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TOM TAT

Trong béi cdnh yéu cdu néng cao hiéu suét van hanh va tudi tho cua céc thiét bj co khi-thdy luc ngay
cang tré nén cép thiét, viéc nghién ctru cac gidi phap nham gidm thiéu tén that do ma sat-mon va néng
cao hiéu qué bbi tron trong cac cdp ma sat lam viéc dwdi tai trong I6n, &p suét cao va téc dé cao la van
dé mang tinh cép thiét. Trén thé gidi, gidi phap tao két cau vi mé (micro-texture) trén bé méat cac cdp ma
sé&t da tr& thanh mét budc tién doét pha trong linh vire ma sét hoc. Céc cdu tric vi mé nhw rénh nhé, hé
16m, 16i hodc cac két cdu dac biét khéc cé kha ndng céi thién dang ké hiéu qua béi tron, gidm hé sé ma
sat va mon. Cac dang két cau vi mé nhw ranh nhé, hé 16m, 16i hodc hinh dang déc thi da duoc ap dung
thanh cdng tai nhiéu quéc gia nhw Hoa Ky, Ao, Thé Nhi Ky, Nga va ddc biét la Trung Quéc, giup g/am hé
s6 ma sét t&i 20%, kéo dai tudi tho chi tiét tir 15% dén 35%, dong thoi tiét kiém néng lwgng va giam chi
phi béo tri. Bai bao trinh bay nghién ctru thtr nghiém nhdm dénh gié hiéu qué tng dung thure té dnh huéng
cla két cau vi mé trong viéc cai thién hiéu suét ma sét-mon va béi tron ctia bom pit tong huréng truc kiéu
dia nghiéng, gop phén lam r6 vai tro cda ky thuat tao hinh két cau vi mé bé maét trong viéc gidm thiéu ma
sat-mon, kiém soat trang thai béi tron va nang cao hiéu qua tong thé cua thiét bj thdy luc. Két qua nghién
ctru khong chi cung cép co s& khoa hoc cho viéc trng dung két céu vi mé vao céc thiét bj thay lye, ma
con mé ra tiém nang trién khai trong céc hé théng co khi - ndng luong hoat dong trong diéu kién khéc
nghiét, dac biét la trong nganh cbng nghiép khai khoang va céng nghiép nang tai Viét Nam.

Tw khéa: két cdu vi mé, ma sét - mon, béi tron, ro.

@ Hoi Khoa hoc va Cong nghé Méd \/jét Nam
b 1an, pit tong, xy lanh, ...) c6 thé gidm dén (35 +
45)% khi bi anh hwéng b&i mon va ro , lam tang

1. PAT VAN BE

Trong béi cadnh yéu cau nang cao hiéu suat van

hanh va kéo dai tudi tho cho céac thiét bi co khi-thay
lwc ngay cang tré nén cap thiét, viéc giam thiéu ton
that do ma sat va mon trong cac cdp ma sat lam
viéc dwdi diéu kién tai trong lon, tbc d cao, ap
suét cao la moét trong nhivng thach thire 1&n dbi v
nganh ky thuat co khi hién nay. Theo Holmberg va
cong sw [4], riéng cac nganh céng nghiép lén, tén
that nang lwong do ma sat chiém trung binh
(20+25)% tbéng nang lwong dau vao, trong d6 ton
hao do ma sat hé théng truyén déng co khi 1&n t&i
(30+40)% nang lvgng. Theo Guo P. va céng su [5],

tudi tho trung binh clia cac chi tiét ma sat (bac trwot,
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gap doi tan suat stra chiva, bao dwdng so véi thiét
bi st dung cdng nghé kiém soat ma sat tién tién.
Bén canh dé, tinh trang ro lwu chat qua cac khe hé
mon trén bé mét tiép xuc ciing dan dén gidm hiéu
suat tbng thé clia thiét bi. Théng ké clia Lugt (2016)
[6], trong cac hé théng thay lwc thiét bi md, lwu
lwong ro co thé chiém (10+20)% tdng lwu lwong
bom ra, truc tiép lam gidm ap suat van hanh, tang
tiéu thu nhién liéu va nguy co méat an toan. Ngoai
ra, theo nghlen ctru cua Kenneth Holmberg (2017)
[7], cac tbn that ndng Iu’o’ng do ma sat va ro néeu
khong duoc kiém soat co thé lam gidm tudi tho cla
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toan hé thdng thiét bi mé va nang lwong xubng chi
con 50+70% so v&i thiét ké ban dau.

