban dau
Yo —Yo=h,.Cosa. Khia=90"Y,—Y,,=h, (1)
X1 —Xg2 = hg. Sinee. Khi o= 90" X, — X;,=0

b) Cdéng thire xac dinh toa do cac diém khi ctra van quay
Gia sir clra van quay vé ha luu mét gée 0, tire 1a goc “-0” theo quy wée goc lwong giac, toa dé cac

diém dwoc xac dinh theo cong thirc sau:
X(0)=R,.Cos (B+0)
(2)

Y(0)=R.Sin (B,+6), (i=1,2,3,4)
3.3 Xdc dinh cdc lwc tac dung lén cira van (png v&i géc mor
So dé tinh toan: tinh toan cho 1m dai clra van, trong lwong phan quay cla clra van dwoc tinh véi

trong lwgng don vi G = G,.,/B... (T/m), p lvc nwde dwoc tinh cho 1m chiéu dai van.

Mot sb quy wéc sau day dugc st dung dé xac dinh cac lwc tac dung Ién clra van tng vé&i goc mé
nao dé. Hé don vi st dung trong tinh toan: Lyc la tan (T), dé dai la mét (m); Cac théng s6 dinh vi clra van
nhw trong muc 3.1; Va so db tac dung clia cac lrc va quy wéc vé dau nhu trong hinh 4 va hinh 5.
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Hinh 4. So dé luc tac dung khi ctra van quay, MNTL cao hon diém 1
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Hinh 5. So dé luc tac dung khi ctra van quay, MNTL thdp hon diém 1
a)Trong lugng ban than ctra van G (T/m)
Trong lwong ban than clea van tinh véi tat ca cac bd phan thudc phan quay cira van, bao gém:
- Mét ctra van bang bé téng cét thép, cac mép xung quanh dwoc bo béithép hinh.

- DAm d& mat clra van, cé tac dung truyén tai trong tac dung vao clra van lén 2 banh xe tru d&
(théng thwérng méi van dwgc cau tao 2 dam).

- Thanh thép hinh ndm & méat sau dam d&, tiép xtc tree tiép v&i banh xe tru dé.

Do tinh toan véi so dd phéng cho nén tbng trong lwgng civa van dwoc chia cho chiéu réng 1 mé dun
clravan: G=G,,,,,/B.., (T/m).

Canh tay don téitam quay: X4(0)=R4.Cos(p+0) (3)
M& men dbi voi tam quay: M;(0)=G.R4.Cos(p+0) (4)
b) Ap lure thiy tinh phuong ngang tac dung lén 1m dai mat van W, (T/m)

* Gidtrilwc (W,) va canh tay don téitdm quay (Y,)

+NéuZ2Y,(0),biéu dé ap lwc thdy tinh c6 dang hinh thang (hinh 4):

,=-y,|2- 2O ) -5.0)]

-y [ - R Sin(B, +e)4;e35m([33 +0)
- 3Z2- ¥,(0)-%0) K@)-1.6)_ .
Ty =1 @) 27-%,0)-%0) 3 =R;Sin(B; +6)+
| 3Z-2RSin (B,+6)-RSin(B,+6) RSin(B, +6 )—RSin(B,+0)
2Z-RSin(B,+6)-RSin(B,+6) 3

} [R,Sin(B, +0)— R,Sin(B, +0)]

+ Néu Z < Y,(0), biéu db ap Iwc thuy tinh c6 dang hinh tam giac (hinh 5):

—y [Z—Y3(9 )]2 =y [Z _RsSin(B3 4}8)]2

2
Z-RSin(B;+0)
3

2
=Y, 2—1;3(9) =RSin(B;+6 )+
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* M6& men déivéitam quay M, (0)=W,.Y,,. (9)
¢ ) Trong lrgng nuwée trén 1m dai ctra van W, (T/m)
* Giatrilycva canh tay don t¢itam quay

