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NGHIEN CUU TINH TOAN KHE HO MANG DAU BOI TRON
O TRUOT THUY BONG CUA MAY NGHIEN THAN NANG SUAT

100 TAN /GIO

RESEARCH ANALYZING OIL FILM THICKNESS OF HYDRODYNAMIC LUBRICATION BEARING

FOR COAL BALL MILL CAPACITY 100 TONS PER HOUR

TOM TAT

0 thly dong lam viéc & ché o bdi tron wot. DAc diém clia nd trong qué trinh
lam viéc, ngdng truc ludn ludn dat trén mot ném dau ¢ &p luc cao. Chinh dac
diém nay da nang cao tudi tho va do tin céy clia thiét bi sir dung 6 thiy dong. Bai
hao nay dwa ra phuong phap tinh todn khe hd hidng kinh 6. Day la mot thang so
quan trong khi tinh toan 6 thiy dong [1,2].

Tir khda: Boi tron 6 thly dong, khe hd hidng kinh.

ABSTRACT

Hydrodynamic bear working on oil lubrication. It's character in during
worJournal being always on oil adjusting high presure. On base of this character,
equipment using hydrodynamic bear rise his durability and reliability. The paper
abaunt analyzing method for bearing radial clearance. It's important parameter
in designing bear hydrodynamic [1,2].
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1. DAT VAN BE

Hién nay & nudc ta, trong cac nha may nhiét dién than,
san xudt vat liéu xay dwng,... ¢é nhiéu thiét bi st dung 6 d&
duwoc boi tron ma sat uét. Do vay cé nhu cau lén vé thay thé
méi va phuc hoi 6 tregt (bac). Cac loai bac ¢& I&n, tai trong
cao tr hgp kim déng hoan toan phai nhap ngoai. Trong
thiét ké mai hodc phuc hoi bac cho 6 d& thiy dong hay
thay tinh thi viéc tinh toan khe hé cho 16p mang dau 0 la
mot van dé rat quan trong.
2. NOI DUNG NGHIEN CUU
2.1. Chiéu day mang dau

Chiéu day nhé nhat clia I6p dau boi tron trong bac boi
tron thdy déng (hinh 1) dwgc tinh véi nhitng gia thiét sau:

Hoang Trung Kién'*, Hoang Van Got**, Vi Thi Hué?

Cac bé mat ma sat khdng bién dang; dé nhét clia chat boi
tron khong doi; khdng c6 sw chay chat boi tron ra canh 0 tir
vung ma sét.
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Hinh 1. So d6 chiéu day nhd nhat I6p dau bai tron [1,4]
Céc ky hiéu trén hinh 1: F,- tdi trong huwéng tam; @, - goc
tai trong; e - d6 léch tam; D - dwdng kinh bac (R = D/2);
d - dwong kinh truc (r = d/2); 8 =D - d - d h& dwong kinh;
D-d o

A=R-r-dod hd bankinh; Lpsz— - do ho tvong doi;

o

e ~ n ~ A~
Y= e do léch tam twong doi

Gia str ngdng truc chiu tac dung cla tai trong huéng
tam F. Khi chua quay, ngdng truc ti€p x(c truc tiép véi bac.
Vi duong kinh ngdng truc nhé hon dwong kinh bac nén
gita ngdng truc va bac c6 khe hé huéng tam va tam ngdng
truc 1éch v&i tdm bac mét khoang e. Khi quay, ngdng truc
cubn dau vao khe hé gitta ngéng truc va bac, dau bj ép va
¢0 ap sudt lon. Khi truc quay véi van téc du Ién, ngdng truc
dugce nang han lén, tai trong F dwoc can bang véi ap luc
sinh ra trong I&p dau (hinh 1). Bac ltc nay lam viéc véi ché
dd boi tron ma sat wét [1,4].

Diéu kién co ban dé hinh thanh va ton tai Iop boi tron,
ngan cach cac bé mat lam viéc cla truc va bac, ngoai tinh
bam dinh clia chat boi tron vao cac bé mat lam viéc, la &p
sudt trong I&p dau, ngan cach sy ti€p xdc cla cac bé mat
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lam viéc. Su thay d6i 4p suat trong |&p boi tron dwoc xac
dinh theo phuong trinh Reynolds.

