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Tom tat

Bai bo phan tich dnh huéng cua tbéc dé quay va ap suat dau cong tac dén ty 1é phén bb ap suét thiy tinh
va ap suét thiy dong trong mang dau béi tron ctia bom banh réng &n khop trong. Phan b ép suét thay
déng duwoc tinh toédn béng cach gidi phuong trinh Reynolds viét cho dong chay trong khe hep va duoc gidi
béng phuong phép sai phén hiru han (FDM). Trong khi d6 phan bé ap suét thay tinh dwoc tinh toéan trén co
SG xady dung mang lwdi strc can thdy lwc cua dong chay ¢ trong bom. Cac két qua tinh toan chi ra réng ap
suét va van téc quay c6 dnh huéng réat I6n dén ty Ié phan bd ap suét thiy tinh va ap suét thay dong trong
mang dau béi tron ctia bom banh rang &n khop trong. Cac két qua nghién ctru clia bai béo 13 co sé dé tién
hanh céc nghién ctru chuyén sdu nhdm néng cao d6 én dinh, ting hiéu suét lam viéc ciing nhw ting tudi tho
cho bom banh rédng én khop trong.

T khéa: Bom banh rang &n khép trong, béi tron thdy déng, béi tron thay tinh, mang dau béi tron.
Abstract

The effect of rotating speed and working pressure on the hydrostatic and hydrodynamic pressure distribution
of the oil lubrication film in the internal gear pump has been analysed in this paper. The hydrodynamic
pressure distribution is calculated based on the Renolds Equation which is solved by the finite difference
method (FDM). Meanwhile, the hydrostatic pressure distribution is computed based on the hydraulic
resistance network model. The calculation results pointed out that the rotating speed and working pressure
have a great effect on the hydrostatic and hydrodynamic pressure distribution. These results are the
background for further study to improve the stability, working efficiency, and lifespan of the internal gear

pump.

Keywords: Internal gear pump, hydrostatic lubrication, hydrodynamic lubrication, oil lubrication film.

1. Pit vin dé

Bom banh rang an khop trong la loai bom c6 két
céu don gian, d& sira chira, lap rap va gia thanh ré nén
chang duge s dung rét rong réi trong cac hé thong
truyén dong thuy luyc cia cic may moc, thiét bi cong
nghi¢p nhu may xay dung, may ndng nghiép, turbine
dién gio, 6 t0, tau thuy [1]. Ciing giéng nhu cac hé
thong may quay khac, mang dau boi tron 1a mot trong
nhitng b phan quan trong dé bao vé bé mat cua cac
chi tiét c6 chuyén dong quay tuong ddi voi nhau. Hon
nita, mang dau boi tron gitp giam ma sat, hap thu dao
ddng va truyén nhiét trong qua trinh hoat dong [2].

Boi tron bang mang dau c¢6 hai phuong phap 1a
boi tron thuy tinh va boéi tron thiy dong. Boi tron
thuy tinh 1a phuong phap bdi tron dugc thuc hién
bang cach bom dau bdi tron co ap suat cao vao khe
hé giita cac chi tiét c6 chuyén dong quay tuong dbi
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v6i nhau. Ap sudt cia dau boi tron s& sinh ra luc
chéng lai cac luc tic dung 1én chi t1et chuyén dong
quay nho d6 cac bé mat nay khong tiép xuc truc tiép
v6i nhau trong qua trinh lam viéc [3]. Khac véi boi
tron thuy tinh, boi tron thuy dong la phuong phap boi
tron dua trén toc d6 quay cua truc. Dudi tic dung cua
cac ngoai lyc s€ lam truc bi 1énh tdm. Truc 1€ch tam
s& tao ra ném dau. Khi tryc quay s& kéo mang dau
chuyen dong cung. Khi mang dau chuyén dong trong
ném dau s& sinh ra 4p sudt thuy dong [3]. Ap suit
thuy dong sinh ra luc chong lai cac lyc tac dung lén
chi tiét chuyén dong quay. Ca hai phuong phap boi
tron nay duoc sir dung phd bién trén hau hét cac loai
may, hé théng truc c6 chuyén dong quay. Viéc st
dung hinh thtrc boi tron nao phu thudc vao dac diém
lam viéc va d¢ 16n cua tai trong bén ngoai tac dung
1én cac chi tiét quay. Hinh thirc boi tron thiy tinh
thudng dugc sir dung trén cac hé thdng, may quay co
luc tac dung 16n nhung téc d6 quay cham trong khi
d6 boi tron thiy dong thuong dugce ap dung cho cac
may c6 van tbe quay 16n.