Trong hon hai thap ky qua, cac nghién ctu vé
két cAu bé mét (surface texture- “van”, “hoa van”
bé mé&t) ma sat da dat dwoc nhiéu tién bd trong cai
thién kha ndng chdng mai mon chi tiét may (dung
cu gia cong, cap ma sat trong may), va cai thién
tinh nang badi tron, lam kin cla cac thiét bi co khi.
Tuy nhién, cung v&i sw phat trién manh mé cla
khoa hoc k¥ thuat, moi trwdng lam viéc clia cac hé
thdng ma sat (cap ma sat) trong céc thiét bj co’ khi
cling khdc nghiét hon: nhiét do, ap suét cao; an
mon; oxy hdéa manh, ...Trong diéu kién lam viéc
nhw vay, cac phwong phap boi tron va gidm ma sat
truyén thdng da khong con phu hop. Tao két ciu
bé mat tirc 1a tao cac “van”, “hoa van” v&i hinh
dang véi kich thuwéc nhét dinh trén bé mat cdp ma
sat. Cac “hoa van” , “van” bé mat cé kich thwdc rat
nhd, cho nén két cdu bé& mat nay con dwoc goi la
két cAu vi mo bé mét. Day cling la moét trong nhirng
phwong phap hiéu qua dé& nang cao kha néng chiu
lwc bé mat, cai thién déc tinh ma sat bé mat va kéo
dai th&i gian str dung clia cap ma sat. Bom pit tong
hwéng truc kiéu dia nghiéng 1a moét loai bom st
dung nhiéu, nhwng chwa cé nghién ctvu nao tién
hanh danh gia toan dién hiéu qua ma sat - mon,
hinh thai bé mat sau mai mon, cling nhw anh
hwéng cla két cAu vi mé dén hiéu suat van hanh
thuwc té ctia bom.

Xuét phat tr thue tién trén, nghién cu nay tién
hanh thir nghiém trén cap bac trwot cla bom pit
téng hwéng truc kiéu dia nghiéng, s dung dang
két ciu vi mdé dang elip parabol léch (EOOPT-
Elliptical Opening Offset Parabola Micro-Texture).
Muc tiéu |a danh gia sw thay ddi d&c tinh ma sat —
mon théng qua quan sat hinh thai bé& mat sau mai
mon, dong th&i phan tich hiéu suét van hanh cta
bom. Két qua nghién ctru khéng chi cung cép co
s& dir liéu thwe nghiém, nham kiém chirng, danh
gia hiéu qua va tiém nang &ng dung két ciu vi md
trong gidm thiéu tén that nang lwong do ma sat-
mon, kiém soat béi tron cap ma sat bac truot, ma
con mé ra hwdng rng dung céng nghé két ciu vi
mo vao céc thiét bi co khi-thdy lwc trong linh vc
cobng nghiép mo va nang lwong tai Viét Nam.

