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Abstract 
 Vibration in any machine causes wear and tear, reduction in life of its components and 

also produces the irritating noise. Vibration behavior of the machines is caused by the moving 

components of the machines like rotating and reciprocating components. Any movement that 

rehashes itself after certain time span is called vibration. It deals with the oscillatory motion of 

dynamic systems. A dynamic system is combination of matter which possesses mass and whose 

parts are capable of relative motion. All bodies containing mass and elasticity are capable of 

vibration. Here the various vibration characteristics of variable compression ratio (VCR) 

engine are analyzed with various parameters such as amplitude, frequency with the help of 

DEWEsoft data analyser (DAQ). In this research work, the experiment is conducted through 

Single cylinder VCR diesel engine (Kirloskar AV-1), to observe the vibration characteristics 

with variable compression ratios (CR) such as 18, 19, 20, 21, 22. and the compression ratios 

18, 20, and 22 are shown corresponding to various loads, fuel injection pressure and blower, 

finally to conclude which compression ratio is the best. 

 

  Keywords: VCR Engine, Compression ratios, Vibration Characteristics, DEWEsoft data 

analyzer. 

1. Introduction 
 

Machine vibration is simply the back and- forth movement of machines and machine 

components. Any component that moves back and forth or oscillates is vibrating. Machine 

vibration can take various forms. A machine component may vibrate small or large distances, 

and with or without sound. These vibrations also produce noise, this noise generates a lot of 

vibration in the cylinder chamber which causes cylinder liners to vibrate; also there is an effect 

of combustion and piston slap. The net effect of which makes the cooling fluid in the cooling 

chamber to undergo vibration and initiates the production of unwanted cavitations in the cooling 

chamber. The machine vibration is measured by using the Data acquisition systems are used to 

acquire, store and analyze vibration data received from sensors. The ability of a data acquisition 

system to measure differing properties depends on having sensors that are suited to detect the 

various properties to be measured. There are specific sensors for many different applications. 

DAQ systems also employ various signal conditioning techniques to adequately modify various 

different electrical signals into voltage that can be digitized using an Analog to digital converter 
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(ADC). This software is installed in the DAQ system, and it is used for analyzing machine 

vibration, It helps in obtaining the required results accurately. This software shows the reading 

of the accelerometer, micro phone  which is placed in the vibrating area, in the form of 

waveforms or spectrums. In this research work, The VCR engine is allowed to run under 

different compression ratios by varying the load, input pressure, blower, for extra air provided 

through blower to improve  the combustion efficiency of VCR engine. This research is used for 

analyzing the vibration characteristics and finally to conclude which compression ratio is the 

best. It should have minimum vibration. [1] In present work, effects of procedure factors on 

engine vibration, performance, and emission has been examined. [2] Studied the vibration of 

15LD500 diesel engine for discovering ignition qualities. It is seen that the accelerometer with 

vertical direction is the most delicate to the burning procedure.  

[3] Analyzed IC engine through vibration and acoustic weight non-nosy estimations, for 

various estimations of the load. data were collected for  IC Engine. It is seen that the many parts 

of the sign vitality is in the frequency range 2000 Hz, to affirm that mechanical properties, that 

happen for the most part at low frequencies. [4] Studied that non-straight qualities of an 

elastomeric mount and reasoned that of the engine mount could be gotten in an expansive load. 

[5] Led the trial on elastic isolators thinking about the static and dynamic analysis. [6,7] 

Experimented that Non-nosy estimating methods are placed into practice to contemplate the 

combustion procedure inside the engine chamber as they hold the  bit of leeway of being more 

affordable; strong and dependable; and simple to us. [8] Presumed that the flawed engine 

condition can be recognized from a typical engine utilizing spectral and vibration examination. 

[9] Contemplated the connection between vibration and ignition process. This examination 

presumed that the peak amplitude of vibration is incredibly influenced by pressure ascend in the 

engine.[10]. featured that the vibration follow is extremely delicate to the underlying start of the 

fuel infused which causes the pressure increment and afterward the block vibration. 