Nhiéu céc nghién ctru lién quan dén tinh toan
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phan bd 4p sudt trong mang dau boi tron & ché do
thuy dong [4]-[7] va bdi tron thiy tinh [8]-[10] da
dugc thyc hién va cong bd. Cac cong trinh nay tién
hanh nghién clru mang dau boi tron doc lap: hodc &
ché d¢ thuy tinh hodc & ché d¢ thuy dong. Ngoai ra,
ciing c¢6 nhiéu nghién ciru dé cap dén tinh toan phan
bd ap suat két hop (hybrid) trong mang dau béi tron
nhu cac nghién ctru [11]-[13]. Cac nghién ciru nay co
xét den su xuat hién dong thoi ctia ca hai thanh phan
ap sudt thuy tinh va thity dong trong mot hinh thic
boi tron. Thong thudong dugc xét cho hinh thic boi
tron thuy tinh & cac hé thong, may quay cé toc do
quay trong dai rong. Khi hoat dong & dai toc do thap
thi ché d6 boi tron chi yéu 1a béi tron thuy tinh. Khi
hé thdng, may 1am viéc & tdc do cao thi thanh phan ap
sudt thuy dong do tbc do quay du 16n s& co gia tri
dang ké va can dugc xét dén. Khi d6 nguoi ta coi
mang diu hoat dong & ché do boi tron hdn hop
(hybrid).

Mang dau cé vai tr6 quan trong va khong thé
thiéu trong cac chi tiét may ¢ chuyen dong quay
tuong ddi. Cac nghién ctru vé phan bd ap suat thuy
tinh, 4p suat thuy dong va hdn hop da dugc mot s tac
gia cong bd. Tuy nhién, tit ca cac nghién ctru chi yéu
tap trung vao tinh toan va phan tich phan bd 4p suit
trong 6 d& cho hé théng truc quay. Theo Pham [1],
cho dén nay chua c6 cac nghién ciru lién quan dén
tinh toan phan bd 4p suét trong mang dau bdi tron cia
bom bénh rang &n khép trong.

Pham va céc tac gia trong cong trinh [14], dé
xuit phuong phap tinh toan phan b6 ap suat hon hop
trong mang dau bdi tron ciia bom banh ring bang
cach dua thém hé s anh huong ctia 4p suat dau cung
cép vao phuong trinh Reynolds. Tuy nhién anh huéng
ctia cac thong sb khai thac dén phan bd ap sudt chua
dugc dé cap dén trong nghién ctru ndy. Viéc tinh toan
ap suit phan bd trong mang dau boi tron 13 can thiét.
Trén co s& phan bd ap suét s& tinh duge do cung va
giam chan ctia mang dau lam co so cho nghién ciru
dong lyc hoc hé thong, may quay. Khac voi cac hé
thdng va may khac, mang dau boi tron trong bom
banh rang an khop trong ludn 1am viée & ché do boi
tron hdn hop. Vi dau boi tron trong mang dau ciing
chinh 12 diu thuy luc cong tac. Bai bao nay tién hanh
khao sat va phén tich anh huong ciia hai thong s6 lam
viéc quan trong nhét 13 4p suét dau cong tac va toc do
quay dén phan b ap sudt thuy tinh va ap suét thuy
dong trong mang dau boi tron. Cac ket qua nghién
clru cung cap mot buc tranh tong thé vé phan b ap
sudt thay tinh va thiy dong ¢ cac diém lam viéc khac
nhau trong cting mot diéu kién lam viéc ciia may.

