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Bai béo trinh bay nghién ciru thiét ké va ché tao bd diéu khién hé thong
tiép dau cho 6 d& thuy dong. Pdi twong nghién ctru 1a loai 6 thuy dong co
tai dat 1én bac, tim truc duoc ¢d dinh boi cac 6 lan. Tai thay doi (tir 400
t6i 700) N trong khi van tdc quay cua cua tryc thay 601 (tr 600 t6i 1400)
vg/ph. Bai bao cling trinh bay viéc ché tao hé thong tiép dau cho 6 43, xay
dung so dd vi diéu khién trén nén tang ATmega328 tir tin hidu ciia hé
thong cam bién ap suét, nhiét do gin trong 16p mang dau va thiét ké phan
mém hién thi béng MATLAB. Két qua cta bai bao ciing chi ra duoc luu
luong ctia dong dau thay d6i linh hoat, chinh xac khi thay doi toc d6 quay
cua truc va tai dat Ién o.

Abstract
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This paper presents a study in designing and manufacturing the lubrication
systemcontrol for hydrodynamics journal bearings. The object of study are
hydrodynamics journal bearings with the load on the bearing, while the
center of the shaft is fixed by roller bearings. The load can be changed
(from 400 to 700) N and the speed of shaft varies (from 600 to 1400) rpm.
The article also presents the manufacturing of a lubrication system for
hydrodynamics journal bearings, establishing a microcontroller schematic
based on an ATmega328 microprocessor and the signal of the
pressure/temperature sensor installed in the slick. The display software for
such system was created by MATLAB programming software. The results
also showed that the lubricant consumption can be changed accurately
with the variation of load and speed.
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1. GIOI THIEU

Mic du 6 lan (6 bi) da dugc ché tao hang loat véi nhiéu ching loai va chit luong ngay
cang cao, nhung trong mét s6 truong hop nhu tai trong, téc do quay 16n viéc sir dung 6 bi 1a
khong phi hop vi 1y do tudi tho va do tin cay thip. Ddi vai cac truong hop nay, viéc st dung 6 o
truot 1a giai phap hop ly. Trong dleu kién boi tron thich hop cic bé mit lam viéc cua 6 truot
duoc ngin cach bang mang dau va 6 lam viéc trong didu kién ma sat wot. Khi d6, tiéu hao ning
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lwong cho ma sat trong 6 1a rat nh6. Thong thuong, 6 d& thuy dong chiu tai trong nho, toc do
quay cao, hodc tai trong 16n téc do quay nho. Cing c6 mdt s6 truong hop két hop ca tai trong va
tdc do 1on nhung cac truong hop nay 14 rat han ché vi chi phi kha cao. Tuy nhién véi cac toc do
va tai trong khac nhau thi ché dd boi tron, luu luong dau cung cép cho 4 1a khac nhau. Néu ché
do boi tron khong phu hop s& xay ra hién twong ma sat gilta ngong tryc va bac dan téi mon, bong
troc 1op bé mat vat liéu. Nguy hiém hon, boi tron khong ding s€ lam mét can bang dong luc hoc
dan toi sy mat 6n dinh chuyen dong ngdng truc trong 6. Do do, can phai nghién ctru, thiét ké va
ché tao hé thong diéu khién cip dau cho 6 d& thuy dong dé phat huy hét hiéu sudt lam viéc ctia 6
va giam thiéu cac sy c¢6 do ché do boi tron khong phi hop gy nén. Nam 1959, Koposunsckuii
[1] da nghién cau ) dd thuy dong voi ca hai truong hop khong ké dén va ké dén (6 4 thuc) dong
chay dau ra hai dau 6. Nam 1963, YepHascknit [2] tinh toan luu luong dau thoat ra tir dau 6 d&
thity dong cho nhiéu truong hop nhu: 6 do nhiéu cira, 6 d& c6 khuyén an toan... Nam 1971,
Tondl [3] nghién ctru bang phuong phap 1y thuyét két hop thyc nghiém kiém chimg vé dong luc
hoc va 6n dinh cua rotor co xét dén anh hudng cia cac ché do boi tron khac nhau. Nam 2011,
Hryen Bau Txanr [4] di tinh toan lrc va md men tac dung 1én truc trong 6 d& thuy dong van toc
16m 6 ké dén lyc ly tam cua 16p mang dau.

