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Tém tat
Bai bao nay trinh bay phuong phéap xac dinh chiéu day nhé nhét cda I6p béi tron trong 6 truot
d& thuy dong, déng thoi xay dung chuong trinh tw dong héa viéc tinh toén nay bang ngdn ngiv
lap trinh Delphi.
Abstract
This article presents a method to determine the minimum thickness of lubricated film in
hydrodynamic journal bearings. To automatically analyze, a computer program is created using
Delphi programming language.

1. bat van dé

Xac dinh chiéu day nhd nhéat ctia I6p béi tron trong 6 truot d& thiy dong nham kiém nghiém diéu
kién boi tron ma sat wot cha 6. Bay la moét phan quan trong trong ndi dung tinh toan 6 trwot A& thdy dong
néi chung.

Khi xac dinh chiéu day nhé nhat clia chét boi tron, ngoai viéc phai thiwc hién mét khoi lweng tinh
toan twong doi Ion, con phai nhieu lan tra bang cac so liéu can thi€t (tra ap suat cho phép cua I6t 6 theo
vat liéu, tra cac lap gheép tiéu chuén gitra ngdng truc va Iot 6 theo d6 hé trung binh, tra d¢ léch tam twong
doi gitra ngdng truc va 16t 6 theo hé so6 lghé nang tai...). Pay la cong viéc mat nhiéu thoi gian, cong surc,
doi khi co thé gay sai s6t, nham lan va bat tién vi luén phai mang theo tai liéu dé tra ctru.

Van dé tinh toan chiéu day nhé nhat clia I6p boi tron da dwoc dé cap dén trong nhiéu cong trinh
([71, [8], [9]), tuy nhién viéc tinh todan van mang tinh tht cong truyén thong vi vay hiéu qua tinh toan chwa
cao.

. Bai bao nay sé trinh bay phwong phéap tinh toan xac dinh chiéu day nhé nhét cla |&p bbi tron trong
0 trwot d& thay dong va xay dwng chuwong trinh tw dong hoa viéc tinh toan nay, thay thé cho phuong
phéap thd coéng truyén thong, tao co s& cho viéc tw dong hoa tinh toan 6 trwot d& thdy déng ndi chung.

2. Phwong phap xac dinh chiéu day nhé nhat cua I&p béi tron
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Hinh 2.1. Xéc djnh chiéu day nho nhat ché dd bai tron ma sat wot [7], [8], [9].
cua Iép béi tron

Chiéu day nhé nhat clia Iop boi tron trong 6 trvgt d& boi tron thiy dong dwoc tinh toan voi nhivng
gia thiét sau:

- Cac bé mat ma sat khong bién dang;

- D6 nhét clia chét bdi tron khong doi;

- Khéng c6 sw chay chat bdi tron ra canh 6 tir viing ma sat.



Dé tinh toan ta dung cac ki hiéu sau day:
AL 2 N , D - d 5 L3 \ , X
0=D-d -d6hé dwong kinh; i = 4 = q dé he dwong kinh twong doi,
) Vi tri clia ngdng truc trong 16t & dwoc dac trung béi do l1éch tam tuyét dbi e va do léch tam twong
doi x:
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=—. (2.1)

5/ 2 0

Chiéu day cua I&p dau tai tiét dién tng véi goc :

h = g +ecose =§(1+ ¥ COSQ). (2.2)
Chiéu day 16p dau tai tiét dién (rng v&i goc @m, CO ap SUAL P = Prmax:

h, = g(1+;gc03gom). (2.3)

Chiéu day nhé nhét cla 16p dau:
o o d
min =5 2( x) 1/12( x) (2.4)
Viét lai phwong trinh Raynol trong hé toa dé doc cuc, véi cac quan hé
dx =0,5d.dg; v=0,50d;h =51+ ycose);h,, =95, 1+ ycose,), ta dwoc:
@ (1+ ycosp)—(1+ ycosg,) @ y(cosp—cose,)

(1+ ycosp)® w?®  (1+ ycose)®

w, v — van téc géc va van téc vong clia ngdng truc.

dp=6u

Ap suét tai tiét dién &ng vé&i goc ¢:
4
p(p) = [ dp. (2.5)
o

Kha hang tai cta I&6p dau trong 6, nghia 14 tai trong huéng tam F, ma 16p dau co thé chiu duorc,
xac dinh bang tich phan hinh chiéu cta ap suat p(@) lén phwong cua tai trong ngoa| (mién tich phan 1a
mién cé ap suét thiy déng choan cung t ¢, dén ¢, va cé chiéu dai la chiéu dai 6):
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), — goc chat tai (hinh 2.1); ®¢ - Ham s6 cua vi tri ngdng truc trong 6, goi la hé sb kha nang tai clia
6. Hé sb @ 1a dai lwong khong thir nguyén, xac dinh bang phwong phap tich phan db thi,
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pm — Ap suét trung binh clia dau, p,, = d—i N/m?; u — Do nhét ddng lwe clia ddu, Ns/m?.



