59 8 2010 8 Vol. 59 No.8 August 2010

1000-3290/2010/59(08) /5635-06 ACTA PHYSICA SINICA (©2010 Chin. Phys. Soc.
%k
1)2)+ 1) 1)
1( 510640)
2)( 510510)
(2009 9 21 ;2000 11 21 )
Towle -

PACC: 6220P 8140P

V. Bowden Tabor
1. T
T . Towle ’
T
T
1
8—10
2
E
3
E
Bowden Tabor *
F, F. =
TA A T (AFM)
Hertz
Hertz JKR DMT Towle
5.6
A AFM
F, R E
* ( 150675068 50875087)

F E-mail: yazhen. wang@ mail. scur. edu. cn



59

5636
a(l =) 7
;, T 0T (5)
2. Hertz 4G
32h2N5/3 3 G V1/3 2
B @
Coulomb F, 9k, C° (1 = v)\ 1, b
Fi=upF, M h F N
Bowden Tabor ¢
| e 125 g =1 7,
A G
(Glt,) 15
30 V b
7o =1 GPa B =
Hertz ! F, -4.6 1358 K " .
R
P 1
R, 1.00
F F 1/3 B
R, = [3RC I win) 1) 090k
4K L
* < 0.80
‘ L S ¥ ~
1 _1- 1-w ™) Bonf T
E E, E, R N LN
i ® 0.60 LN
v L \l\_\.
: 1 2 0.50 T
BOWden 0. 40 1 1 1 1 1 1 1 1 1 a
0 50 100 150 200 250
2/3 inE]ll}E/K
3R(F F ’
F[ — T ( n _t m”\) . (3)
4E 1
3)
3.2.
T E T
B
3. ’
E
3.1.
T . Towle To
; . r<r,.
r Ty r
BT
= 2 4
r = ne| T,,,(P)] “
T T P T,(P)
P T, B



8 5637
du 1 dzu 2
= + =] §+ —| —) & +
u(r) =ulr) ( dr),0 2 ( drz)ro
r. 1 ({d"u n
k +ﬁ( dr") o ©)
Al =x r e
=x/r. f=kx S =
I = kx/r 5
2
w0 =uCr) + () 54 () &
E = k/r. @) dr/ 2\dr /|
E T 1 (d’u 3
— - 10
k r T " 6 ( drz),oé (10)
Lennard-Jones
(L—J) 13 14 u(r)
12 6
(o) (2} o
r r
e o L9
u(r)ﬂ >
@) r
o :
T
roiry, |
b 3
3 Iy 2 3
3 Do (du) _ L(M) -
JII\ E : E drz o ’ 2 dr‘; o qU.
0 : E v u(ry) =0
P\ u(r) = %knaz —;—qna‘. an
1 dU 2
g f:_#:_ko‘s‘*%a . (12)
u(r) r
() = —du(r) /dr f(r) __ k05_ + q06—2. (13)
2 . k _
k=d*u/dr’ S =
3 T, 0
ry 5 = Z—“a‘z. (14)
T, 0
r 15
5 (2)k,T
T, u(r(,) u(rl) u(ro +8). kyT72 kogz/z
u(r) T 5 - kBT' (15)




59

5638
- qok,T
— OkZB (]6)
0
kB ko -
k
r=r,+6 (@) T A T
6 qok, T 3R(1 _Uz)(F + Fo) e
E|, =672¢ Za'(a+ OZB A ='rr( o adh ) . @(18)
k2 2E],
qoky T -
- 130" 07k . 17
[+ P ) ] an an a8 @
(17) a F,
BT
o] )
\ Ty
2 2/3
X (3R(1 - )(Fn + Fa-ll;)) (19)
261,
62 =
_-\_ AFM
\. Bennewitz 1017
60
\«_\ (111)
o ( 1)
& 88 \_\.
B i \\.\. 5x%x5
56 | \\ 15 nN 10
L \\ nN. 1
54 - \.\I N N
0 50 100 150 250 5 6
T/K
/ 5
. _
1 15
7o /Gpa -B ) T,/K alA eleV alk
Cu 1 4.6 0. 326 1356 2.277 0.415 3.6147
Ag 0.76 4 0.38 505 2.574 0.315 4.086
Au 4.7 3.7 0.42 1337 2.569 0.458 4.078
0K Schirmeisen 14
250 K (111)
10% . Sills a
(19)
) F, Krylov 120
Tn “ _ »
6 13 ”»

