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Abstract To investigate the influences of regular patterns on friction coefficients of wheel-rail contact under
mixed lubrication, longitudinal, transverse and rhombus patterns are designed. The film thickness, pressure and
contact area ratio are calculated by using deterministic model instead of average flow model. Based on the load—
sharing concept, the hydrodynamic film and asperities both contribute to carrying the total load. Therefore the
friction force is composed of hydrodynamic friction force and asperity friction force. According to the designed
patterns, the surfaces of wheel discs are textured by YAG laser. The friction coefficients are tested on a RSW-2 type
wear testing machine and the results are compared with that of the grinded without laser textured. It is shown
theoretically and experimentally that the friction coefficient of rhombus pattern is higher than that of longitudinal
and transverse patterns. And the friction coefficient of longitudinal pattern is slightly higher than that of transverse
pattern. Therefore, laser texturing of the textured surface with rhombus distribution can increase the friction
coefficient obviously between wheel and rail under oil-contamination condition.
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Fig.1 Three laser textured patterns. The arrows indicate the directions of rolling. (a) Longitudinal; (b) transverse; (¢) thombus
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Fig.2 Real surface morphologies with laser patterns before Fig.3 Real cross—section profile of a single laser pattern before
tribological testing tribological testing

Pl 4 LRI Stribeck 2k
Fig.4 Typical Stribeck curve

PL, h, <o '™ th Stribeck £ (VLI 4) 5 Evans 8308 18R 25 A6 AT, 5250 58 01 2 fiph DX AR 1R 45 T IR 2

4 BEITE

16 3R it Reynolds J7 B2 B, 7 B2 ) W 4] Bf 00 47 7 AL AR B . 51 A B4 JC 2 49 2 % e,=0.000001 F1£,=0.00001
FE R FIWAR IS, 24 T N R H = hla > e, B AR SR S AR ZE AR X, FH ()RR 2 H<e, H ohlox= e,
), e 7m SR S A F i LIRS @)K ;Y H<e, Ml ohlox<e, B, RN BB BN FR S, SR 05 40 F [
PR i DX, FH (5) SR A o SR A A R T R — 008 PR 2 A, SR A9 2 Zh!™ 2488 3 19 3457 20 090 2% Jin %% (PMLD) 5 1% .

KA FE T MR B EE =220 GPa, ki 1, = 0.02 Pa-s, ki [k & %0a=9.887 GPa™, Ui &4 . R =(/r,+1/r,) ' =
11.35 mm, B=5.0 mm. H1 Hertz 4 fill PRIE™, 3K A B0V — R XS, B K Hertz 35 il )V 71 Po= 0.591 | PE'ILR | =
0.9743 GPa, B fil - 5% @ = 1.08 [PR /LE" =0.183 mm . [ u=0.95 m/s , ¥ 223 S =(u, — u,)lu=0.002 , Vid ¥ 7 4l £
J5 7% i Barus A 2

n=n,exp(ap) . (8)
P, R IR E R I R AR GG R
MR E-E IR R
0.6x10"p
=p 1+ ———— |
p po[ +1+1.7X109pj ©)

K FH 4k BE R W1 pR UL & b 3 Aot B4k 26 m sr B .
R -x'-yl -7, Jal+y2 <R,
2(x,y) = a( /xf+yf—R,)( /xf+yf—R2), R < [x+y <R, (10)

rand(h), else

0603003-4



ik i G
(10)=X 1 55— &R 43 3R s 3R G 1 — BB 43, 55 3R 43 2 s T 8 4 T 1 — 3 4, 5 =9 43 s R WO Ak B ) R
43, A FSF-F44H R 0.3 (R 480 5 Uh 41l ' 26 17 (0 MRS FE R,=0.3 wm) 4 Bl WL EOR 7R o 3% 443 B bR B0 00 #81
B EANE 5@ R, Hd 2, =R-R, ,R=314.5 pm,R,=50 wm,R,=70 pm. & 5(b)y—"JEIAN z(x,y) Frs g i
1], s A HOCAE SIS B0 . R SRR, x Ay A
x.=x—400T, y =y-400T, 2
x.=x-400T, y =y-200T, BESr (T %),
x,=x-200T, y =y-400T, 44
X F AN [R] oy S50 B, 3 TR T B It AR TR
-3.0<x<3.559, -3.279<y<3.279,
-3.5<x<3.059, -1.640<y<1.640, Hfar,
-3.5<x<1.966, -3.279<y<3279, YL
XoF I 3 A T R 1 LA

Ax=0.02562,Ay =0.02562, ¥

Ax=0.02562,Ay=0.01281, FELL,

Ax=0.02135,Ay=0.02562, #\Lr
TR AR rp ) 2% AP K AT=0.015,

5 FOLVE RSB LE R EE o (a) 2B BOCAE AT LA 2 B (b) B WL S ) = ZE 85 2]

Fig.5 Fitted profiles of laser patterns. (a) Fitted profile of half laser pattern; (b) 3D fitted profile of a single laser pattern
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Fig.7 Friction coefficient curves of three kinds of laser textured patterns with different slip ratios
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