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ABSTRACT 
In this paper the experimental studies on controlling piston slap noise of standard engine of 
Hero Honda Splendour has been conducted. It is observed that the noise reduction achieved 
by reducing the clearance in an engine, between piston and cylinder, does not permit 
reduction in piston clearances, as because danger of seizure may occur without using 
positive oil cooling of the piston. It is advisable and better to consider noise control 
measures at the design stage itself rather than after the product is manufactured. The present 
paper describes one example of noise-reducing design. An experiment was conducted to 
investigate piston slap noise in Hero Honda Splendor plus and low noise was obtained by 
reducing the clearance between piston and cylinder.  

Key Words : Noise control, Decibel, Enclosure, Piston slap, Block  kit,  Boring machine, 
Honing tool, Portable electric drill, Dial gauge 

NOTATION  
 SLM= Sound level meter.  dB =Noise level in decibel. 
 Db(A) = Decibel level on the RT60=reverberation time. 
 A-weighted scale. 
 SPL=Sound pressure level.  SLM=Sound level meter. 
 R2 = Degree of fitness. 

INTRODUCTION 
Over the past several years, there has 

been a significant improvement in the range 
and variety of materials available to meet 
acoustic, thermal and other generator –set 
enclosure design requirements. Many of 
these new material composites provide 
significantly more integrated, cost –effective 
solutions to meet or exceed market 
requirements for acoustic, thermal, water 
resistance and durability, among other design 

factors. Industrialization, together with the 
needs of our modern society for various 
machines foe human comfort. The harmful 
effects of noise are well known. Exposure to 
high noise levels can cause hearing loss. 
Noise can also result in other ill effects such 
as general annoyance, loss of sleep, 
headache, stress, constriction of blood 
vessels and deterioration in work 
performance. Thus it is important to reduce 
noise levels as much as possible. An 
enclosure has been designed to control the 
noise of diesel generator set which can be * Author for correspondence 
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adopted by the designer at the design stage 
are described in this article. In many 
situations the methods described can also be 
adopted at the development stage or even 
later to control noise levels. Enclosure is a 
commonly used form of noise control at the 
work place. It is also possible to incorporate 
enclosures into the design for machines or 
their parts. in an enclosure, any pipes from 
the machine and exhaust fan should not be 
rigidly attached to the enclosure, but should 
be supported by vibration isolating hangers. 
Air gaps need not be minimized. Ducts for 
fresh air and exhaust gases should be 
adequately silenced. The insides of the 
panels of the enclosures are lined with 
absorbent materials to avoid build up of 
noise due to reflections. While designing the 
enclosure, two types of enclosure resonance 
are taken into account. The first is the 
mechanical resonance of the enclosure panels 
and other is the acoustic resonance of the air-
space between the enclosed machine and the 
enclosure walls. The first few panel 
resonance frequencies of the enclosure 
should not be in the frequency range in 
which sound attenuation is desired. If the 
sound source radiates predominately high 
frequency noise, then an enclosure with low 
frequency panel is recommended, implying a 
massive enclosure. 

Literature Review 
There is huge literature available for 

noise control related to internal combustion 
engines. Some of them which are closely 
related are described here. If the sound 
radiation is predominantly low frequency in 
nature, then an enclosure with a high 
resonance frequency is desirable implying a 
stiff but not massive enclosure. Inside the 
enclosure a reverberant sound field is 
produced in addition to the noise from the 