Bac duwgc chon ¢ dutng kinh trong D 16n hon dutng
kinh ngoai d cla truc. O trang thai chuwa lam viéc (truc diéng
yén) thi tam cda ngdng truc va bac Iéch nhau mét khoang
dang bang A, nho vay ma gitta cac bé mat cla ching tao
thanh khe h& hinh ném (hinh liém).

Khi truc quay, chat Idng boi tron bj cudn vao khe hé thu
hep dan nho cac lvc nhét, do vay ap suat trong 16p boi tron
tang Ién. Khi van t6c vong clia ngdng truc du 16n, trong 16p
b6i tron hinh thanh &p sudt dé nang ngdng truc 1én khoi
bac, ngdng truc nhw néi trén 16p dau mong. Trong vi tri can
bang dong lvc hoc nhu vay clia ngdng truc, tam ctia né co
vi tri [éch v6i vi tri ban dau.

Trén hinh 1, trinh bay vi tri clia truc trong bac véi ché do
ma sat udt va st phan bo ap sudt theo tiét dién ngang clia
truc. Vi tri clia truc dwgc dac trung béi 2 toa do: géc gilra
phuong cla tai trong tac dung lén 6 va duong thang di qua
tdm ngdng truc va bac @, va do léch tam tuyét déi e.

Dé tinh toan dling cac ky hiéu sau day:

Khi 6 chua lam viéc, do léch tam tuyét d6i e bang do hé
ban kinh A =R - r. Khi 6 lam viéc & ché do ma sat wot, do
léch tdm nhd hon d6 hé ban kinh A. Ty s6 gilra do léch tam
tuyét doi e va do hé ban kinh A goi la do léch tam twong
doi y:

e 2¢ e
- _cr_= 1

Y5278 A @

y thay ddi va y = 1 khi tdm clia ngbng truc va bac
trung nhau.

Chiéu day h cua I6p dau tai ti€t dién ting v6i géc @ co
chiéu day:

h=§+eCOS(p=§(l+chS(p) )
Chiéu day I6p dau tai tiét dién ng véi goc @,, tai diém

P = Prax CO:
h,, :g(l+ ACOSQ,,). 3)

Trong dé: @, la goc @ tai pyay
Chiéu day nhoé nhét h,,, cha lI6p dau nam trén dudng
nGi tam tai ¢ = 180° [1]:
) )

d
P DAL b 4
B , =7 =vo -0 @)

O vi tri 1éch tdm cua truc trong bac, khe hé giam dan
theo chiéu quay cua truc ti tri s6 I6n nhat h,, dén tri s6
nhé nhéat h,,, sau do6 tdng dan. Mang dau bi gian doan tai
mot vi tri @, khdng xa diém bat dau ctia doan nhd nhat,
theo chiéu quay cla truc. Cac vi tri bién ctia chém dau (vi tri
gian doan cua I6p dau) o, va @, tinh tir bién ctia géc chat
tai @, phu thudc rat nhiéu vao:

- Cac thong s6 két cau clia 6 (gia tri dd ho tvong dai ¥,
ty s0 gitra chiéu dai bac va truc I/d);
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- K&t clu cda bac tron, mot nra hay bac 120°

- Biéu kién s dung (dac tinh ctia chat boi tron, vi tri boi
tron, duong két cau boi tron...).

Thoéng thuong, bac dugc tinh toan voi gia thiét dugc st
dung phé bién trén thuc té va trong nhiéu tai liéu la chém
dau choan moét ntra cung tron: @,—@,=180°,

Hop luc cla cac ap luc do I¢p dau tac dung Ién ngdng
truc, xac dinh kha nang tai clia Iép dau hay kha nang tai clia
6 F. Ap suét clia I6p dau dugc duy tri bai tac dung quay clia
ngong truc voi do nhot nhat dinh cdia dau.

