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Abstract 

Four types of configurations of reciprocating compressor including validation model have been used with 

different profile of connecting rod with web thickness of 10, 20, 30, 40mm. An optimized model of connecting 

rod with web thickness has been developed. The simulation of the optimized model gives minimum value of 

stress and deformation at different operating load i.e. 17.23, 20.68, 24.13, 27.57, 31.02 MPa which has 

optimized and converged result compared to respected models of reciprocating compressor connecting rod, it 

has also been observed that stress and deformation was reduced at different operating load i.e. 17.23, 20.68, 

24.13, 27.57, 31.02 MPain connecting rod of C70S6 material is reduced stresses in present optimized model 

and also observed higher structural performance.  

Keywords— Reciprocating Compressor,Connecting Rod, Web Thickness, Stress, Deformation, Natural 

Frequency. 

 

I. INTRODUCTION  

Positive displacement compressors include reciprocating compressors in its category. Larger volumes of gas 

are compressed and brought to a greater pressure. The most popular type of positive displacement 

compressors are reciprocating compressors. The only moving parts of the device are a piston and a cylinder. 

The pressure rises as a result of the piston's upward and downward movement inside the cylinder, which 

squeezes the gas into a smaller volume. A single cylinder compressing on one side of the piston is the 

fundamental reciprocating compression element. The two fundamental single-acting components will be used 

on both sides simultaneously in a single up-down movement. 

The crankshaft and piston rod convert the rotary motion coming from the engine or any other external driver 

going to the compressor into linear motion. The crankpin fastens the piston rod's end to the as the crankshaft 

rotates, one is reciprocated by the piston and the other by the crankshaft. The suction and discharge valves, 

which are essentially check valves that permit the one-way passage of the gas, are typically found at the top 

and bottom of the cylinder, respectively. The lower end of the cylinder will experience a partial vacuum as 

the piston rises; the pressure differential causes the valves to open, enabling gas to flow into the cylinder. 

However, for the When the cylinder's internal pressure is higher than the discharge line's internal pressure 

during a downward stroke, the valve will open, allowing gas to flow from the cylinder to the discharge. This 

is referred to as "single-acting" compression if it just affects one side of the piston, and "double-acting" 

compression if it affects both sides. 
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Figure1.1 –Reciprocating Compressor 

 

II. FORCING FUNCTIONS 

 

 

III. METHODOLOGY  

The procedure for solving the problem is 
 Modeling of the geometry. 

 Meshing of the domain. 

 Defining the input parameters. 

 Simulation of domain. 
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Objective 

 The main objective of the proposed research work is to validate the experimental investigation of 

reciprocating compressor with result of different configurations of reciprocating compressor models. 

 To optimize the different configurations of reciprocating compressor models with by optimizing 

connecting rod web thicknessi.e. 10mm, 20mm, 30mm, 40mm. 

 To analyse the performance parameters vonmises stresses, deformation on different configurations of 

reciprocating compressor with different web thickness of reciprocating compressor connecting rod. 

 To predict the stress and deformation on optimized reciprocating compressor model along the 

influences of different operating pressures. 

 To predict natural frequency of reciprocating compressor of optimized connecting rod. 

 To analyse the effect of random vibration in couple of natural frequency at different operating pressure 

of reciprocating compressor.  

IV. RESULTS  

Validation of the existing simulation results for different configurations of reciprocating compressor 

connecting rod models with experimental data of stress and deformation. 

The Existing simulation results are obtained for stress and deformation w.r.t. thickness with different 

optimized model of reciprocating compressor connecting rod, thickness ranging from 10mm to 40mm also 

pressure ranging from 17.23 to 31.02 Mpa. The results are in graphs show less than 8% deviations between 

existing simulation results. But the deviations are not so large, and thus the existing simulation results of 

different configurations of different reciprocating compressorconnecting rod models in the research work can 

be regarded as reasonable. 

Discretization 

Boundary conditions and load 

Equations assembled 

Iteration of present solution 

Results 
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Figure 5.3Stress values at a pressure of 17.23 Mpa 

 
Figure 5.4Stress values at a pressure of 20.68 Mpa 

 
Figure 5.5Stress values at a pressure of 24.13 Mpa 

 
Figure 5.6Stress values at a pressure of 27.57 Mpa 
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Figure 5.7Stress values at a pressure of 31.02 Mpa 

Table 5.1Stress and deformation values with respect to pressure. 

 Experimental Data  

Pressure (Mpa) Stress Deformation 

17.23 255.88 6.593 

20.68 306.32 6.849 

24.13 353.88 7.104 

27.57 409.69 7.365 

31.02 460.78 7.622 

Table 5.2Stress and deformation values with respect to pressure. 

Validation of Experimental Data 

Pressure (Mpa) Stress Deformation 

17.23 256.64 6.492 

20.68 308.02 7.058 

24.13 359.41 7.338 

27.57 410.65 7.665 

31.02 462.04 7.993 

 
Figure5.8Validation of present simulation result with experimental results with respect to vonmises stresses 

and pressure. 
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Figure5.9Validation of present simulation result with experimental results with respect to deformation and 

pressure. 

 

 

 

CONCLUSIONS 

 In the study reciprocating compressor with connecting rod web thickness of 10, 20, 30, 40mm are the 

key geometric parameter on the performance of reciprocating compressor under different loading i.e. 

17.23, 20.68, 24.13, 27.57, 31.02 with an implementation of reciprocating compressor with connecting 

rod of web thickness comprising 30mm, the developed stresses and deformation effect is improved. 