source. Also acoustic resonances occur at the 
standing wave frequency given by1 

f = C/2d, 

where ‘c’ is the speed of sound and ‘d’ is the 
distance between source and panel. To 
suppress acoustic resonance, absorbent 
materials can be used on the inside of the 
enclosure. Absorbent material reduces the 
amplitude of the standing waves, and the 
layer of such material should be about half 
the thickness of the air space to damp out the 
resonance considerably.  During the course 
of part six  decades, the internal combustion 
engine has been under ever tighter security,  
regarding its role as a major source  of noise 
pollution.  Noise from internal combustion 
engine is of special concern to scientist, 
engineers, and technicians. Industrialization,  
together  with  needs of  our modern  society 
for  various machines and  for  fast  travel  
internal  combustion engine  had led  to an  
increase in  the levels  of noise pollution 
almost every where. The harmful effect of 
noise are well known. Exposure to  high 
noise levels  can  cause  hearing loss. Noise 
can also result in other  ill effects, such as 
general annoyance, loss of sleep, headache, 
stress, constriction of blood vessels and 
deterioration of work performance. Traffic 
noise is also the most important 
environmental noise source in Europe and in 
rest  of the world.  40% of the  population in  
Europe is  exposed to   transportation noise 
with an equivalent  sound level over  
65dB(A).At  this  sound  level  sleep  is  
seriously disturbed and most people become 
annoyed..  In all the transport systems 
utilizing internal combustion engines,  
exhaust  and intake noise are major 
contributors to the overall noise pollution  
and  need  to be  significantly reduced. The  
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noise from   Internal  Combustion   Engine  
is  produced   primarily   from engine intake  
and  exhaust, vibration  transmitted  to the 
chassis  from the  internal  combustion  
engine transmission and  differential  gears, 
tire treads,  tires   thumping   against road 
irregularities  and  wind  turbulence  about  
body  protrusions.  Intake   and   exhaust 
noise are primarily  pulsating  pressure  
phenomena   associated  with    the  engine   
rotational   speed .At  the  normal   operating   
speeds   of   I. C.  Engines,  effective   
reactive mufflers   can  be  designed   to   
reduced   by   substantial   amounts   of    the    
pulsating pressures causing intake and 
exhaust noise. The paper reports about the 
different sources of noise pollution and its 
control in Internal Combustion Engine by 
different noise reducing techniques.  Special 
Emphasis given to I.C.Engine parts and their 
control of noise pollution Apart from this it 
has also been discussed about brake noise, 
engine accessories noise, bearing noise, 
vibration control, road noise,  exhaust  noise 
and  their  techniques for control , so that, 
environment remain free  from Noise 
Pollution  caused by I. C. Engine.   Thus  it  
is   important  to  reduce  noise  levels  as  
much  as  possible. Various  techniques for 
noise control  for I.C.  Engine   are  described  
in    this  report,   and  it  is advisable to 
consider  noise control  methods   at  the  
design  stage  itself   or  even  later to control 
noise level.  

At present much studies are being 
conducted in the area of noise pollution 
control from internal combustion engines as 
it pollutes the environment much like A.H. 
Amundsen, R. Klæboe and A. Fyhri2 studied 
on   Annoyance from vehicular air pollution: 
Exposure–response relationships for Norway  
Gwo-Hshiung Tzeng, Cheng-Wei Lin and  

Serafim Opricovic3 worked on  Multi-criteria 
analysis of alternative-fuel buses for public 
transportation. Ronald D. Joslin, Russell H. 
Thomasand Meelan M. Choudhari4 worked 
on   Synergism of flow and noise control 
technologies . Giorgio Zamboni, Massimo 
Capobiancoand  Enrico Daminelli5 worked 
on Estimation of road vehicle exhaust 
emissions from 1992 to 2010 and 
comparison with air quality measurements in 
Genoa, Italy.  Thilo Bein et.al6 studied on 
Smart interfaces and semi-active vibration 
absorber for noise reduction in vehicle 
structures. It can be seen from the above 
reviews that many case studies are being 
conducted in the area of noise pollution 
control from internal combustion engines in 
many countries. 