 

2. Experimental Investigation 

 

2.1. Variable Compression Ratio 

Variable compression ratio engine is able to operate at different compression ratios, 

shown in Figure 1. based on the particular vehicle performance needs. The VCR engine is 

optimized for the full range of driving conditions, such as acceleration, speed, and load. at low 

power levels, the VCR engine operates at high compression to capture fuel efficiency benefits, 

while at high power levels, it operates at low compression levels to prevent knock. To further 

improve fuel economy, the VCR engine is small, with about one third the displacement volume 

of a conventional gasoline engine. The combustion chamber volume is altered to meet the power 

needs to the vehicle. At low power levels, high CR captures fuel efficiency benefits. At high 

power levels, low CR prevents knock. VCR engines have great potential to increase engine 

power and fuel economy. When coupled with technologies such as turbo charging, variable 

valve actuation, and direct fuel injection, the effectiveness of the system is further increased. 

Once established, this technology will likely become common place due to increasing energy 

and environmental concerns and the ease of integration.  
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Figure 1. Variable Compression Ratio Engine 

Table 1.Specifications of the VCR Engine 

Cycle of Operation 4 stroke cycle 

Number of cylinders Single 

Make Kirloskar AV-1 

Fuel Diesel  

Bore / Stroke 87.5 mm, 110 mm 

Compression ratio 18:1, 20:1, 22:1 

Power 3.5 kw at 1500 rpm 

Cooling system Water cooled 

Dynamometer Eddy Current 

 
In this research work, the accelerometer could be placed in top of  the engine block, 

because rather than the speed of the engine varies, the natural frequency of the engine does not 
varies, it is only the amplitude of vibration that varies from place to place, Here we place the 
accelerometer over the top of the frame of the engine. The accelerometer is a sensor device 
which we place in the body of the engine, and vibration data acquired from the DEWEsoft data 
analyzer.   

VCR Engine 

Eddy current load 

Accelerometer 
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Compression ratio is varied by keeping other parameters like load, injection pressure, 
and blower. The vibration curve varies as we vary these parameters listed below: 

 
1. Compression ratio   
2. Load   
3. Fuel Injection  pressure   
4. Blower  

 

3. Results and Discussions 
 
3.1. Compression Ratio 18 
 

The parameters like load, input pressure, and blower are varied for a single cylinder 
VCR engine. The amplitude of vibration could be obtained for these combined variations. the 
tabulation shows variation of amplitude values by varying other parameters and keeping 
compression ratio constant. Table 2,3 and 4 shows the Acceleration amplitude in terms of “g” 
(g = 9.80665 m/s2), 

 

TABLE 2.  CR 18 Amplitude Comparisons (g) 

Load (kg) 
Fuel injection Pressure 

(bar) 

Blower closing status 

Without 1/2 3/4 

0 

140 1.59 1.53 1.49 

150 1.65 1.56 1.51 

160 1.72 1.61 1.57 

4 

140 1.47 1.41 1.38 

150 1.49 1.43 1.40 

160 1.52 1.48 1.42 

8 

140 1.44 1.39 1.35 

150 1.48 1.42 1.38 

160 1.51 1.47 1.41 

 

Table 2.shows the acceleration amplitude of VCR engine for CR18 is observed for loads 

0,4,8 kg , Input pressure 140,150,160 bar, and blower closing  0,  ½, 3/4 conditions. For the 0kg  

load condition, the acceleration amplitude is 1.59g. As increasing the load from 0 to 4 kg, the 

acceleration amplitude is decreasing as 1.47g. Further increasing the load from 4kg to 8kg,  

acceleration values were reduced as 1.44g. Fuel injection pressure increasing from 140 bar to 

150 bar  increasing the amplitude from 1.59g to 1.65 g and further increasing fuel input pressure 

150 to 160 bar the amplitude is increasing from 1.65g to1.72g. Reducing the blower opening the 

amplitude get reduced.  
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3.2 Compression Ratio 20 
 

TABLE 3. CR 20 Amplitude Comparisons (g) 

Load (kg) 
Fuel injection Pressure 

(bar) 