O Viét Nam chua c6 nhiéu nghién ctru va thiét bi thyc nghiém vé boi tron thuy dong. Nam
2005, tac gia Pham Vian Hing [5] ding mot cam bién ap suat dé do ap suat bén trong 16p mang
dau cua 6 do thiry dong. Nam 2015, Trﬁn Thi Thanh Hai va cong sy [6] dé nghién ctru xay dung
h¢ thong giam sat cac dac tinh ap sudt va nhiét do ciia 6 d& thiry dong bang viée su dung nam
cam bién 4p suat, ndim cam bién nhiét d6 dit xen k&, cach déu nhau trén mot nura b.

Bai béo trinh bay nghién ctru thlet ké va ché tao hé thdng tiép dau cho 6 d, xay dung so
d6 vi didu khlen lvu lwong dau trén nén tang ATmega328 tir tin hiéu cua hé thong cam bién ap
suat, nhiét do gin trong 16p mang dau va thiét ké phan mém hién thi baing MATLAB.

2.COSO LY THUYET
2.1 Céu tao 6 d& thiiy dong

d

_Hinh 1."Céu tao chung cua 0 @5 thuy dong o
1 - Than 6, 2 - 16t 0, 3 - 10 cap dau, 4 — tryc va 5 - ranh dan dau.

Thén 6 c6 thé 1a mot khdi nguyén hodc la gom cac phan roi ghép lai. Than 6 ¢6 thé lam
lién véi than may hodc ché tao riéng bang duc hodc han rdi ghep vao than may. O nguyén c6 uu
diém don gian va d¢ cimg cao hon 6 ghép, nhung c6 nhugc diém 1a khong diéu chinh dugc khe
ho. B6i v6i nhitng 6 ¢6 duong kinh 16n hoidc can lip 6 vao ngdng truc giita thi khong thé dung 6
nguyén duoc.
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Lot 6 1a bd phan quan trong cta 6 truot do tiép xuc truc tiép voi ngdng truc. Vat lidu cua
16t 6 phai dam bao giam dwgc mat mat cong suat do ma sét, giam bt chi phi cho viée sira chita
do mon. Thong thudng, truc dét tién hon 16t 6 rat nhidu. Vi vay, can toi truc dé co do ran bé mat
truc cao, it bi mon, déng thoi phai chon dugc 16t b dam bao nhirng yéu cAu nhét dinh vé mon va
ma sat.

Rianh dau dung dé phan phdi déu dau boi tron 6. Ranh dau c6 thé phan bd doc truc hay

vong theo chu vi, & ngoai viing chiu tai cia 6, dé khong lam giam kha ning tai cua 6. Thuong
ranh dau dugce b6 tri trung voi cho lip ghép. Dbi véi ranh dau doc truc thudng iy bang 0,8 chiéu
dai 6 6. Ty sb l/d gitra chidu dai 6 voi duong kinh tryc can chon theo diéu kién lam viéc cu the cua
6. Néu yéu cau phai han ché kich thudc doc truc hodc 6 c6 khe hd nho, lam viéc voi van tc 16n
thi //d nho. Khi duong tam ngdng truc c6 do nghiéng nho so voi dudng tam 16t 6 6 thi lay I/d 16m.

Néu lay I nho qua, dau s& chay ra ngoai mép 6, lam giam kha ning tai cua 6. Thong thuong, ty sd
ld lay tir 0,4 dén 1,0.

