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ABSTRACT 

There are some of major factors that 

The effect of lubricant viscosity to the piston  
slap of piston assembly is studied using a single 
cylinder 126cc piston assembly in non-firing 

condition. The crankshaft of the piston assembly 

is driven by an AC motor with the maximum 

speed of 3000rpm. A miniature tri-axial 

accelerometer is mounted on the piston crown to 

capture the impact acceleration of the piston on 

the cylinder liner in perpendicular direction. 

Three different grade of lubricants are used 

namely general purpose oil, engine oil and 

grease. The oil-film thickness between the 

piston skirt and cylinder liner varied with the 

engine operating speed and oil viscosity which 

formed three different lubrication regimes. The 

damping effect of the oil film increases with oil 

film thickness which will influence the piston 

slap. In boundary lubrication regime at engine 

operating speed of 100rpm, the piston skirt is in 

contact with the cylinder liner and the effect of 

the viscosity of lubricant to impact acceleration 

is  insignificant  whereas  at  hydrodynamic 

lubrication regime, the impact acceleration is 

reduced as the oil film thickness increases with 

higher lubricant viscosity. 
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1. INTRODUCTION 

 
Piston slap is a common phenomena in 

internal combustion engine which is caused by 

the perpendicular impact of the piston to 

cylinder liner. The clearance between the piston 

and cylinder liner allows the piston to perform 

secondary motion of rotational motion along 

wrist  pin  axis  and  the  lateral  motion 

perpendicular to the reciprocating direction 

(Flores, Ambrósio et al. 2008). Piston slap is 

one of the major sources to radiate noise and 

induced continuous perpendicular impact to the 

engine block vibration (Geng and Chen 2005). 

caused piston slap in internal combustion engine 

such as clearance between piston and cylinder 

liner (Cho, Ahn et al. 2002), piston skirt profile 

(Koizumi, Tsujiuchi et al. 2002), crank shaft 

offset, piston pin offset, center of gravity offset 

(Haddad and Tjan 1995), ring face profile, 

surface roughness, engine oil quality (Elamin, 

Gu et al. 2010) and etc. 

 
A numerical model has been developed 

to study piston slap by taking into accounts the 

influence of cylinder lubrication (Gerges and 

DE 2002) and the results showed the impact 

force increases with the engine operating speed 

at constant oil film thickness and damping 

factor of oil film proportional to oil viscosity 

and inversely proportional to the power of three 

of oil film thickness. The model also showed 

that gas bubbles entrapped in the oil film play a 

significant influence to piston slap. 

 
An experimental analysis of piston 

secondary motion and piston slap of small 

utility two-stroke engine was carried out (Tan 

and Ripin 2010). The results showed that the 

piston slap occurred at the dead centers during 

the rapid change of tilt angle of piston 

secondary motion. The analysis showed that the 

piston slap acceleration increases with the 

engine speed. 

 
The lubrication regime of the piston 

assembly varies with the viscosity of the 

lubricant used in the piston assembly and the 

engine operating speed. In this paper, the 

influence of oil viscosity to the perpendicular 

impact acceleration of piston slap is carried out 

from low engine speed of 100rpm to 3000rpm 

with the impact acceleration of the piston 

captured at different location of the engine 

stroke with different lubrication regime.
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2. METHODOLOGY 

2.1 Fabrication of experimental rig 

 

 
 

 
 

 
accelerometer  is  recorded  by  the  data 

acquisition system for duration of 30 seconds 

for every speed with the sampling rate of 1ms. 

Piston slap measurement is carried out on a 

126cc four-stroke motorcycle engine block. The 

experimental rig is designed and constructed as 

shown in Figure 1 below. The measurement is 

carried out under non-firing condition and the 

crankshaft of the piston assembly driven by an 

AC motor with variable speed controller via a 

pulley system with the ratio of 2:1. The 

geometric properties of the piston assembly are 

shown in Table 1. 