2. DU LIEU VA PHUONG PHAP NGHIEN CUrU

Trong khuén khd nghién cru nay, nhom tac gia
trinh bay mot phan két qua phan tich Iy thuyét va
qué trinh th& nghiém danh gia anh hwéng cia két
céu vi mé dbi voi dac tinh cla cap bac trwot trong
bom pit tdng hwéng truc, nham 1am rd hiéu qua cla
ky thuat nay trong viéc giam ma sat va nang cao
kha nang béi tron.
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2.1. Ly thuyét anh hwéng ctia két cau vi mé doi
v&i dac tinh ma sat va boi tron

Déi twong nghién clu la cap bac trwot cla
bom pit tdng hwéng truc kiéu dia nghiéng
10SCY14-1B. Phan tich dwoc thwc hién trong didu
kién gia dinh boi tron thly déng hoc hoan toan, bé
qua hiéu &ng xam thuc, coi dau thly lwc la chat
Idng Newton khéng nén véi do nhét khong déi. Khi
bd qua &p lwc thé tich, phwong trinh Navier—
Stokes dwoc sir dung d& mo ta dong chay béi tron
[103].

Thong qua gidi cac phwong trinh dong chay
cla bac trwot, co thé thu dwoc hiéu suit ma sat
mon va hiéu qua bdi tron clia mang dau cip ma
sat nhw sau [3]:

F ”H X,y dxdy

ms _ Q

Wis B ”P X,y dxdy
Q

Hins =

(1) i
Q, = [[Vexdy
S

(2)

trong do: Wi la ap lwc chiu tai, Pa; p x,y la
ap lwe chiu tai tai diém, Pa; Q la dién tich tiép xuc
truc tiép mm?; F__ lalwc masat, N; IT x,y la ng
suéat cat clia mang dau, Pa; S 1a dién tich mang
dau, mm%; Q, lalwong rd , mL/min; V' 1a vector toc
dd dau béi tron, m/s.

2.2. Ly thuyét tinh toan hiéu suat bom

Hiéu suét ctia bom pit tdng hwéng truc kiéu dia
nghiéng dwoc xac dinh théng qua mdi quan hé
gitra lwu lwong ly thuyét, lwu lwong thye té va cac
dang ton that phat sinh trong qua trinh 1am viéc. Vé
nguyén tac, bom thiy lwc ly twdng sé bién déi hoan
toan nang lwong co hoc tr truc dan déng thanh
nang lwong thly lwe cla dong chat 16ng ma khéng
xay ra tén that. Tuy nhién, trong thyc té, ludn ton
tai cac dang tén that nhw ro ndi tai, bién dang dan
hdi chi tiét, ma sat va cac yéu td thdy dong hoc
khac, lam cho luu lvong thuc té nhd hon lwu lwong
ly thuyét.

Lwu lwong ly thuyét ctia bom pit tdng huéng
truc kiéu dia nghiéng dworc tinh theo cong thirc:

Q;=q,.n ) L/min

(3)
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Trong d6: Qi1 1a Lwu lwong ly thuyét, (L/min);
guxla lwu lwvong don vi tinh cho 1 vong quay, mL/r;
n la téc do quay cua truc bom, r/min.

Lwu lvong thue té (Qrr) duoc do truc tiép bang
lwu lwong ké tai cac mirc ap suét lam viéc khac
nhau. Thong sb nay sé bi anh hwdng bdi cac yéu
t6 rd noi tai (internal leakage) do khe h& mon, do
nham bé mat, va hiéu qua béi tron clia mang dau.
Hiéu suét thé tich phan anh ty 1& gitra lwu lwong
thwe té va lwu lwong ly thuyét, dwoc xac dinh theo

cbng thre:
Ny =—-.100%
LT
(4)
Zl(lfx;](ru;imlsa Ung sudt cit/ Pa

2.92¢+05 Shear stress

I2.65c+()5 X108
2.35e+05

2.05¢+05

1.75¢+05
_ 1.45¢+05
1156405
I 8.95¢+04

5.75¢+04

2.95¢+04

4.25e+02
[Pa]

-
(a) 'ng suét cét

Can cr cdng thire (1)~(2) két hop két qua mé
phéng CFD tinh toan duwoc hé s ma sat, lwu lwong
rd 1an lwot 1a 0,00452; 32,05mL/min. So v&i cap
ma sat khong cé két cu vi md, hé sb ma sat giam
22,47% va lwong ro giam 12,03% [3].

