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M6 hinh héa va thwe nghiém 4p suat mang diu cho 6 chin thily dong
Modeling and Experimental Investigation of Oil Film Pressure Distribution for
Hydrodynamic Thrust Bearing
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Tom tat

Trong céac thiét bi siéu trirong siéu trong nhuw turbine thay dién, nhiét dién, truc chan vit tau thdy, co thé Ién
dén hang nghin tén. Viéc thiét ké cac 6 & ché dé boi tron gidi han, béi tron hén hop dé chiu va hap thu luc
doc truc géy ra béi hé théng khong kha thi ma chuyen sang ché do béi tron thuy déng hodc thuy tinh hoéc
cd hai trong 6 chan thiy dong dé glam t6i da hé s6 ma sét giira cac cap bé mat. O cac ché dé boi tron nay,
dé c6 dwoc cac déc tinh boi tron cén phai gidi phurong trinh Reynolds véi céc diéu kién bién va céc hiéu (g
phu hop. Bén canh d6 cén xay dung céc thiét bj dé khdo sét cac déc tinh boi tron clia 6 chdn nhw p suét,
nhiét do, ttr d6 cé sw so sanh gitka moé phéng va thuc nghiém dé hiéu chinh lai mé hinh tinh toan ciing nhw
mé hinh thuc nghiém. Trong bai bao nay, céc tac gid trinh bay mét mé hinh tinh toén sé theo phuwrong phap
phan ti hitu han cho é chén thiy déng va thuc nghiém trurong dp suét cta 6. Két qua chi ra c6 sw tvong
dbng gitka dang phéan bé &p suét, ciing nhuw sw thay déi cia ap suét theo tai trong va vén téc trong mé hinh
mé phdng sé va thuc nghiém.

Tu khéa: Béi tron thlly déng, 6 chan, phwong trinh Reynolds, ap suét
Abstract

For many mechanical equipment such as hydropower turbines, steam turbines and propeller shafts, external
load can be up to thousands of tons. For designing bearings of these mechanical systems in boundary
lubrication and mixed lubrication absorbing axial forces might not be feasible, particularly when these
mechanisms change into hydrodynamic or hydrostatic lubrication. In lubrication mechanisms the Reynolds
with boundary conditions and appropriate effects must be solved for the lubrication characteristics. Besides,
it is essential to create properly experimental equipment for investigating these characteristics such as film
pressure, temperature for validating with the solutions of the Reynolds equation. This paper presents a
computational modeling of a thrust bearing using the standard finite element method and an experimental
study of lubrication analysis of the bearing. The results show that the pressure distributions in terms of load
and speed of the numerical model are correlated with ones of the experimental data.

Keywords: Hydrodynamic lubrication, thrust bearing, Reynolds equation, pressure

1. Giéi thiéu

Boi tron thuy dong da va dang la vin d& quan
trong trong nghién ctru vé ma sat-boi tron. J. Fréne va
céc cong sy [1] hé théng nhitng vin dé cua bdi tron
thity dong trong d6 c6 1y thuyét tinh toan boi tron cho
6 chan thuy dong. Nam 2000, cac tac gia A.L. Brown,
J.B. Medley, J.H. Ferguson [2] dd néu 1én han ché
clia boi tron thiy dong trong 6 chan ding trong cic
nha may thuy dién. Franck Balducchi [3] clung cac
cong su dua ra mo hinh thuc nghiém xac dinh momen
x0dn va van tdc bit diu xay ra boi tron thiy dong cia
mot 6 chan. Nam 2014, Yin Song [4] d& xuit mo hinh
thyc nghiém cho phep quan sat anh huong cua hién
tuong gian doan mang dau téi phan bd ap suat cua o
chan thuy dong. Sau d6 Y. Henry, J. Bouyer [5] trinh
bay mdt mé hinh thuc nghi€ém danh gia ing xi nhiét
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thuy dong cua mot & chan thuy dong theo cac ché do
tai trong va van tdc khac nhau.Gén day nhét, nam
2014, hai tac gia Zeng-rong Hao, Chun-wei Gu [6] da
nghién ciru va md phong s6 qua trinh tao bot khi ciia
mang dau va anh hudng ctia sy mit can bang trong &
ch@n. Tai Viét Nam, cic nghién ctu vé boi tron
chan thiy dong tai Viét Nam van con rat it. Gan day
nhdt ¢ Luu Trong Thuan, Nguyén Dinh Tan, Tran
Thi Thanh Hai [7] da x8y dung chuong trinh tu dong
tinh toan boi tron 6 d& c6 tinh dén hién twong gian
doan mang dau.

_ Bai bdo nay trinh bay mot md hinh m6 phong
bang phan tir hitu han va thuc nghiém boi tron cho 0
chan thuy dong.

