27 6 Vol 27, No6
2007 11 TR BOLOGY Nov, 2007

( , 100084)

: TH117 2 DA : 1004-0595 (2007) 06-0497-07

, . 1904 , Sommer-

. ; feld Reynolds
) ; ;1954 |, Ocvirk ,
1 7 [1].
, 1 100U m ,
. 19 ,
30 , . ,
11
20 70 80 ,
1 1
1883 , Tower .
, . 1886 e
Reynolds Tower 8 ,
Reynolds , , - ;

: (50730007, 50575123).
1 2007-09-25; :2007-11-04/ , email: dpiwsz@mail tsinghua edu cn
: ,1932



498 27
o8 Cu PO SO,
12 , ,
) 22
, S PCI (EP)
1 (AW) L
’ (31
S P Cl ,
13 )
[9,10]
, 23
[11]
Reynolds
Reynolds ( ),
[4] [12 14]
2 L
1919 ,Hady ™
b 3 b
, 0005 0O 010Mm ,
3
; 19 80 ,
) 2 - Reynolds Hertz
, 2
, Reynolds
) ; Hertz
, , 20 50 ,
. 2 1
21 ( ).

Reynolds



6 : 499

=
. 1949 |, 'pybuH
1961 1976 ,Dow- ,
vN Higginon  Hamrock , . )
W
( Qipm) ( 1GPa) 2 3 ,
( 10 s ( , :
10°°% 9).
80 , \ ' )
, Reynolds - .
[17]
(51 Dowvon ,
, Hertz ,
31 )
y i L} [18] L
, 32 ( )
) 20 80 ,
’ , ' [19]
2 .
( 90% , ,
) Ree-Eyring ( . ,



500 27

[20]
, [27] [28]
, 50 m
; , Q01 0 10Mm
33 Hertz ; , ,
Hertz ,
, (1)
Hertz
, , 1993 |, Tichy'™
) ) , . Zhang
[21] “ ” [30]
[22] , ’
, Huang [23,24] (2)
4 ;
20 90 (25,261 .

, : : (3)



501

6
1 (3) 1
[1]
[2]
, Huang (o]
[31]
Zhang '
[33]
[37] [38]
5 6
Hu
[1] ) [M]. : ,, 1990
2 , . M. :
1992 [2] M]
[35] . , 2001
' [3] [D].
(1) : 1978
Study of the perfomancesof the elliptic journal bearing under tur-
bulent conditions[ D ]. Report of Xian Jisotong University. Xian:
Jisotong University, 1978
(2) " guniversl

[J]. ,1999,39(8) : 30-33
Wang X L,Wen SZ, Gui CL. Themohydrodynamic analysisof dy-
namically loaded bearings{ J]. Joumal of Tsinghua U niversity ( Sci-



502

27

[5]

[6]

[9]
[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

ence and Technology) , 1999, 39 (8) : 30-33

HardyW B, Hardy J K Note on datic friction and on the lubrica-
ting properties of certain chemical substances[ J].
M agazine, 1919, 38: 33-48

Philosophical

[J1. ,
2003, 23 (4) : 265-267.
LiuwW M. Application of nanoparticles in lubricants[ J].
gy, 2003, 23(4): 265-267.

Tribolo-

PO

[J]. ,2001,21(5) :

344-347.
Chen S,LiuW M,0Ou ZW, etal Tribological behavior of oleic acid
coated PO nanoparticles as additive in liquid paraffin[ J]. Tribolo-
gy, 2001, 21(5): 344-347.

SO,

, 2005, 25 (4) : 390-393
Effect of SO, nanoparticles as

[J].

Cao Z, LiX H, Zhang Z J, et al
additive on antiwear and extrame pressure properties of lithium
greae[J]. Tribology, 2005, 25 (4) : 390-393

M]. ,1992
[J]. ,2005, 25 (4) :
312-316
HuangH D, TuJ P, GanL P, etal Preparation and tribological
properties of grgphite nanosheets as additive in liquid paraffin[ J].
Tribology, 2005, 25(4) : 312-316.
Kragelky |V,Alisin V V. Friction, wear, lubrication-tribology
handbook[M ]. Moscow: Mir Publishers 1981

, , . 3- 2- -
[J] , 2003, 23
(2):120-123
TuZW,LiH, GaoW Z, etal W ear-Self-Compensation effect of a
steel-steel pair by 3-Chloro-2-Hydroxy propyl dimmer acid mo-
noester as an additive in a mineral oil[ J]. Tribology, 2003, 23
(2):120-123
) , . EM122
[J]. , 2003, 3: 30-35
You ZL,GaoW Z, Zhao Y. The research of wear-<lf-compens
tion effect of E9M122 lubrication additive[ J]. L ubrication Engi-
neering, 2003, 3: 30-35
[J1.