+NéuZ =Y ,(0), biéu db trong lwgng nwéc cé dang hinh thang (hinh 4):

Wd = ftliz_w} [Xl(e)_Xz(e)]

—y, [z R, +9);R255”(’33 +9)} [R.Cos(B, +0)~ R,Cos(B, +6)]

3Z-2Y,(0)-Y,(0) X,(0)-X,0)

2Z-Y,0)-v,0) 3

3Z—2RSin(B,+0)—-R,Sin(B,+0) RCos(B, +6)—R,Cos(p,+0)
2Z—-RSin(B,+0)-R,Sin(B,+0) 3

Ky =X, (8 )+

=R,Cos (ﬁ2 +0 )+

+Néu Z <Y,(0), bidu db trong lwgng nwéc cé dang hinh tam giac (hinh 5):

[Z-v@))z-7,0)] ~
2 Le)-T@) [x,0)-X,©)]

1
2
1 [Z R.Sin(B, +6)}[Z — R,Sin(B, +0)]
"3 R,Sin(B, +0)-R.Sin(B, +0) [R Cos(B, +0)— R,Cos(B, +0)]

1 Z-16)(*.6)-x,0))
LE)-1.6)
1 (Z RSin(B, +6)).(RCos(B, +6 )~ R,Cos (B, +6))
RSin(B,+6)-RSin(B,+0)

W, =

X =X (e)

=R,Cos(B, +9)

* M6 mendbivditamquay M, (0)=W,. X,
d) Ap luc day nguoc duéi day cira van (Wu)
* Giatrilwcvacanhtay don tditdm quay

+Khi 0=0:4p lwc day ngwoc dwdiday clra van tinh nhu sau:
|
W, = Eyn(z_%z)-(Xo3 —Xo)

X, =X, +X03_X02:X03+2Xm
Wu 3 3

+Khi 0> 0: ap lwc ddy nguwoc xac dinh theo céng thire:

=1, 2- 20O Ny ) x,0)]

. { " R,Sin(B, +0) + R,Sin(B, +0)

> }[R3C()S(B3 +0)—R,Cos(B, +0) ]
3Z-2Y,(0)-Y,(0) X,(0)-X,(0)
2Z+Y,(0)+Y,(0) 3
3Z-2R,Sin(B,+0)—-RSin(B; +0) R,Cos(B;+0)—R,Cos(B,+0)
2Z-RSin (B, +0)—RSin(B,+0) 3
* M6 men dbi voi tam quay M, (0) = W,.X,, (19)
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3.4 Xay dwng ly thuyét giai bai todn can bang ctra van
a) Quan hé gia trang thai ctra van véiténg mé men Mo

Trang thai ctia clra van phu thudc M, (tbng mé men cla tt ca cac lwe dbi véi tam O) dwoc quy wéc
nhu sau:

Bang 4. Quy uoc vé trang thai cda cira van theo M,

Téng md men Piéu kién Trang thai cira van

== 1g" Can bang (Mg=Mn)

Mo “>0 Lat vé phia Thuong lwu, xu hedng déng cira van (Mg>M.,)

“<0“ Lat vé phia Ha lwu, xu huégng mé clra van (Myg<M,,)

b) Phuong trinh can bang téng quat
M0=G.X4+WJ.XW4+PVP,.KW1+WU.Y =0 (20)

Wu —

Hay:M,-M, =0; M =G+ Wolkvs M =—W.l.-W 1L

Wd Wu
trong d6 M, va M, theo th(r tw |a tdng mé men gay déng va mé clra van; cac lyc va canh tay don dwo'c xac
dinh tr cac cong thire (5) dén (18).

O dang téng quat phwong trinh (20) cé it nhat la 3 &n sé 1a: Cac théng sé dinh viban ddu clra van va
trong lwgng ban than clra van; Myc nwéc thuwong lwu; Va géc mé 0.

