KHOA HOC & CONG NGHE

SO SANH KET QUA MO PHONG VA THU'C NGHIEM
AP SUAT MANG DAU CUA 0 PO THUY PONG

TRONG THIET BI THi NGHIEM BOI TRON THUY PONG

COMPARISON OF THE SIMULATION AND EXPERIMENTAL RESULTS
OF THE OIL FILM PRESSURE OF THE HYDRODYNAMIC BEARING

Tém tat:

Tw khoa:

Abstract:

Keywords:

IN THE EXPERIMENTAL DEVICE

Trinh Thi Mai, Pham Trung Thién, Nguy&n Ngoc Thé, Pd Vin Tinh
Khoa Co khi, Trieong Pai hoc Kinh té - Ky thugt Céng nghiép
Dén Toa soan ngay 09/03/2021, chip nhan ding ngay 14/05/2021

Bai bao so sanh két qua mé phdng va thuc nghiém ap suat mang diu béi tron trong 6 dau to
dé thiy dong. Mé phdng boi tron ap suét thiy dong cho & dau to thanh truyén trén co s& giai
cac phwong trinh Reynolds, phwong trinh chiéu day mang dau, phwong trinh can bang tai
két hop m6 phdng sbé béi tron cho 6 bang phwong phap mé hinh hoa bai toan ap suét cho
mang dau ap dung phan t& hiru han. Thiét bj thwe nghiém véi & d& thdy dong chiu tai tac
dung truc tiép 1&n 6. Ap suat dwoc do bang nam cam bién dat tai ndm vj tri phan bd déu &
vung ap suéat dwong va tai tiét dién gitra 6 theo phwong chiéu dai 6. Két qua nghién ctru chi
ra rang 4p suat mang dau béi tron trong 6 d& thily dong tang 1&n khi tai tac dung 1én & tang.
Khi tai tac dung 1én 6 tang 1&n thi 4p suit mang dau tai vi tri chidu day mang dau nhd nhét
dat gia tri I&n nhéat va khi tang téc d6 quay thi 4p suat mang dau tai vi tri [én nhat giam di.

Ap suét mang dau, 6 thay dong, boi tron.

The paper compares the simulation and experimental results of the lubricating oil pressure
in the hydrodynamic bearing. Simulating hydrodynamic lubrication for the hydrodynamic
bearing based on solving Reynolds equations, oil film thickness equations, load balancing
equations with numerical lubrication simulation for bearings method of modeling thermal
problems for oil films using finite elements. The experimental device with the hydrodynamic
bearing has the direct load on the bearing. The pressure is measured by five pressure
sensors locating at five positions distributing equally at the positive pressure area and at the
area in the centre of the bearing in terms of the vertical direction. Research results indicate
that the pressure of the lubricating oil film in the hydrodynamic bearing increases as the load
of the bearing increases. When the pressure on the bearing increases, the pressure of the
lubricating oil film at the position where the oil film thickness is the smallest reaches the
maximum value and when the speed of the rotating increases, the pressure of the
lubricating oil film at the highest point decreases.

Oil film pressure, hydrodynamic bearing, lubrication.

