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ABSTRACT 

The purpose of this study is to develop the piston ring damage detection 

technique using vibration analysis. Vibration analysis was performed by measuring 

vibration in four stroke engine which were worn and scratched on its piston ring, then 

compare it with the vibrations generated by engine which had a good conditions. 

 Tests carried out on engine rotations of 750, 1500, and 2250 rpm, where the 

sensor were placed on the cylinder head and cylinder block. Vibration measurement 

produced a signal in the time domain, which then be analysed their signal energy by 

manual calculation which based on trapezoidal rule.   

Result of the research showed that the vibration signal energy decrease in all 

of the strokes of the defect piston ring. It was caused by the pressure of the defect 

piston ring smaller than the good piston ring. The decrease of vibration signal energy 

in suction and compression stroke were greater than the power and exhaust stroke. 

Indication of piston ring defect could be shown from the decrease in the vibration 

signal energy in all of the strokes. 

Key Word: Vibration Signal, Signal Energy, Piston Ring Condition, Pressure 

down, Amplitude 
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INTRODUCTION 

BACKGROUND 

 The development of motor fuel in the automotive world today is 

increasing. Combustion engine is a type of engine utilizing heat energy from 

the combustion process in the cylinder into mechanical energy. Motor fuel 

composed of the major components that have an important role, such as 

crankshaft, connecting rods, pistons, valves, camshaft and cam chain. 

 The piston is a component that functions as a suppressor and receiver 

inlet air pressure of combustion in the combustion chamber. The piston is 

connected to the crankshaft through the piston (connecting rod), so that the 

power generated after combustion can be channeled. In piston ring fitted 

separating the two parts of the piston and the cylinder liner. Piston rings are 

made of cast iron or steel used as a suppressant mixture and the radial 

direction to the cylinder wall to form a seal. 

PROBLEM LIMITATION 

1.  Engine tested in no-load conditions or in neutral gear position.  

2.  Damage is assumed to occur only in compression piston rings, the 

other components well conditioned. 
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3. In this research, author only calculated magnitude of signal energy 

OBJECTIVES 

1.  Detecting the damage piston rings that occur in a single-cylinder 

four-stroke engine.  

2.  Assessing the energy vibration signals generated when the damaged 

piston ring components. 

3. Analyzing the affection of decreasing signal energy to others involved 

parameters 
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BASIC THEORY 

LITERATURE REVIEW 

 Douglas, R.M, and friends, (2006), examines the relationship between 

piston ring and cylinder liner ship in a series of diesel engines using sound 

signals. This study discusses possible mechanisms as the source of the 

sound signal contacts the piston and liner, lubricant flow, as well as the back 

pressure of air. The method was tested on two small diesel engines and one 

diesel engine is great. Data acquisition system used in this test series diesel 

engines. Addition shaft Encoder necessary to know the position of the piston 

and the crank angle. For a small diesel engine, the onset of the sound signal 

is proportional to the velocity of the piston when the cylinder pressure 

increased. Friction acting on the oil ring is the most likely cause sound. 

Compression provided by the piston rings to the cylinder pressure is found as 

a sound source on machine 2 steps, and the piston speed is a factor that 

affects the amplitude of the sound. 

 Research Klinchaeam, et al., (2009) with the time domain method and 

the crank angle domain is used to analyze the mechanical vibrations of the 

gasoline engine 100 cc 4 stroke and fluid flow in the engine cycle. Vibration 

signal was detected using an accelerometer and signal dead spots over the 

proximity sensor detected using a given pulse per revolution of the 

crankshaft. Gasoline engines run at normal speed 1500 rpm, with variations 
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Equation 1 is the free vibration component consisting of the mass matrix, 

damping, and stiffness. It used to determine the level of engine vibration 

amplitude acceleration due to a force that works. {F (t)} in the above equation 

indicates that the style is derived from the combustion and inertial forces of 

the dynamic components of the engine. 

Time Domain 

 Vibration data are expressed as a graph or plot of amplitude versus time 

profile called time domain data. Deviation of the vibration changes with time 

can be observed in detail with time domain graph Examples of complex time 

domain data, shown in Figure 2.12. 