Figure 2 Tri-axial accelerometer mounted to 

piston crown 

2.3 Lubricants Tested 

Three different types of lubricant are used in 

this study. The viscosity of the lubricant varied 

from low viscosity general purpose oil, engine 

oil  and  solid  grease.  Different  lubricant 

viscosities are used in order to clarify the effect 

of lubricant viscosity on the impact acceleration 

of the piston slap. The specification of the 

lubricants is shown in Table 2. The surfaces of 

the piston skirt and cylinder liner are cleaned by 

acetone to ensure that there is no oil residual 

remains and the lubricant is supplied to the 

Figure 1 Experimental setup of piston slap 

measurement 

Table 1 Geometric specifications of piston 

assembly 

Description             Specification 

Displacement               126 cc 

Stroke                  50 mm 

Bore                   57 mm 

piston assembly in excess quantity in ambient 

temperature. The piston assembly is driven by 

the motor at low speed of 100rpm for five 

minute after the lubricant is supplied so that the 

lubricants are dispersed and distributed evenly 

in all surfaces of the piston skirt and cylinder 

liner before the data is recorded. 

 
Table 2 Specifications of lubricant 

2 Compression rings 
Ring 

1 Oil control ring 

2.2 Impact acceleration measurement 

The perpendicular impact acceleration of piston 

to cylinder liner is captured by a Dytran 

3023M20  miniature tri-axial accelerometer 

which is mounted on the piston crown as shown 

in Figure 2 below. The z-axis of the 

accelerometer is located in the upright direction 

 

 
Specifications 
 
 

Viscosity 

index 

Kinematic 

viscosity 

@ 40oC 

@ 100oC 

 
General 

purpose 

oil 

 
85 

 
21 

 
4.2 

 
SAE 

5W-30 

engine 

lubricant 

141 

 
74 

 
11.2 

 

 
Grease 
 

 
- 

 
- 

 
15.5 

which perpendicular to the piston reciprocating 

direction. The sensitivity of the accelerometer in 

z-axis is 10.5mV/g and connected to the imc 

device data acquisition system. The data of the
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3. RESULT AND DISCUSSION 

3.1 Impact acceleration of engine oil 

The piston slap of SAE 5W-30 engine oil is 

used as the reference results of the measurement 

of the effect of lubricant viscosity to the impact 

acceleration of piston slap. Figure 3 below 

shows the impact acceleration of piston slap 

against engine operating speed from 100rpm to 

3000rpm. At low engine operating speed of 

100rpm, the impact acceleration of piston slap 

recorded 8.55 m/s2 of impact acceleration and 

increases to 17.5m/s2 as the engine speed 

increases to 500rpm. As the engine operating 

speed increases to 800rpm and 1000rpm, the 

impact acceleration increases to 36m/s2 and 

45.6m/s2 respectively. The impact acceleration 

of piston slap further increases to 82.7m/s2 and 

131.2m/s2 at engine operating speed of 1500rpm 

 

 
 

 
 

 
become more obvious. The impact acceleration 

of engine oil shows 36m/s2 and the impact 

acceleration of general purpose oil showed 

16.1%  higher  at  41.8m/s2  and  impact 

acceleration of grease showed 36.6% lower at 

22.8m/s2. At 1000rpm, the impact acceleration 

of general purpose oil, engine oil and grease 

recorded at 51.5m/s2, 45.6 m/s2 and 39.9 m/s2 

respectively. 
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and 2000rpm. As the engine operating speed 

increases to 2500rpm and 3000rpm, the impact 

acceleration of the piston slap surge to 

232.3m/s2 and 248m/s2. 
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Figure 4 Impact acceleration at engine operating 
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speed 100rpm to 1000rpm 

 
3.3 Comparison of impact acceleration of 

different lubricant 

 
Figure 5 shows the impact acceleration of piston 

slap at engine operating speed from 100rpm to 

3000rpm. The lowest viscosity index of general 

purpose  oil  shows  the   highest  impact 

acceleration of piston slap and at an average of 
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33% higher than impact acceleration of engine 

oil from engine speed of 1500rpm to 3000rpm. 

The impact acceleration of piston slap of 
Engine operating speed, rpm 

Figure 3 Impact acceleration of piston slap of 

engine oil. 

