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TOM TAT

Bai bdo nghién ciru dnh huéng cia théng sé hinh hoc éng mao dan, cu thé la dwong kinh
mao dan (tir 0,1 mm dén 1 mm) va ty sé chiéu dai/dwong kinh éng mao dan (Ic/dc), dén leu heong
dau trong 6 thiyy tinh ciia truc chinh may céng cu. Két qud cho thay heu lirong dau ty 18 thudn véi dp
sudt bom va khe hé gidi han, nhung ty 1é nghich véi dg nhét dau va ty sé chiéu dai/dwong kinh ong
mao dan. Nghién curu nay nham muc dich xac dinh bé thong 56 hinh hoc 5ng mao dan t6i wu dé cdi
thién hiéu sudt béi tron, giam mon va kéo dai tuéi tho truc chinh. M6 hinh mé phong su dung mot
6 thity tinh bon buong dau khéng cé ranh thodt, va phan tich tdp trung vao dnh hwong cia dwong
kinh 6ng mao dan va ty sé chiéu dai/dwong kinh dén heu lwong dau dwdi cdc diéu kién do nhot va
khe ho khdc nhau.

T khéa: O thiy tinh; Ong mao dan; Luu lwong; Truc chinh mdy céng cu.
ABSTRACT

This paper investigates the influence of capillary geometry parameters, specifically capillary
diameter (ranging from 0.1 mm to 1 mm) and the length-to-diameter ratio of the capillary (Ic/dc),
on the oil flow rate in a hydrostatic bearing of a machine tool spindle. Results indicate that oil flow
rate is directly proportional to pump pressure and the limiting clearance, but inversely proportional
to oil viscosity and the capillary length-to-diameter ratio. This study aims to determine the optimal
capillary geometry parameters to improve lubrication performance, reduce wear, and extend the
lifespan of the spindle. The simulation model utilizes a four-chamber hydrostatic bearing without
oil drain grooves, focusing the analysis on the effects of capillary diameter and length-to-diameter
ratio on oil flow rate under varying viscosity and clearance conditions.

Keywords: Hydrostatic bearing, Capillary tube; Oil flow rate; Machine tool spindle.

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 327, thang 4 nim 2025

cokhivietnam.vn / tapchicokhi.com.vn



NGHIEN CU’U - TRAO BOI

1. PAT VAN PE

Truc chinh trong cac may cong cu la
mot trong nhitng bd phan quan trong nhit,
quyét dinh ning suit gia cong ciling nhu chat
luong bé mit cta cac chi tiét [1]. DO cimg viing
ctia cum truc chinh 1a mot chi s6 k¥ thuat quan
trong cua may cong cu. Dy cliing viing cang
16m, do chinh xac cua may cang cao va cac chi
tiét gia cong cang chinh xac. P9 cling ciia bo
phéan truc chinh béi tron thuy tinh khong chi
phu thudc vao céc thong s6 hinh hoc nhu s
budng dau, khe hé huéng tdm, chidu dai va
chiéu rong cua d,... ma con phu thudc vao cac
thong sd boi tron thuy tinh: luu luong, p suit
va khe h¢ gitra truc va bac. Trong s6 do, luu
luong 13 mot dic tinh quan trong cua 6 thiy
tinh [2, 3]. Ap sut va luu luong trong budng
dau ty 1¢ thuan véi nhau, vi vdy can phai diéu
khién luu lwong sao cho ap suit mang dau ting
hoac giam theo tai trong tdc dung. Viéc diéu
chinh Iuu lwong dau s& diéu chinh d6 day mang
dau trong o thuy tinh hoac vi tri tam truc chinh.
Ong mao dan duoc san xuét bang cac phuong
phap thong thuong nhu sir dung dng mao din
duoc gia cong san co kich thudc tiéu chuan voi
duong kinh/chiéu dai 16 phu hop dé tao cac 16
sdu trén thanh 6 ndi voi budng dau. Do cimg
cua mang dau khong phu thude vao do nhot va
nhiét d6 cua dau boi tron. Nam 2015, Bo-Sung
Kim va cong su da trinh bay mét nghién ctru
diéu tra cac dic tinh nhiét cta may mai cé truc
chinh thiy tinh. Cac tac gia d4 tién hanh ca phan
tich thuc nghiém va phan tich phan tir hiru han
dé hiéu tac dong cua nhiét do cua 6 dén bién
dang nhiét cia may [4]. Mot nghién ctru dugc
trinh bay boi He Qiang va cong su nghién ctru
viéc thay thé 6 lan trong truc chinh may cong
cu bang 6 thuy tinh [5]. S. Uberti va cong sy da
trinh bay mot nghién ctru mé ta viéce thiét ké va
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phat trién mot ban thir nghiém chuyén dung dé
danh gia kha nang lam viéc cua cum truc chinh
thuy tinh trong cac diéu kién thuc nghi¢m khéc
nhau [6]. Nam 2014, W. Chen va cong sy da
trinh bay thiét ké méi cho truc chinh thay tinh,
phan tich phan tir hitu han va cac nguyén tic
thity tinh dé t6i wu hoa hiéu suat dong duoc [7].