Blower closing status 

Without 1/2      3/4 

0 

140 1.55 1.53 1.5 
150 1.58 1.56 1.52 

160 1.6 1.59 1.56 

4 

140 1.44 1.37 1.29 

150 1.48 1.40 1.36 
160 1.52 1.41 1.38 

8 

140 1.33 1.30 1.25 

150 1.35 1.32 1.30 

160 1.39 1.34 1.32 

 

Table 3.shows the acceleration amplitude of VCR engine for CR20 is observed for loads 

0,4,8 kg , Input pressure 140,150,160 bar, and blower closing  0,  ½, 3/4 conditions. For the 0 kg  

load condition, the acceleration amplitude is 1.55g. As increasing the load from 0 to 4 kg, the 

acceleration amplitude is decreasing as 1.44g. Further increasing the load from 4kg to 8kg, 

acceleration values were reduced as 1.33g. Fuel injection pressure increasing from 140 bar to 

150 bar the amplitude increasing from 1.55g to 1.58g and further increasing fuel injection 

pressure 150 to 160 bar the amplitude is increasing from 1.58g to1.6g.It is observed that 

reducing the blower opening the amplitude value gets reduced.  

 

 
3.3 Compression Ratio 22 
 

Table 4. CR 22 Amplitude comparisons (g) 

Load (kg) 
Fuel injection Pressure 

(bar) 

Blower closing status 

Without 1/2 3/4 

0 

140 1.49 1.37 1.30 

150 1.52 1.47 1.38 

160 1.54 1.49 1.42 

4 

140 1.46 1.34 1.24 

150 1.49 1.35 1.28 

160 1.51 1.41 1.34 

8 

140 1.4 1.31 1.22 

150 1.42 1.34 1.27 

160 1.47 1.40 1.31 
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Table 4.shows the acceleration amplitude of VCR engine for CR20 is observed for loads 

0,4,8 kg , Input pressure 140,150,160 bar, and blower closing  0,  ½, 3/4 conditions. For the 0kg  

load condition, the acceleration amplitude is 1.49g. As increasing the load from 0 to 4 kg, the 

amplitude is decreasing as 1.46g. Further increasing the load from 4kg to 8kg, acceleration 

values were reduced as 1.4g. Fuel injection pressure increasing from 140 bar to 150 bar the 

amplitude increasing from 1.49g to 1.52g and further increasing fuel injection pressure 150 to 

160 bar the amplitude is increasing from 1.52g to1.54g.It is observed that reducing the blower 

opening the amplitude value gets reduced.  

 

Table 2, 3, 4 shows that the amplitude is less at compression ratio 18. The maximum 

vibration   is noted at compression ratio 22.  The abrupt peaks in time   signal, shows the huge 

changes in gas pressure inside the chamber. It was discovered that the burning at various 

pressure proportions doesn't observe similar principles and is reliant to different parameters of 

fuel like the consistency, start delay, oil properties, flash point and cetane number. Vibration 

might be influenced by different factors, for example, fuel cetane number, and advanced 

injection. It is seen that for diesel, at various load condition, as for compression ratio, overall 

vibration amplitude is changed .it is noted that peak amplitudes at compression ratio 22. While 

increment in injection pressure increase the engine vibration on the grounds that at higher 

injection pressure measure of fuel infused per cycle increments and at too high injection 

pressure homogenize blending is additionally impractical which prompts increment engine 

vibration. 

 

4. Conclusion 
Vibration isolation and reduction techniques have become an integral part of machine 

design, the need for accurate measurement and analysis of mechanical vibration has grown. In 

this paper the various vibration characteristics have been studied, and its variation due to various 

parameters have been measured, and the results have been established through tables, In future 

for the sake of controlling engine vibrations these results will be very much useful. From the 

results of the compression ratio, 18, 20, 22. The tabulation is made for the amplitude value. It is 

shows that an increment in fuel injection pressure, the amplitude level is increased and CR, load 

and blower closing result in decrease in amplitude level. It is observed that the compression 

ratio 22 is the best for Kirloskar AV-1 engine. Because of the vibration level is low, when 

compared to other compression ratios. So we could maintain the engines life by maintaining the 

compression ratio at 22. 
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