2.4. Thir nghiém hiéu suat ma sat-mon va bai tron
2.4.1. Chuéan bj mau tho

Dwa trén két qua nghién ciru ly thuyét va mo
phéng theo diéu kién lam viéc thwc té cla thiét bi,

Khu vuc @ia
cong

Leakage velocity
Conture 1

[m/s]

Trong d6: 7;; 1a hiéu suét thuc té tinh toan tai
mtrc ap suat thir nghiém, %; Qrr la Luu lwong thuc
do duwoc tir thiét bj tai mirc ap suat thdr nghiém,
L/min.

2.3. Nghién ctru dac tinh ma sat mon va hiéu
suat béi tron

Dwa trén cac tham sé dac trung ti wu thu dwoc
trong qua trinh téi wu héa, mét mé hinh mang dau
cap bac trwot véi EOOPT da dwoc tai thiét 1ap va
tién hanh phan tich mé phdng dong chay théng qua
CFD, cac bwac tién hanh dwoc thwe hién [10O3].
Két qua mé phéng thu dwoc cac biéu dd phan b
(ng suét cat, téc do rd dong chay, duwoc thé hién
tai Hinh 1.

Tée d6 ro lot (m/s)
Leakage velocity

5.00
I 479
450

416
3.90
361
| XY
3.01
2.68

Iz,43
212

(b) tbc do rd

Hinh 1. Két qua mé phéng hiéu suat ma sat mén va béi tron mang dau

nhom nghién ciu da lwa chon thiét ké két cau vi
moé EOOPT vé&i cac tham sé hinh hoc va phan bd
tdi wu lan lwot (A = 300 ym; B = 150 ym; C = 40
um; D = 50 ym, E = 32°; F = 28,75°) va tién hanh
ché tao mau thr trén bé mat bac trwot. Qua trinh
gia cdng duoc thue hién trén thiét bi gia cdng chinh
xac 5 truc SmartCNC500E-DRTD, cho phép tao
hinh chinh xac cac bién dang vi mé v&i dé lap lai
cao, ddm bado déng déu hoa ciu tric bé mat theo
thiét k& mo phang (Hinh 2) [3].

Hinh 2. Hinh anh ga dét va gia céng hé 16m vi mé EOOPT trén bac trwot
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2.4.2. Thiét Iap hé théng thir nghiém

Dé& danh gid anh hwéng cia két cdu vi mé
EOOPT dén hiéu suét lam viéc cla cdp ma sat
trong bom pit tdng huwéng truc 10SCY 14-1B, nhém
nghién ctru da xay dwng mo hinh thi» nghiém hiéu
suat bom chuyén dung, cho phép do dac cac théng
s6 van hanh trong diéu kién mé phéng thuc té. Hé
thdng thir nghiém bao gdm bom thir nghiém dwoc
dan doéng bdi dong co dién cong suét 6n dinh ma
hiéu YE2-112-4 (P = 4,4 kW; U=220/380 V; n =

@ O

Cam bién ap suét

1440 r/min), tich hop bd loc dau, thung dau hdi va
vi tri 1ap cap bac truot c6 thé thay thé linh hoat gitra
cac mau thir. Thiét bi dwoc két ndi véi hé théng
hién thi va ghi nhan d liéu tw déng, bao gdm cam
bién do lwu lwong, 4p suét, nhiét & va mo-men
x0an, giup theo doi tirc thdi va chinh xac cac chi
tiéu van hanh chinh. D& lieu dwoc hién thi truc
quan trén man hinh giam sat trung tdm, phuc vu
cho qua trinh phan tich, so sanh hiéu suét gitra cac
mau bac truot c6 va khéng cé két cau vi mé (Hinh
3),

(5) Van tiét oy
e
/\

©)