Trong nghién ctru nay, anh hudng cua
cac thong s6 6ng mao dan dén luu lugng dau
vao 6 thuy tinh, cing véi diéu kién lam viéc
cta diu, dugc kiém tra. Muc tiéu 1a danh gia
cac khia canh cua céac thong s6 hinh hoc anh
huong dén luu lugng dau vao 6 thiy tinh dé tim
ra mot bd thong s6 pht hop cho cac truc chinh
khac nhau. Diéu nay c6 thé din dén hiéu suét
boi tron dugc cai thién, gidam mon va kéo dai
tudi tho cua truc chinh.

2. MO HINH MO PHONG CUM O THUY
TINH

Bd phan truc chinh cia may mai tron
ngodi ¢ ciu trac 6 thuy tinh bao gdm bén
budng dau va khong c6 ranh thoat dau. Ciu
trac 6 thity tinh dugc mé ta trong Hinh 1. Bo
phan truc chinh thay tinh hoat dong dua trén
ap sudt dau ngoai di dé nang tryc va dam bao
boi tron udt giita truc va bac. O thuy tinh c6 ap
suat khong doi co so dd va nguyén Iy hoat dong
duoc thé hién trong Hinh 2. Bom dau tao ra
mot ap sudt dau (p,) va bom no vao budng dau
b ap suit (p,). Luu lugng dau vao budng dau
duogc didu khién boi éng mao din dé dam bao
d6 6n dinh cta d6 day mang dau trong 6. Khi
xét dén trong luong cua truc, tai trong ngoai (P)
va dién tich hiéu dung ctia budng dau (F) véi do
léch tam (e), c6 phuong trinh can bang luc:

W = (py=p)xF (1

&
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Hinh 1. So do két cau 6 thiy tinh khong cé ranh
thodt dau

pr1

B Co péu didu
khién chiéu
diy mang diu

\ Pr2 i
i Pr4

Hinh 2. So d6 nguyén Iy 6 thiy tinh truc chinh mdy
cong cu

Trong cac diéu kién lam viéc binh
thuong, nham tang tinh linh dong ciing nhur luu
luong dau chay qua 6, dau boi tron cho 6 thiy
tinh ¢6 d6 nhét thap nam trong pham vi 1 + 10
mPa.s. Théng thuong, dé hinh thanh mao dan
dau, cic thong sd hinh hoc d, thay d6i trong
khoang 0,1 = 1 mm va ty sb l/d . trong khoang
tir 20 +200. Vil /d_ < 20 thi s€ gay nen sai sO
16m, 1/d_ cang nho th1 dong chay trong dng s&
cang nhleu loan, m6 hinh dong chay sé cang
tién vé dang miéng phun.

Co ciu diéu khién luu luvong dang mao

dan sé tao ra dong chay ting cta chit boi tron
vao trong budng dau. Cac thong so6 hinh hoc

ctia dng mao dan bao gom chiéu dai mao dan 1.
va duong kinh mao dan d_ 1a hai thong so hinh
hoc quan trong anh huong truc tiép ty s ap luc
dau budng dau véi ap luc bom, ta co:

P, 1
petin s
p, (+BKh)
Trong do, B la hé s6 anh huong cia
bién dang 6 t6i luu luong dau va K, la h¢ )
mao dan.

