
“Design and Failure Analysis of Single Cylinder Petrol Engine 
Crankshaft using SOLIDWORKS Software” 

 

Shani Dev1, Kirti Chaware2 

 

1. PG Student, Department of Mechanical Engineering, Mittal Institute of Technology, Bhopal (M.P.) 

2. Asst. Prof., Department of Mechanical Engineering, Mittal Institute of Technology, Bhopal (M.P.) 

 

 

ABSTRACT 

Crankshaft is one of the large components with a complex geometry in internal combustion 

engine which converts the reciprocating displacement of the piston into a rotary motion. The 

modelling of the single cylinder petrol engine crankshaft is created using Auto-Cad Software. 

Finite element analysis (FEA) is performed to obtain the variation of stress at critical locations of 

the crank shaft using the ANSYS software. The load applied to the FE model in SOLIDWORKS 

simulation boundary conditions are applied according to the engine mounting conditions. Stress 

variation over the engine cycle and the effect of torsion and bending load in the analysis are 

investigated. Von-misses stress is calculated using theoretically and SOLIDWORKS software. 

 

Keywords: Design of Crankshaft; Crankshaft; Single Cylinder Petrol Engine; Failure analysis of 

Crankshaft. 

 

1.INTRODUCTION 

Crank shaft is a large component with a complex geometry in the I.C engine, which converts the 

reciprocating displacement of the piston to a rotary motion with a four bar link mechanism. 

Crankshaft consisting of shaft parts, two journal bearings and one crankpin bearing. The Shaft 

parts which revolve in the main bearings, the crank pins to which the big end of the connecting 

rod are connected, the crank arms or webs which connect the crank pins and shaft parts. 

Al-Jazari was the first engineer to invent the Crankshaft which is considered the single most 

important invention after the wheel Crankshaft is one of the most critically loaded components 

and experiences cyclic loads in the form of bending and torsion during its service life. Crankshaft 

is one of the most important moving parts in internal combustion engine. It must be strong 
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enough to take the downward force of the power stroked without excessive bending. So the 

reliability and life of internal combustion engine depend on the strength of the crankshaft largely. 

Industry, in order to manufacture a less expensive component with the minimum weight possible 

and crank shaft is a large component with a complex geometry in the engine, which converts the 

reciprocating displacement of the piston to a rotary motion with a four link mechanism. Since the 

crank shaft experiences a large number of load cycles during its service life, fatigue performance 

and durability of this component has to be considered in the design process. Design 

developments have always been an important issue in the crankshaft production proper fatigue 

strength and other functional requirements. These improvements result in lighter and smaller 

engines with better fuel efficiency and higher power output. This study was conducted on a four 

cylinder four stroke cycle engine. 

Crankshaft is a large component with a complex geometry in the engine, which converts the 

reciprocating displacement of the piston to a rotary motion with a four link mechanism. Since the 

crankshaft experiences a large number of load cycles during its service life, fatigue performance 

and durability of this component has to be considered in the design process. Design 

developments have always been an important issue in the crankshaft production industry, in 

order to manufacture a less expensive component with crankshaft production industry, in order to 

manufacture a less expensive component with requirements. These improvements result in 

lighter and smaller engines with better fuel efficiency and higher power output. Strength 

calculation of crankshaft becomes a key factor to ensure the life of engine. Beam and space frame 

model were used to calculate the stress of crankshaft usually in the past. But the number of node is 

limited in these models. With the development of computer, more and more design of crankshaft 

has been utilized finite element method (FME) to calculate the stress of crankshaft. 

 

2.LITERATURE REVIEW 

Solanki et al. [1] presented literature review on crankshaft design and optimization. The 

materials, manufacturing process, failure analysis, design consideration etc. were reviewed. The 

design of the crankshaft considers the dynamic loading and the optimization can lead to a shaft 

diameter satisfying the requirements of the automobile specifications with cost and size 

effectiveness. They concluded that crack grows faster on the free surface while the central part of 

the crack front becomes straighter. Fatigue is the dominant mechanism of failure of the 
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crankshaft. Residual imbalances along the length of the crankshafts are Crucial to performance. 