A scheme is proposed by Ayoub Kazim7 

whereby the United Arab Emirates 
government can achieve greater economic 
and environmental benefits associated with 
the introduction of proton-exchange 
membrane fuel-cell (PEMFC) vehicles in the 
transportation sector. he clearly demonstrate 
the economic and environmental advantages 
of introducing PEMFC vehicles in the 
UAE’s transportation sector. The total 
environmental savings are expected to be 
around 1.44-109 kg in the 20-year period 
while, the total economical savings 
associated with PEMFC vehicles 
introduction would be approximately $23-
108 during the same period. Antonio 
Borghese and Simona S. Merola8 worked on   
detection of extremely fine carbonaceous 
particles in the exhausts of diesel and spark-
ignited internal combustion engines, by 
means of broad-band extinction and 
scattering spectroscopy in the ultraviolet 
band 190-400 nm. This work reports on the 
detection of organic extremely fine particles 
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in the exhausts of both diesel and spark-
ignited engines, by means of broad-band 
extinction and scattering spectroscopy in the 
ultraviolet 190–400 nm band. Extinction and 
scattering spectral data have led to 
characterize the scatters in terms of: 1. Their 
complex index of refraction in the ultraviolet 
band 190–450 nm, 2. Their average size, in 
the order of few nanometers and 3. Their 
volume fraction fV (hundreds of ppm) in the 
water-trapped exhausts. Resulting optical 
gaps are very low (Eg 4 0.2 eV) for air-
diluted diesel exhausts, involving the 
presence of soot, as expected, whereas, in all 
the other cases explored, Eg spans over 
values greater than 3 eV, associated with 
carbon-containing nanoparticles. M.M. 
Ettefagh9  proposed method is based on the 
modeling of the cylinder block vibration 
signal by auto regressive moving average 
(ARMA) parametric model. It is observed 
that one of the estimated moving average 
parameters is highly sensitive to the knock, 
so by monitoring this parameter, it is 
possible to detect the knock in SI engines 
even in very initial stages. The results also 
demonstrate that the proposed method is 
capable of detecting knock by simple 
hardware with low sampling frequency, leads 
to reduction the computation time as well as 
hardware complexity and cost. Moreover, a 
new method of utilizing the tachometer 
signal in parallel to the accelerometer one to 
estimate the knock-sensitive window (KSW) 
is introduced. M.A.Beeck and Werner 
Hentschel10   worked on  applications for 
analyzing the vibration and noise behaviour 
of brake systems, engines and the whole car 
body by means of holography, ESPI and 
scanning vibrometry. These techniques have 
the advantages of making visible vibrations 
and structure-born noise of complicated 

components and coupled systems with 
highest spatial resolution. Measuring 
nonintrusively with imaging measurement 
techniques inside the combustion chamber of 
modern IC engines has become a 
requirement in order to understand the 
complex in-cylinder processes. Time-
resolved visualizing of the flow formation 
and of the spray penetration and evaporation 
by using PIV, LIF and high-speed "lming 
helps to optimise the combustion and thus to 
further reduce fuel consumption and 
pollution of modern direct-injection gasoline 
and diesel engines. The principle of using 
DFWM for quantitative measurement of NO 
concentrations in a firing engine has been 
demonstrated by P. Ewart11. The variation of 
combustion generated NO was measured 
using DFWM as a function of equivalence 
ratio and ignition timing. Data obtained using 
DFWM were found to agree with 
measurements using optical absorption and a 
conventional exhaust gas analyzer. Crucial to 
the successful application of DFWM in the 
harsh environment of an engine test cell was 
the use of a robust and reliable optical 
system to produce the correct alignment of 
the input pump and probe beams. Yu-Jia 
Zhai and  Ding-Li Yu12 worked  on the 
model predictive control strategy is applied 
to engine air/fuel ratio control using neural 
network model. The neural network model 
uses information from multivariables and 
considers engine dynamics to do multi-step 
ahead prediction. An adaptive RBF model-
based MPC is applied to AFR control of 
automotive engines. The simulation results 
validated that the developed method can 
control the AFR to track the set-point value 
under disturbance of changing throttle angle. 
Ronald D. Joslina and Russell H. Thomsab13  
studied  on  the synergism of flow and noise 



 