2

Céac thong sd chinh khac cho cac mé
phong trong nghién ctru nay bao gobm: n =4, D
=70mm, a= 14mm, 6 =30°, L=56mm, h =15
—225pm P, =3 + SMN/m? M= 1=+ lOmPas
Véi 6 4 buong dau va ket cau diéu khién chiéu
day mang dau bang dng mao din, luu luong
dau chay qua 6ng mao dan vao 6 xac dinh theo
cong thuc:

_Stp hy 3)
3

71410667 Ll j

dC

3. KET QUA VA THAO LUAN

Tu phu’orng trinh (3) dé dang nhéan thay
lwu lwong dau chay qua ng mao dan vao 6 q 1a
dai luong ty 1¢ thuan VO’l ap sudt bom D, (ham
bac nhat) do d6 ham s6 luu luong q 1a ham sé
tuyén tinh theo ap suat p, nén khi khao sat dac
tinh luu luong nay theo cac bién sb khac ta chi
can danh gia tai mot diém gia tr p,, trong mo
phong nay chon p, = 4MPa. Lan luot ta sé khao
sat danh gia dic tinh luu luong dau chay vao
6 q ung véi timg truong hop dudng kinh mao
dan d_tdng trong pham vi tir 0.1lmm dén 1mm,
thong s6 hinh hoc dng mao dan 1/d, =20 tai hai
vi tri khe hé gidi han trén va khe héd gidi han
dué6i. Két qua mé phong duoc thé hién tir hinh
3 dén hinh 5.
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Cac dwong ddng mirc g(mm?/s)
ho = 15pm va d, = 0,imm

Lwu lwgng dau chay qua éng mao dan
q(mm?/s), ho = 15pm va d = 0,1imm
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Luu lwgng dau chay qua éng mao dan
q(mm?/s), h = 22,5um vad. = 0,imm

Cac dwong déng mirc g(mm?/s)
ho = 22,5pm vad. = 0,1imm
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Hinh 3. Luu heong dau chay qua ong mao dan q
(mm3/s), khi d. = 0,Imm, khe ho giéi han
h,=15umva h,= 22,5um

Lwu lwong dau chay qua éng mao dan
q(mm?/s), ho = 15um va d. = 0,5mm

Cac dwong déng mirc g(mmd/s)
ho = 15pm vad. = 0,5mm
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Lwu lwong dau chay qua éng mao dan
q(mm?/s), hg = 22,5um vad. = 0,5mm

Cac dwdng déng mirc q(mmd/s)
hg = 22,5pm vad. =0,5mm
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Hinh 4. Luu heong dau chay qua ong mao dan

q (mm’/s), khi d_ = 0,5mm, khe ho gi6i han h, =
15umva h,=22,5um

Lwu lwgng diu chay qua ng mao dén
q(mm?/s), ho = 15pm vad. = Tmm

Cac dwong déng mive g(mmd/s)
ho = 15pm va d. = 1mm
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ho = 22,5pm vad, = imm

Luwu lvgng diu chay qua ng mao dén
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Hinh 5. Luu heong dau chay qua ong mao dan q
(mm’/s), khi d, = Imm, khe ho gi6i han h,= 15um
va ho =22,5um