2. Phwong phap tinh

Cac b phan co ban cia bom banh rang an khép
trong dugc thé hién nhu Hinh 1, gom c6 ba by phan
chinh la than bom, banh ring nhdé bén trong lam
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nhiém vu dan dong duoc lién két véi truc va an khop
v6i vanh rang. Than bom cb dinh trong khi d6 vanh
rang quay trong qua trinh lam vi¢c. Gilta vanh rang
va thanh trong cia than bom dugc ngin cach véi
nhau bang mot 16p mang diu moéng nhu trén Hinh 2.
Chiéu day 16p mang dau boi tron 1a rat nho, tir 10 um
dén 150 um tuy theo kich thuge bom. Lép dau boi
tron nay dugc cung cép truc tiép tir khoang diu cao
ap cia bom va duoc chay qua khe ho hudng truc gitra
vanh rang va thanh trong cua bom nhu trén Hinh 3.

Than bom

Céng ra/vao

)

Vanh rang Banh rang

Hinh 1. Céac b phan cua bom banh rang

Y
Khe hé huéng kinh

Hinh 2. Khe hé hudng kinh

L

~
Khe hé hudng trucL

Hinh 3. Khe ho hudng truc

Trong qué trinh lam viée, 4p luc dau trong
khoang déau cao ap s& sinh ra luc huéng kinh tac dong
lén vanh rang lam vanh ring dich chuyén léch tam so
véi tam cua than bom. Vanh rang 1éch tdm s€ lam cho
chidu diy mang dau tai cac diém doc theo chu vi
phan bd khéng déu nhu trén Hinh 4. Dya vao mdi
quan hé hinh hoc giita vanh rang va thanh trong cta
than bom, chiéu diy mang dau dwoc x4c dinh theo
cong thure sau [15],
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h  =c(l+cosf) (1

(6.¢)
trong do: & 1a d¢ 1éch tim twong ddi, 1a ty sb giita do
léch tam va khe hé hudng tam (e/c); 0 1a goc vi tri
tinh toan chidu day mang dau; ¢ khe ho hudng tam.
Chiéu day mang dau la thong sO quan trong anh
hudng dén phan b ap suat thity tinh va thity dong.

Puong ndi
tam

Hinh 4. Chiéu day mang dau khi lam viéc
Phdn bé dp sudt thity déng:

Phan b6 ap suét thay dong trong mang dau boi
tron c6 thé xac dinh thong qua phuong trinh dong
chay Reynold nhu sau [2]:

0 9 o( .0 oh
—(;f —”j+—[h— —pj = 6Uu— )
00 00 Oz Oz

trong d6: 4 14 chidu day mang dau boi tron [m]; pdo
nhét dong luc cua diu bbi tron [Pas]; p 1a 4p suét
thuy dong [Pa]; 6 , z 1a phuong chu vi va phuong
doc truc [m]. U 1a vén toc dai, U= 2rzn/60, n la
tbc do quay, » 1a ban kinh ciia vanh riang. Dé giai
phuong trinh Reynolds cho dong chay trong khe hep
ngudi ta co thé sir dung cac phuong phap nhu phuong
phap phén tir hitu han, phuong phap sai phan hitu han
hay phuong phap thé tich hiru han. Trong d6, phuong
phap sai phan hiru han dé str dung va thoi gian tinh
toan nhanh hon cic phuong phap. Diéu kién bién cia
phuong trinh Reynolds theo diéu kién bién cia
Sommerfeld khong xét tdi hién tuong gian doan
mang dau. Cac diém trén bién c6 ap sudt bang khong.
S6 phan tir chia theo phuong chu vilai=50 va theo
phuong chiéu dai 1a j = 50, chi tiét thuat giai va cac
budc bién ddi dugc tac gia trinh bay trong nghién ciru
[1].

A’p suat thuy tinh:

Ap suit thily tinh trong mang dau boi tron duoc
tinh toan dua trén stc can thiy luc trong bom banh
rang an khop trong. Suc can thuy luc hay con goi 1a
dién tro thuy luc dugc xac dinh giéng nhu dién tré
trong hé théng mach dién [1].

L4
Q

trong dé, R 1a strc can thay luc; p 1a ap suét; O 1a luu
luong.