243 
 

Journal of Environmental Research And Development Vol. 4 No. 1, July-September 2009

control technologies relevant to both air and 
undersea vehicles. Because many review 
publications specifically focus on either flow 
control or noise control, this presentation will 
not provide an exhaustive literature survey. 
The interactions between flow and noise 
controlobjectives and technologies and their 
implementation by examining direct and 
indirect linkages, counterproductive linkages, 
and no linkages between noise and flow 
controltechnologies. Automobile engine 
tribology—design considerations for 
efficiency and durability was studied  by 
C.M. Taylor14. He concluded that  the total 
scope of tribological considerations with 
regard to the above prospective research 
themes is immense and the present paper  
focuses upon the major frictional 
components of the automobile engine, that is, 
the bearings, the valve train and the piston 
assembly. In particular, the current position 
surrounding the modelling of these 
components is reviewed and future 
possibilities identified. The importance of the 
tribological design of the major frictional 
components of the automotive internal 
combustion engine has been emphasised 
from the point of view of efficiency, 
durability and emissions. H. Trad, et. al.15 

worked on a first step for the implementation 
and the development of a rapid and 
quantitative measurement technique using 
the UV broadband-lamp absorption 
spectroscopy. This technique is applied to 
detect nitric oxide molecules inside the 
combustion chamber of a methane-fueled 
spark-ignition engine. Under certain engine 
operating conditions, this technique is proved 
to be able to detect NO molecules in harsh 
temperature and pressure environment. The 
continuous and skip-firing operating modes 
were experimented to investigate the limits 

of this technique. Fredrik Ostman and Hannu  
T.Toivonen16 worked on a method for 
reducing the torsional vibration of the 
crankshaft. This technique balances the 
cylinder-wise torque contributions by 
utilizing the measured angular speeds of the 
crankshaft system. The method relates the 
lower torque orders to the cylinder-wise 
torque contribution by means of phase-angle 
diagrams. 

It can be seen from the above literature 
that still there is a need to carry further 
research in the direction of air pollution from 
Internal Combustion Engines.The present 
work is an attempt to fill the gap. 

Piston Slap Noise 

Piston Slap is the secondary (sideways or 
perpendicular) movement of a piston against 
the side of a cylinder bore where the primary 
movement of a piston is intended to be 
parallel ( up and down) to the cylinder bore. 
So all piston driven internal combustion 
engine have a certain amount of piston slap. 
Excessive piston slap occurs when the 
clearance between the piston and the cylinder 
bore is too great. The piston to cylinder bore 
occurs either through wear, mismatched 
piston and cylinder bores at manufacturing 
or, a combination of both. The audible noise 
associated with excessive piston slap is due 
to the perpendicular impact of piston against 
the wall of cylinder bore. When the engine is 
cold, the aluminium piston is small in 
comparison to its surrounding iron cylinder. 
Therefore audible piston slap is typically 
loudest when the engine is first started up. 
The piston then expands with  heat, because  
with heat aluminium  expands roughly 5 
times as much as iron. Therefore, rather 
hollow piston slapping noise will be loudest 
first thing in the morning. After the engine 
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warms up, the aluminium piston expands 
more than its iron cylinder, reducing 
excessive clearance between the piston and 
the cylinder wall, also reducing the 
perpendicular impact of the piston against 
the cylinder wall and its resulting noise. 

MATERIAL AND METHODS 
Reduction of piston slap noise can be 

done temporarily by adding motor oil into 
each cylinder. The procedure is as following: 

 First thing in the morning,  the engine 
should be started up and run  for 15 seconds 
and let the noise be measured by SLM.  Then 
the engine should be shut  down quickly, pull 
the spark plugs and two squirts of motor oil 
into each cylinder. Then let the plugs be Re-
installed , the engine be fired up again and  
let  the noise level be measured  by SLM, the 
noise will have been greatly reduced or even 
eliminated for 15 or 20 seconds and then the 
night-mare noise will come back. The noise 
reduction is achieved permanently by 

reducing the clearance between piston and 
cylinder. It was suggested by many 
investigators that the best method for 
reducing piston slap noise by reducing the 
clearance between piston and cylinder. 
Tandon et al, 19978 so in the present study an 
experiment were conducted over standard 
engine of Hero Honda Splendor Plus.  At 
first the noise level has  been  recorded  by  
SLM for standard engine when the 

Inside cylinder diameter   = 49.5mm 

Outside piston diameter     = 49mm. 

Noise recorded at zero distance = 68.5dB 

And onwards noise level are 1m distance 
apart, which are given in the table below and 
the Linearised  and  polynomial  form of the  
plot has been presented as shown in  the 
figures. 