1. GIOI THIEU thé giGi. Cac nghién ctru bdi tron 6 thuy dong
Boi tron thuy dong 12 mot trong nhitng van ¢¢  chia lam hai huéng chinh 1a nghién ctu ly
dugc quan tdm nghién catu sau va rong trén thuyét va nghién ctu thuc nghiém. Céac
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nghién cau md phong s6 boi tron thuy dong
hoidc boi tron thuy dong dan hoi s dung cac
phuong phap sb nhu phwong phap phan ti
htru han hay phuong phap sai phan htu han
dé tinh todn mé phong. Trong nhimg nim
1930, va6i nhitng nghién cuu cua Swift [1] da
dua ra diéu kién bién goi 1a diéu kién bién
Swift-Stieber. N6 dugc dung rong réi trong
cac tinh toan bodi tron. Chaitanya K Desai va
Dilip C Patel [2] d3@ mo6 hinh hdéa va thuc
nghiém truong &p suat cia mot 6 d& thay
dong & cac tai trong va van toc khac nhau, két
qua tinh toan va thuc nghiém chi ra ap suat
I6n nhat tai noi chiéu dau mang dau nho nhat
va bang khong trong ving gian doan cua
mang dau. Nam 1969 cac nha khoa hoc trén
thé gioi da bat dau s dung phuong phap sd
dé giai cac bai toan boi tron véi 6 chiu tai
trong tinh. Dién hinh nim 1969, Reddy va cac
cong su [3] 1a nhitng ngudi dau tién gisi thiéu
phuong phap phan tir hitu han trong céac
nghién cau vé boi tron. Nam 1973, OH va
Huebrer [4] lan dau tién tinh t6i bién dang cua
CAu truc. CAc tac gia da sir dung phuong phap
phan tr hitu han dé giai phwong trinh
Reynolds véi cac phuong trinh dan hoi, chat
long véi gia thiét 1a dang nhét. Tac gia da
biéu dién lyc nit {F} nhu ham {c} boi ma
tran d6 cang [K]. Céac luc nat duoc xac dinh
bang céch tich phan trudng p suat bo qua ap
suat am. Nghién ctu sir dung phuong phap
Newton-Rapson dé xac dinh va sau dé nghich
dao ma tran Jacobin [J]. Tuy nhién phuong
phap nay c6 han ché 1a thoi gian tinh toan lau.
Hon nita so d6 lap cho bai toan phan ky nhanh
khi bién dang cua bé mat 16n so véi khe ha
ban kinh. Nam 2015 H. Shahmohamadi va cac
cong su [5] nghién cau hiéu tng nhiét trong
dong chit léng boi tron 6 dau to. Nghién ctu
phén tich dong chay vai hiéu tng nhiét thuy
dong két hop giai phdp Navier-Stokes cho

phuong trinh dong chay va phuong trinh nang
luong. Nghién ctru dua ra giai phdp md phong
dong chay chat long. Nam 2018, N. Morris va
cac cong su [6] nghién ctru anh hudng cua hu
hong giita truc va bac trong 6 dau to thanh
truyén dén hiéu suat 1am viéc, nghién cau chi
ra khi truc va bac khong c6 mang dau thay
dong sinh ra hu hong va 1am giam hiéu suét
lam viéc cho téi khi bi phé hay.

Nghién ciu thuc nghiém bbi tron 6 duoc chia
lam hai hudng nghién cau la nghién cau trén
6 md hinh va nghién ctu trén 6 d& that. Nam
1983, Pierre-Eugene [7] va c&c cong su da
nghién ciu bién dang dan hoi cua 6 dudi tac
dung cua tai c6 dinh. Dé thuc hién hién céc
phép do, cac tac gia sir dung cac phuong phap
quang hoc, dac biét 1a phuong phap dom tia
lase. Thanh truyén duoc 1ap véi truc bang thép,
truc quay véi téc do 50 dén 200 v/ph, tai tac
dung thay d6i tir 60 N dén 300 N. Nam 2001,
Moreau [8] tién hanh do chiéu day mang dau
cua ba 6 cua truc khuyu cia dong co xing 4
xilanh. T&c gia nghién ctu anh huong cua do
nhét dau boi tron, khe hd ban kinh téi chiéu
day mang dau. Céc két qua do duoc so sénh
véi céc qua tinh toan sé va cho két qua twong
thich. Nam 2005, Michaud [9] va Fatu [10] da
tham gia xay dung bing thir Megapascal dé
nghién ctru boi tron 6 trong diéu kién 1am viéc
thuc va khic nghiét. Téc d6 tbi da cua dong
co dat 20.000 v/ph véi tai nén va kéo tac dung
1a 90 kN va 60 KN. Nam 2015, M’hammed El
Gadari, Aurelian Fatu, Mohamed Hajjam [11]
da nghién ctu mo phong va thyc nghiém higu
tng thuy dong dan hdi trén 6 thay dong.
Nghién ctu chi ra anh huong cia lec ubn téi
chiéu day mang dau va sinh ra hiéu ang thiy
dong dan hoi trén bé mat dan hoi.