Trong céc 0 st dung trén thuc t€, do ¢6 do léch tam cac
truc, dé udn clia ngdng truc, dd map mo trén cac bé mat
ma sat va nhitng dac diém twong tw khac, chiéu day h,,,
phai cé tri s6 sao cho, I6p dau khéng bi pha va.

Van téc clia truc khéng thé xem xét doc 1ap véi dé nhot
cla chat bdi tron trong vung lam viéc. Khi tang nhiét do thi
dé nhét va ma sét trong 6 giam. Khi tdng van toc co thé kéo
theo su tda nhiét Ién trong 6, néu khéng thoat nhiét tét thi
s& lam giam kha nang tai ctia 0.

Ly thuyét boi tron thly dong duwgc xdy dwng dua trén
cac gia thiét dd nhét cua lop bodi tron khdng déi, ngdng
truc va bac khdng bién dang, cac dwong tdm clia ngdng
truc va bac tuyét déi song song va bé mat ngdng truc va
bac c¢6 hinh dang tru ly twéng. Viét lai phwong trinh
Reynolds trong hé toa dd cuc, véi cac quan hé:

dx =0,5d.do; v=0,50d,;
h=38(1+ycoso);h, =A(l+ycose)

Trong d6: h,, - bé day mang boi tron tai diém ap luc 16n
nhat.
dp = 6p coz 1+ XCOS(pmS)
v (1+ycose)
o y(coxe —COS(Pm)d
y?  (1+ycosg)’
w - Van toc cua truc. Tong ap luc tlr @, . @ tai tiét dién

do

:6u

@
’ng voi @: Py = jdp
@

Kha nang tai clia I6p dau trong 6, nghia la tai trong
hwéng tam F ma I&p dau coé thé chiu duoc, dwgce xac dinh
bang tich phan hinh chiéu ctia ap suét p(e) 1én phuong cla
tai trong ngoai (mién tich phan la mién cé ap suat thly
dodng chan cung tir @, dén @, va co chiéu dai 1a chiéu dai 6):

Id P2 o
F == [P(9)cos180° —9-p,)d¢
P1

dep[—cos((p+(pa)]d(p:gdlso ®)
v

P1 Py

l
2

5, - ST ]3 x(cos@—cos@,)

L+ c0s0)° do[-cos(e, +9)]de,

P1 91

- @, gOc chat tai (hinh 1); tri s6 S, (Somerfel) la ham s6

twong quan phu thudc clia cac thong s lam viéc clia 6. Hé

s6 S, dai lvgng khdng thir nguyén, phu thudc vao ty s6 L/D
va y xac dinh bang phuong phap tich phan db thi, ta co:
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Hinh 2. Quan hé gilta s6 Somerfel, S, (trén do thi [a ;) va d6 l&ch tm tuong
doi clia 0

V& trdi clia (6) la ham s6 chi cila mot bién la do léch tam
twong d6i y (cac toa dd @, va @, xac dinh tlr cac diéu kién
bién), nén c6 thé tinh duoc trude va lap thanh bang hodc
do thi nhv hinh 2. V& phai cla (2) goi la s6 Somerfel

2
S, = PuV_ Trong do &, duoc thay bang S,
Lo

Bang 2.1 [4] cho céc gia tri S, , phu thudc vao chiéu dai
twong d6i I/d va do léch tam twong doi y ctia 6, co xét dén
dac diém chiéu dai 6 c6 han (dau bi chay ra ngoai) va trong
truong hop @, - @, = 180°.

Pé xac dinh h,;,, can xac dinh S, sau dé dva theo S,, tra
bang [4] dé tim dd léch tam twong dGi y, réi tinh h,,.

2.2. Thiét ké do hé twong doi

Ché db boi tron 6 1a bdi trvon wét 6 thiy déng, tai trong
nang, van toc thap: cé cac thong sé duong kinh danh nghia
cla bac cda may nghién than ®2000mm, van téc truc
n = 13,18vg/ph, tai trong 300 T = 3.10° N, vat liéu bac:
tvong dwong Bp.0d10-1, vat liéu truc C45, cac bé mat bac
va truc duoc gia cdng dat ddi nhdmR,=3,2-6,3um;

- Ty s6 gitta chiéu dai truc | (tinh theo loai truc ngan) va
dwong kinh: chon I/d = 0,3 tir d6 xac dinh duoc chiéu dai
truc | = (I/d).d = 0,3.2000 = 600 mm = 60cm, dung véi chiéu
dai thuc té cla may nghién than.