Stre can thuy luc cho dong chay trong khe hep
cuia mang du ¢ chiéu cao h duoc x4c dinh nhu sau:

1
R =73 @)
' [c(1+s cos 0)]3
Stc can thuy luc cua dong chdy qua khe ho
hudng truc dugce xac dinh nhu sau,
R - 12l

' (DA3(1—0.63 Dj )
A

trong d6, D 1a chidu rong; L 13 chiéu dai. 414 chiéu
cao.

R= 3)

Kha nang chiu tdi cua mang dau:

Phan bd ap suat trong mang dau boi tron s& sinh
ra lyc chong lai ngoai lyc tic dung Ién vanh rang.
Kha nang chong lai ngoai luc tac dung 1én goi la kha
nang chiu tai cia mang dau boi tron. Kha nang chiu
tai duoc xac dinh nhu sau:

(6)
(F) +(F)
trong d6, Fva F 1a hai thanh phan lyc theo phwong
hudng tam va phuong tiép tuyén. Hai thanh phan luc
nay duogc xac dinh nhu sau:

L
20,
Fr=-| j R cOS Od0dz

) @)

B
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B
Bang 1. Thong so s6 chinh cua bom banh rang an khép
trong

Théng s6 Ky hiéu | Giatri | Ponvi

Luu lugng riéng 14 63.5 cm®/vong
Ap suit 16n nhat )4 320 Bar
Tbc d6 quay 16n nhét n 3000 v/ph
Puong kinh cua vanh D 0.115 m
rang
B& rong cuia vanh ring L 0.034 m
Khe hé hudéng tdm c 80.10°° pm
Khe hé hudng truc 4 30.10° pm
Dau thily luc cong tac/ - HLP 46 -
dau bbi tron
D6 nhdt cua dong luc cua i 0.041 Pas
dau
Nhiét do dau T 40 °C
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Hinh 7. Anh hudng cia toc do quay dén d¢ léch tam
va chieu day mang dau nho nhat

So dd trinh ty tinh toan nhu trén‘Hinh ‘5.
Chuong trinh tinh todn dugc xdy dung bang phan
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mém Matlab R2018a. T4t ca cac thong sb két cau va
thong sb khai thac 1a nhimg thong sé dau vao ciia qua
trinh tinh toan va khao sat. Phuong phap Mobility
dugc sir dung dé tinh toan d¢ 1éch tdm cua vanh rang
[15]. Day s€ 1a thong s6 dau vao dé tinh toan phan bd
ap suat thiay dong va éap suat thuy tinh. Sau khi tinh
toan dugc phan bd 4p suét, kha ning chiu tai thay
dong va thiy tinh dugc xac dinh. Trén co s¢ do s&
xéac dinh duoc ty 1¢ ap suat thuy tinh va ap suat thay
dong trong mang dau boi tron. Ty 1€ phan bd cua ap
sudt thay tinh va 4p suét thuy dong theo phan tram
dugc tinh trén co so kha ning chiu tai tuong img. Diu
thity luc cong tac ciing chinh 14 diu béi tron loai HLP
46. Pay 1a loai dau phd bién trong cic hé théng
truyén dong trén cac hé théng may. Cac thong sb cua
bom va dau cong tac nhu trong Bang 1.

3. Két qua va thao luin
3.1. Anh hwong ciia toc dp quay

Téc d6 quay 1a mot trong nhimg thong 50 quan
trong va c6 anh huong 16n nhat dén phan bd ap suat
thity dong. Vi du tinh toan phan b ap suit thay dong
tai diéu kién 1am viéc 100 bar va 3000 vong/phuit
dugc thé hién nhu trén Hinh 6. Anh huéng cua téc do
quay dén do léch tdm va chidu ddy mang dau nho
nhit dugc thé hién nhu Hinh 7. O cing diéu kién 4p
suét lam viéc khong doi, khi téc d lam viéc ting lén
thi d6 1éch tdm twong dbi giam di, trong khi d6 chiéu
diy mang dau nho nhat ting 1én. Mirc d6 thay doi cua
d06 1éch tam va chiéu day mang dau nho nhét & dai toc
d6 nho hon 800 vong/phut 1a dang ké. Khi téc do
quay 16n hon 800 vong/phut thi mirc d6 thay doi 1a
khong dang ké.
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Anh hudng ctua tbc d6 quay dén ty 18 phan bd ap
sudt thuy tinh va thuy dong dugc thé hién nhu trén
Hinh 8. O diéu kién lam viéc xac dinh, khi toc do
tang 1én thi ap suét thiy dong ciing ting 1én, khi do ty
1¢ phan b ap suat thiy tinh s& giam di. Vi du nhu ¢
tbc do quay 300 vong/phut thi 4p suét thuy dong
chiém 7%, ap suét thity tinh chiém ty 1¢ rat 16n, 93%.
Néu téc do tang 1én 3000 vong/phit thi ty 1¢ ap suat
thity dong tang 1én dén 41% trong khi d6 ty 18 ap suat
thity tinh giam xudng con 59%. Piéu d6 ¢ nghia 1a
khi bom banh ring an khép trong lam viéc & dicu
kién tdc do quay cang cao thi kha nang chiu tai cta
mang dau s& phu thudc nhidu vao ap suat thuy dong
sinh ra trong mang dau béi tron.