Nhuw vay, dé giai dwoc phwong trinh can bang can phai gidi han diéu kién bién dé dwa phwong trinh
chicon 1 4n sb. Céac bai toan gidi han diéu kién bién cé thé |a: Gia thiét cAu tao clra van, géc quay 0 ; Tim
MNTL; Gia thiét cAu tao ctra van, MNTL;Tim géc quay 0; Va khéng ché MNTL, géc mé& 0 ; thir d&n kich
thwée clra van dé xac dinh trong lrong G.

(. 4.Viét chwong trinh va kiém tra chwong trinh
Chuongtrinhtinhtoan can béng ctra van lattw dong dwgc dattén "CVLTD2011"

Tw phan ly thuyét duoc xay dwng & trén, da lap chwong trinh tinh toan dé giai cac bai toan can
bang clra van.

Sé ligéu dau vao bao gém: kich thwée hinh hoc clra van, trong lwgng clra van; MNDBT; tuy thudc
tirng bai toan cy thé s& nhap thém cac gia trf MNTL hodc géc quay 6.

Céc bai toan va két qua tinh toan: Xac dinh toa dé cac diém dinh vi khi géc quay ctra van thay dbi;
Tinh toén cac tai trong, canh tay don, md men déi véitam O: Xac dinh MNBDM: Xac dinh géc mé Ién nhét
dé ctra van tw déng khi MNTL ha xuéng MNDBT; Va lap dwéng quan hé Mo phu thudc géc quay 0 khi
MNTL thay ddi.

Ngoaira, chwong trinh con cho phép khdo sat nhiéu tridng ho'p dé cé thé tdi wu cac théng sb: hinh
dang va khéi lwgng ctra van, géc mé téi da, hodc cac théng sé lién quan téi bai toan diéu tiét 1.

Chuwong trinh dwoc ap dung vao tinh toan cho mét thi du cu thé voi Céng trinh thay dién Sudi
Trang, huyén Cao Phong, tinh Hoa Binh (hinh 6).

924.3

1

Hinh 6. So' d6 hinh hoc
mat cat ngang ctra van
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- Théng s6 hinh hoc mét cat ngang nhw hinh vé véiB,,, = 6m;

- Téng trong lwgng clra van (phan quay): G,.,,, = 8.66 Tan, trong lwong xét trén 1m dién tran G =
1.443T/m.

Minh hoa két qua tinh toan xac dinh toa dé cac diém, lwc tac dung, canh tay don, mé men, trang thai
can béng civa van tir chwong trinh:

Bang 5. Két qua tinh toan ttr chuwrong trinh déi véi cong trinh Sudi Trang

z 0 X1 Y1 X2 Y2 X3 Y3 X4 Y4

-0.223 | 1.061

-0.942 | 0.537

-0.834| 0.693

-0.547| 0.936

TT can
bang

Can bang

Can béang

Latvé TL

Lat vé HL

4.0

35

3.0

25
2.0

1.5
1.0

0.5

0.0

-0.5
-1.0
-1.5

-2.0

-2.5

-3.0
-3.5

4.0 T T T T T T T T T T T T T T 1
-6.0 -65 -50 45 40 -35 -3.0 -25 -20 15 -1.0 -05 00 05 10 15

Hinh 7. So' dé tai trong tir chuong trinh tinh todn
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(@ 5.Kétluan

N&i dung nghién ctru nay la méi & nwéc ta, két quéa nghién clru dam bao tinh 16 gic va tinh khoa
hoc, tuy nhién cdn mét sé van dé chwa duge nghién clru chi tiét, bai toan can bang déng cira van cling con
phai tiép tuc nghién cieu.

Céc van dé can tiép tuc nghién cteu: Tinh toan kha nang thao va diéu kién can bang trong diéu kién
thay dong; Xét dén anh hwéng clia muc nuéc ha lwu dén van; Nghién ciru vé vat liéu ché tao van; Xay
dung mé hinh thi nghiém thiy Iwc; Vaxay dwng ké hoach san xuéat thir.
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