Nhin vao dd thi, trén co s& cac duong
d6ng mirc luu luong ta co thé thay, khi ting do
nhét cia dau boi tron din dén luu luong dau
chay qua 6ng mao dan giam, d& thdy q van la
hai dai lugng ty 1€ nghich véi nhau. Véi cung
diéu kién duong kinh ng mao din d_, khi khe
ho gidi han ting cling dan dén luu lugng dau
qua dng mao din ting, nguoc lai khi ting ty
sO 1/d, luu luong dau qua ong mao din c6 xu
huéng giam. Cuy thé: khi xét & diéu kién luu
luong t6i da tai gia d6 nhét & muc thap nhét
n =1 mPas, ty sb 1/d, = 20, két qua thé hién
trong Bang 1. C6 thé thdy ¢ duong kinh mao
dan thap, cu thé & truong hop nho nhat tai d_=
0,Imm thi luu lugng q ting tir 4,31mm?/s (h,
= 15um) 1én 9,07mm?/s (h, = 22,5um), ty 1¢
luu lugng tang theo khe hd gidi han 1a 9,39%.
Khi & truong hop 16n nhét tai d_= Imm thi luu
lugng q tang tir 35,09mm?/s (h, = 15um) lén
116,45mm’/s (h, = 22,5um), ty 1¢ Iuu lugng
tang theo khe ho gidi nay da rat 16n 1a 234,6%,
diéu nay chimg to luu lugng q ting manh theo
khe hé gidi han. Luu luong dau chay qua ong
mao dan ting dan dén lam ting kha ning lam
mat ctia 6. Tr nhirng khao sat trén c6 thé thay,
dé tang luu lwong dau can dudong kinh mao dan
dc cang 16n cang tot, ty sé mao dan 1/d, cang
nho cang tot. Tuy nhién, nhu da dé cap ¢ trén
thi duong kinh (d)) va chiéu dai (1) cua ong
mao dan can phai duogc khao sat lya chon dé do

climg vitng mang dau dat pham vi yéu cau.
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Bdng 1. Bang gid tri heu leong dau toi da chdy qua ong mao dan

L’u’u lwgng (~1§u chiy qua .
tetnghop | qum) bng mao din g )| 1Y 120 ang e
h, = 15um h, = 22,5pm

1 0,1 4,71 9,39%

2 0,2 18,60 29,54 58,82%
3 0,3 27,90 62,78 125,00%
4 0,4 31,77 86,46 172,14%
5 0,5 33,42 99,87 198.,84%
6 0,6 34,20 107,22 213,48%
7 0,7 34,62 111,39 221,79%
8 0,8 34,85 113,88 226,74%
9 0,9 35,00 115,43 229,84%
10 1 35,09 116,45 231,87%

Trong thyc té, du boi tron ding cho 4. KET LUAN

6 thuy tinh thuong chon dau c6 d6 nhot thap
nham tang luu lugng dau trong qué trinh boi
tron, ting kha ning lam mét cho 6. Cac loai
dau boi tron do nhét thap khong phd bién tai thi
truong Viét Nam. Dau boi tron ¢6 do nhét thap
nhat cung cip trén thi truong c6 do nhdt & 40°C
1a 1,67 mPa.s. Ngoai ra, khi tang duéng kinh
ong mao dan d, su gla tang luu lu’()’ng dau dan
dén 4p suat buong dau cao hon. Bleu nay cai
thién do cimg ctia mang dau, gitp 6 truc chiu
tai tot h0’n va duy tri dd chinh xac gia cong. Tuy
nhién, can cha y rang V1ec tdng ty s0 1/d_ cling
ddng nghia v6i chiéu dai 6ng mao dan lon gay
kho khin trong viéc gia cong cic 16 mao dan
duong kinh nho voi chiéu sau 16n trén than bac
thuy tinh, nhu dung sai do tron va do nham bé
mit 16. Do d9, viéc lua chon cac thong s6 mao
dan dua trén diéu kién san xuit ché tao thuc té.

Bai viét trinh bay mot nghién ctru va
mo phéng toan dé danh gié anh huong cua céc
thong s6 mao dan, cu thé 1a duong kinh (d ) va
chiéu dai (1) cua 6ng mao dan dén luu luong
dau. Tang luu luong dau dan dén lam tang kha
nang 1am mét cua 6, mudn ting luu luong dau
can téng duodng kinh mao dan dc va giém ty s6
mao dan 1 Jd.Luu luong dau chay qua dng mao
dan dat 16n nhat tai dan 1/d,=20,n = ImPa.s.
Tuy nhién, tuy nhién can phal lya chon 1, d_ dé
phu hop de tao ra ap suit budng dau va do cung
vitng ctia 6 trong pham vi cho phep Tang ty sO
1/d, dong nghia véi chiéu dai 6ng mao din sé&
16n didu nay gay khé khin trong viéc ché tao 16
mao dan dudng kinh nho c6 chiéu sau 16n trén
than bac thuy tinh. Do d6, viéc lya chon cac
thong s6 mao dan va ap suat bom phai dua trén
diéu kién san xut thuc té.«
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