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Table 2: Piston ring specifications used in fretting fatigue testing [22]
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Table 3: The area, percentage and average size of silicon and aluo@pper eutectic phases with and without
nanoparticles

] \LIASR‘IATEC‘I‘C‘ ] ‘(:CA]CALISI‘? f:eB T
#0|l &g dAOREC #0| dg UA@ag €| #0601 ag dadaoR&E #6061 ag Udi@ag €
, 0813 , 2/ , 07+3 -9 4 b ¢ %as3
, %2+ , M2 , 20+ -0 - a g(b ¢ %4

1 Silicon
2ImageJ



i vy wy , FECWOHEIEN yw AR E wil KBS yw A Y ° 2 QF QDA B jYa5vEnw GaljEA Gl B -
-+ P Az Reywey - wWEEWUP Az wz
Figure 1: Cylinder head aluminum alloy microstructures: (a) without nanoparticles with magnification of 100X, (b) with

nanoparticles with magnification of 100X, (c) without nanoparticles with magnification of 200X, and (d) with
nanoparticles with magnification of 200X
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Figure 2: The effect of the lubricant addition on the fretfaiggue lifetime of cylinder head aluminum alloys
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Figure 3: The fieleemission scanning electron microscopy images from the frastufgce of samples with and
without nanoparticles: (a) the full view from the fracture surface of the sample without nanoparticles and lubrication at
15 N, (b) the full view from the fracture surface of the sample with nanoparticles and with lubricdttoN afc) the

full view of the fracture surface of the sample without nanoparticles and with lubrication at 10 N, and (d) the full view
of the fracture surface of the sample with nanoparticles and lubrication at a force of 10 N
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Figure 4: The fieleemission scanning electron microscopy images from tltufra surface of samples with and
without nanoparticles: (a) 500X magnification for the sample without nanoparticles and lubrication at 15 N, (b) 500X
magnification for the sample with nanoparticles and with lubrication at 15 N, (c) 2000X magnificatibe gample

without nanoparticles and with lubrication at 15 N, and (d) 2000X magnification for the sample with nanopatrticles and
with oil-Work at 15 Nm
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Figure 5: Scanning electron microscope images of the field emission from the refractive index of samples with and
without nanopatrticles: (a) 500x magnéton for the sample without nanopatrticles and lubrication at 10 N, (b) 500x
magnification for Sample with nanoparticles and with lubrication at 10 N, (c) 2000x magnification for sample without

nanoparticles and with lubrication at 10 N and (d) 2000x nfiggtion for sample with nanoparticles and with
lubrication at a force of 10 N