 

 

 

 

Figure 2.12 Profile of a time domain vibration machine industry 

(Hidajat.R.L.G, 2009) 

Signal Energy 
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 Energy is energy-limited signal from a signal or in other words satisfy 0 

<E <∞. Instantaneous power absorbed at a bottleneck is defined as 

௫ܧ ൌ  න ݐሻ݀ݐଶሺݔ
∞

ି∞
… … 2 

 Trapezoidal rule is used for the completion of the above integral 

equation. With this rule, the function f (x) on [a, b] is divided in some interval 

(n), for more details can be seen in Figure 2.14. 

 

 

 

Figure 2.14 trapezoidal rule on a signal (Fauzi, A, F., 2012) 

׬  ࢞ࢊሺ࢞ሻࢌ ൌ ࢎ
૛

൫ࢌሺ࢞૙ሻ ൅ ሺ࢞૚ሻ൯ࢌ ൅ ࢎ
૛

൫ࢌሺ࢞૚ሻ ൅ ሺ࢞૛ሻ൯ࢌ … ࢎ
૛

ሺࢌሺ࢞ି࢔૚ሻ ൅࢈
ࢇ

ሻሻ࢔ሺ࢞ࢌ … . . 3 

Where:    ݄ ൌ ܾ െ ܽ 

 

 

                                                            
2 Fendi A. Fauzi, Penggunaan Aturan Trapezoidal (Aturan Trapesium) Sebagai Hampiran Dalam 
Integral Tentu 
3 Ibid, Page 
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Data Processing

Analysis and Discussion

Conclusion

RESEARCH METHODOLOGY 

Flow Chart Diagram 

 The series of research activities in general can be seen in figure 3.1 
below: 

Start 

 

Engine and Ring Preparation 

 

Experiment Setting 

 

Experiment1. Piston Ring        Experiment2. Piston Ring        Experiment3. Piston  
Ring Good Condition               Worn Condition                        Scratched Condition 
Rpm 750, 1500, 2250              Rpm 750, 1500, 2250                 Rpm 750,1500,2250 
 

           

 

                      

 

                

 

 

Figure 3.1 Flow Chart Diagram 

 

Finished 
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Figure 3.8 Schematic process of data collection 
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DATA AND ANALYSIS 

Data Analysis 

Analyzing of vibration signal data is carried out by using signal energy 

method. Energy signal is obtained by applying numeric method of trapezoidal 

rule. The obtained energy of every cycles in good, wear, and scratched 

condition are compared each other. Signal energy can be determined by this 

following formula. 

 

 

 

• Trapezoidal rule, 

௫ܧ  ൌ ௛
ଶ

ൣ݂ሺݔ଴ሻ ൅ 2 ∑ ݂ሺݔ௜ሻ ൅ ݂ሺݔ௡ሻ௡ିଵ
௜ୀଵ ൧ 

• Signal energy formula,  

௫ܧ ൌ ׬  ௧ݐሻ݀ݐଶሺݔ
଴           

Where x(t) is time domain signal and t is time. Here are signal energy graphs 

for different condition and sensor location. 
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N time (s) Volt (x) Degree I x2 t * i h[(b-a)/n] 

1 0 0.1 0o 1 0.01 0 0.0012 

2 0.00156 0  2 0 0.00313  

3 0.00313 0.15  2 0.0225 0.00625  

4 0.00469 -0.15  2 0.0225 0.00938  

… … …. …. …. …. …. …. 

100 0.12 0  1 0 0.12  

 

௫ܧ ൌ
݄
2

൥ሺݔଶݐ଴ሻ ൅ 2 ෍ ሺݔଶݐଵሻ ൅ ሺݔଶݐଵ଴଴ሻ
௡ୀିଵ

௜ୀଵ

൩ 

௫ܧ ൌ 0.3642 ൈ 100 ൌ  ݏଶݒ݉ 364.2

Signal Energy for Sensor Set on Head Cylinder 

Energy is taken from the sum of signal energy for every cycle (every 180o) 

represent four-stokes engine namely intake, compress, power, and exhaust. 