Ca&m bién cong suét

Loc dau

Bom thi nghiém (Z

@

D @®

C&m bién lwu lugng

@

Vo Thung dau

Cam bién nhigt do

a) So' d6 b tri thiét bj thtr nghiém

\ Man hinh
' hién thi

Cap ma sat khong
ket cau vi mo

"
Cip ma sat b tri
ket cau vi mo

(b) hinh &nh hé théng thir nghiém va cac mau thi

Hinh 3. M hinh thir nghiém hiéu suat bom vé&i cac cap mau thi
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2.5. Két qua va phan tich thir nghiém Keyence va kinh hién vi laser quét dong tiéu
OLS4000. Sau chu trinh van hanh mai mon, cac
mau bac trot dwoc thao ra, lam sach sau d6 thuc

Dé kiém tra hinh thai bé mét clia cac bac trwot  hién cac buwéc do kiém, két qua do kiém hinh thai
trwdc va sau khi mai mon, nhém nghién cru da st bé mat cac mau thi trwdc va sau mai mon dwoc
dung hé théng kinh hién vi ky thuat s6 VHX-5000  trinh bay tai Bang 1, Bang 2 va Hinh 4 dén Hinh 7.

2.5.1. Két qua va phan tich hiéu suat mai mon

[10.04m|
(c) phéng dai nhiéu 1an

(a) B& mét ac tru;c_)’t (b) vi tri phéng dai
Hinh 4. Hinh thai bé mat bac trwot khong két cau vi mé trwéc mai mon

' (a) B& mét bac truot (b) vi tri phong dai (c) phong dai nhidu Ian
Hinh 5. Hinh thai bé mit bac trwot
ol gl s

3,

Sl
!,

két cau vi mé sau mai mén

(a) B& mat bac truot . ‘ (b) vi tri hc’mg dai (c) phong dai nhidu Ian
Hinh 6. Hinh thai bé mat bac trwot két cau vi moé triwéc mai mon
‘\ Sy ! ) \

e SR
> 10.0pm§

(a) Bé mét bac truot (b) vi tri phéng dai (c) phéng dai nhiéu 1an
Hinh 7. Hinh thai bé mat bac trwot két cau vi mé sau mai mon

Bang 1. D6 nham bé mét cac mau thir theo phwong ngang
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] D6 nham bé mit D6 nham bé mit Ty lé
T Ap luwc trwéc mai mon sau mai mon trwwéc va sau mai mon
(x10%Pa) Rao/um Ra/um Ra/Rag
NT EOOPT NT EOOPT NT EOQOOPT
1 2 2,91 1,50 3,21 1,55 1,103 1,033
2 4 4,42 1,79 4,89 1,88 1,106 1,045
3 6 6,25 2,30 6,92 2,46 1,108 1,069
Ghi chu: NT- Bé mat khong vi cau trac (Non-Textured surface)
10 2.0
9 I T R, NT Ra/R |13
= NT Ra —a— a/Ra, .
gL = EOOPT Rl“'u —eo— EOOPT R:l-"]{il“ : 1.6
Il :00PT Ra '
7} {14

Ray/Ra/ pm

6.35%

2

4 6

Ap sut/ MPa
Hinh 8. So sanh d nham bé mat bac trwot treéc sau mai mon theo phwong ngang
Bang 2. Dd nham bé mat cac mau thir theo phwong doc

2

4 6

Ap sudMPa

] D6 nham bé mat D6 nham bé mat Ty lé
T Ap lwc trwé'c mai mon sau mai mon trwdc sau mai mon
(x10°Pa) Rao/um Ra/um Ra/Rag
NT EOOPT NT EOOPT NT EOOPT
1 2 3,09 1,66 3,42 1,71 1,106 1,032
2 4 4,56 1,93 5,06 2,02 1,109 1,047
3 6 6,18 2,27 6,89 2,43 1,115 1,071
10 2.0
5 BT R, —_— 18
o Bl NT Ra — a/Ra, o L.
g I = EOOPT RZI“ —&— EOOPT Ra/Ra, _: 1.6
I EOOPT Ra
- 6.69%
& 3
3