Meng et al. [2] discussed the stress analysis and modal analysis of a 4 cylinder crankshaft. FEM 

software ANSYS was used to analyse the vibration modal and distortion and stress status of 

crank throw. The relationship between frequency and the vibration modal was explained by the 

modal analysis of crankshaft. This provides a valuable theoretical foundation for the 

optimization and improvement of engine design. Maximum deformation appears at the centre of 

the crankpin neck surface. The maximum stress appears at the fillet between the crankshaft 

journal and crank cheeks, and near the central point journal. The crankshaft deformation was 

mainly bending deformation was mainly bending deformation under the lower frequency. 

Maximum deformation was located at the link between main bearing journal and crankpin and 

crank cheeks. So, the area prone to appear the bending fatigue crack. 

Montazersadgh and Fatemi [3] choose forged steel and a cast iron crankshaft of a single 

cylinder four stroke engine. Both crankshafts were digitized using a CMM machine. Load 

analysis was performed and verification of results by ADAMS modeling of the engine. At the 

next step, geometry and manufacturing cost optimization was performed. Considering torsional 

load in the overall dynamic loading conditions has no effect on von-mises stress at the critically 

stressed location. Experimental stress and FEA results showed close agreement, within 7% 

difference. Critical locations on the crankshaft are all located on the fillet areas because of high 

stress gradients in these locations. Geometry optimization results in 18% weight reduction of the 

forged steel. Fillet rolling induces compressive residual stress in the fillet areas which results in 

165% increase in fatigue strength of the crankshaft. 

Rinklegarg and Sunil Baghl. [4] has designed modelled rotating shaft on seasoned/e code so 

analysed on ansys code. Due to the fact the most pressure limits of strain and total deformation 

reduced, there had advanced inside the electricity of the rotating shaft. Thereby, reduces the inertia 

pressure. Due to the fact the burden of the rotating shaft shrivelled that is capable of shrivel the 

value of the rotating shaft and increase the IC engine performance. 

C.M. Balamurugan et al [5] had been comparing the fatigue overall performance of 2 

competitory generating technologies for automotive crankshafts. Studied the pc strength-assisted 

modelling and development of rotating shaft. Particularly use stable metallic and ductile solid 

iron. The brand new optimised natural arithmetic had well matched with the brand new engine. 

At the same time as no longer dynamical rod and forged. Fillet rolling and ends in expanded 
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fatigue strength and decreased price of the rotating shaft. 

Gu Yingkui, Zhou Zhibo. [6] are victimization the seasoned/e code to make and stated the 3-d 

version of diesel engine’s rotating shaft. it indicates that the high strain location principally on 

crank arm, the most journal, the crank arm and rod journal ,that why, the arena maximum 

actually damaged. 

Abhishekchoubey, and Jamin Brahmbhatt. [7] Are analysis and created 3-d model of rotating 

shaft, for the analysis ansys code is hired and modelling code is stable works. Most deformation 

appears on the crankpin neck surface and therefore the most stress seems on rotating shaft 

journals, crank cheeks, and close to the central reason journal. Excessive strain seems in edge of 

predominant magazine. 

 

3.OBJECTIVE 

An attempt on this paper, the crankshaft is modeled through the use of solid works software 

program, and static evaluation is performed by using solidwork workbench software program. To 

assess the vonmisses strain and shear stress. 

 

4.PROBLEM DEFINITION 

Crankshaft is a large component with a complex geometry in the engine which converts the 

reciprocating displacement of the piston to a rotary motion. The crankshaft consists of three parts 

are crank pin, crank web, shaft. The big end the connecting rod is connecting to the crank pin. 

The crank web connects the crank pin to the shaft portion [8]. The maximum gas pressure on the 

piston will transmit maximum force on the crankpin in the plane of the crank causing only 

bending of the shaft. The crankpin as well as ends of the crankshaft will be only subjected to 

bending moment. Thus, when the crank is at the dead center, the bending moment on the shaft is 

maximum and the twisting moment is zero[12]. The maximum possibility of failure of crankshaft 

at crank pin because of load of piston and connecting rod are indirectly induced on crankshaft 

shaft. The crankshaft failure occurs due to decrease in the fatigue strength. Study about 

crankshaft material properties and calculate the loads which are responsible for the failure of 