 Results have least in reciprocating compressor of different configuration connecting rod web thickness, 

it concludes that at different loading i.e. 17.23, 20.68, 24.13, 27.57, 31.02, reciprocating compressor 

connecting rodwith web thickness of 30mmconfiguration having minimum stresses with a minimum 

deformation.  

 The magnitude of frequency is minimum in the case of C70S6material profile of connecting rod with 

web thickness of 30mm. The nature of the natural frequency is maximum near its end in 3
rd

 and 4
th

,6
th

 

mode  

 

REFERENCES 

[1] Atacan Oral et al. “Effect of starting position of crankshaft on transient body vibrations of 

reciprocating compressor”, International Journal of Refrigeration, Volume 149, May 2023, Pages 135-

145. 

[2] V.N. Kostyukov et al. “About the Experience in Operation of Reciprocating Compressors Under 

Control of the Vibration Monitoring System”, Procedia Engineering, Volume 152, 2016, Pages 497-

504. 

[3] Yih-Hwang Lin et al. “Automated Fault Classification of Reciprocating Compressors from Vibration 

Data: A Case Study on Optimization Using Genetic Algorithm”, ProcediaEngineeringVolume 79, 

2014, Pages 355-361. 

[4] Jing Zhao et al. “Analysis for Fatigue Failure Causes on a Large-scale Reciprocating Compressor 

Vibration by Torsional Vibration”, Procedia Engineering, Volume 74, 2014, Pages 170-174. 

[5] B.Y.Yu et al. “Modal and vibration analysis of reciprocating compressor crankshaft system”, 7th 

International Conference on Compressors and their Systems 2011 2011, Pages 295-303. 

[6] N. Levecque et al. “Vibration reduction of a single cylinder reciprocating compressor based on multi-

stage balancing”, Mechanism and Machine Theory, Volume 46, Issue 1, January 2011, Pages 1-9. 

0

1

2

3

4

5

6

7

8

9

17.23 20.68 24.13 27.57 31.02

D
e

fo
rm

at
io

n
 (

m
m

) 

Pressure (Mpa) 

Experimental
Deformation

Validation
Deformation



Vol-9 Issue-4 2023                IJARIIE-ISSN(O)-2395-4396 

     

21155  ijariie.com 869 
 

[7] Xueying Li et al. “Quantitative diagnosis of loose piston rod threads in reciprocating compressors for 

hydrogen storage and transport”, International Journal of Hydrogen Energy Available online 22 June 

2023. 

[8] Bernhard Fritz et al. “Comprehensive multi-scale cylinder lubrication model for reciprocating piston 

compressors: From rigid-body dynamics to lubricant-flow simulation”,Tribology International, Volume 

178, Part A, February 2023, 108028. 

[9] Xueying Li et al. “A new method for nondestructive fault diagnosis of reciprocating compressor by 

means of strain-based p–V diagram”,Mechanical Systems and Signal Processing, Volume 133, 1 

November 2019, 106268. 

[10] Isacco Stiaccini et al. “A Hybrid Time-frequency Domain Approach for Numerical Modeling of 

Reciprocating Compressors”,Energy Procedia, Volume 81, December 2015, Pages 1102-1112. 

[11] VikasSharma et al. “Performance evaluation of decomposition methods to diagnose leakage in a 

reciprocating compressor under limited speed variation”,Mechanical Systems and Signal Processing, 

Volume 125, 15 June 2019, Pages 275-287. 

[12] Ying Zhao et al. “Blade fracture analysis of a motor cooling fan in a high-speed reciprocating 

compressor package”,Engineering Failure Analysis, Volume 89, July 2018, Pages 88-99. 

[13] Kurt Pichler et al. “Fault detection in reciprocating compressor valves under varying load 

conditions”,Mechanical Systems and Signal Processing, Volumes 70–71, March 2016, Pages 104-119. 

[14] Yuan Li et al. “Numerical simulation and experimental validation of large pressure pulsation in 

reciprocating compressor”,Energy Procedia, Volume 160, February 2019, Pages 606-613 

[15] P.R.G. Kurka et al. “Dynamic loads of reciprocating compressors with flexible bearings”,Mechanism 

and Machine Theory, Volume 52, June 2012, Pages 130-143. 

[16] Isacco Stiaccini et al. “A reciprocating compressor hybrid model with acoustic FEM 

characterization”,International Journal of Refrigeration, Volume 63, March 2016, Pages 171-183. 

[17] Takuya Hirayama et al. “Development of large capacity rotary compressor with three cylinders. Second 

report: Vibration and sound”,International Journal of Refrigeration, Volume 130, October 2021, Pages 

261-270. 

[18] Mohammad Malakoutirad et al. “Design considerations for an engine-integral reciprocating natural gas 

compressor”,Applied Energy, Volume 156, 15 October 2015, Pages 129-137. 

[19] M. Elhaj et al. “Numerical simulation and experimental study of a two-stage reciprocating compressor 

for condition monitoring”,Mechanical Systems and Signal Processing, Volume 22, Issue 2, February 

2008, Pages 374-389. 

[20] Dacheng Li et al. “Experimental study on stepless capacity regulation for reciprocating compressor 

based on novel rotary control valve”,International Journal of Refrigeration Volume 36, Issue 6, 

September 2013, Pages 1701-1715 

[21] Rodrigo Link et al. “Numerical modeling of startup and shutdown transients in reciprocating 

compressors”,International Journal of Refrigeration, Volume 34, Issue 6, September 2011, Pages 1398-

1414. 

 