Some sample photographs are given, 
which has been taken during the 
experimentations

 

  
 Photo 1 : View of the engine 

 
Photo 2 : Taking readings from the sound level meter 
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Photo 3 : Showing details of the engine 

 

 
Photo 4 : Showing the detailed view of the engine 
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Photo 5 : Showing the details of the engine 

 
RESULTS AND DISCUSSION 
Table 2 shows the result of the 

experiments which have been conducted over 
two wheeler Hero Honda Splendor Plus , an 
Internal Combustion Engine.  

The various experiments conducted are 
as follows : 

a) Study of noise produced by standard 
engine (Hero Honda Splendor Plus). 

b) Study of Noise produced by reducing 
0.25mm clearance between piston and 
cylinder, over the same engine (Hero Honda 
Splendor Plus) . 

c) Study of Noise produced by reducing 
the clearance of 0.20mm between piston and 
cylinder over the same Hero Honda Splendor 
Plus.               

 The Fig. 1 shows the variation of sound 
intensity in decibel with respect to distance 
away from the vehicle of a standard I.C. 
Engine ( Hero Honda splendor Plus ), 
maintaining a clearance of 0.5mm between 
piston and cylinder, i.e. inside cylinder 
diameter is 49.5mm and outside Piston 

diameter is 49mm. It clearly indicates that 
maximum sound intensity of 68.5 dB is 
obtained when takes very near to the 
vehicles. As the distance moved from the 
vehicle has increased, the sound intensity 
levels have gradually dropped. Further a first 
order polynomial has been fit on the response 
obtained as given in Fig. 1 It transforms the 
variations of dB levels to a Linear response 
having a degree of fitness, (R2 ) of 0.9697.  
Also a 2nd order polynomial has been fit on 
to the response obtained as given in Fig. 2 It 
transform the variations of dB levels to a 
polynomial response having a degree of 
fitness (R2 ) of 0.9881.  The Fig. 3 shows the 
variation of sound intensity in decibel with 
respect to distance from the vehicle of a 
Standard I.C. Engine  (Hero Honda splendor 
Plus ), reducing the clearance by 0.25mm 
between piston and cylinder, keeping inside 
cylinder diameter 49.5mm and out side 
piston diameter 49.25mm. It clearly indicates 
that maximum sound intensity of 66.8dB is 
obtained when takes very nearer to the 
vehicle. As  the distance moved from the 
vehicle has increased, the sound intensity  
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level  have gradually dropped. Further a first 
order polynomial has been fit on to the 
response obtained, as shown in Fig. 4 It 
transforms the variation is of dB levels to a 
Linear response having a degree of fitness , 
(R2 )  of 0.8898.  Also a 2nd order polynomial 
has been fit on to the response obtained, as 
shown in Fig. 4. It transforms the variations 
of dB levels to a polynomial fitness, (R2 )  of 
0.9874.The Fig. 5 shows the variation of 
sound intensity in decibel with respect to 
distance from the vehicle of the same 
standard I.C. Engine (Hero Honda splendor 
Plus ), reducing the clearance by 0.20mm 
between the piston and the cylinder, keeping 
inside cylinder diameter as 49.70mm and 

outside piston diameter equal to 49.5mm. If 
clearly indicates that maximum sound  
intensity  of 66.1dB is obtained when takes 
very nearer to the vehicle. As the distance 
moved from the vehicle has increased, the 
sound intensity level have gradually dropped. 
Further a first order polynomial has been fit 
on to the response obtained as shown in  
Fig. 5 It transforms the variations of dB 
levels to a Linear response having a degree 
of fitness, (R2 )  of  0.8278.  Also a 2nd order 
polynomial has been fit on the response 
obtained as shown in Fig. 6 It transforms  
the variations of dB levels to a polynomial 
response having a degree of fitness,  
(R2) of 0.9724. 