Trong bai b4o nay nhém tac gia so sanh két
qua nghién ctu md phong va két qua thuc
nghiém &p suat mang dau béi tron trong 6 d&
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thiay dong nham danh gid anh huéng cua tai
trong tac dung Ién 6 d& thuy dong va chi ra
anh huong cua tai trong tac dung I&n &p suét
mang dau boi tron. Nghién ciru thong sé ap
suit mang dau bdi tron 1a thong s quan trong
trong cac yéu té anh huéng téi hiéu sut boi
tron va lam viéc cua 6 do thuy dong.

2. THIET Bl THU'C NGHIEM

Nguyén ly thiét bi thuc nghiém ding cho
nghién cau nay tuan theo nguyén ly hoat dong
cia 6 d& thay dong, gom truc va bac. So db
nguyén ly va anh chup thiét bi duoc gidi thiéu
trén hinh 1.

Hinh 1. So dd khéi nguyén |y hé théng

Pong co dién (1) (cong suat 0,55 kW, téc do
1390 vg/ph) truyén chuyén dong cho truc (3)
qua bo truyén dai (2). Khi truc quay tao ra
mang dau gitra truc (3) va bac (4), cac cam
bién 4p suat va nhiét do (11), (12) duoc lap
trén bac dé do 4p suat va nhiét do tai céc
diém khéc nhau cua mang dau. O d& nghién
ctru gom truc (3), bac (4) va tai dat 1én bac.
Cac théng sb6 hinh hoc cua 6: chiéu dai 6
L=50 mm, duong kinh 6 D=70 mm, truc dugc
mai véi cap chinh xac 8, bac duoc tién cap
chinh xac 6, khe hd ban kinh C=0.05 mm.
Dau bdi tron c6 d6 nhét dong hoc p=0.015
Pa.s va khéi luong riéng p=850 kg/m®. Téc do
quay cia 6 c6 thé thay ddi trong pham vi
0+1000 vg/ph nho su diéu chinh caa bién tan

(13). Nam cam bién &p suét tai vi tri Al, A2,
A3, A4, A5 lap xen k& va cach déu ndm cam
bién nhiét do T1, T2, T3, T4, T5 dé do ap suét
va nhiét d6 mang dau tai mat gira 6 theo
phuong chu vi (hinh 2).

Al A2.A3 A4.AS: vi tricam bién dp suat
T1,T2.T3,T4,T5: vitri cambién nhi¢tdo

Hinh 2. Vi tri |&p cam bién
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Hinh 3. So’ dd nguyén |y hé théng thay lwc

Ap suat va luu luong dau cap vao 6 duogc diéu
chinh nho hé thdng thay luc (hinh 3). Bom
dau (6) (cong suat 150 W va tdc do 294 rad/s)
cap dau qua van tiét luu (10) va van giam ap
(9) dé thay ddi luu lwong va &p suat dau vao 6.
DAu cdp vao 6 tuan hoan lién tuc. Luong dau
cap vao va hoi vé& qua van dao chiéu.
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3. MO HINH HOA AP SUAT MANG DAU
3.1. Phwong trinh Reynolds

Phuong trinh Reynolds cho mét 6 d& chiu tai
trong dong duogc viét nhu sau [8]:

3 3
x|\ 2uox ) oy\12udy ) ox ot

Phuong trinh (1) duoc giai cung véi diéu kién
bién Reynolds cd tinh téi hién tugng gian
doan mang dau (hinh 1). Trong mién khai
trién mang dau Q bao gdm ving lam viéc
(ving mang dau lién tuc) va ving mang dau
bi gian doan.

= \Ving lién tuc Q c6 p> peav (Peav 12 hang sd)
la ving ma bé mat truc va bac duoc phéan céch
hoan toan béi mang dau boi tron.

