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The Effects of Surface Porfiles and Coatings on the Tribological
Behaviors of the Surfaces of Piston Skirt
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Abstract —To reduce the friction losses and the wear amounts in the piston assembly two methods were pro-
posed. One is the modification of surface profile of the skirt part. The surface coating is another method to protect
the sliding surfaces. To modify the profile of the skirt surfaces the surfaces were ground to have three different
shapes of profiles. Also, several coatings, such as graphite, TiN, and MoS,, and DLC, were used to protect the
surfaces of the piston skirts. The specimens of the skirt and the cylinder bores were tested with the reciprocating
wear tester. SAE 5W40 engine oil was used in boundary lubrication regime. Among several coatings the graphite
and DLC coatings were very effective to reduce the friction forces. Especially, DLC film represented much better
tribological performances than the others. The friction coefficient of the graphite coating was the lowest, but the
graphite coating was not effective to protect the surfaces.
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Fig. 1. Schematic diagram of recprocating wear
tester.
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Table 1. Wear depth and surface peak height after
test

Test 1 Test 2 Test 3
Wear depth (um) 13.03 10.7 3.7
Peak height (um) 6.02 2.85 2.01

Test 1 surface profile

Depth ()

Length {um}
{a) Test 1

Test 2 surface profite

AT

15 2000

tength (um)
{b) Test 2

Test 3 surface profile

Depti {m)
°

tength (um)
{c) Test 3

Fig. 2. Surface profiles of the piston skirt specimens.
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Fig. 3. Change of coefficient of friction with time.
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Fig. 4. Change of coefficient of friction with time.
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Fig. 5. Change of coefficient of friction with time.

(a) Graphite coated piston skirt

(b) DLC coated plston SklI’t

Fig. 6. S.E.M images of wear scar of the piston skirt
specimen with the test load of 50 N.
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(a) Graphite coated piston skirt specimen of wear scar

o
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(b) DLC coated piston skirt specimen of wear scar

Fig. 7. EDX analysis of the piston skirt specimens of
wear scar with the test load of S0 N.
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(a) Graphite coated piston skirt

(b) DLC coated piston skirt

Fig. 8. S.E.M images of wear scar of the piston skirt
specimen with the test load of 700 N.
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(a) Graphite coated piston skirt specimen of wear scar
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(b) DLC coated piston skirt specimen of wear scar

Fig. 9. E.D.X. analysis of the piston skirt specimens
of wear scar with the test load of 700 N.
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Fig. 10. Change of coefficient of friction with time.

Table 2. Weight percentage of element of cylinder
block against graphite coated piston skirt

Test load of Test load of

Element cylinder

block End Center End  Center

Zone Zone Zone Zone
C 6.54 4.61 353 3.6 227

0 - 6.37 5.03 5.06 52
Fe 90.21 8377 8.98 86.12 87536
Al - 1.8 0.99 1.42 1.06
Si 3.25 3.44 3.48 3.81 3.91
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Table 3. Composition of cylinder block surfaces ag-
ainst DLC coated piston skirt

Test load of

Test load of

Original 50N 700N
Element cylinder

block End  Center End Center
Zone Zone Zone Zone
C 6.54 2.88 3.04 4,87 4,77
6] - 5.28 5.36 42 4.18
Fe 90.21 86.10  86.2 86.21 87.14
Si - 421 440 3.52 3.3
Sn 3.25 1.53 1 1.2 0.61
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