2. M hinh héa va thuc nghiém
2.1.Mé hinh héa

e} chén thuy dong c6 dang nhu hinh la c6 céc
thong s06 nhu sau: Ban kinh trong, ngoai R, R, goc
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6m mot mudng P, chidu day mang dau h. Dé co duoc
cac dac tinh cua 6 nhu luu lugng, ap suét, nhiét do
phai giai dugc phuong trinh Reynolds cho mot
mudng ctia § chin thuy dong:

O fpadpy L 9fpadey _ dh
o (h UE)+U(h Uz) = onU g @1

Trong do6 h la chidu day mang dau, p 12 4p suat
mang dau, 0 1a toa do theo phuongr chu vi, z 1a toa 30
theo phuong ban kinh, U 1a van toc dong chay, p 1a
d6 nhot cna dau.

V6i diéu kién bién nhu sau:
9 = 0,6 = RJB,G = RJB

7= RJ,Z = R2 (2'2)

p=0 tai {

O ddy R, 1a ban kinh trong ciia 0, R 12 ban kinh
ngoai cua 0, B 1a géc dm cua mot muong (nhu hinh 1)

Hinh 1: a, Két cdu 6 chin thuy dong
b, Chia ludi cho mdt mudng

Mién khai trién ctia mét mudng duoc chia thanh
mdt ludi sai phan gdm cac phan tir tir giac 8 nat trong
hé toa do tong thé 60z nhu hinh 1b. Ap dung phwong
phap phan tir hitu han cho phuong trinh trén, ta co:

01, 0 (= 2 (h3 ) = 2 (e 2re)

dpe

6nU F9)dS, = 0 2.3)

O day N; 1a cac ham ndi suy viét trong hé toa do
quy chieu.

Str dung tich phan ting phéan cho phwong trinh
(2.3):
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9N} s Oy G033y e _
Hﬁe ug Nl g d0dz +ff5e oz D, d0dz =

i) i)
$ {N;}hg %.nﬁ .dt + ¢ {Njhi %.nz dt—
dh
IT,, N3} 6pU0 ¢ dS,
Viét lai vé trai cua phuong trinh (2.4) dudi dang
sau:

(2.4)

I,

E ;_J_ h:j O M4 UNU
o lomy o ) 26 | {p;}ded
ﬂ% ang  ong |10 hel |2 oy {pi}d6dz
[kl iz iz i
2.5)
Phép bién ddi H tir hé toa do tong thé §  sang

hé toa &6 quy chiéu & nhu hinh 1b dugc dic trung
bdi ma tran bién ddi toa do Jacobi J:

9B i RIT g UN
T 175 O Zisi g %
P=loe on| = |gw ong o o)
dndn i-1 dn ! i-1 dan !
(2.6)
Nhu vay phuong trinh (2.5) thanh:
o e hi 0 ra Fn
. -1 e -1 3 3

= [K]. {pi}
2.7)

Trong vé phai ciia phuong trinh (2.4) ta dt:
{Fe} = — f],_{NJ6uU S, = — I, {NJ6uUS: det]. dgdn
{RJ=¢ (Njh{ &.nﬂ.d‘r +9, {Ni}hE%.nz.dr

S| €
(2.8)
Két hop (2.7) v6i (2.8) ta co:
[Ke] {pl} = {Fe} + {Re} (2.9

Ghép cdc ma tran d cting phan tir [K.] va céc
vecto tai {F.} + {R.} cho toan bd mién khao sat cua
mot muong v6i chi ¥y {R.} bi triét tiéu ta dugc
phuong trinh:

[K]. {pi} = {F} (2.10)

Giai phu’ong trinh (2.10) v&i diéu kién bién (2.2)
ta thu duoc ap suat cia mét mudng.

2.2 Thiét bi nghién civu thwe nghiém

Thiét bi thyc nghiém duoc mé ta nhu hinh 2,
thiét bi nham khao sat dac tinh cua 6 chan ¢ két cdu
nhu hinh 2. Nguyén ly lam viéc cla thiét bi: Cum truc
chinh (5) nhan chuyén dong quay tir dong co (8) qua
b truyén dong dai (7) va 1am quay tAm phéng cta 6
chan (2). Khi tim phing quay so v6i tim nghiéng (1)
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s& tao thanh cac chém dau twong ing véi mdi mudng
clia tim nghiéng, cdc chém dau nay ngin cach hai bé
mat tim phang va tdm nghiéng. Dé thay duoc moi
lién hé gitta 4p suit chém dau voi tai trong dat 1én
cum truc chinh (5) ta tién hanh thay ddi tai trong dat
lén truc bang co cAu gia tai (6). Hop diéu khién (9)
dugc gén 1én khung may (1) va dugc két ndi dé hién
thi 1én man hinh may tinh (10). Bién tan (11) dung dé
diéu chinh téc do cua dong co.