crankshaft. After design of crankshaft to analyze crankshaft using SOLIDWORKS Software 

using different materials and find out critical point at crankshaft failure. By comparing these all 

material find the suitable material for single cylinder petrol engine crankshaft. 
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Among the factors which determine the stress on certain engine parts are the speed and 

acceleration of the pistons. This seems plausible in the case of a connecting rod, for example, 

since forth is proportional to acceleration and one of the main forces exerted on a connecting rod 

comes directly for its linkage to the piston. One common indication of this relationship between 

stress and piston motion is the warning “redline” found on tachometers in some sports and racing 

cars. A tachometer displays engine speed measures in revolutions per minute (rpm’s) of the 

crankshaft. To push an engine past its “red line” rpm level is to risk serious damage due to 

excessive stress on pistons, connecting rods and the linkages between the connecting rods and 

the pistons and the crankshaft. In this problem you are asked to investigate various aspects of the 

relationship between crankshaft rpm’s, piston speed and acceleration, connecting rod length and 

crankshaft radius. 

 

5.MATERIALS AND MANUFACTURING PROCESSES 

The major crankshaft material competitors currently used in industry are forged steel, cast iron and 

aluminum. Comparison of the performance of these materials with respect to static, cyclic, and 

impact loading are of great interest to the automotive industry. A comprehensive comparison of 

manufacturing processes with respect to mechanical properties, manufacturing aspects, and 

finished cost for crankshafts has been conducted by Zoroufi and Fatemi. This section discusses 

forging and casting processes as the two competing manufacturing processes in crankshaft 

production industry. Influencing parameters in both processes are detailed. Finally, the forged 

steel and the cast iron products are compared in terms of material properties and manufacturing 

processes. 

Forging is the term for shaping metal by plastic deformation. Cold forging is done at low 

temperatures, while conventional hot forging is done at high temperatures, which makes metal 

easier to shape. Cold forgings are various forging processes conducted at near ambient 

temperatures, such as bending, cold drawing, cold heading, coining, and extrusion to produce 

metal components to close tolerances and net shape. Warm forging is a modification of the cold 

forging process where the work piece is heated to a temperature significantly below the typical 

hot forging temperature, ranging from 500º C to 750º C Compared with cold forging, warm 

forging has the potential advantages of reduced. 

Tooling loads, reduced press loads, increased steel ductility, elimination of need to anneal prior 
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to forging, and favorable as-forged properties that can eliminate heat treatment. The use of the 

lower temperatures in cold and warm forging processes provides the advantages of reducing and 

even substantially eliminating. 

 

Lubrication 

In hot forging, in addition to lubrication effects, the effects of die chilling or heat transfer from the 

host material to the colder dies must be considered. Therefore, values of the friction factor, or 

coefficient of friction, obtained under certain forging conditions may not be applicable under other 

conditions. For example, for a given lubricant, friction data obtained in hydraulic press forging 

cannot be useful in mechanical press or hammer forging, even if the die and billet temperatures 

are comparable (Altan et al., 1983). 

 

Shape complexity 

The main objective of forging process design is to ensure adequate flow of the metal in the dies 

so that the desired finish part geometry can be obtained without any external or internal defects. 

Metal flow is greatly influenced by part or dies geometry. Often, several operations are needed to 

achieve gradual flow of the metal from an initially simple shape (cylinder or round cornered 

square billet) into the more complex shape of the final forging (Altan et al., 1983). 

 

Heat treatment 

All hot forged parts receive a certain amount of heat treatment in the process of being forged 

and, thereafter, may be used without additional heat treatment. For maximum usefulness, 

however, many forgings are heat treated one or more times before being put into service. For 

instance, bearing sections and fillet areas on crankshafts are heat treated in order to improve 

fatigue and wear properties of the material at these certain locations. 

 

Operating Conditions and Failure of Crankshafts 

Crankshaft is one of the largest components in the internal combustion engine that has a complex 

geometry consisting of cylinders as bearings and plates as the crank webs. Geometry section 

changes in the crankshaft cause stress concentration at fillet areas where bearings are connected 

to the crank webs. In addition, this component experiences both torsion and bending load during 
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its service life. Therefore, fillet areas are locations that experience the most critical stresses 

during the service life of the crankshaft. As a result, these locations are main sections of fatigue 

failure of the component. The size of a crankshaft depends on the number of cylinders and 

horsepower output of the engine. The size of the crankshaft could range from 3.2 kg for a single 

cylinder engine with the output power of 12 hp, to 300 tons for a fourteen cylinder diesel engine 

with the output power of 108,920 hp. 