3.2. Anh hwéng ciia dp sudt dau cong tic

Khac véi ap sudt thay dong, ap sudt thuy tinh
phu thudc cha yéu vao ap suat cta dau cong tac. Vi
du tinh toan phan bd ap suit thuy tinh tai diéu kién
lam viéc 100 bar va 3000 vong/phut dugc thé hién
nhu trén Hinh 9. So sanh véi 4p suat thuy dong trong
cung diéu kién lam viéc chung ta thy rang ap suét
thity tinh 16n nhat (78 bar) 16n hon so v&i ap suat thay
dong 16n nhat (26 bar). Ap suét thily tinh phan bé trén
toan bo chiéu dai chu vi (0° - 360°) trong khi dé ap
suét thuy dong chi phan bé trong khoang tir 110° dén
290°. Ap suét thiy dong phan bd khong hét toan bd
chu vi 14 do diéu kién giai bai toan Reynolds chi duoc
xét trong khoang tr 0 - 7.

Anh huéng cia 4p suit dau cong tac dén do léch
tdm va chidu ddy mang dau nho nhét dugc thé hién
nhu Hinh 10. O cing diéu kién toc d6 quay khong
dbi, khi 4p suat dau cong tac ting 1én thi d6 1éch tim
tuong dbi tang 1én, trong khi d6 chiéu day mang dau
nho nhét giam di. Muc do thay dbi cua do 1éch tam va
chidu ddy mang dau nhé nhit & dai ap sudt nho 16n
hon mtrc d¢ thay d6i & dai 4p suat 1on. Nguyén nhan
¢6 thé duoc giai thich theo Pham [14] 1a do khi ap
suat lam viéc cang cao thi kha nang tai cua mang dau
& ché d6 hdn hop cang tt do d6 mirc do giam cia do
Iéch tam s& nho.

Anh hudng cia ap suat dau cong tac dén ty 1¢
phan bd ap suit thiy tinh va thuy dong duoc thé hién
nhu trén Hinh 11. Ching ta thdy rang khi ap suat dau
cong tac ting 1én thi ty 1& 4p sudt thuy tinh ciing ting
1én trong khi d6 ty 16 4p sudt thuy dong s& giam di.
Khi ap suét 1am viéc ciia ddu cong tac 13 10 bar, thi ty
16 4p sudt thuy tinh 1a rat nho, chi chiém 18% trong
khi d6 ty 16 4p suét thuy dong 1a 82%. Néu ap suét
dau cong tac tang 1én 320 bar, thi ty 1& 4p suét thiy
tinh ting chiém t&i 64% trong khi dé ty 1& 4p suét
thiy dong giam xudng con 36%. Didu d6 co nghia 1a
khi bom banh ring in khép trong lam viéc & diéu
kién ap suét cao thi kha ning chiu tai ciia mang dau
phan 16n 14 do ap suat thiy tinh.
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3.3. So sanh dnh hwéng ciia toc dp quay va dp suit
ddau céng tac