* Vung gian doan Qo c6 p= pcav la vlng cb
xen 1an cac 15 khi. Tai ving ndy bé mit truc
va bac dugc phan céch bai hdn hop dau boi
tron - khi.

y
b , Ving gian doan |
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Hinh 4: Mién khai trién &

Tai vung gian doan phuong trinh (1) dugc viét
lai dudi dang:

U@-FZ@:O 2
OX ot

Trong d6 p 1a khéi lugng riéng caa hdn hop

diu boi tron - khi

Pit -2 1a chidu day caa mang diu boi
Po

tron, v6i po 1a khdi lwong riéng cua hon hop

dau boi tron - khi, phwong trinh (2) tré thanh:
ud & g 3)
ox ot

Gitra cac vung Q va Qo 1a cac duong bién QF
va Q tai day bat dau xay ra hién twong gién
doan va phuc hdi mang bdi tron. Nhu vy, dé
xé4c dinh dugc phan b ap suat va tim ra ving
gian doan cia mang dau phai giai hé hai
phuong trinh (1) va (3) véi hai ansé lap var,
an sé D dai dién cho ca hai bién trén trong hai
mién lién tuc va gian doan:

= Do v6i ving mang dau lién tyc

D=p,D>0
4
{le (4)
= Pdi v6i viing gian doan
D=r-h,D<0(p<
(P <po) 5)
F=0

Nhu véy hai phuong trinh (1) va (3) duoc viét
duai dang:

o h® éD o( h® oD oh oh
F— — |+F= — |=U—+=—
ox\12u ox 0z\12u oz ox ot

+(1- F)(EG—D+8—D
2 ox ot

(6)

3.2. Phwong trinh chiéu day mang dau

Hinh 5. Mat cét & thay déng
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Chiéu day mang dau h trong 6 bac tron va
cung nhu hinh 5 dugc xac dinh nhu sau:

h=C-e cosd—e,sind (7

Trong phuong trinh nay C= Rc—Ra (khe ho
hudng kinh), ey, va ey la toa @6 cua tam truc
Oa. 0=x/R 12 vi tri g6c caa mot diém M. Bién
ddi phwong trinh (7) vé dang:
h=C(1-¢,c0s0—¢,Sin0) (8)

Trong doé Sxe:exe/c, Sye:eye/c la d6 IéCh tém
tuong d6i theo cac truc toa do cua tam truc.

3.3. Phwong trinh can bang tai
Bo6 qua luc quan tinh, phuong trinh can bang
luc tc dung Ién thanh truyén nhu sau:

Fo+Fp=Fe+ [ pnds =0 9)
S

Trong d6 Fext 1a ngoai luc; Fp 1a luc thuy dong
sinh ra.
Chiéu phuong trinh (9) Ién hai truc Xe, Ye ta
duoc hé phuong trinh can bang tai:
I pcosddS —F, =0
S

(10)
J psin@dS-F, =0
S

3.4. MO hinh hda

Ap dung phuong phap phan tir hitu han cho
phuong trinh (6) trén mién khai trién (hinh 3)
ta co:

E(D)—IW _F 9 h_3@ +ﬁ h_SQ
- ox\12u ox ) ox\12u oz

611

n=l m=1

ne  npg h3 nne aNm aNm aNm aNm nne ON
My =2, Z[ Z[( x @ azkj':k+z

k=1

U@+a—h+

(1- F)(9@+@jdg 0 (1)
ox ot ot

2 OX

{ Bitdis chrons trinh )

W
Tinh cac gia he 56 khons thirnzsyen
:ﬁaj::l'nmng_nrinl'l.Rafyru}E.s: A cac dide
kign khid di 2., B(1 )

‘J?q
Tinh cie zid hi =6 ciahé ghirons tinh
theo £(ij), ©(1])

.