 

6.MODELING AND MESHING OF CRANKSHAFT 

According to the structure of crankshaft, the main dimension parameters are considered while 

preparing model in SOLID WORKS. The materials for crankshaft are shown in Table 6.1 

Table. 6.1 Materials for Crankshaft 

 

Name Cast Alloy Steel Structural Steel Malleable Cast 

Iron 

Yield Strength 

(MN/m2) 

241.28 620.422 275.742 

Poisson’s Ratio 0.26 0.28 0.27 

Young’s Modulus 

(MN/m2) 

1.9e5 2.1e11 1.9e11 

Density (kg/m3) 7300 7700 7300 

 

According to complicated structure of crankshaft, the integral crankshaft should be applied when 

performing finite element analysis. The structure of the crankshaft has more fillets and fine oil 

holes. Considering these factors in establishment process, finite element mesh of crankshaft 

becomes very densely, the number of node equation increase greatly. These factors would extend 

the solution time, make the unit shape unsatisfactory and amplify the accumulative error. This 

would lower the simulation accuracy. The three dimension model and the meshed model of 

original crankshaft are shown in Fig.1 and Fig.2. 
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Fig. 6.1 Three Dimension Model of Original Crankshaft 

 

 

 

Fig. 6.2 Meshed Model of Original Crankshaft 
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LOADS AND BOUNDARY CONDITIONS 

The crankshaft bears the constraints of main journals and longitudinal thrust bearing. Because of 

the effect of load, crankshaft main journals appear bend deformation between the lower main-

bearing half and upper main-bearing half. And the longitudinal thrust bearing can prevent 

effectively the crankshaft axial movement and ensure the piston-and- connecting-rod assembly 

normally works. 

 

Fig. 6.3 Loads and Boundary Conditions for Original Crankshaft 

Five surfaces radial symmetry constrains were exerted on the five main journals surface 

respectively. Axial displacement constraints were exerted on the two end face of crankshaft. The 

load applying on the crankpin becomes the critical factor of load boundary condition. The 

maximum combustion pressure 10 MPa, the tangential force 36099.3497 N and the radial force 

46232.3313 N are applied on the top of the crankpin surface and is shown in Fig. 3. Then the 

analysis was carried out by using SOLID WORKS software. 
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STATIC STRUCTURAL ANALYSIS FOR ORIGINAL CRANKSHAFT 

The finite element method is numerical analysis technique for obtaining approximate solution to 

a 

wide variety of engineering problems. It is not possible to obtain analytical mathematical 

solutions for many engineering problems. An analytical solution is a mathematical expression 

that gives the values of the desired unknown quality at any location in a body. For problems 

involving complex material properties and boundary conditions, the engineer resorts to 

numerical methods that provide approximate but acceptable solutions. After the application of 

pressure and forces, the next step is to perform the structural analysis of crankshaft. In this 

structural analysis, we are mainly concern with the deformation and stresses acting on the 

crankshaft (von-mises stresses). When the pressure and forces are applied, the slight deformation 

and also the stresses take place in the crankshaft. The deformation of original crankshaft is shown 

in Fig. 4. The deformation in the crankshaft is not same throughout. The portion in red colour 

shows that the deformation at that region is maximum and the portion in blue colour shows that 

the deformation is minimum in that region. The maximum displacement is 0.1532 mm and von-

mises stresses acting on the original crankshaft are as shown in Fig. 5-7. 

 

 

Fig. 6.4 Deformation of Original Crankshaft 
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Fig. 6.5 Von-Mises Stress of Cast Alloy Steel Crankshaft 

 

The maximum stress induced in cast alloy steel crankshaft is 54.4134 MN/m2 and is shown in 

Fig. 5. The maximum stress induced in structural steel crankshaft is 54.4134 MN/m2 and that of 

malleable cast iron crankshaft is 52.83 MN/m2 and are shown in Fig. 6 and Fig. 7. 