Hinh 9. So sanh d nham bé mat bac trwot treéc sau mai mon theo phwong doc
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2.5.2. Két qua va phan tich hiéu suat van hanh
Trong nghién ctru nay, nhém nghién ctu tién
hanh do dac va phan tich hai loai bom pit tong
hwéng truc, mét loai lap bac truot nguyén mau (NT)
va mot loai 13p bac trwot két cdu vi mo ti wu
(EOOPT), & khodng 4&p suét thlr nghiém tw
(1x108+6x10°%) Pa. Tién hanh danh gia su thay déi
lwu lwong dau ra ctia bom theo ap suét (dwong
d&c tinh lwu lwong) va sy thay déi hiéu suét thé
tich theo ap suét (hiéu suét thé tich), két qua dwoc
thé hién tai (Hinh 10 va Hinh 11).
150 -
145

N R = = = e
135+
13.0
125+
120+
115+
1.0+
105+

lUU 1 L 1 1 1 1 1 1 1 1
1.0 1.5 20 25 30 35 40 45 50 55 60

Ap lyc(MPa)
Hinh 10. Pwéorng dic tinh quan hé giira ap suat
va lwu lwong

—+—NT—+—EOOPT

Luu lwong O (L/min)

98 —+ NT—+— EQOPT

{

/

o
=
T

Hiéu sudt thé tich - (%)
L=l
N
T

o
w
T

921.0 1?5 2?0 2?5 310 3?5 4?(3 4?5 5?0 5?5 ﬁf()
Ap lye(MPa)
Hinh 11. Méi quan hé
gitra ap lwc-hiéu suét thé tich

3. KET QUA VA THAO LUAN

Théng qua quan sat (Hinh 4 0 Hinh 7), c6 thé
nhan thay hinh thai bé mat bac triot ¢ nhing bién
dbi rd rét trwde va sau qué trinh mai mon. O trang
thai truac khi thtr nghi@m mai mon, mau bac truwot
khéng c6 vi cau tric (NT) va bac truot co két cau
EOOPT déu thé hién rd cac dac trwng hinh hoc véi
céac ranh va két cAu bé méat déng déu, cac hoa van
duoc phan b 6n dinh va cé dd bdng min nhat dinh.
Diéu nay cho thay cac mau thir dap ng cac yéu
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cau vé chat lwvong bé mat ky thuat gia cong (Hinh
4, Hinh 6).

Sau khi tién hanh thtr nghiém mai mon, bé mat
cla cd hai loai bac trwot déu xuét hién cac vét tray
xwée va ton thwong & nhivng mirc d6 khac nhau.
Dang chu y, bac trwot NT thé hién rd sw suy giam
chét lwong bé méat hon, véi sw xuat hién phd bién
clia cac vét xwédc ngang sau, khong dong déu, 1am
gidm dang ké do nh&n béng va tinh 6n dinh cla bé
mat tiép xuc (Hinh 5). Ngwoc lai, bac trwot EOOPT
cho thay mirc d6 ton thuong do mai mon thap hon
rd rét. Cac vét tray xwéce tap trung chu yéu tai vang
cac hé 16m vi mé, diéu nay chi ra rang vi cau truc
¢ vai tro quan trong trong viéc han ché sy lan réng
clia cac vét mai mon, giup duy tri tinh toan ven
twong dbi ctia bé mat (Hinh 7).