3.2 Effect of lubricant viscosity at low engine 

operating speed 

Figure 4 shows the impact acceleration of three 

different oil viscosities supplied to the piston 

assembly at engine operating speed of 100rpm 

to 1000rpm. At 100rpm, the impact acceleration 

of three different lubricants show the similar 

impact acceleration of 8.55m/s2. At 500rpm, 

there are some slight different of impact 

acceleration of different lubricant viscosity. The 

impact acceleration of general purpose oil is 

20m/s2 whereas engine oil and grease recorded 

17.5m/s2 and 17.1m/s2 respectively. At engine 

operating speed of 800rpm, the difference in the 

impact acceleration for the three lubricants 

general purpose oil increases from 118.6m/s2 to 

171m/s2 as the engine operating speed increases 

from 1500rpm to  2000rpm.  The  impact 

acceleration surge to 277m/s2 and 346m/s2 as 

the engine operating speed further increases 

from 2500rpm to 3000rpm. 

 
The highest viscosity of grease showed 

the lowest impact acceleration of piston slap 

throughout the entire engine operating speed. 

The impact acceleration of grease showed 

71.3m/s2 and 108.4m/s2 at engine operating 

speed of 1500rpm and 2000rpm. The impact 

acceleration rise abruptly to 208.2m/s2 and 

216m/s2 as the engine operating at 2500rpm and 

3000rpm. The impact acceleration of grease 

decreases at an average of 13.6% lower than the 

impact acceleration recorded by engine oil from 

the engine operating speed of 1500rpm to 

3000rpm.
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The impact acceleration of piston slap 

of general purpose oil showed increasing with 

the engine speed due to the low viscosity and 

insufficient pressure to develop maximum oil 

film thickness in fully hydrodynamic regime 

compared to higher lubricant viscosity of engine 

oil and grease. 

4. CONCLUSIONS 

100 

0 

a. The effect of the lubricant viscosity to 

impact acceleration of piston slap is 

not significant at low engine operating 

0 500  1000 1500 2000 2500 

Engine operating speed, rpm 

3000 speed which the dead centers exhibit 

boundary lubrication regime. 

General purpose oil Engine oil Grease b. Higher lubricant viscosity produce 

Figure 5 Impact acceleration of different 

lubricant viscosity. 

3.4 Discussion 

significantly lower impact acceleration 

of the piston due to the higher oil 

pressure generated to form oil film 

between the contact surfaces in lower 

At low engine speed of 100rpm, the lubrication 

behavior of piston rings under present of piston 

secondary motion at dead centers exhibited 

boundary lubrication regime (Tan and Ripin 

2011). The effect of lubricant viscosity to 

 
c. 

engine operating speed. 

For low oil viscosity of general 

purpose oil, the maximum impact 

acceleration was 350m/s2 at 3000rpm. 

impact acceleration of the piston slap at 

boundary lubrication regime was insignificant 

due to the insufficient pressure for the oil film to 

develop and caused direct contact between the 

surfaces of piston skirt and cylinder liner. As the 

engine operating speed increases to 500rpm, 

lubrication regime of higher viscosity lubricant 

of engine oil and grease shifted to mixed 

lubrication regime by thin oil film developed in 

between the contact surfaces and recorded 

slightly different of 2.3% in impact acceleration 

whereas the low viscosity of general purpose oil 

was unable to developed oil film between the 

contact surfaces due to inadequate pressure of 

oil film and recorded higher impact acceleration. 

Grease showed much lower impact acceleration 

at 36.6% than the engine oil due to the higher 

viscosity and sufficient oil film pressure to 

achieved fully hydrodynamic lubrication at 

engine operating speed of 800rpm. 

As  the  engine  operates  beyond 

1000rpm, the difference between the impact 

acceleration of engine oil and grease showed 

almost constant difference of 13.6%. This 

phenomena reveals that both of the lubricant in 

between the contact surfaces obtained the 

maximum   oil   film   thickness   in   fully 

hydrodynamic lubrication and grease recorded 

low impact acceleration due to the higher 

damping factor of oil film than SAE 5W-30 

engine lubricant. 
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