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NGHIEN CUU CAC LUC TAC DUNG LEN CANH GAT CUA BOM
THUY LUC CANH GAT

STUDYING THE FORCES ACTING ON THE VANES OF A VANE
HYDRAULIC PUMP

Nguyén Vin Lai, Nguyén Thanh Pirc, Chu Manh Cwong
B6 mon Ky thuit Co khi — Trudng Pai hoc M6 - Dia chat

Tom tit

Bai bao trinh bay ndi dung nghién ctru cac luc tac dung 1én canh gat cua bom
thury lyc canh gat, phan tich dic tinh gia téc ciia dau canh gat trén bién dang
stato ctia bom canh gat tac dung kép. Cac két luan dugc rat ra dua trén phin
tich nay. Mot so d6 vé cac luc tac dung 1én canh gat duoc trinh bay. Mot
cong thuc tinh khdi lugng té1 han cua canh quat dugc thiét 1ap. Hai dd thi
biéu dién gia toc ctia ddu canh gat theo goc quay cua rotor dugc vé cho hai

bién dang stato khac nhau.

Tir khoa: Canh gat, bom thuy luc canh gat, luc ma sat, bién dang stato.
Abtract
This paper presents a study of the forces acting on the vanes of a vane
hydraulic pump, analyzing the acceleration characteristics of the vane tip on
the stator profile of a double-acting vane pump. Conclusions are drawn based
on this analysis. A diagram of the forces acting on the vanes is presented. A
formula for calculating the critical mass of the vane is established. Two
graphs representing the acceleration of the vane tip as a function of the rotor
rotation angle are plotted for two different stator profiles.

Keywords: Vane, vane hydraulic pump, friction force, stator profile,

rotor...



1.GIOI THIEU

Bom thuy lyc thé tich néi chung, bom thiy luc canh gat néi riéng 1 thiét bi
chinh trong bd nguon thuy luc cia hé truyén dong thiy luc thé tich. Bom
thity luc canh gat duge st dung rong réi trong cac hé truyén dong thiy luc
thé tich, vi két cdu tuong d6i don gian, dai 1am viéc rong, dic biét 1a trong
céc hé truyén dong thuy lyc trén may cong cu, may CNC, trén tau bién. ..
Trong qua trinh hoat d6ng, canh gat di chuyén trong cac rinh rotor va ép vao
stato ctia bom do lyc hudng tim. Pong thoi, can phai khic phuc luc ma sat
trong rinh rotor. Bién dang stato 13 yéu t6 quyét dinh dic tinh dong hoc va
dong luc hoc cua canh gat, rat quan trong. Bién dang stato dugc chon sao
cho khong c6 su thay ddi hitu han ttrc thdi vé van tde cua canh gat so voi
rotor, trong khi luc quan tinh vé mat 1y thuyét ting dén vo cung. Do d6, canh
gat co thé tach roi khoi bé mat stato, din dén sy mai mon nhanh choéng ctua
canh gat va stato [1].

2. CAC PHUONG TRINH TOAN HOC

Gia thiét cac canh gat duoc bd tri hudng tdm trong cac ranh rotor. Toa do
cua diém tiép xtc a voi stato duge cho trong hé toa do cuc (p — ). Rotor

quay theo hudng mili tén véi van tée goc o. Van tde cia canh gat so vai rotor
~ 1 d \ .o e .« A , z X .
sé la d—‘: [2] (Hinh 1). Gia thi€t bién dang stato c6 dang xoan 6¢ Archimedes

thi phuong trinh cta bién dang nay trong toa d6 cuc duge viét nhu sau:

Hinh 1. Bién dang stato ciia bom canh gat tic dong kép va cdc théng so tinh toan [2].

2



7
p=——= (R—=r)cos(a — )+ \/rf + (R — 1y)2%sin2%(a — @) (1)
cosQ
d wWr,Sin w(R —1y)?sin?(a —
ap _ Drosine > L (R —rpsin(a — p)w + ( ) ( ¢) (2)
dt  cos*g 2412 + (R — 1y)%sin?(a — @)

Trong dé: r, — ban kinh cung ton ban dau; rr—= bér} kinh cung tron lién hop
vOi1 rp; R — ban kinh cung tron lién hop véi ti€p tuyén ctia cung tron ban kinh
r;; ® - van tde gbc cua rotor; @ - gbc quay cua rotor; p - ban kinh cia stator;
a - gbe gi61 han khu vuc 1ién hop gilta cung tron ban kinh r; va ry.

Pic tinh van toc % theo goc quay rotor ¢, duoc xay dung bang cach sir dung
cac phuong trinh (2) va (3) cho truong hop a = g va arctgp, = g (Hinh 4),
cho thay van toc tang tir 0 dén gia tri cuc dai, sau d6 gidm xudng 0. Ngoai
van toc twrong dbi Z—’Z , canh gat con ¢6 van tdc tinh tién u,,.

Tiép theo, phan tich gia tdc trong qua trinh chuyén dong cua diém tiép xtc
gifra canh gat va stato. Cac gia toc sau tac dong 1én canh gat doc theo duong

tiép tuyén (Hinh 2). Trong trudng hop nay, bién dang stato ctia bom canh gat
tac dong kép co dang dudng thang [4].

PE .
Gia toc ZTZ duoc xac dinh bang cach vi phan phuong trinh (2):

d?p 5. cos?p+2sin?e

— = W
dt?2 0 cos2¢@

3)

Gia tdc goc my, trong qua trinh quay déu cua rotor, la gia toc huéng tam va

dugc xac dinh boi phuong trinh:
wn =0 (p—3) )
Gia téc Caryolis:

W = wW— 6))]

Néu cong cac gia toc nay lai, ta s& thu duoc gia tc tuyét dbi cua trong tim

canh gat o,. Khi cong cac gia tdc, ta c6 thé thiy rang:



d? d? 219sin? 1
p ) p wz( 0 i ¢4 )
cos>¢ 2

(6)

Hinh 2. D6 thi cong cac gia téc tuwong doi, tinh tién va Coriolis.