2.1 Co s& ly thuyét 6 & thily dong
Su thay d6i 4p suét trong 16p mang dau dugc mé ta bang phuong trinh Reynolds:

dp h—h,
=6uv 1

dx n ()
Trong d6: 4 - d nhét dong lyc cua chét long; , ,

hy - chieu day 16p boi tron tai ti€tdién co6 ap suat 1on nhat;

h - chiéu day l6p boi tron;

p -ap suat ctia dau trong 6 d& thiy dong;

. v -véntdc dai cua ngdng truc.

Chiéu day cua l6p mang dau tai tiét di€n trng voi goc ¢:
h:§+ecos¢=g(l+zcos¢) (2)
Trong d6: 6 = D — d - d6 ho duong kinh;

D - duong kinh 16t 6;

d - duong kinh ngdng truc;

e - d6 léch tam tuyét déi,;

X - d0 léch tam tuong doi.
Chicu day lop dau tai tiét di¢n rng voi g0C @y, €O P = Prnax:
h, =§(1+;(cos ®,) (3)
Sau khi thay (2), (3) vao phuong trinh (1) ta 13y tich phan va thu duoc két qua:

F 2 2

o £V _pv (4)

dl o  ue’

Trong d6: p,- ap sut trung binh cua dau;
w - van toc gdc cua truc;
w - d6 ho duong kinh tuwong ddi;
& - hé sb kha nang tai;
F, - tai.
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Vi dong déu lién tuc, nén luu luong dau qua khe hé bat ky 4 bang lwong dau chay qua khe
he h (tai h c6 9 o).
dax
1+ ycose
8
Trong d6: ¢ - hé sb tiéu thu chit boi tron, phy thudc vao y, xac dinh theo d6 thi hinh 2.

Q= yold® = qpald”®, (5)

q

0,12 2] -

0,11 7‘—'/0/40 il

0,10 |_ r 6 ‘
0,09 Z =038 N
0,08 / /,""“\\
0,07 7 A A 10 N
006 2 A 4t L2

0,05 A 1,5

0,04

0,03

03 04 05 06 07 08 X

Hinh 2. Quan hé giira hé s6 tiéu thy chat boi tron va do 1éch tim twong d6i ctia 6 [1]

Qua cong thirc (5) ta c6 QO = qpwld?. Trong d6 cac thong sf:) khong d6i 13: 7 - chiéu dai cua
truc, d - duong kinh cua truc va ¢ - do hd duong kinh tuong do6i. Do dd, luu lugng Q s€ phu
thudc vao q va w. Trong dé w 1a van tdc goc cuia ngdng truc, ¢ la hé so tiéu thu chat boi tron. ¢
duoc xac dinh dua trén dd thi hinh 2, né phu thudc vao ti sb é va do léch tam tuong ddi x. Trong
khi d6 y phu thudc vao hé s6 kha ning tai ¢. Mit khac, hé s kha ning tai ¢y lai phu thude vao
Fr,w, p theo cong thirc (4). D6 nhét dong hoc cua dau boi tron y phu thudc vao nhiét d6 lam viéc
ctia dau trong 6. Nhu vay qua co so Iy thuyet da néu trén, ta di toi két luan rang lru lugng dong

dau O s€ phu thudc vao 3 dai lugng sau: toe do quay cua tryc, tai trong tdc dung 1én truc va nhiét
d6 lam viéc cua dau.

3. LUU LUQNG DONG DAU
3.1. Pdi twong nghién ciu

DPéi tuong nghién cuu la 6 do thily dong c6 tai dat 1én bac, tam truc dugc ¢d dinh béi céac &
lan. Tai thay doi (tir 400 téi 700) N trong khi van tdc quay cua cua truc thay doi (tir 600 toi
1400) vg/ph, hinh 3. Cum 6 d& thuy dong - tryc trén thuc té ché tao ¢ cac thong sé: duong kinh
ngdng truc d = 100 mm, ty s6 gitra chiéu dai 6 va nghdng truc //d = 0,4 hinh 4.
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77 ILTTI7

