
IJSRD - International Journal for Scientific Research & Development| Vol. 3, Issue 02, 2015 | ISSN (online): 2321-0613 

 

 

All rights reserved by www.ijsrd.com 366 

Buckling Analysis of Connecting Rod to the Shank Sectional Area 

Reduction of Variable Cross Section by using Finite Element Method 
Arvind Dave

1
 Rana Manoj Mourya

2
 Dr. V. N Bartariya

3
 

1
M. Tech Student 

2
Professor 

3
Head of Department 

1,2,3
Department of Industrial Design Engineering 

1,2,3
L.N.C.T/R.G.PV. Bhopal, India

Abstract— A connecting rod is an engine member which is 

subjected to alternating direct compressive and tensile 

forces. Since the compressive forces are much higher than 

the tensile force, therefore the cross-section of the 

connecting rod is designed as a different cross section and 

the rankine formula is used. A connecting rod subjected to a 

cyclic as well as axial load W may buckle with x-axis as 

neutral axis in the plane of rotation of the connecting rod, or 

y-axis is a neutral axis In our analysis, Ansys Static 

Structural and Linear Buckling was used a model was 

developed on NX-5. In order to verify the present Ansys 

model, the slenderness ratio and the critical buckling stress, 

radius of gyration  are compared with the available 

experimental results present in the literature  and the design 

of X-section connecting rod having different shank cross 

section width.i.e.26mm,25mm,24mm,23mm,22mm. In this 

analysis, the simulations of X-section connecting rod at 

static load of 64.7 KN and the configurations of connecting 

rod I-section and X-section design are proposed. The results 

show that converting I-section to X-cross section could 

reduce the slenderness ratio and increase a radius of gyration 

simultaneously. The slenderness ratio of the X-section is 

lower than that of I-section at the static load due to this 

strength and durability of connecting rod increases. In this 

analysis an X-section have higher strength than I-section. 
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I. INTRODUCTION 

In a reciprocating piston engine, the connecting rod connects 

the piston to the crank or crankshaft. In modern automotive 

internal combustion engines, the connecting rods are most 

usually made of structural steel for heavy engines, but can 

be made of aluminum for light weight high strength 

,durability or titanium (for a combination of strength and 

durable at the expense of affordability) for high output 

performance  engines, or of cast iron for applications like 

scooters mopeds etc.. The small end attaches to the wrist 

pin, which is currently most often press fit into the 

connecting rod. The connecting rod is under huge amount of 

stress from the reciprocating load exerted by the piston, 

actually tearing and being compressed with every cyclic 

motion, and the load increases to the peak power with 

increasing engine acceleration. Failure of a connecting rod, 

usually called "throwing a rod" is one of the most common 

causes of catastrophic engine failure in cars, frequently 

putting the broken rod through the side of the crankcase and 

thereby rendering the engine irreparable; it can result from 

fatigue near a physical defect in the rod, lubrication 

deficiency in a bearing due to low maintenance or from 

failure of the rod bolts from a defect, improper fastening, or 

used of less strength bolts where not recommended. Despite 

their frequent occurrence on televised competitive 

automobile events, such failures are quite rare on production 

cars during normal daily driving. This is because production 

auto parts have a much larger factor of safety, and often. 

II. OBJECTIVE OF WORK 

The main objective of the current work is: 

1) Validation of the Ansys models by comparing the 

present simulated results with the Experimental 

result by Moon Kyu Lee , Hyungyil Lee ,*, Tae 

Soo Lee , Hoon Jang  [1].  

2) To predict buckling at various profiles and constant 

load of 64.7KN for different width of shank cross 

section (26mm,25mm,24mm,23mm,22mm) on the 

connecting rod. 

3) To simulate the connecting rod of the X-section 

profile having different width 

(26mm,25mm,24mm,23mm,22mm) for constant 

load. 

4) Buckling sensitivity prediction of connecting rod. 

5) To define average critical buckling stress, 

slenderness ratio and radius of gyration for the 

connecting rod of the different X-section profile 

profile and constant load. 

6) To predict critical buckling stress along the 

connecting rod.  

III. PROBLEM FORMATION 

The study of various literatures we analyzed the slenderness 

ratio and failure is higher as compared to present study. The 

purposes of this study reduce the slenderness ratio, fatigue 

failure and increase the radius of gyration, strength at static 

load of 64700N. Thus chosen X-section in place of I-section 

connecting rod 

IV. RESULT AND ANALYSIS 

A static structural and linear (coupled) analysis was carried 

out on C70S6 material connecting rod with different shank 

cross sectional area to determine the critical buckling 

stresses and distribution along the effective length of the 

connecting rod. buckling stress distribution contours in case 

X-section area 26mm, 25mm, 24mm, 23mm, 22mm with 

fillet radius of 1mm in each sectional area of connecting rod 

shank for the five different profiles are shown in Figures 5 

to 7, and the effect of different shank area profiles on the 

buckling stress distribution for various shank cross sectional 

area. 