21



8 : 5639

0.1V 500
Lal nm 2 pm/s
—s—Cuy
4.4} e g 8
“‘g - —A— Ay
~ 4.0
~
50
3.6 -M - . S
L 4.5 A -—-- Jaﬂﬂéﬂ?
3'2_|M Lol “a — Hit L
0 50 100 150 200 250 15 _
T/K E 1
K 3.0
5 2.5
2.0
F 1.6 |
3.2r —=—Cu 300 320 340 360 380
C —— A
9.8k +A§ T/K
2.4 F
F 8
Z 2.0F
\u.‘ .
16k Bowden
L2F F.=7A
0.8F T
0.4_|.|.|.|.|.|.|.|.|.|.|
0 50 100 150 200 250
T/K T
6
AFM
CSPM5500 5.
( 7 )
—150 C
' HeHRE
— _:"'?.m,ﬁﬂz@zﬁ
TTR#AVE -

7 AFM


zhk
线条


5640 59

1 Krim J 2002 Surf. Sci. 500 741 Metallurgical industry publishing house) (in Chinese)
2 Gong Z L Huang P 2008 Acta Phys. Sin. 57 2358 (in 1992 ( s )
Chinese) N 2008 57 2385 13 Lennard-Jones Cohesion J E 1931 Proceedings of the Physical
3 Ringlein ] Robbins M O 2004 Am. J. Phys. 72 884 Society 43 461
4 Bowden F P Tabor D 1964 The Friction and Lubrication of Solid 14 Schirmeisen A Jansen L Holscher H 2006 Appl. Phys. Lett.

(Oxford: Clarenden Press)

5 Gnecco E Bennewitz R Gyalog T 2000 Phys. Rev. Leit. 84
1172

6 Sang Y Dubé M Grant M 2001 Phys. Rev. Lett. 87 174301

7 Towle L. C Riecker R E 1968 Appl. Phys. Lett. 13 159

8 Tian S Li XC Li BS1985 Metal Physics Performance (Beijing:

88 123108
15  Zhao KH Luo WY 1998 New Concept Physics: Calorifics
(Beijing: Higher Education Press) (in Chinese) N
1998 : ( : )
16 Bennewitz R Gnecco E  Gyalog T 2001 Tribol. Lett. 10 51
17 Bennewitz R Gyalog T Guggisberg M 1999 Phys. Rev. B 60

Defense industry Publishing house) (in Chinese) N
. 1985 11301
9 Brenner D W 1990 Phys. Rev. B 42 9458 18  Sills S Overney R M 2003 Phys. Rev. Lett. 91 095501
10 YuanJ H Chen Y M 2007 Acta Phys. Sin. 56 4180 (in 19 Krylov S Yu Jinesh K B Valk H 2005 Phys. Rev. E 71065101
Chinese) . 2007 56 4180 20  Jinesh K B 2008 Phys. Rev. B 78 155440
11 Pethica J B Oliver W C 1987 Phys. Scr. T19 62 21 Nieman G W Weertman J R Siegel R W 1991 J. Mater. Res.
12 Wang R 1992 Metallic Material Physical Property (Beijing: 6 1012
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Abstract
The influence of temperature on microdriction at point contact was studied on the basis of analysis of micro interfacial
friction. Based on Towle’ s experimental relationship between sheer strength and temperature and the theory of thermal
effect on mechanical properties of material the relationship between the friction force and temperature is deduced.
Theoretical analysis shows that the friction decreases as the temperature increases when the interfacial temperature is lower
than the material’ s Debye temperature. Theoretical calculation and experimental results of atomic force microscopy show

the same trend indicating that the theory and the method presented in this paper is feasible.
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