- Van t6c bac trvgt ©2000 = 200cm:; n = 13,18 v/ph;
twong ¢’ng: v =1,38 m/s.

- Tinh d6 hé tvong d6i so bd theo cong thiic [1,2]:

v, =0,8.10°v>* =0,8.10°.1,38"* =0,856.10"°

Tir két qua trén tinh dwgc do hd so bd dung dé chon
ché do 13p ghép la:

S, =¥,d=0,856.10"°2000 =1 7Imm .

Nhu vay do hé tuvong doi v = 8_1tn_ 0,855.10°°

d 2000

d coi la dudng kinh danh nghfa cta lap ghép va do he
so bd 8, theo [3, 4] dé chon 1ap ghép c6 tri s6 dd hé trung
binh gan nhét véi &, Ché dd lap ghép duoc chon theo day

twong duong H9/f9 va bang ndi suy, dung sai ctia bac H9
(™49 va truc 19("%%), 5, = 0,09: 3,,, = 2,15 c6 cac do
+0,00 -0,75

h& trung binh ctia ldp ghép 1a: 8, = 1,12 mm.

Kiém nghiém vé &p suét p va tich s6 pv

- Chon loai dau: Gia thiét nhiét do lam viéc so bo cla
dau la t = 50°C, chon loai dau céng nghiép 30, c6 khoi
lwvong riéng & 20°C lay = 0,89 g/cm® va cé dé nhét dong luc
U =26 = 0,026 NS/m2 Nhiét dung riéng clia dau béi tron
C = 2 ki/kg°C; hé s6 tda nhiét qua than & va truc k, = 0,06
KW/mZ2°C.

- Tinh 4p suat p [5]:
F 3.10°

T

R _cKG _45KG
P=1d 60200 2 o <[P1=45KG

- Kiém nghiém diéu kién vé tich s6 pv [5]:
_ Fmdn  3.10°3,14.13,18
60.1000.d1 60.000.60

- KGm - m
~3,45 %nmzs <[pv]=60kaM/ .

Nhu vay, ca hai diéu kién vé ap sudt p va tich so pv duoc
théa man.
3.BAN LUAN KHO HOC KET QUA TINH TOAN

Ap dung ly thuyét tinh khe h& cho chigu day 16¢p dau boi
tron 6 truc - bac may nghién than véi cac thong sé k§ thuat:
Van t6c quay n = 13,18vg/ph, tvong tng van téc v = 1,38
m/s; dwong kinh truc ®2000mm va chiéu dai ti€ép xic truc
600mm, ap lyc 1én bac I6n nhat P = 3.10° N, da cho két qua
la: d6 hé twong doi so bo: 0,856.10°mm. Can ci¥ khe hé da
chon ché do lap la H9/f9 c6 mién dung sai &, = 0,09;
Omax = 2,15. D0 hé trung binh cho loai 6 ®2000mm ¢6 dd ha
noi suy d,, = 1120 ym = 1,12mm. So sanh véi do hé clia bac
clia may nuwéc ngoai trong day chuyén tai Cong ty Nhiét
dién Quang Ninh la 1,2mm thi két qua tinh va chon doé hé
cla nghién ctru la phu hop.

4, KET LUAN

- P4 van dung ly thuyét vé tinh d6 hé tvong doi cho 6
dang bac ma sat vt tinh duge ¢ = 0,856.10°mm dé cé co
s& chon ché do 1ap HI/f9, xac dinh do hd cho cap bac - truc
cla may nghién than ®2000x600 la 1,12mm;

- So sanh v6i dd hé cda cédp truc-bac méi nhap tir nuéc
ngoai cda cung chding loai may nghién than c6 do hé
0 = 1200 pm = 1,2mm. Nhu vy phuvong phap tinh toan
phu hep.
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