T& Hinh 6 va 7 c6 thé thay, khi bom pit téng
hwéng truc van hanh dwéi cung cac théng sé lam
viéc, du xét theo phwong ngang hay phuwong doc
thi ty 1& d6 nham bé mat ctia bac truot EOOPT sau
mai mon so véi trwdc mai mon déu nhé hon bac
trvot NT. Hiéu qua tich cwc nay xuét phat tir kha
nang tao ra hiéu wng bdi tron thdy dong hoc va
chirc ndng lwu gitr cac hat mai ctia hd 16m EOOPT
duwoc bd tri trén bé mat bac trwot. Cac dac tinh nay
gitp duy tri mang dau béi tron 6n dinh, tlr d6 han
ché tiép xuc truc tiép gitra cac bé mat ma sat, giam
dang ké hién tweong mai mon sinh ra do cac hat mai.
Diéu nay mot mat da xac minh tinh dung dan cua
két qua md phéng trwdc d6 vé hiéu suat ma sat
gitra cap bac trugt co va khong co két cau vi mo,
mat khac cling tiép tuc khang dinh réng: bac trwot
c6 két ciu vi mé duoc thiét ké ti wu co hiéu qua
rd rét trong viéc giam ma sat, tr d6 nang cao hiéu
suét co hoc tdng thé ctia bom pit tong hwéng truc.

T Hinh 8 c6 thé nhan thay réng, ca bom thir
nghiém st dung bac trwot NT va bom st dung bac
trwot EOOPT déu c6 xu hwdng gidm lwu lwong khi
ap suat van hanh tang 1én. Hién twong nay dwoc
giai thich dwa trén co s& ly thuyét nhw sau: bé mat
day bac truot phai chiu (rng suat nén ty |& thuan
v&i ap suét lam viéc, déng thdi can thich (rng voi
tbc do trwot twong ddi phat sinh tr chuyén déng
quay cta truc bom. Khi mét trong hai yéu tb ap suét
hodc toc dd tang, tdn that cong suat do ma sat tai
bé mét tiép xdc ciing tadng theo va chuyén hoéa
thanh nhiét nang, gay ra hién twong gia tang nhiét
dd bé mat. Khi nhiét do6 bé mat tang cao, d6 nhot
clia dau boéi tron sé gidm, dan dén gia téng ro, tw
dé lam gidm lwu lwong tong thé ctia bom.

Trong diéu kién th&r nghiém nhan thay, bom st
dung bac trwgt EOOPT co6 lwu lwgng cao hon so
véi bom st dung bac trwot NT & cling mirc ap suét.
Diéu nay chirng td, trong quéa trinh chuyén déng
twong dbi gitra bac trwot va dia nghiéng, cac hd
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chtva dju nhd trén bé mat bac trwot da phat huy
tac dung tao ra hiéu ng ap lywc déng dang ké. Hiéu
&ng ap lwc déng nay lam gia tang ap suét chiu tai
clia mang dau, déng thdi thuc day s bién dang
dan hdi cuc bd clia mang dau, tao ra ving ap suét
cao cuc bo, qua dé gidm dang ké lwong rd va nang
cao lwu lwgng dau ra. Theo di¥ liéu thu thap tir cdm
bién do lwu lwong, lvu lwgng trung binh ctia bom
c6 két cdu EOOPT dao dong tir 14,03+14,15 L/min,
cao hon tr 0,78%+1,15% so v&i bom mau ther NT
13,87+14,04 L/min.

Trong qua trinh van hanh, bom pit tdbng hwéng
truc phat sinh chi yéu hai dang tén that chinh [a
ton that thé tich va ton that co hoc. Tén that thé tich
xuét phat cht yéu tir hién twong ro néi tai, trong khi
tdn that co hoc phat sinh tir nang lwong bi tiéu hao
dwdi dang ma sat. Hiéu suét thé tich Ia chi sé then
chét dé danh gia mire d6 tén that rd bén trong bom,
phan anh tryc tiép mirc d6 &n dinh va hiéu qua hoat
dong cla bom trong cac diéu kién van hanh khac
nhau (Hinh 9).