Hinh 3. So db khao sat 6 d& thuy dong: 1 - 6 bi d5, 2 - 6 do thiy dong, 3 - truc va 4 - 16p mang dau.
b 4

Hinh 4. Cym 6 d& thay dong - truc

3.2. Luu lwong dong diu cung cip cho 6

T coso ly thuyét ta tinh duoc luvu lrong dong dau O [I/ph] boi tron cho 6 thé hién trén cac
bang 2+5.Dau boi tron duge st dung 1a loai Shell Tellus S2 M22 c6 d6 nhot thay doi theo nhiét
d6 thé hién trén bang 1.

Bang 1. Thong s6 do nhét dong luc cua diu Shell Tellus S2 M22

T (°C) 30 35 40 45 50 55 60
1(cP) 32 27 22 18 16 14 12




HOI NGH| KHOA HOC VA CONG NGHE TOAN QUOC VE CO KHi LAN THU V - VCME 2018

Bang 2. Luu luong dau véi tai trong Fr = 400N

Nnitt | Dg F=400(N)
do | nhot 600(vg/ph) 800(vg/ph) 1000(vg/ph) 1200(vg/ph) 1400(vg/ph)
Qe o | «|ql Qo] r]qg|Q|®] f]q|Q o] x| qlQlo]|2r]|qgl]Q
30 | 32 | 0213) 049 0.088] 028 0.159] 042 0.072] 030] 0.128) 037 0.66] 034] 0.106] 038 0.068] 0.42] 0.09] 038 0.068 0.0
35 1 27 | 0252] 0520 0.092] 029] 0.189] 046 0.082( 034 0.52| 041} 0.072[ 037{ 0.126] 039 0.07| 0.44] 0.108] 039 0.07| 0.51
40 | 22 | 0309] 0.55] 0095 030[ 02321 05 0.088] 0.37] 0.18 0.46] 0.082] 043] 0.155 041 0072 045 0132 04] 007 051
45 18 | 03791 058 01] 031 0284 0.54] 0.092] 038] 0.227] 048] 0.082) 045] 0.189] 046 0.082] 0.51) 0.162[ 042] 0.072] 052
S0 | 16 | 0420 064 01] 031 0319] 055 0.094] 039] 0255 0.5] 0.09] 0470 0213] 049 0.09] 056 182 045 0.08 058
55 14 | 0487] 067] 011 034 0365 058 01| 042] 0292 0.52] 0.092] 048] 0243] 05 009 056 0.208] 049] 0.088 0.64
60 | 12 | 0568 0.7 0114 036 0426] 0.64] 0.108] 045 0341 0.55] 0.094] 049 0.284] 0.54] 0.092] 057 0243} 0.5 0.09] 0.66
Bang 3. Luu luong dau véi tai trong Fr = 500N
Nhiét | B9 F=3000N)
do | nhat 600(vg/ph) 800(vg/ph) 1000(vg/ph) 1200(vg/ph) 1400(vg/ph)
O A O | | q| QO] ) q| Qo )% | q|Q]o|]F¥]qgl|lQ
30 | 32 ] 0266 052 0092 029 0.199 047] 0.082] 034 0.159] 042[ 0.072] 037 0133 039 007 044] 0.114] 039 0.07 051
35 | 27 | 0316 055 0095 030[ 0236 051 009 037] 0.189[ 0.46[ 0.082( 043 0.158 041 0.072] 045 0.135] 04] 007 051
40 1 2 ] 0387 059 00] 031 029 0.54] 0092 038 0232 048] 0.080 045 0.194] 047 0.082 051 0.166] 042 0072 0.5
45 1 18 ] 0473 0.66] 0.1 034] 0355 057 0.098 041 0284 03] 009 047 0236 0.5 0.09] 056 0.203] 048] 0.086] 0.63
50 | 16 | 0533 068 01121 035 0399 0.6 0.02] 042] 0319 054] 009 048 0266 052] 0092 057 0228 05] 0.09 0.66
55 | 14 1 06090 071 0114 036] 0456] 0.66] 0.1 046] 0365 056] 0098 051 0304 054] 0092 057 0261 0.52] 0.092] 0.67