6- Cor ci 7- B trupdn dai

4- 1Ty didu O
1~ May tink hign thi {1 Bifa vin

§-Bing co

5- Cum tryc chinh
- B diu hidn

Hinh 2. Thiét bi thuc nghiém

Hinh 3. Vi tri do nhiét d6

i O chzfmﬁ: O chin dugc thiét ké nhu hink 2, bao
goém tam phang (2) va tam nghiéng (3) ¢6 cac thong
sO nhu bang 1:

Bang 1. Thong s6 6 chin

Thong s6 Gidtri | Ponvi
Ban kinh trong (R)) 20 mm
Ban kinh ngoai (R») 50 mm
S6 muong (Z) 6 mm
Goéc 6m cia muong (B) 55°

Géc nghiéng cua muong (o) 0,14°

Vi tri do: Céc vi tri do ap suit P1, P2, P3 duoc
dat trén cuing mdt mudng nhu hinh 3 va theo thu tu
giam dan cda chiéu day mang dau giita tam nghiéng
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va tim phang nhim khao sat su thay doi ap suat khi
chiéu day mang dau giam dan.

Cam bién do: Ap suit ciia mang dau dugc do
b&i cam bién ap sudt MPXHZ6400A: Pham vi do 20-
400 KPa, sai s6 téi da bang 1,5% gia trj do, thoi gian
phan hdi 1ms.

Phuong phép thyc hién va xur 1y s6 liéu: Tién
hanh do 10 1an va thoi gian do cach xa nhau sau d6
cac két qua dugc cong lai roi chia trung binh. Tién
hanh do trong diéu kién nhiét d6 moi truong la 21°C
va &p suat du trong 6 bang khong.

3. Két qua.
3.1. Ché d¢p mé phéng va thue nghiém.

MBS hinh tinh toan va thyc nghiém cho 6 chan
thiy dong trén véi ba ché do tai P,=40N, P,=80N,
P;=120N va ba ché d6 van tdc n,=300vg/ph,
m=400vg/ph, n;=500vg/ph. Dau bbi tron cd d6 nhét
dong luc hoc p=0.039 Pa.s.

3.2. Két qua
Két quda mé phong:

B& miat mot mudng duoc chia thanh ludi 22x12
theo hai phuong chu vi va ban kinh. Cac tac gia xay
dyng mot chwong trinh tinh 4p suit mang dau cho
mdt 6 chan theo mo hinh s6 trinh bay trong phan 2.1.

Hinh 4 bidu dién phan bd ap sudt trén mot
mudng, 4p suat 16n nhat tai ving chidu diy mang dau
nhé nhit (vé phia cudi cia muong theo chidu quay)
va giam vé hai phia. Két qua nay phit hop véi ly
thuyét boi tron [1].

Hinh 4. Phan bd 4p sudt trén O khi P=I20N,
n=400vg/ph
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Hinh 5. Phin bd ap suét trong tiét dién giita 6 theo
phuong chu vi
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Hinh 6. Phin bd 4p suét trong tiét dién gitra 6 theo
phuong ban kinh

Hinh 5 biéu dién sy thay doi ap sudt mang dau
theo phuong chu vi tai tiét dién giita mudng. Ta thay,
4p suat ting dan theo chiéu quay va chiéu giam cua
chidu diay mang dau va dat gia tri 16n nhat
p=45.67kPa tai goc Pi=n/4 trong ving chidu day
mang dau nho nhat. Hinh 6 biéu dién phan bb ap suat
mang dau theo phuong ban kinh tai tiét dién giita
mudng. Ap suét theo phuong nay ting déu theo chiéu
ting ctia ban kinh va dat gia tri 16n nhat p=27.9kPa
tai R=0.375m sau d6 giam nhanh vé& phia ban kinh
ngodi ciia muéng. Nhu vay ap suat theo phuong nay
phan bd léch vé phia ban kinh 16n noi ¢6 dién tich
chiu luc 16n hon.

Hinh 7 biéu dién sy thay ddi cua 4p suit tai tiét
di¢n giltra mudng theo phuong chu vi khi git nguyén
tai tac dung P=40N va thay d6i van téc n=300, 400,
500 vg/ph. Ta thy, khi ting tbc d6 quay thi ap suat
16n nhat giam (pmn=30.04kPa khi n=300 vg/ph,
Pmax=29.21 kPa khi n=400 vg/ph, pmax=28.03 kPa khi
n=500 vg/ph), nhung ving khac thi 4p suit tang 1én.
Tic 12 ving 4p suét 16n nhat mé rong hon, nhung gia
tri giam, phan b ap sudt trai déu trén dién tich
muong khi tang téc do quay.
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Hinh 7. Phan bd ap suat tai tiét dién gitta 6 khi
P=40N va n=300, 400, 500 vg/ph
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Hinh 8. Phan b 4ap suét tai tiét dién gitta 6 khi
n=400vg/ph va P=40, 80, 120N

Két qua nay phu hop véi ly thuyét boi tron thiy
dong [1] khi tang toc do quay, gitr nguyén tai trong
tdc dung Ién 6 thi chidu day mang dau nho nhat tang

1én, do do ap sudt 1on nhét giam xudng, phan bd ap
suat trai déu hon sang hai bén.