Guw Z G, GuKL, XuJs, etal

,2007,25(4) : 317-321
Friction and wear behavior of
organic molybdenum and its compositewith nona-particle anti-wear
additive[ J]. Tribology, 2005, 25(4): 317-321

[M]. : ,
1992
Dovon D, Higginoon GR  Elasio-hydrodynamic lubrication[M ].
London: Pergamon Press, 1977.
[C].
,1996. 62-80.

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[C]. , 1990

DeVicente J, SikesH A, StkesJ R Visosity ratio effect in
the emulsion lubrication of ©ft EHL contact[ J].
bology Transactionsof the ASME, 2006, 128(4) : 795-800.

Joumal of Tri-

[J]. ,1990,30( 1):55-62

Mou J H, ZhangW F,Wen SZ Experiment study on elastic hy-
drodynamic lubrication of emulsion[ J]. Joumal of Tsinghua U ni-
versity, 1990, 30 (Suppl 1) : 55-62
Huang C H, Wen SZ Elastohydrodynamic lubrication of long el-
liptical contacts with rotational contacts under heavy load [ J].
Chinese Joumal of M echanical Engineering, 1993, 6 (2): 145-
152
HuangC H, Wen SZ,Huang P, et al Multilevel slution of the
elasohudrodynamic lubrication of elliptical contactswith rotational
lubricant entrairment[ C]. Beijing Proc of 1t Intematinal Sym-
posium on Tribology, 1993, 124-131
Huang C H,Wen S Z, Huang P Multilevel lution of EHL of
concentrated contacts in irid gears[ J]. Journal of Tribology,
1993,115(3) 481-486
HuangC H, Wen SZ, ZhengC Q. An advanced design tool CCT-
CA for giral level and hupoid gears[ C].
JME/AME JointWorkshop on Design, 1993, 94-99

- [J].

Tokyo: Preprints of

, 1993, 6: 48-56

Wen SZ From Elasiohydrodynamic lubrication to thin film lubri-
cation——the nev area in lubrication research[ J]. L ubrication
Engineering, 1993, 6: 48-56.

Wen SZ On thin film lubrication[ C].
national Symposium on Tribology, 1993, 30-37.

) , , . NGY-=2
[J]. ,1994, 14 (2) : 175-179.

Huang P,Luo JB, Zuo Q, etal NGY-2 interferometer for nanome-

Beijing Proc of 1st Inter-

ter lubrication film thicknessmeasurement[ J]. Tribology, 1994,
14(2) : 175-179.
) . [J].
41(4/5): 63-68
Wen SZ,LuoJB. Study on thin film lubrication in the nano scale

, 2001,

[J]. Joumal of Tsinghua University (Science and Technology) ,

2001,41(4/5): 63-68
M]. , 1998, 298-

300

Zhang C H,Wen S Z,Luo JB. Characterigtics of lubrication at

nano-<scale in tvo-phase fluid systan[J]. Science in China, Series

B, 2002,45(2): 166-172

Huang P,Luo JB,Wen SZ Theoretical study on the lubrication

failure for the lubricantswith a limiting shear stress[ J]. Tribology

International, 1999, 32 (10) : 421-426

Zhang Y B,Wen SZ An analysisof elastohydrodynamic lubrica

tion with limiting shear stress[J]. Tribology Transactions, 2002,

45(2) : 135-144,



503

[33] , . [J]. ,1993

, 1996, 2: 14-16 Kong F R Experiment and characters research of mixed lubricar
Huang P,Wen SZ Analysis of tanperature dependent non-N ev- tion[D]. Beijing Tsinghua University, 1993
onian constitutive equation and lubrication failure mechanisn [37] , . [J].
[J]. Lubrication Engineering, 1996, 2: 14-16. ,1996, 3: 27-34.

[34] HuY Z, ZhuD. A full numerical lution o themixed lubrication Huang P,Wen SZ V ixo-elasohydrodynanic lubrication and lu-
in point contacts[ J]. Trans AME, Joumal of Tribology, 2000, bricated wear[ J]. Chinese Joumal of M echanical Engineering,
122(1): 19 1996, 3: 27-34.

[35] , . ( ) [M]. : [38] ZouQ, Huang P, Wen S Z Abrasive wear model for lubricated

, 2002, 246-252 sliding contacts[ J]. Wear, 1996, 196: 72-76

[36] . [D].

Study on L ubr ication Theory-progressand Thnkng-over

WEN Shi-zhu
(State Key L aboratory of Tribology, Tsinghua U niversity, Beijing 100084, China)

Abstract: Themain progress in the research on lubrication theories, including fluid lubrication, boundary lubrica-

tion, elasohydrodynamic lubrication, thin film lubrication and mixed lubrication was ammarized, and some ad-

viceswas proposed with repect o future research on lubrication theory.

Key words fluid lubrication, elasibhydrodynamic lubrication, boundary lubrication, thin film lubrication, mixed
lubrication, p rogress

Author: WEN Shi-zhu, male, bomn in 1932, Profesor, email: dpwsz@mail tsinghua edu cn