60 | 12 | 071 073 0116 036] 0532 0.69] 0.114] 047] 0426 061 0.102] 053] 0355 057 0.098 0.60] 0304 0.55] 0.094] 0.69
Bang 4. Luu luong dau véi tai trong Fr = 600N
Nhiét | Do F=600N)
do | nhét 600 800 1000 1200 1400
QJen| o | ¥ q Qo] *)qg| Q| o )qgl| Q| o |qgl[QJ&|]r]glQ
30 [ 32 [ 032 055 0095 0300 0239 051 009 037} 0.192] 047 0.082] 043 0.16[ 042 0.072] 045 0.137] 04 0.07 05l
35 | 27 [ 03790 058 01] 031 0.284] 053] 0.092 038] 0227] 0.5 0.09] 047] 0.189] 046 0.082( 0.51) 0.162( 042] 0.072] 052
40 | 22 | 0465| 0.66[ 0.1 034 0348 0.57| 0.098] 041 0.279] 0.52] 0.092] 048] 0232 0.5 0.09] 056 0.199 048] 0.086[ 0.63
45 | 18 | 0568  0.7] 0.114] 036 0426] 0.64| 0.108] 045 0.341] 0.56] 0.098] 0.51] 0.284] 054 0.092] 0.57] 0244 0.52] 0.092] 0.67
S0 | 16 | 0639 072 0.116] 0.36] 0479] 0.66] 0.102] 046] 0383 059 0.1] 052[ 0319 055 0.094] 059 0.274] 053] 0.092] 0.67
S5 | 14 [ 07310 074 0.118] 0.37] 0.548] 0.69] 0.114] 047] 0438 0.62] 0.102] 053] 0365 058 01| 062 0313] 055 0094 0.69
60 | 12 | 0852 076/ 0.12] 0.37] 0.639] 072 0.116] 048] 0.511) 0.68] 0.112] 058 0.426] 0.64] 0.108] 067 0365 058 01 073
Bang 5. Luu luong dau véi tai trong Fr = 700N
Nhiét | Do F=T000N)
d9 | nhot 600 800 1000 1200 1400
Ol o] 2]q| Q|| r|q|Q]o] r]qg[Q| o] r|qg|Q|Oo]ZXr]|g]|Q
30 [ 32 | 0373 058 01 031 0279 053] 0.092( 038 0224] 05 0.09] 047 0.86[ 046] 0.082[ 051 0.16] 042 0072 0.52
351 27 | 044] 065 0.01] 034 0331] 056 0098 041 0265 052) 0092 048 0221] 05 009 056 0.8 046] 0.082f 0.60
40 | 22 | 0542 0688 0.114] 036 04070 061 0021 042] 0325 055 0094 049 0271] 052 0.092] 057] 0232[ 05 0.09] 0.66
45 | 18 | 0.603] 072 0.16[ 036 04971 0.67] 0.11] 046 0.398] 0.6 0.102[ 053] 0331] 056/ 0.098] 061 0284 055 0.094] 0.69
S0 | 16 | 0.746] 074 0.118] 037) 055 0.69] 0.114[ 047) 0447 065 0.1 057 0372 058 01] 062 0319 055 0094 0.69
S5 | 14 | 0852 076 0.02[ 037 0639 072 0.116] 048] 0511] 068] 0.112[ 058 0426] 0.64] 0.108] 067 0365 058 01 0.73
60 | 12 | 099 078 0.122] 038 0.746[ 0.74] 0.118] 049 0.59%] 069 0.114] 059 0497 067 0.11] 069 0426] 0.64] 0.108 0.79
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4. THIET KE VA CHE TAO HE THONG TIEP DAU
4.1. Hé thong do va Iwu do thuit toan diéu khién

Trén hinh 5 thé hién so d6 hé thong do va xir 1y tin hidu. Trong do, cac cam bién duoc két
noi dén b vi xtr Iy trung tdm. Sau khi xur Iy tin hi¢u do, b vi xtr 1y s€ truyen tin hi¢u ra may tinh
thong qua khoi chuyén doi bang cong USB.