T hinh 9 ¢ thé thay, hidu suét thé tich ciia 2
loai bom th&r nghiém d&u c6 xu hwéng gidm khi ap
suét thtr nghiém tang 1én, phu hop véi ly thuyét va
thwe t& van hanh khi gia tdng ro theo ap suét ting
dan. Dua trén cac két qua thuc nghiém két hop
cong thirc (3~4) tinh toan thu dwoc, hiéu suét thé
tich ctia bom th&r nghiém c6 két cAu EOOPT dat tw
96,45%+97,15%, cao hon so v&i bom v&i NT dat
tr 95,35%+96,5% trong cung diéu kién ap suét.
Nhw vay, hiéu suét thé tich ctia bom cé két cau
EOOPT dwoc nang cao tr 0,65%+1,1% so v&i
bom véi NT.

TAI LIEU THAM KHAO

Két qua nay mét Ian nira xac nhan tinh chinh
xac clia md hinh mé phoéng, trong dw bao lwong rod
cla bac trwot v&i két cdu EOOPT la thap hon so
v&i bac trwot NT. Hon niva, diéu nay khang dinh
tinh dung dan (rng dung két cAu vi mé trong viéc
gidm thiéu lwong ré mang dau, tir d6 nang cao lwu
lwong téng thé ctia bom.

Qua day c6 thé khang dinh rang bom pit téng
hwéng truc st dung bac truot cé két cAu EOOPT
thé hién wu thé hon vé lvu lvong dau ra va hiéu
suat thé tich so v&i bom nguyén mau khi hoat déng
trong cung diéu kién. Diéu nay chirng minh mot
cach thuyet phuc rang viéc rng dung EOOPT la
gidi phap tbi wu nham glam thiéu lwong ro, tir do
nang cao hiéu qua téng thé cta bom pit téng
hwdéng truc.

4. KET LUAN

> Két qua nghién clru thwe nghiém da khang
dinh tinh hiéu qua ap dung két cau vi mé bé mat
trong viéc cai thién dac tinh lam viéc clia cap ma
sat trong bom pit tdng. Théng qua viéc thiét ké, tdi
wu héa va (rng dung dang két cau EOOPT phu hop,
hiéu suat cap ma sat da dwoc nang cao ro rét, gop
phan lam gidm tén that ndng lwong, gidam mai mon
va tang do tin cay trong qua trinh van hanh;

> Két qua tinh toan dwoc hiéu suét van hanh
clia bom qua viéc ap dung két cAu vi md trén bé
mat c&p bac truot, tlr d6 cho thdy hoan toan c6 thé
ap dung cho cac cap ma sat con lai cia bom pit
téng dé tiép tuc lam gidm thiéu hiéu suat ma sat
hon niva, gitp gia tdng hiéu suét thé tich, tir 6 lam
gia tAng hiéu suét tbng thé ctia bom pit téng O
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ABSTRACT

In the context of the increasingly urgent demand for enhancing the operational efficiency and
extending the service life of mechanical-hydraulic equipment, research into solutions that minimize
friction- and wear-induced losses while improving lubrication performance in friction pairs operating under
high load, high pressure, and high-speed conditions has become essential. Globally, the application of
surface micro-texturing to friction pairs has emerged as a breakthrough in the field of tribology. Micro-
textures such as micro-grooves, dimples, protrusions, and other specialized geometries have
demonstrated a remarkable ability to improve lubrication effectiveness, reduce friction coefficients, and
mitigate wear. These micro-texture designs have been successfully applied in several countries, including
the United States, Austria, Turkey, Russia, and particularly China, achieving reductions in friction
coefficient of up to 20%, extending component lifespan by 15%—35%, while also saving energy and
lowering maintenance costs. This study presents an experimental investigation evaluating the practical
effectiveness of micro-textures in improving the friction—wear performance and lubrication characteristics
of a swash plate axial piston pump. The results contribute to clarifying the role of surface micro-texturing
in reducing friction and wear, controlling lubrication regimes, and enhancing the overall efficiency of
hydraulic equipment. The findings not only provide a scientific basis for applying micro-texture technology
in hydraulic devices but also reveal its potential for deployment in mechanical and energy systems
operating under harsh conditions, particularly in Vietnam’s mining and heavy industries.

Keywords: micro-texture, friction and wear, lubrication, leakage.
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