Hinh 8 biéu dién sy thay ddi ap sudt mang dau
tai tiét dién giita  theo phuong chu vi & cac tai trong
khac nhau khi tdc d6 quay n=400 vg/ph. Theo d6 4p
suat ting trén toan bo dién tich mudng khi ting tai tac
dl_ll’lg Pmax, p=40n=29.20 KPa < Pmax, p=son=40.06 KPa <
Pmax, P:120N:45.67 KPa.

Két qud thuwce nghiém:

Hinh 9 biéu dién sy thay dbi cta ap sudt & mot
tbc do quay n=400vg/ph va tai tac dung P=120N khi
tinh toén so va thyc nghiém do. Ta thay, dang phan
b6 ap suit thuc nghiém va mo6 phong tuong dong
nhau. Tuy nhién vé gia tri c6 su chénh léch giira thyuc
nghiém va mo phong. Chénh 1éch 16n nhét tai vi tri
do sb 2 (P2) 4p suat mo phong 1a 26.78 KPa, ap suit
thue nghiém 1a 23.8 KPa va chénh léch nho nhit tai
vi tri do s6 3 (P3) 4p suat mo phong 1a 38.33 KPa, ap
sut thyuc nghiém 38.1 KPa.
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Hinh 9. So sanh 4p suit mang dau tai tiét dién gitra 6
khi P=120N va n=400vg/ph

C6 su chénh I¢ch gitra két qué tinh toan va thuc
nghiém ¢ cac diém ldy miu 12 do chua ké dén cac
diéu kién thuc cia tiép xtic nhu xam thyc, nhiét, ciing
nhu loai bd céc anh hudng do luc cia cac bd truyén
tac dong 1én 6 trong thiét bi thuc nghiém.

bl

—— MoPtong P=120N, n=100vg/ch :
.+ MoProng P=120N, n=400u3/sh Pt
a4 IMelhong M=1Z0N, n=500v3/sh
—&— Thuchighism P=12CN, n=300vg ph
v ThuacMgrizr P—120M, n=400vg/ch
—— Thuchgkiam P=170N, n=h0lvgish

Ap sual [kPa)

0010 0.015 c.oz2o
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Hinh 10. Phin bd 4p sut tai tiét dién giita 6 khi
P=120 N, n=300, 400, 500 vg/ph

Hinh 10 biéu dién sy so sanh ap sudt mang dau
tinh todn s va thuc nghiém & mot ché do tai P=120N
va toc do quay thay doi n=300, 400, 500 vg/ph. Ta
thdy c¢6 su twong dong vé dang phan bd 4p sut tinh
todn va thuc nghiém & cac téc do quay khac nhau.

4. Két luan

Bai bdo da dua ra mod phong s bing phuong
phap phan tr hiru han va thye nghiém ap suat mang
dau ctia 6 chan thiy dong. Cac két qua cho théy:
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Ap suét ting dan theo chiéu giam cua chidu day
mang dau va dat gia tri 16n nhat tai ving c6 chiéu day
mang dau nho nhat (Bi=n/4).

Ket qua md phong va thyc nghiém c6 sy tuong
dong vé dang phan b6 ap sudt twong tng voi chiéu
day mang diu & mot ché do tai trong va van toc.

Khi thay (101 toc do va gilr nguyén tai trong co
su trong dong vé dang phan b ap suit mang dau mo
phong va thyc nghiém. Theo chiéu giam dan cta
chiéu day mang dau ap suit tang khi tang tbc do tuy
nhién tai ving chiéu day mang dau nho nhét dinh cua
phan bb ha thap xudng va trai ra hai phia. Cin dua
thém céc hiéu tng thuc nhu hién twong xam thyc,
nhiét vao qua trinh moé phong dé m6 phong gan nhat
véi diéu kién thuc cia 6 va hiéu chinh lai thiét bi
giam tac dong tir lyc cta cic bd truyén dé két qua do
phan 4nh chinh xac nhit ap sudt mang dau theo tai
trong dat vao thiét bi.

Két qua cua chuong trinh thu dugc 1a mot dix
liéu d€ phat trién thém bai toan boi tron thuy dong
dan hoi, bai to4n nhiét, bai toan tai trong thay doi.
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