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The Effect of Reduction of Friction Heat by Micro Dimple on the Sliding Surface of

Elastomer
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Micro-dimples on sliding surfaces have been investigated to reduce the frictional forces on metal
bearing surfaces; however, for an elastomer, such as thermoplastic polyurethane (TPU), this has
not been studied. The material properties of an elastomer are affected by temperature, and this
can shorten the life of the elastomer. In this paper, micro-dimples were applied on the surface of
an elastomer in order to reduce the frictional heating, which was experimentally investigated
using pin-on-disk apparatus while the surface temperature was measured. To obtain optimal
design parameters, the design of the experiment was applied, and the shape of the section, size,
depth and density of micro-dimples were selected as the design parameters. The results show
that the size of the dimple is the most important design parameter.
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o

(a) Rectangle (b) Triangle

(c) Trapezoid

Fig. 2 Shape of sections of various micro dimple

Table 3 Experimental condition for friction test

Section Parameters Condition
Material TPU
Specific gravity[g/cm] 1.20
Hardness[IRHD] 95
Specimen | Tensile strength[MPa] 61.5
Ultimate elongation[%] 436
Diameter[mm)] 8
Quantity[EA] 3
Material SM45C
Disc Surface roughness[/m] Ra0.1
Sliding track[mm] 50
Size[/m] 50-150
Dimple | Depth[/m] 25-75
Density[%] 20-40
Contact pressure[MPa] 6.3
Test Sliding velocity[m/s] 0.5
conditions | Lubricant ISO VG46
Temperature Room temp.
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Fig. 3 Schematic for pin-on-disc experiment
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Table 4 Measured temperature of each model at full
factorial design (Rectangular section)

No. | Size[ym] | Depth[zm] | Density[%]| Temp.[ C]
1 50 25 20 59.9
2 150 25 20 56.5
3 50 75 20 47.5
4 150 75 20 55.3
5 50 25 40 47.2
6 150 25 40 55.1
7 50 75 40 47.5
8 150 75 40 61.5
9 100 50 30 62.4
10 100 50 30 60.0
11 100 50 30 58.9
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Fig. 6 Temperature on sliding surfaces versus distance
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Table 5 Estimated effect and coefficient of Y

Specimen temperature (C)

w
o

N
a

>>>>> Coefficient | Coefficient
""" Term (coded | (uncoded T P
units) units)
Constant 53.8125 | 88.9250 | 84.83 | 0.000
size 3.2875 -0.1520 | 5.18 | 0.014
""" depth -0.8625 -0.5210 | -1.36 | 0.267
"""""""""""" density -0.9875 -1.0440 | -1.56 | 0.217
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, . size*depth 2.1625 0.0017 | 3.41 | 0.042
O— RCLI'II]'JIC (62 40 . .
o Trapezoid 49,5 C- size*density | 2.1875 0.0044 3.45 | 0.041
2 Triangle (548°) - depth*density | 2.5375 0.0102 | 4.00 | 0.028
> 0 2 4 & 8 10 12 14 16 Ct Pt 6.6208 6.6208 545 10.012
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Fig. 8 Temperature on sliding surfaces with various
dimple shapes
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Fig. 9 Friction coefficient on sliding surfaces with
various dimple shapes

7 9 =
Uehglon wdene] Axel g ZAEFTS n
ofar low, §E AgsA @2 AdHEE 7t

e 9z ?ﬂ%bﬂi ANEAR we wden
5 Uetiiglon A3s By AltteE gy
Zo| WA ewst g v hgH o UEhto
W, A4 dwe] "o M B wdxE
Hola, 47tg wile] §&2 BAEnT)t A55

Fig 094 W&o gguz A e ne
S E dehlgtd Bdene] Aste ge
Age wal.

=43tgle

B AT o)M= Table 49 o] 2° 9 gl A
Al 48}&1 %%P@% By 9|
Al 23t isc
(FH&-A Y)

Table 52 Coefﬁc1ent% Ty B39 g g
o & #ola, T#h2 A& X242 Ye #

oz Agol dF AREFAGo|, pRe A4 E
Aol ot &8 gl 7 2
BHE 7122 Pk 2712 AYHEd owy—i

e ezt

T4A (CtPye] Pgto] 0.05K T A vghom
2 frod Az fad 5 %E} vo”dO] 2]
st usternz SEadrh dve A 91T
F Ak FEEH}7 Ve i}@ﬂ T
e ==a7] S WS EARANE Jsto]of
i 2 dATeAE ddeErt dod deas
e 548 2 A9olug gaYd e F
g TR 2 HFE A Feta Bt

Fig. 10914 E FaEAE 28X Jepgigls=r
oot e & 4TS FE AVt ok, vt
T RdeEe 4TS FE e GEY 17101



ok

F2HU SR H 30 835 pp. 847-853

August 2013 / 852

Main Effects Plot for Temperature
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Fig. 10 Main effects plot for Temperature
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—1.044 x density 2)
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