(idi hé phireng tinh theo 80R

Churyén cac bign v duns thir
nEuyEn

q

Lt fhic chureng trinh

Hinh 6. So d6 thuat toan tinh &p suat

Str dung cdng thire tich phan ting phan cho
phuong trinh (11):

3 3
E(D):jF ow( h” D +@ h” D
-\ ox\12u ox ) 0z \12u oz

+W(U @+@j+(l— F)(E@ Dj
ox ot 2 OX

0
o j (1-F)WDdQ =0 (12)

Phuong trinh (12) duoc viét dudi dang hé

phuong trinh:
R=[M]D+B=0 (13)

Trong do:

k=1

a;j N, (1- F)—zinzne“ NNy (1-F (t))DAQm (14)
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! At

n=l1 m=1
Trong mién lién tuc Fi=1, khi d6 ta co:

ne npg (3 me AN AN ON,. oN
M. — mj mk m mk | R
i Z Z( Z( OX  OX 0z oz B “

mr mi\ 64l

(16)
— S ahm hm(t)_hm(t_At)
B =) Z[ij [U +2TB (17)

n=l m=1 8x

Ap dung giai thuat nhu hinh 6 dé tinh ap suat
mang dau bdi tron 6 d& thuy dong.

4. KET QUA

O nghién ciu véi cac thong sé thuc té 1am
diéu kién dau vao cho chuong trinh tinh toan
mo phong sb véi cung diéu kién bién.

4.1. Két qua moé phéng

Hinh 7 biéu dién két qua tinh toan mé phong
s6 4p suat mang dau boi tron 6 d& thuy dong

Véi tai tac dung 30 N & toc do quay 400 vg/ph.

Tir két qua mo phong ta co thé thay duoc &p
suat mang dau Ion nhat tai vi tri gita 6 theo
phuong chu vi, vi tri 4p suat mang dau I6n
nhét twong (g voi vi tri treo tai co chiéu day
mang dau nho nhat. Theo phwong chiéu dai 6,
&p suat mang dau Ién nhat tai vi tri gitra 6 va
giam dan vé hai phia. Két qua md phong hoan
toan phu hop voi ly thuyét bbi tron thiy dong.

Hinh 7. Két qua mé phéng &p suat mang dau boi
tron 6 d& thuy dong véi tai tac dung 30 N & téc do
quay 400 vg/ph

Hinh 8 biéu dién két qua mo phong &p suat

At

B :i %[ij [U a;; +2hm(t)_hm(t_m)}—2i

nne

> Ny Ny, ((1-F, (t-At)) D, (t —At))JAQm (15)

k=1

mang dau boi tron 6 d& thuy dong véi tai tac
dung 30 N & téc d6 quay 400 vg/ph cit tai tiét
dién gitra 6 theo phuong chiéu dai. Gié tri ap
suit 16n nhat dat 158.8275 kPa va giam dan
vé hai phia.

160

140 4

Ap suat

100 4

P.chu vi

Hinh 8. Md phéng &p suat mang dau boéi tron 6 d&
thay déng véi tai tac dung 30 N
& toc dd quay 400 vg/ph tai tiét dién gitra 6

4.2. Két qua thwe nghiém

Hinh 9 dua ra so sanh ap suat cua 6 theo tai
trong 30 N, 50 N, 70 N ¢ tc do 400 vg/ph. O
mdi gié tri tai, 4p sudt mang dau dat gié tri 16n
nhat khi chiéu day mang dau nho nhat va
nguoc lai tai viing chiéu day mang dau Ién thi
ap suat nho. Céc vj tri khac khi ting tai thi &p
suit cua mang dau ciing ting 1én. Piéu nay
hoan toan pha hop véi ly thuyét. Tai vi tri Al
&p suat mang dau lan luot bang 105.53 kPa,
115.51 kPa, 144.125 kPa ng véi tai trong
30 N, 50 N, 70 N. Tuong tng tai vi tri A3, ap
suit mang dau lan luot bang 156.625 kPa,
158.325 kPa, 180.85 kPa khi tai trong bang
30 N, 50 N, 70 N. Tai vi tri A5 4p suat mang
diu lan luot bang 100.0 kPa, 98.475 kPa,
130.0125 kPa.
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0 4 -

HL T
- M= " .
g w7 - - 30N
5 ul = 50N
3w * 70N
g =

» ]

L]

1 2 3 4 s |
Theo vi tri phuong chu vi

Hinh 9. Ap suat ctia mang dau theo mang dau
theo tai tac dung & téc dé quay 400 vg/ph