Nhin vao Hinh 13 ching ta thiy ring mirc do
anh huong cua toc do quay va ap suat dau dén ty 1¢
phan bd 4p suat thiay dong va ap suét thiy tinh 13
khéac nhau & cac diéu kién lam viéc khac nhau. Mirc
d6 thay dbi ap sut thiy tinh Ia khac nhau ¢ cac mirc
tbc d6 quay khac nhau. Twong tinhu vaymuc do
thay d6i cua ap suat thuy dong ciing khac nhau khi ap
suat dau cong tac ¢ mirc khac nhau. Khi ap suat dau
cong tac ting 270 bar thi ¢ toc dd quay 300 vong/phut
ap sudt thiy tinh ting 1én 17%, nhung ¢ toc do quay
3000 vong/phut thi mure tang cua ap sudt thay tinh la

24%. Khi toc d6 quay tang 1én 2700 vong phut thi ty
16 4p sudt thuy dong tang 1én 26% & mic ap suat dau
cong tac 1a 320 bar, trong khi d6 ty 16 4p suét thiy
dong tang 1én 43% khi ap suat diu cong tac 1a 50 bar.
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Hinh 13. So sanh anh huéng cua téc do quay va ap
suat dau dén phan bo ap suat

Mirc d6 thay ddi ap suat thay dong 16n nhat xay
ra khi téc do tang 1én trong khi ap suit dau cong tic
giam di. O diéu kién lam viéc 300 vong phut va ap
suat dau 1a 320 bar thi ty 1& ap sudt thuy dong chi
chiém 10%. Tuy nhién khi bom lam viéc ¢ toc do
3000 vong/phit va ap suat dau 1a 50 bar thi ty 1& 4p
sudt thuy dong tang 1én toi 70%. Khi d6, kha ning
chiu tai ciia mang du phan 16n phu thudc vao ap suit
thiy dong. Nguoc lai, khi bom lam viéc ¢ toc do
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thap, vi du toc do quay 1a 300 vong/phut thi ty 1& ap
sudt thiry tinh chiém t6i 73% trong khi d6 ty 1& ap
sudt thuy dong 1a 27%, khi d6 kha ning chiu tai cia
mang dau phan 16n lai phu thudc vao 4p suét thuy
tinh.

Céc két qua cung cap biic tranh téng quan vé
mirc d6 anh huéng cua hai thong sé lam viée quan
trong nhat 1a toc d6 quay va ap suat lam viéc dén ty 18
phan b ap suit thuy tinh va thay dong trong mang
dau boi tron ciia bom banh ring an khép trong. Biét
dugc mirc do phan bd 4p suit cua hai thanh phan
trong mang dau & ché do boi tron hdn hop sé& 14 co sd
cho viéc nghién ciru, tinh toan va dua ra cac giai
phép... phu hgp véi bom banh rang an khép trong
trong timg diéu kién 1am viéc cu thé.

4. Két luan

Trén co s& cac két qua nghién ciru, mdt so ket
luan duoc rat ra nhu sau:

- Téc do quay c6 anh hudng rat 16n dén ty 16 phan
bd ap sudt thuy dong. Khi bom lam viée ¢ téc do
quay 16n thi kha nang chiu tai ciia mang dau s& phu
thudc 16n vao ap suét thiy dong.

- Ap sudt dau cong tac 1a thong s6 anh huong
quyét dinh dén ty 1¢ phan bd ap suat thiy tinh trong
mang dau bdi tron cia bom banh ring dn khép trong.
Do vay khi bom hoat dong & 4p suét cang cao thi ty 18
phan bd 4p suit thay tinh cang 16n.

- Kha ning chiu tai cia mang dau la dic tinh
quyét dinh dén hiéu sudt va d6 6n dinh ciing nhu tudi
tho cua bom banh rang an khop trong. Néu mang dau
bi pha huy vi mét Iy do nao do s& dan dén hién tuong
tiép xuc tryc tiép gilta vanh rang va thanh trong cua
than bom lam gidm tudi tho cia bom rat nhanh. Viéc
tinh toan, xac dinh va danh gia dugc anh hudng cta
cac thong sb khai thac, trong d6 hai thong sé quan
trong nhat 1a tc d6 quay va ap suat dau cong tac sé 1a
co s& cho cac nghién ciru chuyén sdu nhim nang cao
do 6n dinh, tang hiéu suit lam viée cling nhu tang
tudi tho cho bom banh ring an khép trong.
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