Hé s6 kha nang tai ®g 1a ham s6 chi clia mét bién la d6 léch tam twong di x (cac toa do @, va @,
xac dinh tlr cac diéu kién bién), nén coé thé tinh dwoc trwdc va lap thanh bang [1].

O trwot Iam viéc & ché d6 boi tron ma sat wot khi chiéu day ngan cach ngdng truc va I6t 6 Ion hon
téng do cao trung binh cla cac map mé bé mat ngdng truc va 16t 6. Do d6, dé dam bao 6 lam viéc & ché
do boi tron ma sat wét, phai tinh toan sao cho chiéu day nhd nhat cla Iép dau trong 6 h,,, théa man diéu
kién [1]:

hmin 2 k(Rzl + Rzz)l (2-8)

k — hé sb an toan xét @én anh hwang cla ché tao va lap ghép khong chinh xac, bién dang dan hoi
cua tryc... thwong lay k = 2;

R,1 va R,, — dd cao trung binh theo mudi diém cla cac map moé bé mat ngdng truc va 16t b.

Vi tri s6 tai trong F,, dwong kinh d va tan s6 quay n cla truc da biét trwéc, sau khi chon chiéu dai
[, d6 h& twong doi w cla 0, d6 nhot p cla dau boi tron va d6 nhan bé mat ngdng truc va 16t 6, can tinh
himin, SAu d6 kiém nghiém diéu kién (2.8).
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vao @, tra bang 16.1 [1] tim do léch tam twong dbi x. Tw tri sb x ta tim dwoc hy,, theo céng thirc (2.4).

Dé xac dinh hy,, tredrc hét phai tinh hé sé kha nang tai @ = (cong thirc (2.7)), sau d6 dwa

3. Tw dong héa tinh toan chiéu day nhé nhat cta I&p bdi tron
3.1. Xay dwng chwong trinh

Chuong trinh tinh toan tw dong chiéu day 16p béi tron nhd nhét trong 6 trwot d& thay dong duoc
xay dwng bang ngon ngt lap trinh Delphi la ngdn ngt lap trinh hwdng doi twong hién dai, co cau truc
l6gic, chat ché, dwa trén nén tang 1a ngdn ng |ap trinh Pascal, rat phu hop dé gidi cac bai toan ky thuat
(2], [5]:

Giao dién clia chwong trinh dwoc trinh bay trén hinh 3.1, twong ng vai trinh ty t’inh toan & muc 2
cua bai bao nay. Chwong trinh hoat dong theo s twong tac cua ngwoi dung véi cac doi twong trén giao
dién cla né, lan lwot theo trinh tw tinh toan.
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o Tmh |Pp o Tta bang tim| ¥,
MhapRzl |32 MNhapR=2 |37
Ihap [Sh] |2

Do hd fuong dl so bo 0 001267, ~
E¥& hé 50 ba dé chon lip ghép la: 1267, micromet,

Lip ghép ducgc chon la: HB/ES,

B ha trung binh cla ldp ghép (dé hd duding kinh) Delta =

126, micramert,

B hd tong ddi chinh xdc 1a Pxi= 0.00126;

Ap sufit p=2.5, MPa,

WhapFrizooo0  Mhapn|i200 Nhap d|100 Théa man didu kién p;

|L"d 0 Tich 8 pv = 15.708, bMPa /s,

Thoa min didu kign pe,
|Déng thanh nhem sit 9-4  ve=4 m/s

Hg 55 kha ning tdl Fhi=1 487,

B lech tam tiiong 381 tra bang duce 1 Ehi=0.692,

Chify day nhd nhat cla l8p ddu 1 h_min = 19.404, micromert;
Chiéu cao m#p md bé mit ngdng truc Rzl = 3.2, micromet,
Chiéu cao méip md bé mit 1ot & Rz2 = 3.2, micromet,

He 3 an 1oan cho phép wé chidy day nhd nhat cla 1ép déu 1a
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Hinh 3.1. Giao dién chwong trinh tinh todn va kiém nghiém



chiéu day nhé nhéat cia I6p béi tron trong 6 trrot dé thay déng

3.2. Vi du str dung chwong trinh
D& minh hoa cho tinh kha dung cia Chwong trinh, ta dung né dé tinh toan cho mét vi du cu thé.