A. Validation of the Experimental Result: 

The validation of the Experimental result is done by 

carrying out the simulation work on the Ansys structural and 

linear buckling 14.0 Work bench. 
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B. Experimental and Simulation Result: 

Critical buckling stress prediction 

Classical buckling analysis 

Euler’s formula 

    
   

        
 
                     

Where E is the elastic modulus, Kx is 0.5 for a 

fixed–fixed joint effective length L, radius of gyration r this 

formula is used to analyze classical buckling for 

symmetrical column 

Rankine formula 

     
 

   
 

 
 

   
                            

Where   is Euler formula, yield strength this formula is used 

to analyse classical buckling for unsymmetrical column 

Buckling prediction via finite element analysis 

   
 

 
   
 

                              

Stress prediction via finite element analysis 

     
                                   

    
    

Critical buckling is analyzed by euler’s formula but 

connecting rod is unsymmetric section a rankine formula is 

used to predict buckling stresses to validiate the value of 

load multiplier is evaluated by finite element method from 

ansys workbench 

Observation Table: 

Critical Buckling Stress: 

Thickness 
Experimental 

Results 

Simulation 

Results 

Percentage 

Error 

26 568 609 6% 

25 564 602 6% 

24 561 591 5% 

23 554 584 5% 

22 552 581 4% 

Table 1: Experimental and Simulation Result for the 

Reduced Cross Section of Connecting Rod 

 
Fig. 1: Experimental and Simulation Result the Reduced 

Cross Section of Connecting Rod. 

 
Fig. 2: Simulation Result for the Reduced Cross Section of 

Connecting Rod of I-Section and X-Section. 

 
Fig. 3: Graph Shows Prediction of Critical Buckling Stress 

between Rankine Formula and FEM of X-Section. 

 
Fig. 4: Total Deformation of I-Section Connecting Rod 

Width 26mm 

 
Fig. 5: Total Deformation of I-Section Connecting Rod 

Width 25mm 

 
Fig. 6: Total Deformation of I-section Connecting rod width 

24mm 
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Fig. 7: Total Deformation of I-Section Connecting Rod 

Width 23mm 

 
Fig. 8: Total Deformation of I-Section Connecting Rod 

Width 22mm 

 
Fig. 9: Critical Buckling of I-Section Connecting Rod Width 

26mm 

 
Fig. 10: Critical Buckling of I-Section Connecting Rod 

Width 25mm 

 
Fig. 11: Critical Buckling of I-Section Connecting Rod 

Width 24mm 

 
Fig. 12: Critical Buckling of I-Section Connecting Rod 

Width 23mm 

 
Fig. 13: Critical Buckling of I-Section Connecting Rod 

Width 22mm 

 
Fig. 14: Total Deformation Of X-Section Connecting Rod 

Width 26mm And Fillet Radius 1mm 

 
Fig. 15: Total Deformation of X-Section Connecting Rod 

Width 25mm and Fillet Radius 1mm 



Buckling Analysis of Connecting Rod to the Shank Sectional Area Reduction of Variable Cross Section by using Finite Element Method 

 (IJSRD/Vol. 3/Issue 02/2015/094) 

 

 All rights reserved by www.ijsrd.com 369 

 
Fig. 16: Total Deformation of X-Section Connecting Rod 

Width 24mm and Fillet Radius 1mm 

 
Fig. 17: Total Deformation of X-Section Connecting Rod 

Width 23mm and Fillet Radius 1mm 

 
Fig. 18: Total Deformation of X-Section Connecting Rod 

Width 22mm and Fillet Radius 1mm 

 

 
Fig. 19: Buckling of X-Section Connecting Rod Width 

26mm and Fillet Radius 1mm 

 
Fig. 20: Buckling of X-Section Connecting Rod Width 

25mm and Fillet Radius 1mm 

 
Fig. 21: Buckling of X-Section Connecting Rod Width 

24mm and Fillet Radius 1mm 

 
Fig. 22: Buckling of X-Section Connecting Rod Width 

23mm and Fillet Radius 1mm 

 
Fig. 23: Buckling of X-Section Connecting Rod Width 

22mm and Fillet Radius 1mm 
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V. CONCLUSION 

The current analysis has presented a study of critical 

buckling characteristics of a connecting rod of reduced cross 

sectional area of different profiles. Coupled-field analysis 

was carried out on C70S6 connecting rod. The effect of X-

section and I-section profiles of a connecting rod width 

26mm,25mm,24mm,23mm,22mm  and fillet of 1mm on 

inside edges of web stress as well as critical buckling stress 

distribution along the length of the connecting rod was 

studied. From the analysis of the results, following 

conclusions can be drawn. 

A. Influence of Variable Shank Cross Sectional Area of 

Connecting Rod: 

 The fillet provided inside edges of shank sectional 

area of I-section converts it into X-section due to 

this therefore X-section contains more 

intermolecular particle than I-section, Hence radius 

of gyration increases. 

 The increase in radius of gyration increases 

strength of connecting rod and decrease in 

slenderness ratio. 

 Due to increase in radius of gyration factor of 

safety also increases from this statement it is 

analyzed that connecting rod would resist more 

load. 

 According to above statement and prediction 

through graph no….X-section is more durable than 

I-section, Hence X-section should be preferred. 

 From above statement it would be analyzed that X-

cross section of connecting rod is more durable due 

to its high strength load resisting capacity of engine 

increases a high amount of torque and power will 

be transmitted at variable loading conditions. 

 Hence design of connecting rod is safe and durable 
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