KHOI CAM KHOI XU'LY KHOI CHUYEN MAY
BIEN TRUNG TAM [ bOI — TINH
(ATmega328)

Hinh 5. So d6 khéi hé thong do va xir Iy tin hiéu

Vi diéu khién s& nhan tin hiéu, tinh toan va xir Iy va gui tin hiéu ra may tinh theo luu do
thuat toan hinh 6.

v

Kh¢&i tao khéi congvaora,

Khé&i tao khdi ADC va UART

A
Pocgia tri ADC

|

Tinh toan gia tri nhiét d9, ap suat,
lvu lrgng

1!

Giri di¥ liéu 1én méy tinh

Hinh 6. So dd khéi vi diéu khién

4.2. Thiét ké va thir nghiém b@ diéu khién luu lrgng dau

Model duoc nhom nghién ctru st dung 14 Board Arduino UNO R3 nén tang vi diéu khién
ATmega328 véi 1 cong giao tiép USB, 6 cong Analog, 14 cong I/O. Véi vi diéu khién
ATmega328 co thé xir li duoc cac tac vu: doc tin hidu tir cam bién va tra vé gia tri nhiét do va ap
suét; hién thi két qua 1én may tinh. Giao dién diéu khién duogc thiét ké boi Matlab GUI, hinh 7.
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——

[ ——— Input Data
DeL-Q 0E o Load 500 = N

TR
g Connect Panel Temperature
COMPORT o Temp 1 Celsius | 05 Angular Speed 1200 > rpm
LU | Temp2 2] cesus
[
Shoose Load =1

Tomp3 2] coin Temperature 45 + Celsius

Real Oil Flow Rate

fomp. . -
— e
MPa Lpm

Oil Flow Rate Lpm
0.561

Close

Hinh 7. Giao dién chuong trinh diéu khién

Két qua hién thi trén giao dién hinh 7 cling cho thiy luu luong dau thyc té cung cap cho 6
d& dugc kiém tra bai cam bién luu luong YF-201, gan nhu twong dong voi két qua 1y thuyét da
tinh todn trong bang 3 va dugc diéu khién boi hé théng. Nhom tac gia di thir nghiém véi diéu
kién tai dat va van toc khac ciing cho két qua kha chinh xac so véi ly thuyét.

5. KET LUAN

Bai bao trinh bay nghién ctru thiét ké va ché tao bo diéu khién hé thong tiép dau cho 6 d&
thity dong. Khi tai thay doi (tir 400 t6i 700) N, véan téc quay cia cua tryc thay d01 (ttr 600 t6i
1400) vg/ph, nhom tac gid da tinh toan va dua ra luu luzong dong dau can cung cap nhu két qua
trong bang 2 = 5. Trén co s¢ do, bai bao cling trinh bay viéc lya chon so d6 hé théng do phu hop
ché tao hé thong tiép dau cho 6 dd, xay dung so d6 vi diéu khién trén nén tang ATmega328 tu tin
hiéu ctia hé thong cam bién 4p suat, nhiét do gin trong 16p mang dau va thlet ké phan mém hién
thi bing MATLAB. Két qua cho thiy luu lwong dau thuc té cung cap cho 6 d& gan nhu twong
ddng voi két qua Iy thuyét da tinh toan va duoc didu khién boi hé thong.

LOI CAM ON
Nhom tac gid cam on su hd trg ciia Trudong Pai hoc Cong nghiép Ha Noi trong nghién ciru.
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