Graph 4.21 shows signal energy for every cycle with sensor set on head 

cylinder. 
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Fig 4.22 

 
c. Rotati

Fig 4.23 

D. Energy w

1. Rotati

Total signal
of 

on 2250 rp

Total signal
of 

with the Loc

on 750 rpm

l energy of 1
sensor on h

m 

l energy of 2
sensor on h

cation of Se

m 

1500 rpm rot
head cylinde

2250 rpm rot
head cylinde

ensor on B

tation for eve
r for the thre

tation for eve
r for the thre

lock Cylind

ery cycle wit
ee rings 

ery cycle wit
ee rings 

er 

th the locatio

 

th the locatio

15 

on 

on 



 

Fig 4.24
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1500 702 506 98,2 91,

8 

139

8 

37

8 

165 57,

8 

52,

2 

 653 21

7 

156 31,

7 

24,1 428

,8 

2250 135

0 

1240 181 15

1 

292

2 

49

6 

476 58,

2 

44,

8 

107

5 

36

4 

350 47,

8 

41,5 803

,3 

Table 4.2 result of research block cylinder sensor set 

Rotati

on 

(rpm) 

Good Piston Ring  

(mv2.s.) 

Wear Piston Ring  

(mv2.s.) 

Scratched Piston Ring 

(mv2.s.) 

In Com Pow Ex Tot In Co

m 

Pow Ex Tot In Com Po

w 

Ex Tot 

750 620 164 65,7 49 898,

7 

11

7 

88,

1 

41,

1 

31 277,2 137 54,9 16,

6 

11,

8 

220,

3 

1500 878 447 89,3 70,

9 

1485

,2 

49

7 

348 12

9 

46,

8 

1020,

8 

727 116 42,

4 

36,

6 

922 

2250 617 450 164 56,

3 

1287

,3 

64

5 

305 14

1 

72,

7 

1163,

7 

697 215 51,

9 

34,

5 

998,

4 

Table 4.3 Total decreasing energy with the location of sensor on head 

cylinder 
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Rotation 

(rpm) 

Wear Ring  

(mv2.s.) 

Scratched Ring 

(mv2.s.) 

750 176 198,4 

1500 745 969,2 

2250 1847 2118,7 

Table 4.4 Total decreasing energy with the location of sensor on block 

cylinder 

Rotation 

(rpm) 

Wear Ring 

(mv2.s.) 

Scratched Ring 

(mv2.s.) 

750 621,5 678,4 

1500 464,4 563,2 

2250 123,6 288,9 

4.3 Analyzing 

After vibration signal energy has been analyzed, wear and scratch 

piston rings have less energy than good piston ring. It was be caused 

compression ring as part to prevent gas leaks by closing the gap between the 

piston and cylinder. If the compression ring has defects, gas will get leaks 

and the pressure that produced in chamber of combustion gets decreased. 

Gas leak usually has a long periodic and reduces the number of amplitude. 
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Klinchaeam and niverangsan in their book said “Condition monitoring of valve 

clearance fault on a small four strokes petrol engine using vibration signals”, if 

the amount of pressure goes down, the compression force will decrease as 

well. So that the results of this condition are amplitude and signal energy are 

lower than the good condition one.        
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CONCLUSION AND SUGGESTION 

5.1 Conclusion 

1. Analysis of vibration signal energy can be applied to check piston ring 

condition of one cylinder four-stokes engine. 

2. The assesing of piston ring conditions are effectively done at lower rotation 

and sensor location at head cylinder. 

3. Damages of piston ring affect decreasing of pressure, As the amount of 

pressure goes down, the compression force will decrease. It obtains the 

lower amplitude and energy. 

 

5.2 Suggestion 

1. To get more efficient in maintaining the condition of motorcycle can be 

checked by energy signal analysis. 

2. Need to conduct the next project regarding signal energy analysis of 

engine part using the most recent engine. 

3. In experimental procces, required the expert to keep away from miss 

understanding of project. 
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