Hinh 10 biéu dién su thay ddi &p suat cia mang
dau theo van téc khi tai tac dung 12 50 N. Khi
tbc do tang 200 vg/ph dén 600 vg/ph thi 4p
suit mang dau giam & vi tri A3. Khi do, ap
suat tai vi tri Al lan luot bang 106.2 kPa,
115.51 kPa, tai vi tri A3 la 169.9375 kPa,
150.325 kPa, tai vi tri A5 la 99.175 kPa,
98.475 kPa. Khi & tai 50 N van toc 200 vg/ph
thi gia tri 4p suat tai vi tri A3 cao nhat, cac gia
tri trir A1 dén A5 tao thanh dudng cong dang
chém dau phu hop ly thuyét. Khi ¢ cung gia
tri tai 50 N, gia tri van toc ting dan thi gia tri
&p suat tai vi tri A3 giam dan, vi khi van tc
tang thi do léch tam truc va bac giam do d6 su
chénh léch &p suét tai A3 giam di

.
150 1 -
-
10 | %
10— £ -
100 | ¥ . ——200vg/ph
@ | —S-%00vg/ph
]

Ap sudt (Kpa)
E]

1 2 3 & s
Theo vi tri phuong chu vi

Hinh 10. Ap suat mang dau theo téc d6 & tai 50 N
4.3. So sanh két qua moé phéng sé va két
gua thwc nghiém

Két qua nghién ciu &p suat mang dau md
phong va ap suit mang dau thuc nghiém hinh
11 twong dong vé dang, tuy nhién c6 su khac
nhau vé& gia tri.

Tai vi tri A3 két qua mé phong 156.625 kPa

va két qua thuc nghiém 1a 159.025 kPa. Tai
cac vi tri Al, A2, A5 két qua thuc nghiém
tuong dwong két qua md phong va chénh léch
2 kPa. Tai vi tri A4 két qua thuc nghiém cao
hon két qua md phong 5 kPa. Su sai khac
chénh léch c6 thé giai thich do thiét bi thuc
nghiém c6 sai s6 trong qua trinh thuc nghiém
va chuong trinh tinh todan mé phong sé chua
Xét toi hét tat ca cac hiéu tng c6 thé anh
huong téi chat lwong boi tron nhu hiéu ng
thiy dong dan hoi, hiéu tng quén tinh, hiéu
tng nhiét. Tuy nhién két qua nghién cau tir
chuong trinh mé phong va két qua thuc
nghiém twong doéng vé dang cho thay cac két
qua nghién ctu ca vé ly thuyét va thuc
nghiém dang tin cay ca vé dang phan bo é&p
suit theo ly thuyét boi tron thuy dong; ca vé
mic d6 sai léch gitta md phong va thuc
nghiém thuc té, ¢ thé sir dung lam tién dé
nghién cau cho c&c cbng trinh khoa hoc
nghién ciru sau hon vé bdi tron thuy dong cho
0 do.

Ap suat

120 4

T T T T T T T
0 1 2 3 4 & 6 7

— M5 phong P _chuvi #  Thyc nghiém

Hinh 11. So sanh két qua mé phéng va thwc nghiém
&p suat mang dau & téc dd 400 vg/ph
v&i tai tac dung 30 N

5. KET LUAN

Nghién ciru nay di trinh bay mot thiét b thuc
nghiém nham khao sat va phan tich cac dic
tinh boi tron trong 6 d& thuy dong. Két qua
nghién ciu 4p suat mang dau mé phong va ap
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suit mang dau thuc nghiém tuwong déng vé tai (4p suat mang dau 16n) twong @ng Voi
dang, tuy nhién cd su khac nhau vé gia tri.  chiéu day mang dau nho nhat. Khi ting tbc do
Khi cing mot toe do quay tai trong tic dung  quay, ap suat 16n nhat cua mang dau giam.
lén 6 ting thi gia tri 4p suét thuy dong cia  Céc két qua do phu hop véi ly thuyét boi tron
mang dau ting theo. Tai viing mang dau chiu  thuy dong [7].
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