Vi du: Tinh chiéu day nhé nhét cla I&p boi tron va kiém tra diéu kién bdi tron ma sat wét cta &
trwot d& véi cac sb liéu sau: Tai trong hwdng tam tac dung lén & F, = 20000 N; Budng kinh ngdng truc d
=100 mm, ty s6 gitra chiéu dai & va ngéng truc A = I/d = 0,8; Tan sb quay cGa ngdng truc n = 1200 vg/ph;
Vat liéu 16t 6 Ia ddng thanh nhdm sat BpAXK9-4; Chét boi tron la dau cong nghiép 30, c6 nhiét d6 lam viéc
la 50 °C; Coi chém dau choan nira cung tron; Ngéng truc va 16t & dwoc gia cong véi cac thong sé nham
bé matla R,y = 3,2 ym va R, = 3,2 pm.

S dung Chuong trinh da xay dung dwoc dé tinh toan, két qua nhw sau (Két qua duoc |4y tir File
két qua do Chwong trinh tw dong ghi lai. Két qua nay co thé doc trwc tiép trong Memo trén giao dién cua
Chuwong trinh):

Van téc vong clia ngdng truc: v = 6.283, m/s;

Céc thong sb cliia 6 duwoc chon la:

Lwe hwéng tam tac dung 1én 6: F, = 20000, N;

Sé vong quay cuia 6: n = 1200, vg/ph:

Buwong kinh ngdng truc: d = 100, mm;

Ty sb gitra chiéu dai va dwong kinh ngdng truc la: I/d = 0,8;

Chiéu dai ngéng truc: | = 80, mm;

Vat liéu cla 16t 6: Déng thanh nhém st 9-4;

Ap suét cho phép cua 16t 6: [p] = 15 MPa;

Tri s6 cho phép cua tich pv: [pv] = 20 MPa;

Loai dau dwoc chon: Dau céng nghiép 30;

Khéi lwong riéng ctia dau: p = 0,89 g/cm?;

Nhiét dé lam viéc cta dau 1a 50 oc;

D6 nhét dong lwe cha dau: p = 26 cP;

D6 hé twong déi so bd: we, = 0,001267;

D6 hé dwdng kinh trung binh so bo dé chon 1ap ghép: 6tb = 126,7 uym;

Lap ghép dwoc chon: H8/e8;

D hé trung binh cha Iap ghép (d6 hé duwéng kinh): 6 = 126 um;

Do hé twong déi tinh chinh xac lai: = 0,00126;

Ap suét trung binh: p = 2,5 Mpa; Théa man diéu kién p;

Tich sb pv = 15,708 MPa.m/s; Théa man diéu kién tich s6 pv;

Hé sb kha nang tai ca Iép dau: @k = 1,487;

Do 1éch tdm twong déi tra bang dwoc la: x = 0,692;

Chiéu day nhé nhét cla 16p boi tron: hy, = 19,404 pm;

Chiéu cao méap mé bé mat ngdng truc: Ry, = 3,2 um;

Chiéu cao méap mé bé mat trong 16t 6: R,, = 3,2 ym;

Hé s6 an toan cho phép vé chiéu day nhd nhét cia I&p béi tron: [Sy] = 2;

Hé s6 an toan vé chiéu day nho nhét cla I6p boi tron tinh duoc: S, = 3,032; Théa man diéu kién
an toan vé chiéu day nhoé nhat cda I&p boi tron.

Két qua thu dwoc hoan toan trung khép véi két qua tinh toan tha cdng. Diéu nay minh chirng cho
tinh chinh xac va tinh kha dung ctia Chwong trinh.



Két qua thu dwoc phi hop véi két qua tinh toan thi cong. Cac nhwgc diém clia phuong phap tinh
toan thu cong da dwoc khac phuc, dac biét viéc tra bang tim so liéu phuc vu cho tinh toan da dwoc thuc
hién tw déng trong qua trinh tinh toan.

4. Két luan

1. Bai bao da trinh bay phwong phap tinh toan chiéu day nhé nhét cta 16p bdi tron trong 6 truot
doé thay dong.

2. Xay dwng dwoc Chwong trinh tw ddng hda tinh toan va kiém nghiém chiéu day nhé nhét cta 16p
béi tron trong 6 d& thdy dong. Chwong trinh cé giao dién than thién, dé s& dung, cho phép giam thoi
gian, cong strc, tang téc dd tinh todn va tranh duoc nhirng sai sét nham 1an, tao co s& cho viéc tw dong
héa tinh toan 6 trwot néi chung.

3. Chwong trinh c6 thé dwoc st dung trong thuwc té tinh toan 6 trwot d& thiy dong va trong cong
tac giang day, hoc tap, nhw mét giao cu dién tir.
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