Table 1 :  Noise Recorded for Standard Engine 

Distance (m) Noise in (dB) 

0 68.5 

1 65.8 

2 62.8 

3 60.5 

4 56.2 

5 52.3 

6 50.6 

7 47.5 

8 44.6 

9 44.5 

10 44.2 
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Standard Engine

y = -2.6627x + 67.632
R2 = 0.9697

0
10
20
30
40
50
60
70
80

0 2 4 6 8 10 12

Distance (meter)

dB
y
Linear (y)

 
Fig. 1 : Graph Plot for Standard Engine (1st Order) 

Standard Engine

y = 0.1314x2 - 3.9762x + 69.602
R2 = 0.9881

0
10
20
30
40
50
60
70
80

0 2 4 6 8 10 12

Distance (meter)

dB

y
Poly. (y)

 
Fig. 2 : Graph Plot for Standard Engine (2nd Order) 

Secondly the noise level has been recorded 
after reducing the clearance by    
0.25mm i.e. when the 
     inside cylinder diameter =   49.5mm  
     and out side piston diameter =   49.25mm.  
     then the recorded noise at zero distance = 
66.8dB i.e. a reduction of 1.7 Db 

And onwards noise level are 1m distance 

apart which are illustrated in the Table 2 

below  and the Linearised and polynomial 

form of the plot has been presented as shown 

in the Fig. 3  and  Fig. 4.    
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Table 2 : Noise recorded for the engine reducing clearance by 0.25mm. 

Distance (Meter) Noise in dB(A) 

0 66.8 

1 64.2 

2 58.9 

3 54.2 

4 50.8 

5 49.3 

6 48.8 

7 47.2 

8 45.3 

9 45.2 

10 46.6 

 
 

Reducing clearance by 0.25mm in standard engine

y = -2.2164x + 63.382
R2 = 0.8898

0
10
20
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70
80

0 2 4 6 8 10 12

Distance (meter)

dB

y
Linear (y)

 
Fig. 3 : Variation of sound level with distance 
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Reducing clearance by 0.25 mm in Standard 
Engine

y = 0.2627x2 - 4.8434x + 67.322
R2 = 0.9874

0
10
20
30
40
50
60
70
80

0 2 4 6 8 10 12

Distance (meter)

dB
y
Poly. (y)

 
Fig. 4 : Variation of sound level with distance 

Ultimately selecting outside piston diameter   
=  49.5mm 

           And making inside cylinder diameter 
= 49.70mm (after boring in boring machine.) 

 The noise level has been reduced to 66.1dB 

at zero distance i.e. a reduction of 0.7dB by 
maintaining a clearance of 0.20mm. and 
onwards noise level are 1m distance apart, 
which given in Table 3 below and the 
Linearised and polynomial form of plot has 
been plotted as shown in Fig. 5 and Fig. 6. 

Table 3 : Noise Recorded for the Engine reducing clearance by 0.20mm. 

Distance (Meter                        Noise in dB(A) 

          0           66.1 

          1           67.6 

          2            54.4 

          3           52.4 

          4           50.1 

          5           48.4 

          6           47.5 

          7           47.2 

          8           46.2 

          9           45.1 

         10           44.9 
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Reducing clearance by 0.2 mm in Standard Engine

y = -1.9055x + 60.791
R2 = 0.8278
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Fig. 6 : Variation of sound level with distance 

Reducing Clearance by 0.2 mm in Standard Engine

y = 0.2851x2 - 4.7563x + 65.067
R2 = 0.9724

0
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Fig. 6 : Variation of sound level with distance 

Hence this paper presents a consolidated 
review and enhancement of piston  
slap theory in Internal Combustion  
Engine. At 1997 Tendon10,11, et al,  
present results us using this theory  

and showing good correlation with 
experimental measurements. Therefore 
reducing the clearance between piston  
and cylinder, clearly shows changes in  
noise level. 
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CONCLUSION 
 By studying the effects of secondary 

motion on both piston friction and piston slap 
noise, piston design parameters can be 
chosen to optimized the performance of the 
piston to both noise and friction. Further, by 
including noise factors and by considering 
control factors, a piston can be designed that 
minimizes both friction and noise for the 
range of operational parameters.  The noise 
reduction achieved by reducing the clearance 
in an engine, between piston and cylinder, 
does not permit reduction in piston 
clearances, as because danger of seizure may 
occur without using positive oil cooling of 
the piston. 
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