Sy khac biét giira cac gia toc nay hudng tir tAm O ra ngoai vi, va luc quan
tinh twong tng hudéng vé tim O; do d6, viéc ép canh gat vao stato khong
dugc dam bao boi luc ly tam.

Két qua cong cac gia toc nay tai diém b, nim trén mot cung tron ban kinh ry,

B , T N d? TP r A 4y

cho phép ching ta xac dinh rang w,, > d—tf. Do do, vdi mot s6 phép gan dung,
chung ta c6 thé xem xét chuyén dong ctia canh gat so voi tam O, ¢6 tinh dén
gia téc hudng tim. Cong gia tdc hudng tim véi gia te tiép tuyén s& cho ra
gia toc tuyét ddi, hinh chiéu cua no 1én huéng chuyén dong twong ddi cua

2 9 , 2
canh gatla w, — sz > 0. Vi vay, khi diém tiép xuc di chuyén doc theo cung



tron ban kinh 7;, luc quan tinh huéng vé phia ngoai vi, va canh gat bi ép vao

stato boi luc ly tam [5].

Dua trén két qua phan tich, c6 thé két luan rang can dap tung hai yéu cau khi

lya chon bién dang stato:

Van tc ctia canh gat so v6i rotor phai thay d6i mot cach tron tru tir 0 dén gia

tri cuc dai, sau do giam dan mot cach tron tru ve 0.

Gia toc hudng tam phai 16n hon gia toc twong d6i mot lugng sao cho tich cua
gia téc nay va khdi luong cua canh gat du dé khic phuc luc ma sat cia canh

gat trong ranh rotor. Hinh 3 thé hién so dd cac luc tac dung 1én cac canh gat.

Hinh 3. So do cdc luc tac dung lén canh gat.
Luyc ly tam:
F,, = mw?R (6)
Trong do: m la khoi lugng cua canh gat; o 1a van tde gbc cua rotor.

Luc ma sat cua canh gat trong ranh rotor:



E,s = uN (7
Trong d6: p 1 hé s6 ma sat; N 1a lyc phap tuyén.
Luc phap tuyén c6 thé duoc tinh bang luc tac dung 1én mot mit phang:
N = pc.S = pghc.S 3)
Trong do: pc 1a &p suat du tai trong tam cuia mat co6 di¢n tich S.

Dua trén cac phuong trinh trén trén, ta c6 thé xac dinh lyc ly tAm t6i han, tirc

1a lyc t6i thiéu ma & d6 canh gat s& bi ép vao stato.

F:=E
{ 5 it B ms (9)
mw“R = pgh..S
Tir d6 ta co thé suy ra khéi lwong t6i han cua canh gat:
pghc.S
= 10
w?R (10)

Luc ly tdm s& thay d6i tiry thudc vao goc quay cia rotor, va quy luat bién doi
luc ly tam s€ khac nhau tuy thudc vao loai bién dang stato. Do do, can xay
dung dac tinh vé su thay ddi luc ly tdm theo géc quay cua rotor cho hai loai

bién dang stato khac nhau.

Trudng hop thi nhit, chung ta s& sir dung bién dang stato pho bién nhat, dam
bao diéu kién gia tdc cua canh gat khong d6i so véi rotor va duge xac dinh
b1 phuong trinh sau:

2(R—r
F, = mw? (ro + %) @* (11)

Trong do: 1y 1a ban kinh nhoé cua stato; R 1a ban kinh 16n cua stato; ¢ 1a géc

R—To

quay cua rotor va a =



3. KET QUA VA THAO LUAN
Dic tinh lyc ly tAm phu thudc goc quay cua canh gat duge thé hién trong
Hinh 4. Trong dac tinh nay, gdc quay cua canh gat bi gidi han boi ving lam

viéc cua bién dang stato, tirc 1a /4 ddi véi 8 canh gat.

67,3751
67,37508
67,37506 /
67,37504 /
67,37502 /
67,375 —/

67,37498

0 0,2 0,4 0,6 0,8 1

Hinh 4. Luc ly tam cua canh gat theo goc quay rotor trong bom canh gat tac dong kép

Vvéi bién dang stato dam bao gia téc canh gat khéng doi so véi rotor.
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Hinh 5. Su thay déi hinh sin ciia gia toc canh gat theo géc quay ciia rotor

Truong hop thir hai cta bién dang stato duoc ap dung dua trén sy thay doi
van tc va gia tdc canh gat theo tinh chét hinh sin (Hinh 5). Ban kinh 16n caa

stato dugc xac dinh:

aaw 2w
R=r0+ago—%sm?<p (12)



Va luc ly tdm tac dung 1én canh gat:

ae @ 2@
R = mw? (ro + ap ——51n7(p>

o (13)

4. KET LUAN

Vé mat ly thuyét, bién dang stato tao ra sy thay ddi gia tdc canh gat hinh sin
1a vu viét hon, vi n6 loai bo céc tac dong bac hai. Luc quén tinh trong bién
dang stato véi su thay doi gia tbc canh gat hinh sin ting nhanh hon va gia tri
cuc dai cua nd 16n hon so véi bién dang c6 gia tdc canh gat khong doi. Do
do, c6 thé xem xét viée su dung canh gat nhe hon, diéu nay tao tién dé dé
tang hiéu suat va tudi tho ctia bom.
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