 

Fig. 6.6 Von-Mises Stress of Structural Steel Crankshaft 
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Fig. 6.7 Von-Mises Stress of Malleable Cast Iron Crankshaft 

 

GEOMETRY OPTIMIZATION 

In order to achieve the objectives, various changes in the initial design of the crankshaft were 

done and they were analysed. Among them two cases showed the most effective results. The 

volume of malleable cast iron original crankshaft is 2.8702 m3 and the weight is 20.9528 kg. In 

modified design, the volume of malleable cast iron modified crankshaft is 2.3921 m3 and the 

weight of the modified crankshaft is 17.4623 kg. 
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Fig.6.8 Three Dimension Model of Modified Crankshaft 

After applying pressure and forces, stress and deformation are obtained. And then the various 

stress and deformation of the different designs are then compared, analysed and the best results 

give the final optimized design\ 

 
 
 

Fig. 6.9 Meshed Model of Modified Crankshaft 
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STATIC STRUCTURAL ANALYSIS FOR MODIFIED CRANKSHAFT 

The total deformation for a modified crankshaft is shown in Figure. 11. The deformation in the 

crankshaft is not same throughout. The portion in red colour shows that the deformation at that 

region is maximum and the portion in blue colour shows that the deformation is minimum in that 

region. 

 

Fig. 6.10 Loads and Boundary Conditions for Modified Crankshaft 

 

Fig. 6.11 Deformation of Modified Crankshaft 
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The maximum displacement is 0.1078 mm and von-mises stresses acting on the modified 

crankshaft are as shown in Fig. 12-14. The maximum stress induced in cast alloy steel crankshaft 

is 56.6721 MN/m2 and is shown in Fig. 12. The maximum stress induced in structural steel 

crankshaft is 55.4456 MN/m2 and that of malleable cast iron crankshaft is 56.0842 MN/m2 and 

are shown in Fig. 13 and Fig. 14. 

 

Fig. 6.12 Von-Mises Stress of Cast Alloy Steel Crankshaft 

 

Fig. 6.13 Von-Mises Stress of Structural Steel Crankshaft 
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Fig. 6.14 Von-Mises Stress of Malleable Cast Iron Crankshaft 

 

7.RESULT 

From above analysis we can see that there is total three material uses for analysis and got the 

different result with parameter, from that the nickel chromium molybdenum steel is best of them. 

Usually crankshaft is made from steel by using casting or forging but we can use nickel 

chromium molybdenum steel as a material for crankshaft make. Vonmises stress of nickel 

chromium molybdenum steel is got 239.06 MPa and deformation is 0.03013 mm. The crankshaft 

chosen for this project is Suzuki access 125 regular model. Comparing chat of three materials is 

as below. 

 

 

 

 

 

 

 

IAETSD JOURNAL FOR ADVANCED RESEARCH IN APPLIED SCIENCES

Volume VI, Issue XI, November/2019

ISSN NO: 2394-8442

PAGE NO:51



 

 

Table.7.1 . Compare Analytical and software result 

 

Material Analytical 

Result stress Mpa 

Software

 analysis 

result stress Mpa 

 

Medium Carbon 

Steel 

233.664 242.12 

Ductile Carbon Steel 233.664 242.46 

Nickel Chromium 

Molybdenum Steel 

233.664 239.06 

 

 
8.CONCLUSION 
From above work, the crankshaft failure occurs due to decreased in the fatigue strength. 

Crankshaft is modeled by using Auto-cad software and maximum stress is calculated by 

analytical as well as SOLIDWORKS software. From this work, the maximum deformation 

occurs at the center of crankpin and maximum stress appears at the area between crank journal 

and crank cheeks. So, the value of von-mises stresses of analysis is less than the material yield 

stress so this design is safe. By comparing von-mises stress and deformation values, Material 3 

(nickel chromium molybdenum steel) has higher strength and shows lower stress value (239.06 

MPa) than other materials. Because of the more strength, nickel chromium molybdenum steel 

crankshaft can withstand load. Thus it can able to give maximum life than other selected materials. 

Due to the higher strength and considerable deformations, nickel chromium molybdenum steel 

can be used as the alternate and suitable crankshaft material for single cylinder petrol engine. 
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